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Autoreferat

Podstawa rozprawy doktorskiej jest cykl publikacji pod wspdlnym tytulem: Zmiany

W rozwoju somatycznym i motorycznym dzieci z regionu Wielkopolski w kolejnych dekadach

od 1986 do 2016 w swietle wybranych zmian srodowiskowych.

W sktad cyklu wchodzi pie¢ artykutldéw przygotowanych na podstawie przeprowadzonych

czterech serii obserwacji w: 1986, 1996, 2006 i 2016 roku. Realizacje pierwszych trzech serii

sfinansowano ze $rodkow Komitetu Badan Naukowych Zakladu Teorii Sportu. Ostatnia

z nich prowadzona w 2016 roku sfinansowana zostata w ramach realizacji projektu Rozwdj

Mtodych Pracownikow Nauki w Akademii Wychowania Fizycznego w Poznaniu.

Cykl sktada si¢ z nastepujacych artykutow:

1.

Secular change in height and weight of rural school children and youth in west-
central Poland: 1986 to 2016. American Journal of Human Biology: The Official
Journal of the Human Biology Council, 33(2), e23461. https://doi.org
/10.1002/ajhb.23461 Impact Factor: 1.937, punktacja MEIN: 70.000

Weight status of rural school youth in Poland: Secular change 1986-2016.
Anthropologischer Anzeiger; Bericht Uber Die Biologisch-Anthropologische Literatur,
79(1), 43-56. https://doi.org/10.1127/anthranz/2021/1500 Impact Factor: 0.877,
punktacja MEIN: 70.000

Age at menarche among rural school youth in west-central Poland: variation with
weight status and population growth. Anthropological Review, 2021 84(1), 51-58.
https://doi.org/10.2478/anre-2021-0006 punktacja MEiIN: 70.000

Physical Fitness of Rural Polish School Youth: Trends between 1986 and 2016
Journal of Physical Activity and Health, 2021 28;18(7):789-800. https://doi.org/
10.1123/jpah.2020-0712. Impact Factor: 2.592, punktacja MEiN: 70.000

Relationship between BMI and physical fitness of Polish School Youth: Trends
between 1986 and 2016 Acta Kinesiologica 2021, 15 (2):134-143
https://doi.org/10.51371/issn.1840-2976.2021.15.2.18 punktacja MEiN: 140.000

Dane bibliometryczne cyklu to: wskaznik IF 5,406 oraz 420 punktow MEIN



Struktura autoreferatu obejmuje nastepujace czesci:

1. Wstep, w ktorym przedstawiono przeglad pismiennictwa zwigzanego z aktualnym
stanem wiedzy w omawianym obszarze. W szczego6lnosci uwzgledniono kierunki zmian
cech somatycznych i zdolnosci motorycznych oraz wskazano ich ewentualne
uwarunkowania. Rozdzial ten konczy si¢ podsumowaniem, wyjasniajacym potrzebe

podjecia tematu.

2. Cel badan - rozdzial, w ktorym przedstawiono cel pracy doktorskiej oraz pytania

badawcze.

3. Material i metody badan, w ktérym scharakteryzowano podmiot badan (materiat)

i metody badawcze zastosowane w pracy.

4. Wyniki, rozdzial ten podzielono na pi¢¢ podrozdzialdw zgodnie z problematyka podj¢ta
w kolejnych opublikowanych artykutach, wskazujac na najistotniejsze, wedtug autorki,
spostrzezenia nawigzujace do poszczegdlnych celéw 1 pytan badawczych. Kazdy

podrozdziat konczy si¢ krotkim podsumowaniem.

5. Dyskusja, jest to cze$¢ wspolna dla wszystkich artykutow z cyklu, w ktorej

przedstawiono ewentualne przyczyny mogace mie¢ wptyw na uzyskane wyniki.

6. Ograniczenia pracy, wskazano tu ograniczenia pracy, o ktére moga zostac

wzbogacone kolejne, prowadzone w przysztosci obserwacje.

7. Whnioski, w ktorym zawarto odpowiedzi na postawiony cel i pytania badawcze

w konfrontacji z przeprowadzonymi analizami wynikow.



1. Wstep

Srodowisko naturalne ulega nieustannym przeobrazeniom, ktére wptywaja na organizmy
zywe. W celu utrzymania wewngtrznej rownowagi, niezbedne jest wystepowanie procesow
adaptacyjnych, ktorych efektem sg migdzy innymi zmiany w budowie somatycznej i poziomie

zdolnosci motorycznych.

Zmiany genotypu organizmow zywych w tym czltowieka mogg zachodzi¢ w zakresie
pewnej normy zwanej normg reakcji, ktoérej poziom rozwini¢cia zaleze¢ bedzie, oprocz
uwarunkowan genetycznych, od wplywu poszczegdlnych czynnikéw Srodowiskowych.
Wyrdznia si¢ trzy gtéwne grupy czynnikéw warunkujacych dynamike rozwoju biologicznego
cztlowieka w ontogenezie. Nalezg do nich czynniki: endogenne genetyczne — determinanty
rozwoju, endogenne paragenetyczne — stymulatory rozwoju oraz egzogenne — modyfikatory
rozwoju. W ostatniej grupie wyréznia si¢ dwie podgrupy. Pierwsza z nich stanowig
biogeograficzne modyfikatory naturalne, do ktorych zalicza si¢ faung i florg, sktad wody,
powietrza, gleby, zasoby mineralne, uksztalttowanie terenu i klimat. Drugg natomiast stanowig
modyfikatory spoteczno-kulturowe takie jak pochodzenie spoteczne, charakter i wielkos¢
srodowiska, poziom wyksztatcenia, wysokos¢ zarobkow, tradycje i1 zwyczaje spoteczne.
Czwartym wyrdoznianym czynnikiem, lezagcym na pograniczu uwarunkowan genetycznych

i srodowiskowych, jest styl zycia (Cieslik i wsp., 1985)

Przyktadem wyzej opisanych czynnikow moga by¢ roéwniez zmiany polityczno-
gospodarcze zachodzace w poszczegolnych krajach, potozenie geograficzne, zanieczyszczenie
powietrza, czy poziom urbanizacji regionu. Moga one wplywaé na wystepowanie powolnych,
dlugofalowych, kierunkowych efektow w postaci tzw. zmian mi¢dzypokoleniowych (z jgezyka
angielskiego: secular trends - trendy sekularne) w obrebie parametrow charakteryzujacych

poziom biologicznego i morfologicznego rozwoju populacii.

Obserwacja trendow sekularnych opisujgcych zmiany wielkosci ciata dzieci, mlodziezy
oraz dorostych ma bardzo bogata, tradycje zaré6wno globalnie, opisujac zmiany pomigdzy
kontynentami czy panstwami jak i lokalnie, ukazujac zmiany w danym kraju lub jego regionie
(Malina, 1979, 2004; Roche, 1979; Tanner, 1962, 1981, 1992). Rowniez w Polsce od ponad
100 lat dokonuje si¢ podobnych obserwacji (Bielicki, 1986; Bielicki i Szklarska, 1999;
Jankowiak, 1962; Jasicki, 1938; Lopuszanska-Dawid i wsp., 2020; Trze$niowski, 1990).
Publikowane dane konsekwentnie wskazuja na miejsko-wiejski gradient wielko$ci osigganych

w czasie (Hulanicka 1 wsp., 1990; Laska Mierzejewska i wsp., 2016; Nowak, 2012; Przeweda
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1 Dobosz, 2003), nalezy jednak zauwazy¢, ze r6éznice mi¢dzy dzie¢mi 1 miodzieza miejska
1 wiejska zmniejszyly si¢ w ciggu ostatnich 40 lat. Jako przyktadowe czynniki wplywajace na
taki stan rzeczy wymienia si¢ miedzy innymi zmiany w strukturze polskiej wsi, na ktora
wplyneta likwidacja Panstwowych Gospodarstw Rolnych (PGR) po 1992 roku, mozliwo$¢
korzystania z programéw Unii Europejskiej, takich jak Program Rozwoju Obszaréow Wiejskich
dziatajacy w Polsce od 2007 roku oraz rozwoj cyfryzacji wplywajacy na proces
upowszechniania wiedzy (Gomuta i wsp., 2015; Laska-Mierzejewska i wsp., 2016; Laska-

Mierzejewska i Olszewska, 2003, 2009; Janowski, 2017; Saczuk, 2018).

Obserwowane w ostatnim czasie przyrosty wysokosci i masy ciala dzieci i mlodziezy
wiejskiej w Polsce byly zgodne z tymi wystepujacymi wsérdod populacji ogdlnej oraz
pochodzacej z duzych miast (Bielicki i Szklarska., 1999; Przeweda i Dobosz., 2003; Gomuta
i wsp., 2015). Przyktadowo, w badaniach prowadzonych w odstgpach dekadowych od 1986 do
2016 odnotowano w pierwszych dwoch terminach istotny przyrost wysoko$ci i masy ciata
dzieci 1 milodziezy szkolnej zamieszkujacej miasta 1 wsie w kilku wojewodztwach
we wschodniej Polsce. Kolejne obserwacje wykazaly utrzymanie si¢ tendencji wzrostowe;j,
jednakze zmiany byly niewielkie i nie istotne statystycznie (Saczuk, 2018). Wérdd dzieci
w wieku szkolnym od 7 do 15 lat pochodzacych z siedmiu miejscowosci wiejskich w okregu
gornictwa miedziowego na Dolnym Slasku, wysoko$é i masa ciala zwigkszyty si¢ znaczaco
w latach 2000-2001 i 2010-2011, chociaz masa ciata wzrosta proporcjonalnie w wigkszym

stopniu niz wysoko$¢ ciata (Ignasiak i wsp., 2016).

Wielkosci zmian wysokosci 1 masy ciala wptywaja na zmiany wskaznika wagowo-
wzrostowego - Body Mass Index (BMI, kg/m?). W Polsce, podobnie jak i w wiekszo$ci krajow
wysoko rozwinietych, od lat obserwuje si¢ niekorzystng tendencj¢ zwigzang
ze wzrostem liczby dzieci z nadwaga i otytoscia, ktorej nastepstwem sa powazne, negatywne
skutki zdrowotne. Dodatkowo podjete interwencje nie przynosza zakladanego rezultatu,
a tempo wzrastania nadwagi i otytosci wptyn¢to na okreslenie jej mianem epidemii (Levin,

2000; WHO, 2000).

Zmiany w stylu zycia, zwyczajach zywieniowych i ograniczanie ilo$ci czasu pos§wigcanego
na codzienng aktywno$¢ fizyczng oraz zmiana stylu zycia na sedentarny
sg czesto wskazywane, jako podstawowe czynniki zwigzane z rosngcg czgstoscig wystgpowania
nadwagi i otytosci wsrod dzieci i mtodziezy (Lobstein i wsp., 2004; Hu, 2011). Pomimo, iz

obecne dyskusje przede wszystkim koncentrujg si¢ na nadwadze i otytosci, istnieje rOwniez



problem zwigzany ze zbyt niskg masg ciata w stosunku do wysokosci (niski wskaznik BMI),
okreslang, jako niedowaga lub chudos$é. Obserwuje si¢ wysokiego poziomu niedowagi
w niektorych obszarach $wiata lub w niektorych grupach spotecznych (de Onis

i wsp., 2007; de Onis i Lobstein, 2010).

Trendy sekularne zmiennosci wskaznika BMI i/lub rozpowszechnienia nadwagi 1 otytosci
wsrdd dzieci oraz miodziezy w Polsce podobnie jak obserwacje dotyczgce zmian wysokosci
I masy ciata byly przedmiotem badan w probach ogodlnopolskich (Gomuta i wsp., 2015), ale
takze regionalnych (Chrzanowska i wsp., 2007; Mazur i wsp., 2014; Saczuk i Wasiluk, 2014;
Perenc i wsp., 2016). Obejmowaty one przewaznie lata 1966-2014, cho¢ odstepy czasowe
migdzy poszczegdlnymi badaniami byty rézne. Dla kontrastu, tylko jedno z nich odnosito si¢
do problemu nadmiernej chudosci i dotyczyto zmian pomigdzy 1986 a 2006 rokiem (Saczuk
i Wasiluk, 2014).

Zmiany w zakresie wysoko$ci, masy ciala oraz wskaznika BMI moga wptywa¢ na wiek
wystepowania pierwszej miesigczki (menarche), ktory jest powszechnie uznanym wskaznikiem
dojrzatosci biologicznej kobiet. Na §wiecie obserwowany trend obnizania si¢ wieku pierwszej
miesigczki byt ogélnie zwigzany z poprawa warunkow zycia, stanu zdrowia, warunkoéw
zywieniowych oraz z rozwojem  spoteczno-ekonomicznym  (Nieczuja-Dwojacka
1 wsp., 2018). Sugeruje si¢ réwniez, ze Sredni wiek pierwszej miesigczki w niektorych
populacjach moze zbliza¢ si¢ do "granicy genetycznej", biorac pod uwage zmniejszone zwigzki

z czynnikami spoteczno-ekonomicznymi i srodowiskowymi (Golding i wsp., 2001).

Odpowiednie dane dla Polski, pochodzace z konca XIX wieku, wskazuja na mediang wieku
menarche wynoszaca 15,2 lat (Kowalska, 1966). Nowsze analizy wynikow badan krajowych
odnotowaty miedzypokoleniowe spadki wieku wystgpowania pierwszej miesigczki do 12,9 lat
oraz utrzymywanie si¢ kontrastow miejsko-wiejskich w latach 1966-2012 (Gomula i Koziet,
2018). Podsumowujac odnotowano, ze mediana wieku menarche dziewczat zamieszkatych na
wsi wystepowata Srednio pdzniej, niz u dziewczat miejskich. Z kolei corki wiejskich rodzin
nierolniczych osiggaty menarche wczesniej niz pochodzace z rodzin rolniczych (Laska-

Mierzejewska i wsp., 2016).

Przyjmuje si¢, ze okresSlony poziom cech somatycznych stanowi predyspozycje do
uzyskiwania wysokiego poziomu poszczegélnych zdolnosci motorycznych. Analizowanie
zmian poziomu zdolnos$ci motorycznych, bedacej efektem predyspozycji i podejmowanej

aktywnosci fizycznej, w odniesieniu do zdrowego stylu zycia, mtodziezy szkolnej ma dluga
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tradycje (Malina, 1978; Malina, 2004; Malina i wsp., 2004), a zainteresowanie tym tematem
nasilito si¢ ostatnio w dobie konstruowania przegladoéw systematycznych (Dooley i wsp., 2020;
Tomkinson i Olds, 2007). Takie spojrzenie na omawiany problem jest kontynuowane
w wielu krajach, cho¢ przedziaty czasowe i1 brane pod uwage elementy sprawnosci fizycznej

r6znig sie¢ (Tomkinson i Olds, 2007; Fraser i wsp., 2019).

Majac na wzgledzie obawy dotyczace obnizania si¢ poziomu sprawnos$ci fizycznej
mlodziezy oraz jej potencjalne zwiazki ze stanem zdrowia w wieku dorostym (Lamb i wsp.,
1988), najwiecej miejsca w badaniach poswieca si¢ wydolnosci uktadu krazenia. Ponadto,
aktywny fizycznie styl zycia w okresie mtodzienczym, ktory zaklada wystarczajacy poziom
umiarkowanej i intensywnej aktywnosci fizycznej, jest powszechnie akceptowany jako
strategia promocji zdrowia i zapobiegania chorobom (Strong i wsp., 2005). Sprawnos¢
i aktywnos¢ fizyczna mtodziezy potencjalnie pozytywnie wptywajg rowniez na poziom jakosScCi
zycia, ktory moze utrzymywaé si¢ w zyciu dorostym, o ile bedzie systematycznie

podtrzymywany i rozwijany.

Badania sprawnosci fizycznej polskiej mlodziezy w wieku 7-19 lat datuje si¢ od 1932 roku
(Mydlarski, 1934), natomiast sprawno$¢ fizyczng mtodziezy w Krakowie po raz pierwszy
zbadano w 1938 roku (Bochenska, 1972). Powyzsze obserwacje przeprowadzono
w okresie od 1918 roku, kiedy Polska odzyskata niepodlegtos¢, do 1939 roku, kiedy rozpoczeta
si¢ IT wojna §wiatowa. Kolejne ogdlnopolskie badania sprawnosci fizycznej dzieci i mtodziezy
w latach 1951, 1966 i 1979 (Trzesniowski, 1961, 1990), obejmowaly okres powojennej kontroli
komunistycznej, a pordOwnania przedwojennych 1 powojennych poziomoéw sprawnosci
fizycznej, w kilku testach, wykazaly nieistotne zmiany pomigdzy 1932 a 1951 rokiem
w ogolnopolskich testach sprawnosci (Trzesniowski, 1961) i niejednolite zmiany migdzy 1938
a 1962 rokiem u chtopcéw z Krakowa (Bochenska, 1972).

W poczatkowych badaniach prowadzonych w Polsce koncentrowano si¢ gléwnie na
pomiarach szybkosci, sity i mocy, w nowszych korzystano z migdzynarodowych baterii testow
sprawnosci fizycznej, stosujgc na przyktad: Miedzynarodowy Test Sprawnosci Fizycznej
(MTSF) (Larson, 1974), EUROFIT (Council of Europe, 1993), a takze test Coopera (Cooper,
1968), jako miernik wytrzymaloséci sercowo-naczyniowej. W ten sposob sprawnos¢ fizyczna
polskiej mtodziezy zostala umiejscowiona w kontekscie spolecznosci europejskiej
i miedzynarodowej. Wyniki dzieci i mtodziezy polskiej w testach sprawno$ci fizycznej

(szybkos$ci, mocy i sity) byly zroznicowane w badaniach przed i po II wojnie $wiatowe;.



Po uwzglednieniu roéznic w zastosowanych testach, zaobserwowano, ze poziom sprawnosci
fizycznej polskiej mlodziezy generalnie poprawial si¢ w okresie do 1981 roku. Natomiast
w ostatnich dekadach opisywane wyniki sprawnosci charakteryzowaty si¢ r6znymi kierunkami
i wielkosciami zmian. Podobnie jak w przypadku obserwacji cech somatycznych dostrzegano
kontrast pomiedzy ,miastem a wsig” w kilku probach sprawnosci fizycznej

w ogodlnopolskim badaniu z 1999 roku (Przewgda i Dobosz, 2003).

Na tle przedstawionych faktow wynikajacych z przegladu pisSmiennictwa stwierdzono, ze
pojawia si¢ potrzeba podjecia badan ukierunkowanych na znalezienie zwigzkow pomigdzy
zroznicowanym tempem rozwoju somatycznego 1 motorycznego, a jego wybranymi

uwarunkowaniami srodowiskowymi.



2. Cel badan

Celem badan bylo okreslenie wielkosci 1 kierunkoéw zmian w rozwoju wybranych cech
somatycznych i zdolnosci motorycznych dzieci i mtodziezy ze srodowiska wiejskiego regionu
Wielkopolski oraz poszukiwanie ich prawdopodobnych przyczyn $rodowiskowych

w aspekcie spoteczno-gospodarczym.

Pytania badawcze:

1. Czy wystgpuja zmiany poziomu wybranych cech somatycznych dzieci i mtodziezy
z regionu Wielkopolski, a jezeli tak, to, jaki jest ich kierunek i wielkos¢? [publikacja
1i2]

2. Czy wystepuje relacja pomigdzy wiekiem wystepowania pierwszej miesigcezki
a grupami stanu odzywienia wérod dziewczat z obserwowanego regionu Wielkopolski,

a jezeli tak to, jaki jest jej charakter? [publikacja 3]

3. Czy wystepuja zmiany poziomu zdolnosci motorycznych dzieci i mtodziezy z regionu

Wielkopolski, a jezeli tak, to jaki jest ich kierunek i wielko$¢? [publikacja 4]

4. Czy wystepuje relacja pomigdzy BMI a zdolnosciami motorycznymi W grupie
obserwowanych dzieci i mtodziezy z regionu Wielkopolski, a jezeli tak to, jaki jest jej

charakter? [publikacja 5]

5. Czy wystepuja okresy wzmozonego rozwoju cech somatycznych 1 zdolnosci
motorycznych w kolejnych dekadach obserwacji wsrod obserwowanych dzieci
1 mtodziezy oraz czy dotycza tych samych przedzialoéw wieku w kontek$cie zmian

spoteczno-gospodarczych? [publikacja 1, 2 i 4]



3. Material i metody badan

Badania realizowane byly w czterech seriach w odstepach dekadowych. Pierwsza odbyta
sie w 1986 roku (Strzelczyk, 1995), druga w 1996 (Janowski, 2001, Karpowicz, 2001), trzecia
w 2006 (Janowski, 2017), a czwarta w 2016 (Bartkowiak i wsp., 2021a; 2021b; 2021c; 20214,
2022).

Badania przeprowadzono w 10 miejscowosciach wiejskich regionu Wielkopolski:
Kotaczkowo, Klecko, Nekla, Pamigtkowo, Biedrusko, Strykowo, Granowo, Wojnowice,
Kwilcz 1 Obrzycko. Wyboru poszczegdlnych szkét dokonano podcezas pierwszej serii badan
w 1986 roku, a podstawowym kryterium byly mozliwosci techniczno-organizacyjne
pozwalajace na wykonanie badan, np. obecnos¢ sali gimnastycznej oraz rownomierne
rozmieszczenie wybranych placowek wokot centrum wojewodztwa (Strzelczyk, 1995). Szkoty
wybrano w porozumieniu z Kuratorium O$wiaty i Wychowania w Poznaniu. Kolejne serie

badan kontynuowano doktadnie w tych samych miejscowosciach.

3.1. Podmiot badan

Badaniami bezposrednimi objeto dzieci w wieku 7 - 15 lat ze szko6t podstawowych (1986,
1996, 2006, 2016) oraz gimnazjalnych (2006, 2016). W roku 1986 zbadano 1417 chiopcow
1 1326 dziewczat, w 1996: 979 chlopcoéw 1 947 dziewczat w 2006: 871 chtopcow i 843
dziewczat oraz w 2016: 1189 chlopcow 1 1105 dziewczat. Lacznie zbadano 4531 chiopcow
14332 dziewczat (n = 8863).

Dzieci sklasyfikowano w grupach wieku na podstawie wieku kalendarzowego,
stanowigcego roznice pomiedzy data badania a datg urodzenia. Przyjeto, ze grupe wieku
wyznacza §rodkowy punkt, i tak dzieci 7-letnie obejmowaly przedzial wiekowy od 6,50
do 7,49, 8-letnie od 7,50 do 8,49 i dalej analogicznie do 15-letnich od 14,50 do 15,49 lat.

W celu przeprowadzenie bardziej szczegélowych analizy dokonano podziatu badanych
na 3 grupy wieku (a) 7 do 9 lat — okres mtodszego wieku szkolnego u obu pici; (b) 10 do 12 lat
— poczatek 1 srodek okresu dojrzewania (wiekszo$¢ dziewczat) 1 poczatek okresu dojrzewania
(wigkszos¢ chtopcow); oraz (¢) 13 do 15 lat — okres mtodzienczy (wigkszos¢ dziewczat),
po skoku pokwitaniowym (wigkszo$¢ chtopcy). Podzial taki wynikat réwniez z podobnej

struktury stosowanej w systemie edukacji szkolnej w Polsce.
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Z badan byli wlaczani uczniowie, ktérych rodzice nie wyrazili zgody na uczestnictwo
w pomiarach oraz ci, ktorzy posiadali dlugotrwate zwolnienia lekarskie z obligatoryjnych zajec
z wychowania fizycznego. W analizach nie uwzglgdniono takze wynikow dzieci

uczeszczajacych do klas specjalnych bedacych czgscig badanych oddziatow.

3.2. Procedury badan

Badania realizowane byly kazdorazowo podczas lekcji wychowania fizycznego, przy
wspotpracy z dyrekcja szkoty oraz nauczycielami wychowania fizycznego. Wszystkie pomiary
wykonywane byly w godzinach zaje¢ szkolnych w salach gimnastycznych, przez zesp6t
badawczy, sktadajacy si¢ z pracownikow Katedry Teorii i Metodyki Sportu oraz Katedry
Antropologii i Biometrii AWF w Poznaniu. Przyjete, znormalizowane procedury byly
kontynuowane w kolejnych terminach, aby zachowaé logiczng ciaglos¢ porownan oraz

mozliwo$¢ analizowania zmian.

W pierwszej kolejnos$¢ zbierano calg klase w celu sprawdzenia obecno$ci oraz ustalenia
kolejnosci alfabetycznej zebranych, dzigki czemu podczas wykonywania testow uczniowie
podchodzili do kolejnych préb w tej samej kolejnosci. Nastgpnie przedstawiono uczniom cel
badan oraz prezentowano i opisywano wszystkie czynnosci, ktore bedg wykonywane, w celu
wdrozenia zasady $wiadomego i aktywnego uczestnictwa oraz wzmocnienia procesow

motywacyjnych.

W dalszej kolejnosci dokonywano pomiarow wybranych cech somatycznych, po ktorych
przeprowadzano znormalizowang rozgrzewke 1 wykonywano poszczeg6lne testy sprawnosci
fizycznej zgodnie z przyjeta metodyka oraz poziomem trudnosci. Po zakonczeniu pomiaréw
badani udawali si¢ do klasy, w ktorej wypelniali kwestionariusz ankiety w obecnosci

przeszkolonego ankietera.

3.2.1 Pomiar cech somatycznych

W celu dokonania charakterystyki poziomu rozwoju somatycznego zastosowano szeroki
zakres pomiaréw antropometrycznych, ktore wykonano zgodnie z obowigzujacymi
w antropometrii zasadami (Martin 1 Saller 1975). Przy uzyciu antropometru (GPM,
Switzerland) zmierzono wysokos$¢ ciata, a wynik podawano z doktadnoscig 0,1 cm. Masg ciata
zmierzono z doktadnoscig do 0,1 kg za pomoca wagi lekarskiej (Lubelskie Fabryki Wag,
Polska) w 1986 r. oraz uzywajac wag elektronicznych w kolejnych badaniach (Wagi
Wielkopolska, Polska, badania 1996 i 2006; Tanita, Japonia, badanie 2016).
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W dalszej kolejnosci, na podstawie wynikéw wysokosci 1 masy ciata wyliczono wskaznik
Body Mas Index (BMI) podstawiajac dane do wzoru: BMI = masa ciata [kg] / wysoko$¢ ciata
[m?]. Na tej podstawie przy uzyciu punktéw odciecia (cut off) specyficznych dla wieku i pici
wedhug International Obesity Task Force (IOTF) dokonano podziatu na nastepujace podgrupy
stanu odzywienia: niedowaga: duza, umiarkowana, tagodna; normalna masa ciata, nadwaga,

otytos¢ (Cole i wsp., 2000, 2007).
3.2.2 Pomiar zdolno$ci motrycznych

W celu okres§lenia poziomu wybranych elementéw sprawnosci fizycznej przyjeto do
realizacji i wykonano 5 testow sprawnosci: bieg na 5 metrow, wyskok dosi¢zny, skton tutowia

w przdd, bieg ,,po 6semce” oraz zmodyfikowany 5 minutowy step-test Harwardzki.
Predkos¢ biegowa na dystansie 5 m [m/s]

Do pomiaru czasu biegu na dystansie 5 m z nabiegu 0,5m (celem nabiegu bylo
wyeliminowanie wptywu czasu reakcji na bodziec akustyczny) wykorzystano uktad
fotokomorek laserowych (PFL-20 Kabid-Zopan, Polska w 1986, 1996, 2006; Witty Microgate,
Wtochy w 2016) w uktadzie analogowym rejestrujacy wyniki z doktadnoscia do 0,001 sek.
Stosowano wylacznie start wysoki. Badany rozpoczynat bieg po komendzie ,.start”. Bieg
wykonywano dwa razy. Do zestawien kwalifikowany byl lepszy wynik (Wachowski
I wsp., 1987). Uzyskany wynik postuzyt do wyznaczenia predkosci wg. wzoru:

V=s/t
gdzie: V — predkos¢ [m/s] s — droga [m] t — czas [S]
Skoczno$¢ - wyskok dosiezny [cm]

Za pomoca wyskoku dosieznego okreslano poziom maksymalnej mocy konczyn
dolnych — skocznos¢. Badany stawat bokiem do tablicy z centymetrowg podziatkg i zaznaczat
wyprostowang 1 uniesiong w gore rgka wysokos¢ dosiezng. Nastgpnie wykonywat
z zamachem energiczny wyskok w gor¢ zaznaczajac palcami reki najwyzszy punkt wyskoku
na tablicy. Réznica migdzy wysokoscig wyskoku a wysokoscig dosiezng stanowi poszukiwang
wielko$¢, podawang z dokladnoscia do 1,0 cm. Badany wykonywat 3 proby,

w analizie uwzgledniono wynik najlepszy (Wachowski i wsp. 1987).
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Glebokosci sklonu (gibkos$¢) - sklon tulowia w przod [cm]

Badany podczas pomiaru gltebokosci sktonu w przéd stawat bez butéw na podwyzszeniu
(wysokos$¢ = 32 cm, dtugos$¢ = 35 cm, szeroko$¢ = 45 cm), na linii stop skala wynosita 50 cm
a wartosci rosty w dot. Badany utrzymujac stopy zwarte oraz konczyny dolne w stawach
kolanowych  wyprostowane, otrzymywal polecenie = wznosu ramion przodem
w gore a nastepnie wykonanie mozliwie najglebszego sktonu w przod. Badany zaznaczat
palcami rak najnizszy punkt na przymocowanej do podwyzszenia podzialce. Warto$ci na
podzialce rosty w dot. Test powtarzano dwukrotnie, do analizy wykorzystano lepszy wynik

(Wachowski i wsp. 1987).
Zwinnos¢ - bieg ,,po 6semce” [s]

Wynik okre§lany byt na podstawie uzyskanego czasu w biegu ,,po 6semce” mierzonego
z doktadnoscig do 10°%s. Badany stawal w polowie odlegtoéci (2,5 m) miedzy dwoma tyczkami
treningowymi, ktére oddalone byty od siebie o 5 m i posiadaty wysokos$¢ 1,2 m. Cwiczenie
polegato na jak najszybszym, trzykrotnym przebiegnigciu toru opisujacego ,,0semke”. Pierwszy
skret odbywal si¢ w prawo. Czas mierzono stoperem (0,01 s, 1986, CAENAHOB,
C.C.C.P./SLAVA, Rosja, 1986; Casio HS-80TW Lap Stop-watch, Japonia, 1996, 2006, 2016).
Test powtarzano dwukrotnie, do analizy wykorzystano lepszy wynik (Fleishman 1964; Pawlak
i Sarna 1982).

Wytrzymalo$¢ ogolna - zmodyfikowany 5 minutowy step-test Harwardzki [pkt.]

Do oszacowania poziomu wytrzymatosci ogo6lnej (wydolnosci) wykorzystano
zmodyfikowany step-test Harwardzki. Badany w czasie 5 minut wchodzil na stopien
o wysokosci 30 cm w rytmie 30 wejs$¢ 1 zej$¢ na minute. Po ukonczeniu ¢wiczenia, w czasie
pomigdzy 60 i 120 sekunda, wykonywano pomiar tetna za pomoca czujnika elektronicznego
zaktadanego na palec wskazujacy w 1986 1 1996 (jednostka analogowa N-327-5, konstrukcja
Zaktadu Pomocy Naukowych AWF Poznan) oraz za pomoca czujnika elektronicznego
zaktadanego na ptatek ucha w 2006 1 2016 roku (C812 jednostka analogowa
z oprogramowaniem Tester, Politechnika Poznanska). Uzyskany wynik tetna stuzyt do

obliczenia wskaznika wydolno$ci fizycznej wyrazonego w punktach wg wzoru:
Ww = czas pracy w sekundach x 100/5,5 x p

gdzie: Ww — wskaznik wydolnosci, p — warto$¢ zmierzonego t¢tna po wysitku
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W celu interpretacji wynikOw przyjeto nastepujagce normy poziomu wydolnosci dla

omawianego wskaznika:

> 60 bardzo wysoka, 50.0-60.0 wysoka, 40,0-50,0 $rednia, 30,1-40,0 niska, <30 uposledzona
(Gruszczynski i wsp. 1974; Mazur i wsp. 1975).

3.3. Czynniki Srodowiskowe

W celu zebrania informacji dotyczacych srodowiska badan zastosowano metode sondazu
diagnostycznego realizowanego technikg badan ankietowych, za pomocg, ktoérych zebrano
informacj¢ odnosnie czynnikow srodowiska rodzicielskiego (ankieta dla rodzicow), szkolnego
(ankieta dla dyrekcji) oraz badanych dzieci (ankieta dla dzieci). Dodatkowo wykorzystane
zostaty dane z Rocznika statystycznego za rok 1986, 1996, 2006 oraz 2016. W badaniach
przeprowadzonych w roku 1996, 2006 i 2016 zastosowano kwestionariusze ankiet opracowane
przez Strzelczyka (1995) i wykorzystane w pierwszej turze badan w 1986 roku. Uzyte
kwestionariusze  ankiet spelnialy wymogi trafnosci 1 rzetelnosci.  Informacje
0 wystgpieniu pierwszej miesigczki uzyskano metoda retrospektywna na podstawie wywiadu.
Kazda z dziewczat byla indywidualnie pytana przez cztonka personelu badawczego pici
zenskiej o to, czy menarche wystgpita (tak), czy tez jeszcze nie (nie), z zachowaniem
intymnosci.

Na wykonanie badan kazdorazowo uzyskano zgode Kuratorium O$wiaty w Poznaniu
(wczesniej Kuratorium Oswiaty i Wychowania w Poznaniu) oraz dyrektorow poszczegdlnych
szkot zgodnie z obowiazujacymi w poszczegolnych latach wymogami. Na ostatnig seri¢ badan
uzyskano zgode Komisji Bioetycznej przy Uniwersytecie Medycznym im. Karola
Marcinkowskiego w Poznaniu nr KB nr 907/16.

3.4. Analiza statystyczna

Wykonano podstawowe analizy statystyczne: normalno$¢ rozktadu oceniano
na podstawie testu Shapiro — Wilka, obliczono s$rednig arytmetyczng [M], odchylenie
standardowe [SD], btad odchylenia standardowego [SE] oraz mediang [ME] dla
poszczeg6lnych grup wieku kalendarzowego odpowiednio w kazdej serii badan dla chtopcoéw
1 dziewczat. Na ich podstawie opracowano podstawowe charakterystyki oraz stworzono

wykresy obrazujace kierunek zmian w czasie.
Nastepnie w celu poréwnan miedzy grupami i terminami zastosowano analizg

kowariancji (ANCOVA) z wylaczeniem zmiennych wspotwystepujacych takich jak wiek
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i wiek?, ktora koryguje odpowiednio potencjalne liniowe i nieliniowe efekty rozktadow wieku
kalendarzowego. Zastosowano poroéwnania post hoc migdzy poszczegdlnymi seriami,
skorygowane o pordéwnania wielokrotne (Bonferroni). Dodatkowo w artykule 5 w celu
,uchwycenia” ewentualnych zalezno$ci pomi¢dzy testami sprawnosci fizycznej i BMI zostaty
zastosowane liniowe i nieliniowe modele regresji, gdzie testy sprawnosci byly zmienng zalezna,
wskaznik BMI zmienng niezalezng w modelu liniowym, natomiast wskaznik BMI

i BMI? byty zmiennymi niezaleznymi w modelu kwadratowym.

Wszystkie analizy statystyczne wykonano przy uzyciu programu Statistical Package for

the Social Sciences (SPSS) dla systemu Windows (wersja 22.0, IBM SPSS, Chicago, IL).
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4. Wyniki oraz ich omowienie

Rozdziat podzielono na pig¢ podrozdzialéw zgodnie z problematyka podjeta w kolejnych
opublikowanych artykutach wchodzacych w sktad cyklu. Uwzglgdniono w nich gtéwne wyniki
przeprowadzonych obserwacji, ktéore nawigzywaly do postawionych pytan badawczych oraz
wyznaczonego celu. Wszystkie informacje przedstawione ponizej oraz nawigzania do tabel i rycin
w kazdym podrozdziale odnoszg si¢ do tresci zawartych w oryginalnych artykutach. Kazdy z pigciu

podrozdzialow konczy si¢ krotkim podsumowaniem.

Publikacja 1.

Secular change in height and weight of rural school children and youth in west-central

Poland: 1986 to 2016. American Journal of Human Biology, 2021;33(2):e23461

Celem pracy byto poréwnanie zmian wysoko$ci i masy ciata dzieci w wieku 7-15 lat

w czterech terminach badan prowadzonych w odstepach dekadowych od 1986 do 2016.
W pracy przedstawiono wyniki analiz uwzglgdniajacych:

a) podziat na pojedyncze grupy wieku (7, 8,9, ..., 15 lat),

b) podziat na trzy grupy wieku (7-9, 10-12, 13-15 lat),

) oraz zmiany pomigdzy kolejnymi dekadami (1986-2016, 1986-1996, 1996-2006,
2006-2016).

Ad a) Analiza danych dotyczacych wysokos$ci ciata w pojedynczych grupach wieku,
wykazala, ze najwyzsze byly dzieci i mtodziez W ostatniej serii badan (2016), a trend ten
obserwowany byl u obu ptci. W grupie chlopcow siedmio- i o$mioletnich zaobserwowano brak
r6éznic miedzy latami 1986 a 1996 oraz miedzy 2006 a 2016. W kolejnych grupach wieku
chtopcoéw, w nastepnych dekadach obserwowano systematyczne, niemalze liniowe zwickszanie
si¢ wysokosci ciata (Rycina 2A). W grupie dziewczat wyniki nie uktadaty si¢ w tak regularny
sposob jak u chiopcow. Pomigdzy rokiem 1996 a 2006, wylaczajac siedmiolatki, nie
zaobserwowano przyrostu wysokosci ciata w kolejnych grupach wieku. Dziewczeta badane
w ostatniej dekadzie byty srednio wyzsze od rowiesniczek z pozostatych terminéw obserwacji

(Rycina 3A).
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W odniesieniu do masy ciata chtopcéw zaobserwowano wzrost zarejestrowanych
warto$ci w wszystkich terminach badan, z wytaczeniem grupy o$miolatkow w dekadzie 2006
- 2016. Najwieksze $rednie réznice w poszczegolnych grupach wieku odnotowano pomigdzy
skrajnymi terminami (Rycina 2B). W grupie dziewczat zaobserwowano wiekszg zmienno$é
badanej cechy w kolejnych terminach badan, jednak kierunek zmian byt taki sam jak
U chltopcow. Najwyzsza mase ciala zanotowano u badanych dziewczat w roku 2016

anajnizsza w 1986 roku. Dynamika przyrostow ulegata zmniejszeniu po 13 roku zycia (Rycina
3B).

Ad b) Przeprowadzona analiza wykazata, ze zmienno$¢ wysokosci i masy ciata rozni si¢
w sposob istotny statystycznie (P < 0,001) pomigdzy opisanymi trzema grupami wieku.
Poréwnania wielokrotne pomigdzy analizowanymi grupami (post-hoc) wykazaty nastepujace
zalezno$ci w grupie chtopcow 2016 > 2006 > 1996 > 1986. (Tabela 1). W grupie dziewczat
zmienno$¢ wysokos¢ ciata byta podobna w trzech grupach wieku 2016 > 2006 > 1996 > 1986
jednakze poréwnania grupami pomig¢dzy poszczegdlnymi terminami nie byly jednoznaczne

(Tabela 2).

Zmiany masy ciata we wszystkich trzech grupach wieku chtopcow réwniez nie
przebiegaty w sposob liniowy w kolejnych dekadach obserwacji. Wystepowata nastepujaca
zmiennos$¢ 2016 > 2006 > 1996 > 1986, za wyjatkiem grupy 7-9 lat (2016=2006>1996>1986)
(Tabela 1). W grupie dziewczat nie zaobserwowano wspodlnego kierunku zmian. W kazdej

grupie wieku przyrosty obserwowane byly pomigdzy roznymi dekadami (Tabela 2).

Ad c) Analizujac zmiany miedzydekadowe w trzydziestoletnim okresie zaobserwowano
podobne kierunki oraz wielko$ci zmian wysokosci i masy ciata w grupach wieku 7-9 i 10-12
lat wsrdd obu pici. W ostatniej grupie wieku analogiczne zmiany sg wigksze w grupie chtopcow
(Tabela 3). Wykazano, ze najwigksza dynamika przyrostow wysokosci i masy ciala we
wszystkich grupach wieku chtopcow wystapita pomiedzy 1996 a 2006 rokiem, a réznice byty
istotne statystycznie. Najmniejsze przyrosty obserwowano w ostatniej dekadzie badan.
W grupie dziewczat 7-9 i 13-15 letnich najwieksze przyrosty wystapily pomiedzy 1996
a 2006 rokiem, natomiast w grupie 10-12 lat w ostatniej dekadzie badan, roznice rowniez byt

istotne statystycznie.
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Podsumowanie

Szczegdtowa analiza roznic w przyrostach badanych cech wykazata, ze zar6wno
wysokos$¢ jak 1 masa ciala zwickszyla si¢ w obserwowanym 30 letnim okresie badan,
a wielkosci tych zmian byly istotne statystycznie. Przyrosty nie przebiegaty w sposob liniowy

1 r6znity si¢ w ciggu trzech dziesi¢cioleci oraz pomiedzy grupami dziewczat i chlopcow.

Publikacja 2.

Weight Status of Rural School Youth in Poland: Secular Change 1986-2016
Anthropologischer Anzeiger;. 2022 79(1):43-56

Celem pracy bylo przedstawienie zmiennos$ci wskaznika BMI u dzieci w wieku 7-15 lat

w czterech terminach badan prowadzonych w odstepach dekadowych od 1986 do 2016.
Podobnie jak w pierwszej pracy, analizy obejmowaty zmienno$¢ BMI:

a) w grupach wieku kalendarzowego,
b) pomiedzy trzema grupami wieku i poszczegdlnymi terminami badan,

C) z uwzglgdnieniem grup stanu odzywienia - niedowaga, nadwaga i otytosc.

Ad a) W pracy wykazano, ze w kolejnych dekadach w poszczegélnych grupach wieku,
zaobserwowano trend, zwigzany ze zwigkszaniem si¢ warto$ci wskaznika BMI. Przyrosty
pomiedzy skrajnymi terminami przyjmowaty bardziej liniowy i dodatni kierunek w grupie

chtopcow niz w grupie dziewczat.

Ad b) Porownania w trzech grupach wieku, i wzgledem pitci, wykazaty nieliniowa
zmienno$¢ warto$ci wskaznika BMI pomiedzy kolejnymi grupami i terminami. W kazdej
grupie wieku chtopcow wartosci BMI w ostatnich dwoch terminach badan (c i d) nie
wykazywaty zmiennosci i byly wyzsze niz w roku 1996 (b) i1 1986 (a) z wyjatkiem chtopcow
w wieku 7-9 lat, u ktérych BMI w 1996 r. jest istotnie wyzsze niz w 1986 roku (Tabela 1).
W grupie dziewczat warto$ci roznily si¢ w poszczegdlnych grupach wieku, najwigksza
zmiennos$¢ odnotowano w grupie wieku 10-12 lat. Wystepowata jednak tendencja wskazujaca,
ze zmienno$¢ wynikow w roku 2006 (c) i 2016 (d) byta kazdorazowo wyzsza niz w latach

poprzednich (b i a) (Tabela 1). Wartosci BMI w obu grupach plci oraz we wszystkich grupach
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wieku  pomiedzy  skrajnymi  terminami  réznily  si¢  istotnie  statystycznie

(p < 0.001) (Tabela 2).

Ad c) W kolejnym etapie pracy dokonano analizy ze wzgledu na grupy stanu odzywienia.
W okresie objetym badaniem liczba dzieci z niedowaga w grupie chtopcéw zmniejsza si¢.
Jednoczesnie  obserwuje  si¢  regularne  zwigkszanie  si¢  liczby  chlopcow
z nadwaga 1 otyloscig we wszystkich badanych grupach wieku. Czestos¢ wystepowania
nadwagi i otylosci jest istotnie wigksza w 2006 1 2016 w porownaniu do 1996 i 1986 roku
(Tabela 3).

Wsrod badanych dziewczat wystepowata niewielka liczba osob z niedoborowsg masa
ciala, i podobnie jak w przypadku chtopcoéw, procent dzieci z niedowaga spadat w kolejnych
terminach badan. W grupach wieku 7-9 1 10-12 lat zaobserwowano procentowy wzrost nadwagi
i otytosci w kolejnych dekadach. W ostatniej grupie wieku kierunek zmian byt taki sam, jednak

warto$ci przyrostow byty nizsze (Tabela 3).
Podsumowanie

Zmiany wskaznika BMI byty istotne statystycznie i wystepowata tendencja zwigkszania
si¢ jego wartosci w kolejnych terminach obserwacji. Szczegdlowa analiza uwzgledniajaca
grupy stanu odzywienia wykazata tendencje do zmniejszania si¢ wystepowania niedowagi
szczegollnie pomigdzy 1986 a 1996 oraz do wzrostu nadwagi
i otylosci szczegodlnie pomigdzy 2006 a 2016 rokiem. Wyniki nie ulegaly zmianom w sposob
liniowy 1 roznily si¢ w ciggu trzech dziesiecioleci oraz pomie¢dzy grupami dziewczat

1 chtopcow.

Publikacja 3.

Age at menarche among rural school youth in west-central Poland: variation with weight

status and population growth. Anthropological Review, 2021 84(1), 51-58

Celem pracy byta proba oszacowania wieku wystepowania pierwszej miesigczki wsrod
dziewczat z regionu wiejskiego Wielkopolski w grupie badanych z 2016 roku oraz porownanie
wieku menarche w grupach stanu odzywienia oraz wzglegdem zmian liczby mieszkancow

w obserwowanych miejscowosciach.
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Obserwacji poddano wyniki 1146 dziewczat w wieku 7-16 lat pochodzacych z 10 miejscowosci

wiejskich. W pracy dokonano analiz z uwzglednieniem:

a) calej grupy;

b) podziatu na grupy stanu odzywienia (niedowaga, normalna masa ciata, nadwaga);

) podziatu ze wzgledu na zmiany liczby mieszkancow - gdzie jedna grupe stanowity
miejscowosci, w ktorych zaobserwowano wzrost liczby ludno$ci, druga natomiast
stanowily miejscowosci, w ktdrych wzrost byt niewielki lub w ogole nie wystapit,

d) podziatu na grupy staniu odzywienia i przyrost populacyjny (z analizy wykluczono

dziewczeta z niedowaga, ze wzgledu na zbyt matg liczebnosc).

Ze wzgledu na ograniczenia w wynikach badan analiz¢ przeprowadzono tylko dla dziewczat
z 2016 roku.

Ad a) Wykonana analiza pokazata, ze mediana (+SE) wieku pierwszej miesigczki

w badanej populacji wynosi 13,2540,20 lat.

Ad b) W grupach stanu odzywienia pierwsza miesigczka wystgpuje srednio najwczesniej
wsérod dziewczat z nadwaga - 13,06+0,32 lat, nastepnie w grupie z prawidtowa masa ciata -
13,25+0,37 lat, a najpdzniej w grupie dziewczat z niedowaga - 13,81+0,41lat. Roznica wieku
wystgpienia pierwszej miesigczki pomiedzy grupami z niedowaga i nadwaga przejawiata
tendencj¢ do istotnosci, natomiast pozostate porownania parami nie byly istotne statystycznie
(Tabela 1).

Ad c) Wykazano rowniez, ze jednym z czynnikow wpltywajacych na zmiang czasu
wystapienia pierwszej miesigczki moze by¢ zmiana liczby mieszkancow w badanej populacji.
W grupie miejscowosci, w ktorej nastgpit znaczny wzrost liczby populacji mediana wyniosta
12,58+0,44 lat i odpowiednio dla miejscowosci, w ktorych nie zaobserwowano wzrostu

wyniosta 13,65+0,14 lat (Tabela 2).

Ad d) W grupie dziewczat z gmin o wigkszym przyroscie liczby mieszkancow mediana
wieku menarche wynosita 12,12+0,49 lat u dziewczat z nadwaga i 12,54+0,15 lat u dziewczat
z prawidtowa masa ciata. Odpowiednie analizy dla grupy z niskim/brakiem wzrostu wskazaty,
ze mediana wynosita 13,46+0,40 lat dla dziewczat z nadwagg 1 13,62+0,18 lat dla dziewczat

o normalnej masie ciata.
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Podsumowanie

Stwierdzono, ze mediana wieku pierwszej miesigczki byta wezesniejsza w grupie osob
z nadwagg, w porOwnaniu z pozostatymi grupami. Zaobserwowano wplyw zmiany wielkosci

liczby mieszkancow w czasie na wiek wystepowania pierwszej miesigczki.

Publikacja 4.

Physical Fitness of Rural Polish School Youth: Trends between 1986 and 2016 Journal of
Physical Activity and Health, 2021 28;18(7):789-800

Celem badan byta ocena wielkosci i1 kierunku zmian poziomu wybranych zdolnos$ci
motorycznych u dzieci w wieku 7-15 lat w czterech terminach badan prowadzonych
w odstepach dekadowych od 1986 do 2016.

Podobnie jak w pierwszym 1 drugim artykule przeprowadzone analizy wynikow dotyczace

zmienno$ci poziomu wybranych zdolno$ci motorycznych uwzgledniaty porownania:

a) w grupach wieku kalendarzowego;
b) pomiedzy trzema grupami wieku i poszczegdlnymi terminami badan;

€) pomiedzy poszczegolnymi dekadami obserwacji.

Ad a) Predkos¢ biegu (Rycina 1A) wzrastala §rednio w kolejnych grupach wieku
chtopcow. Taki sam kierunek zmian obserwowano w grupie dziewczat od 7 do 12 roku zycia,
po czym nastepowat okres stabilizacji (plateau). Zwinno$¢ (Rycina 1B) wykazywata podobny
kierunek zmian jak gibko$¢, zwiazane one byly z wiekiem oraz plcig badanych. Nalezy
zauwazy¢, ze nizszy czas wskazuje na lepszy wynik. Wyniki w tescie skocznosci (Rycina 1C)
wzrastaly $rednio w kolejnych grupach wieku od 7 do 15 lat u obojga pici. Z kolei poziom
gibkosci (Rycina 1D) wzrastal wraz z wiekiem od 7 do 11 roku zycia u obojga plci, nastgpnie
obserwowano dynamicznie przyrosty po 13 roku zycia u chlopcéw i1 rok wczedniej
u dziewczat. Wyniki wskaznika wydolnosci (Rycina 1E) uktadaja si¢ w sposob nieregularny
w grupach wieku chiopcow. U dziewczat wartos¢ wskaznika wydolnosci obniza sig

w kolejnych grupach wieku niezaleznie od terminu obserwacji.

Ad b) Wyniki obserwowanych zdolnosci motorycznych na przestrzeni 30 lat roznity sie

istotnie statystycznie w trzech grupach wieku wsréd chtopcoéw, z wyjatkiem wskaznika
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wydolnos$ci w grupie 13-15 lat. Istotne roznice widoczne byty rowniez w trzech grupach wieku
dziewczat, wyjatek stanowity wyniki skoczno$ci w grupie wieku 13-15 lat. Wielkosci efektow
(M%) mowigce o sile zjawiska byly umiarkowane w dla wynikow predkosci biegowej,
a w przypadku pozostatych obserwowanych zdolno$ci motorycznych byty niskie u obojga ptci

(Tabela 1 i Tabela 2).

Ad c) Analiza zmian mi¢dzydekadowych wykazata regres zdolnosci do rozwijania
predkosci biegu w objetym badaniami trzydziestoleciu (Tabela 3). Predkos$¢ biegowa (Rycina
2A) obnizata si¢ w latach 1986-2016 u chlopcoéw 1 dziewczat. Szczegdtowe obserwacje
wykazaty, ze regres tej zdolnosci latach 1986-1996 (P < 0,05), widoczny jest w grupie
chlopcow a pomiedzy 1996 a 2006 w grupie dziewczat.

Wyniki w tescie zwinno$ci wzrastajg (krotszy czas wykonania proby) istotnie pomiedzy
1986 a 2016 r., z wyjatkiem dziewczat w wieku 10-12 lat (Rycina 2B). Poziom zwinno$ci
wzrasta istotnie (P < 0,05) w latach 1986-1996 u chtopcow i1 dziewczat w 3 grupach wiekowych.
Natomiast pomiedzy pozostatymi dekadami obserwacji zmiany nie byty istotne statystycznie

za wyjatkiem grupy chtopcow w wieku 13 — 15 lat pomigdzy 1996 a 2006 rokiem.

Analiza wynikow testu skocznosci w latach 1986-2016 wykazata, ze w dwoch mtodszych
grupach wieku chtopcy 1 dziewczeta uzyskiwali podobne rezultaty, w odrdéznieniu od
najstarszych grup, w ktorych przyrosty byty wieksze u chtopcoéw a znikome u dziewczat
(Rycina 2C). W podziale na 3 grupy wiekowe u chtopcéw zaobserwowano zwigkszanie si¢
wynikow w tescie skoczno$ci pomigdzy okresem 1986 a 1996 (P < 0,05). W dekadzie 1996 —
2006, wartosci nie wykazywaty jednego kierunku zmian, a nast¢pnie obnizaty si¢ migdzy 2006
a 2016 (P < 0,05). U dziewczat w grupach wieku 7-9 obserwowano istotne statystycznie
przyrosty poziomu skocznos$ci w latach 1986-1996, a w grupie 10-12 po istotnych przyrostach
w latach 1986-1996 wartosci obnizaty si¢ dekadzie 1996-2006 (P < 0,05). W pozostatych
dekadach zmiany bylyby nieistotne statystycznie. W grupie 13-15 lat zmiany byly niewielkie

1 nieistotne statystyczne w catym obserwowanym okresie badan.

W okresie objetym obserwacja poziom gibko$ci obnizyl si¢ istotnie statystycznie we
wszystkich grupach wieku. Zmiany te byty wigksze w grupie chtopcow niz w grupie dziewczat
(Rycina 2D). W latach 1986-1996 oraz 1996-2006 zaréwno u chlopcow, jak
i dziewczat obserwowano obnizanie si¢ wynikow (p < 0,05 w wieku 7-9 i 10-12 lat).

W latach 2006-2016 poziom gibkos¢ w grupie dziewczat zwigkszyl si¢ w sposob istotny
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statystycznie wylacznie w grupie wieku 7-9 lat (p < 0,05), podczas gdy u chlopcéw nadal

obserwowano obnizanie si¢ wynikow (p < 0,05, w wieku 10-12 i 13-15 lat).

Warto$ci wskaznika wydolno$ci zwigksza si¢ nieznacznie (brak istotnosci statystycznej)
u dziewczat w wieku 7-9 i 1012 lat, jednakze wzrastala istotnie u dziewczat w wieku 13-15
lat w latach 19862016 (p < 0,05). U chtopcdéw poziom wydolno$ci obnizyt si¢ we wszystkich
grupach wieku przy czym istotnie w grupie 10-12 lat (Rycina 2E). Obserwowano duzg
zmienno$¢ wartosci wskaznika wydolnos$ci pomiedzy kolejnymi terminami badan. Poziom
wydolnos$ci obnizyt si¢ u chtopcow (P < 0,05) i dziewczat w wieku 7-9 i 10-12 lat, natomiast
wzrastal u chlopcow i dziewczat (P < 0,05) w wieku 13-15 lat w latach 1986-1996.
W kolejnej dekadzie wskaznik wzrastal we wszystkich grupach dziewczat, w tym w sposob
statystycznie istotny w przedziatach wieku 7-9 i 10—12 lat. U chtopcoéw z kolei zaobserwowano
zmniejszanie si¢ omawianego wskaznika w wieku 10-12 i 1315 lat oraz zwigkszanie w grupie
7-9 lat jednak zmiany nie byly istotne statystycznie. W latach 2006-2016 zmiany nie byty
istotne statystycznie, poziom wydolnosci obnizal si¢ u dziewczat a wzrastal u chtopcow we

wszystkich grupach wieku.
Podsumowanie

Stwierdzono, ze podobnie jak w przypadku cech somatycznych nie zaobserwowano
jednoznacznej tendencji w kierunku zmian wszystkich obserwowanych zdolnosci

motorycznych.

Publikacja 5.

Relationship between BMI and physical fitness of Polish School Youth: Trends between 1986
and 2016 Acta Kinesiologica 2021, 15 (2):134-143

Cel pracy zakladal zbadanie relacji pomiedzy wskaznikiem BMI (wyniki wcze$niej
opisane w artykule 2.), a wybranymi zdolnosciami motorycznymi (wyniki przedstawione

w artykule 4.).

W pracy przedstawiono wyniki analiz uwzgledniajacych:
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a) porownanie w grupach wieku wynikdw poszczegdlnych testow sprawno$ci
fizycznej z uwzglednieniem grup stanu odzywienia oraz poszczegdlnych terminow
badan,

b) analize regres;ji dla kazdego testu sprawnosci z BMI z uwzglednieniem pici przy

uzyciu liniowych i nieliniowych modeli kwadratowych.

Ad a) Wyniki testow sprawnosci roznily si¢ w sposob istotny statystycznie pomiedzy
grupami stanu odzywienia zar6wno u chtopcéw jak i u dziewczat. Wyjatek stanowita gibkosé
w grupie chtopcoéw w wieku 7-9 lat oraz u chtopcow i dziewczat w wieku 10-12 lat. Roznice
pomiedzy kolejnymi terminami obserwacji byty rowniez istotne statystycznie, za wyjatkiem
wskaznika wydolno$ci w grupie chtopcow 7-9 1 13-15 lat oraz skocznosci w grupie dziewczat
13-15 letnich. Jednak interakcje pomigedzy grupami stanu odzywienia a terminami badan nie
r6znity si¢ na og6t istotnie, 1 nie wykazywaty wyraznej tendencji pomigdzy kolejnymi testami

sprawnosci, u obu plci (Tabela 1).

W grupie chtopcéw pordéwnania post hoc (Tabela 2) wskazywaly na uzyskiwanie
nizszych wynikoéw we wszystkich testach sprawnosci, z wyjatkiem gibkosci dzieci
1 mlodziezy z nadwaga i otyloscia w pordwnaniu z dzieémi o masie ciata w normie
1 szczuptymi. Porownania wynikow w zakresie poziomu zdolno$ci motorycznych w grupach
stanu odzywienia w kolejnych terminach obserwacji nie wykazuja wspdlnego kierunku zmian,
z wyjatkiem predkosci. Wyniki w tescie szybkosci byly na ogét podobne w latach 1986-1996
oraz 2006-2016, ale byly wyzsze w dwoch pierwszych terminach obserwacji
w porownaniu do dwodch ostatnich. Wartosci wskaznika wydolnosci, podobnie jak predkos¢
biegu, zwigkszyty sie¢ w dwdch mtodszych grupach wiekowych w 1986 roku w odréznieniu od
najstarszej grupy.

Wsrod dziewczat pordéwnania post hoc (Tabela 3) wskazywaly na konsekwentnie nizsze
wyniki w zakresie skocznosci W grupie z nadwagg i otytoscia w wieku 10-12 i 13-15 lat,
podczas gdy wyniki dzieci szczuptych i o masie ciata w normie charakteryzowaly si¢ réznymi
kierunkami zmian. Predko$¢ biegu u dziewczat miata takie same kierunki zmian jak
u chtopcow. Wyniki w innych testach sprawno$ci w ramach grup stanu odzywienia byty
podobnie jak u chtopcow, a kierunki zmian nie przebiegaty w taki sam sposob, w kolejnych

terminach obserwaciji.

Ad b) Wyniki analiz regresji podsumowano w tabelach 4 (chtopcy) i 5 (dziewczeta).

Wiekszo$é z obserwowanych regresji miato bardzo niska wyjasniong wariancje (R?), jednak
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kilka z nich bylo istotnych. Zaleznosci pomigdzy BMI a wynikami sprawnosci réwniez r6znity
si¢ w czterech terminach obserwacji. Niemniej jednak wspdtczynniki kwadratowe byly istotne
w niektorych modelach, co wskazuje, ze zwigzek pomigdzy BMI a konkretnym testem
sprawnosci byl krzywoliniowy. Sugeruje to, ze wyzsze wyniki osiggaly zazwyczaj dzieci
i mtodziez z BMI w $rednim zakresie rozktadu, podczas gdy wyniki osob znajdujacych sie
W dolnym i goérnym zakresie rozkladu BMI byly nizsze. Bylo to widoczne w przypadku
zwigzkow pomiedzy BMI a predkoscia biegu, zwinnoscia i skoczno$ciag w badaniu z 1986 r.,
z wyjatkiem dziewczat w wieku 7-9 lat. Z drugiej strony, zaobserwowano zalezno$¢
krzywoliniowa we wszystkich czterech terminach badan dla wszystkich obserwowanych
zdolnos$ci motorycznych, z wyjatkiem wskaznika wydolno$ci wérod chtopcow w wieku 13-15

lat.
Podsumowanie

Stwierdzono, ze wyniki analizy regresji wykazywaty zalezno$¢ krzywoliniowa pomiedzy
BMI a wynikami w poszczegolnych testach sprawnos$ci fizycznej, w wigkszym stopniu
u chtopcow niz u dziewczat. Taki wynik wskazuje, ze zazwyczaj wyzsze rezultaty uzyskiwaty

dzieci 1 mlodziez z BMI w $rednim zakresie rozkladu.
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5. Dyskusja

Przedstawiony cykl publikacji opisuje zagadnienia zwigzane z kierunkami zmian
w zakresie wysoko$ci, masy ciata, wskaznika BMI, wieku pierwszej miesigczki i poziomu
sprawnosci fizycznej oraz wystgpowania zalezno$ci pomigdzy grupami stanu odzywienia

a sprawnoscia fizyczna.

Dane opisywane w pismiennictwie przedmiotu dotyczace zmienno$ci w grupach dzieci
i mlodziezy polskiej prezentowane byty przez roéznych autorow w odmienny sposob. Niektore
z prac przedstawiajg porownania dla pojedynczych grup wieku dziesigtnego, jednak dotycza
réznych przedziatow wieku np. 7,0; 8,0... 15,0 lat (Gomuta i wsp., 2015) lub 7,5; 8,5; 15,5 lat
(Przewegda 1 Dobosz, 2003; Kowal i wsp., 2011). Inne prace prezentowaly dane
z uwzglednieniem okreslonych grup wiekowych np. 7-9, 10-12, 13-15 lat (Ignasiak i wsp.,
2016). Badacze przedstawiali roéwniez analizy z perspektywy miejsca zamieszkania,
prezentowane byly dla catosci populacji polskiej (Przeweda i Dobosz, 2003; Gomuta i wsp.,
2015), poszczegolnych jego regiondw oraz grup spotecznych (miasto — wie$), poszukujac
kierunkoéw zmian oraz ich ewentualnych uwarunkowan (Krawczynski i wsp., 2003; Saczuk,

2018; Wilczewski, 2005; Wilczewski i Wilczewski, 2018).

Wysoko$§¢, masa ciala oraz wiek pierwszej miesigczki, jako zmienne uwarunkowane
zaro6wno czynnikami srodowiskowymi jak 1 genetycznymi w kolejnych dekadach od 1986 do
2016 wykazaty podobne kierunki zmian, do tych badan, ktore prowadzone byty w zblizonych
przedziatach czasowych dla dzieci z populacji polskiej (Przewgda 1 Dobosz, 2003; Gomuta
1 wsp. 2015). Dotyczyto to réwniez obserwacji wykonywanych w poszczegdlnych miastach
1 regionach Polski, np. dla miasta Poznania (Krawczynski 1 wsp. 2000; 2003), Krakowa (Kowal
I wsp. 2011; Woronkowicz i wsp., 2012), Rzeszowa (Perenc, i wsp., 2016) oraz wschodniej
czesci Polski (Saczuk, 2018; Wilczewski, 2005; Wilczewski i Wilczewski, 2018).

Nalezy zwréci¢ jednak uwage, ze zmiany wysoko$ci 1 masy ciala dzieci z dziesieciu
miejscowosci  wiejskich w dwoéch pierwszych dekadach obserwacji, prezentowane
w niniejszym autoreferacie byly porownywalne z badaniami ogélnopolskimi prowadzonymi
w latach 1988-2012 (Gomuta i wsp., 2015), natomiast w poréwnaniu z badaniami
prowadzonymi w latach 1989-1999 (Przewgda i Dobosz, 2003) zmiany byly generalnie
mniejsze. Pozwala to na stwierdzenie, ze przyrosty odnotowane w czasie czterech termindw
obserwacji nastgpowaly w nieliniowy sposob, a jednym z czynnikéw wplywajacych na nie

mogt by¢ region zamieszkania.
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Warto$¢ wskaznika BMI zwigkszata si¢ w kolejnych terminach badan zaréwno
u dziewczat jak i u chlopcow we wszystkich grupach wieku. Uzyskane wyniki z roku 2016
w porownaniu do danych referencyjnych dla dzieci i mlodziezy z populacji polskiej z 2010
roku (Katuga i wsp., 2011) byly zblizone u chtopcéw w wieku 7 1 8 lat. Wyniki dla kolejnych
grup wieku populacji wiejskiej Wielkopolski przewyzszaly mediany z badan ogélnokrajowych,
a zjawisko to obserwowane bylo w wigkszosci grup dziewczecych. Jednakze wyniki dzieci
w wieku 10-15 lat byly zblizone do wynikéw prezentowanych dla populacji miejskiej
i wiejskiej w wojewodztwie wielkopolskim w latach 2009-2010 (Kaczmarek i wsp., 2011).

Wykazano, ze czesto$¢ wystepowania nadwagi 1 otylosci wzrosta we wszystkich
terminach obserwacji i byta znacznie wyzsza w roku 2006 i 2016 w porownaniu do 1986
I 1996. Zaobserwowane kierunki zmian nadwagi i otylosci byty zgodne z ogdlnopolskimi
danymi poréwnawczymi, w ktorych badania prowadzono w latach 1969, 1978, 1988 i 2012
(Gomuta i wsp., 2015), w 2001 roku (Matecka-Tandera i wsp., 2005) oraz w 2010 roku
(Kaluga i wsp., 2011). Podobny liniowy przyrost warto$ci obserwowali rowniez badacze wsrod
dzieci z miasta stotecznego Krakowa, w ktorym prowadzone byty badania w latach 1971, 1983
i 2000 (Chrzanowska i wsp., 2007). Taka samg tendencje obserwowano
w poszczegdlnych regionach naszego kraju, w wojewodztwie podlaskim w latach 1986 1 2006
(Saczuk 1 Wasiluk, 2014) oraz w wojewddztwie podkarpackim w latach 1998 1 2008 (Mazur
i wsp., 2014).

Wyzej opisane kierunki zmian dotyczyly wszystkich grup wiekowych chlopcow oraz
dziewczat 7-9 i 10-12 letnich. W grupie dziewczat 13-15 letnich przy takim samym kierunku
zmian, wielkos¢ przyrostow byla zdecydowanie nizsza, czego prawdopodobng przyczyng
moglto by¢ wczesniejsze dojrzewanie dziewczat oraz pojawiajaca si¢ Swiadomos¢ dotyczaca
postrzegania wizerunku wlasnego ciala, co jest jednym z kluczowych elementdéw ksztaltujacych

osobowo$¢ osoby dojrzewajacej (Malina i wsp., 2004).

Obserwacje wykazaly, ze czesto$¢ wystepowania niedowagi w badanej populacji byta
niska zar6wno u chtopcow jak 1 u dziewczat. W kolejnych latach badan liczba dzieci w tej
grupie zmalata w 2006 i 2016 roku w poréwnaniu do 1986 i 1996. Badacze zdecydowanie
czesciej opisywali problemy zwiazane z nadwaga i otyloscia, ktora Swiatowa Organizacja
Zdrowia uznata za jedng z najgrozniejszych chorob przewlektych XXI wieku (Ng i wsp., 2014,
WHO, 2000). W zwiazku z powyzszym dost¢p do danych traktujacych o trendach sekularnych

dotyczacych niedowagi, podzielonej na duzg, umiarkowang i tagodna, jest ograniczony. Wyniki
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chtopcow 1 dziewczat w wieku 13-15 lat z 2016 roku mozna odnie$¢ jednak do danych
zebranych dla dzieci miejskich i wiejskich wojewddztwa wielkopolskiego w wieku 13-18 lat
prowadzonych w latach 2009-2010 (Durda, 2011). fagodna niedowaga wystepowata
stosunkowo cz¢sciej] w 1986 roku i nieznacznie zmniejszyta si¢ w 2006 roku wsrod mtodziezy
w wieku 10-12 i 13-15 lat. Byla ona jednak wyzsza wsrdod wiejskich dzieci w wieku 7-9 lat
w 1986 roku (chtopcy 15,6%, dziewczeta 13,4%), natomiast zmniejszyta si¢ w 2016 roku
(chtopcy 4,1%, dziewczeta 7,3%). Podobne obserwacje, dotyczace tagodnej niedowagi wsrod
dzieci w wieku 7-9 lat, prowadzone byly w wojewodztwie podlaskim
1 wykazywaty nizszy odsetek jej wystgpowania w 1986 roku (chlopcy 7,3%, dziewczeta
11,5%), ktory nastepnie zwickszyt si¢ nieistotnie w 2006 roku (chtopcy 8,9%, dziewczeta
12,8%) (Saczuk i Wasiluk, 2014).

Podsumowujac powyzsze obserwacje, w dolnej granicy zakresu wskaznika BMI czgstosé
wystepowania duzej i umiarkowanej niedowagi byta bardzo niska we wszystkich czterech
terminach badan zaréwno u chtopcow jak i u dziewczat, natomiast czgsto$¢ wystepowania
tagodnej niedowagi byta stosunkowo niska we wszystkich prowadzonych obserwacjach,
z wyjatkiem chtopcéw 1 dziewczat w wieku 7-9 lat w 1986 roku. Z drugiej strony, czgstos¢
wystepowania nadwagi byta wyzsza w 2006 1 2016 roku w poréwnaniu do 1986 1 1996 roku
wsrod chlopcow 1 dziewcezat w trzech grupach wiekowych, podczas gdy czgstos¢ wystgpowania
otylo$ci byta nizsza. Potencjalng przyczyng moze by¢ zmiana nawykow Zywieniowych oraz

sedenteryjny tryb zycia mtodych osob.

Mediana wieku wystgpienia pierwszej miesigczki, jako czynnik stuzacy do oceny tempa
dojrzewania w obserwowanej populacji wiejskiej w 2016 roku wynosit 13,25 lat. Podobne
wyniki przedstawialy dane poréwnawcze dla czterech regionéw geograficznych Polski
wykonane w 2001 roku. Dotyczyly one wieku dziewczat wiejskich z rodzin rolnikow,
u ktorych mediana wynosita 13,32 lat oraz tych mieszkajacych na obszarach wiejskich
niebedgcych corkami rolnikow 13,17 lat (Laska-Mierzejewska i Olszewska, 2007).
W badaniach przeprowadzonych w 2012 roku w siedmiu wojewodztwach w Polsce, podczas
ktorych obserwacji poddano dziewczeta w wieku 7-18 lat z matych miast i terenow wiejskich
mediana wynosita 13,11 lat 1 byla nizsza niz w obserwowanej wiejskiej populacji (Gomuta

i Koziet, 2018).

Jednym z czynnikéw warunkujacych wiek wystepowania pierwszej miesigczki jest stan

odzywienia. Analiza uwzgledniajaca grupy skategoryzowane wedlug tego kryterium wykazata,
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ze w obserwowanej populacji najwczes$niej dojrzewaly dziewczeta z nadwaga,
u ktorych mediana wieku wyniosta 13,06 lat, pdzniej dojrzewaly dziewczgta z prawidlowa
masg ciala 13,25 lat, a najpdzniej z grupy z niedowaga 13,34 lat. Wyniki obserwacji
potwierdzaly zaleznos$ci, na ktére wskazywano w badaniach prowadzonych w innych krajach
1 regionach wnioskujac, ze dziewczgta z nadwaga dojrzewaja wezesniej (Anderson 1 Must,
2005; Biro i wsp., 2018; Bratke i wsp., 2017; Himes i wsp., 2009; Lazzeri i wsp., 2018).
W badaniach longitudinalnych prowadzonych w Poznaniu mediana wieku wystepowania
pierwszej miesigczki wynosita odpowiednio 12,33+1,46 lat wsrod 38 dziewczat z nadwaga,
12,48+0,92 lat w grupie 172 dziewczat z prawidlowg masa ciata i 13,90+0,13 lat wérod 33
dziewczat z niedowagg (Durda-Masny 1 wsp., 2019). Poréwnujac dziewczeta zamieszkujace
miejscowosci wiejskie znajdujace si¢ w okolicach miasta Poznania z dziewczetami
mieszkajagcymi w miescie, mozna zauwazy¢, ze w podobnym tempie rozwijaty si¢ dziewczeta
z niedowaga, jednakze te z grupy z prawidlowa masa ciala i z nadwagg dojrzewaty $rednio

wczesniej w miescie anizeli na wsi.

Na uwagge zastuguje fakt wystepowania duzego zré6znicowania mediany wieku pierwszej
miesigczki u badanych, w podziale na grupy wzgledem wystepujacej zmiany liczby ludnosci
w trzydziestoletnim okresie obserwacji. W grupie dziewczat, ktore zamieszkiwaly tereny
z zaobserwowanym zwickszeniem si¢ populacji mediana wieku pierwszej miesigczki wyniosta
12,58 lat, i byta nizsza w stosunku do grupy z miejscowosci, w ktorych wzrost liczby ludnosci
byt niewielki lub nie ulegal zmianie - 13,65 lat. Gminy, w ktorych nastgpito zwiekszenie liczby
mieszkancow znajdowaty si¢ blizej miasta Poznania od 19 do 37 km, natomiast miejscowosci
z drugiej grupy ulokowane byly w odlegtosci od 37 do 75 km od stolicy Wielkopolski. Mozna
przypuszcza¢, ze prawdopodobng przyczyng zaobserwowanego zréoznicowania w wieku
wystepowania pierwszej miesigczki mogta by¢ migracja ludno$ci z miasta na wies. W efekcie
tego procesu teren wiejski upodabnia si¢ do miejskiego a zjawisko to nosi nazwe
semiurbanizacji wsi (Branka, 2014). Potwierdzeniem tego zatozenia, moze by¢ informacja
dotyczaca liczby urodzen w obserwowanych miejscowosciach. Dane z rocznika statystycznego
wskazywaly, ze tylko w jednej z pigciu gmin, w ktorych nastgpit znaczny wzrost populacji,
odnotowano zwigkszanie si¢ liczby urodzen. W pozostatych dziewigciu gminach zmiany
w szacunkowej liczbie urodzen byly nieznaczne w kolejnych trzech z nich, a w pozostatych

sze$ciu prawie nie wystepowaty.

Zmiany w poziomie wybranych zdolnos$ci motorycznych chtopcéw 1 dziewczat

z terendbw wiejskich byly zréznicowane i1 nie wykazywaly wspodlnego kierunku. Badani
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uzyskiwali nizsze wyniki w tescie szybkosci (sprint 5 m) 1 gibkosci (skton tutlowia), natomiast
w tescie mocy konczyn dolnych (wyskok dosigzny) 1 wydolnos$ci (sprawnos¢ uktadu krazenia)
zmiany byly zroznicowane, wzrastaty 1 malaty w kolejnych dekadach. Nalezy zwroci¢ jednak
uwage na test zwinnosci (bieg po 8), ktorego wyniki poprawiaty si¢ we wszystkich 4 terminach
obserwacji, a najwigkszy progres nastgpit pomiedzy latami 1986-1996. Te zmiany stanowig
zaprzeczenie powszechnie panujacej opinii, ze poziom sprawnosci fizycznej dzieci i mlodziezy
obniza si¢. Mozna przypuszczaé, ze takie wyniki obserwacji $wiadcza raczej o zmianie
struktury motorycznosci, jako efekt adaptacji do zmieniajacych si¢ warunkow

srodowiskowych.

Duze zrdznicowane w obszarze poziomu zdolnosci motorycznych korespondowato ze
zmianami dotyczacymi wysoko$ci i masy ciala. Mozna przypuszczaé, ze zmiany wynikoéw
W poszczegdlnych testach sg nastepstwem zwigkszania si¢ wartosci BMI w badanej grupie.
W badaniach ogdlnokrajowych prowadzonych w latach 1979, 1989 i 1999 obserwowano
obnizanie si¢ lub stagnacje wynikéow dla proby wydolnosciowej (test Coopera), sily
(dynamometr reczny), czy mocy (skok w dal z miejsca) (Przeweda i Dobosz, 2007; Przeweda,
2009). Dane dla poszczegdélnych regionow wskazywaly na obnizanie si¢ uzyskiwanych
wynikow dla préb szybkosci, wydolnosci, sity 1 zwinno$ci pomigedzy latami 1965 a 1995
w grupie mlodziezy z Gornego Slaska (Raczek, 1997). Obserwacje w regionie bydgoskim
sugerowaty poprawe sity, szybkosci i zwinnos¢ w latach 1971-1981, jednak w latach 1981-
1991 obnizyty si¢ wszystkie wyniki w zakresie badanych przejawow zdolnosci motorycznych
(Nowicki, 1996). W badaniach prowadzonych w grupie dzieci 1 mlodziezy zamieszkujacych
wschodni region Polski obserwowano obnizenie poziomu poszczegdlnych zdolnosci
motorycznych pomigdzy rokiem 1986 a 2006 (Saczuk, 2018) oraz 1986 a 2016 (Wilczewski
i Wilczewski, 2018). Z kolei u mtodziezy z miasta stotecznego Krakowa odnotowano obnizanie
sic¢ wynikow w teScie sily migsni zginaczy tulowia (tzw. ,brzuszkéw”), skoku
w dal z miejsca oraz sklonu tutowia w przéd pomigdzy 1980 a 2000 rokiem. Dodatkowo zmiany
wynikow dla proby rzutu pitka lekarska 1 wyskoku dosi¢znego przyjmowaly rézne kierunki
w badaniach pomigdzy latami 1975-1980 a 2005-2010 (Mleczko, 2013). Zmiany poziomu
zdolnosci motorycznych obserwowane w badaniach polskich, na ogét sa zgodne
z wynikami uzyskiwanymi w innych krajach (Tomkinson i wsp., 2007; Smpokos i wsp., 2012;

Tomkinson i wsp., 2019; Ao i wsp., 2019; Dooley i wsp., 2020).

Poréwnania poziomu zdolno$ci motorycznych pomiedzy grupami wyodrebnionymi

na podstawie stanu odzywienia wskazaly, ze srednio nizsze wyniki we wszystkich probach, za
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wyjatkiem gibkosci, uzyskiwaty osoby posiadajagce nadwage lub otytos¢, w poréwnaniu do
0sOb z masg ciata w normie i z niedowagg. Nalezy jednak zauwazy¢, ze wyniki uzyskiwane
w pieciu testach sprawnos$ci byty generalnie zblizone we wszystkich grupach stanu odzywienia
W poszczegblnych seriach badan. Wyniki regresji wskazywaty duza zmiennosci w kolejnych
terminach badan z uwzglednieniem grup wieku i wybranych zdolno$ci motorycznych.
Prawdopodobng przyczyna moze by¢ koncentracja wielkosci proby w zakresie masy ciata
W normie, z proporcjonalnie mniejsza liczba dzieci i mtodziezy w skrajnych zakresach rozktadu
BMI.

Niemniej jednak relacje BMI z poszczegdélnymi zdolno$ciami motorycznymi
W niniejszym badaniu byly na ogoét zgodne z tendencjami opisywanymi w literaturze.
Przyktadowo wyniki dla mtodziezy wiejskiej 13-15 lat w latach 2006 i 2016 byty zblizone do
analizy zalezno$ci miedzy BMI a sprawnoscia fizyczng wérod mtodziezy szkolnej w wieku 13-
15 lat, zamieszkatej w powiecie koninskim, oddalonym o ok. 100 km od Poznania (Kwiecinski
i wsp., 2018). Pomimo, iz we wskazanym badaniu zastosowano odmienne testy sprawnos$ci
fizycznej, zaobserwowano podobne kierunki zwigzkow, ktore wykazywaty krzywoliniowe
zaleznosci pomiedzy BMI a: szybkoscig biegu, zwinnos$cig i mocg u obu pici. W przypadku
gibkosci  zaleznosci byly krzywoliniowe u chlopcow 1 liniowe u dziewczat
w obu badaniach. Natomiast wyniki roznity si¢ dla testow wydolnosci sercowo-naczyniowej,
biegu na 1000 m (chtopcy) 1 800 m (dziewczeta), w porownaniu ze step testem, zastosowanym

w niniejszych obserwacjach.

W badaniach dotyczacych dzieci tajwanskich wykazywano podobne relacje w probie
skoku w dal z miejsca, gdzie zaleznos¢ w wiekszosci grup byla krzywoliniowa, podobnie jak
w tescie wyskoku dosi¢znego w niniejszych badaniach z 1996 roku (Huang i Malina, 2010).
W przypadku oceny sprawnosci uktadu krazeniowo-oddechowego odnotowano krzywoliniowe
zaleznosci dla wynikow biegu na 800 m (dziewczeta) 1 1600 m (chlopcy) w grupie mlodziezy
tajwanskiej oraz dla step testu w grupie polskiej mtodziezy w wieku 13-15 lat. Zaleznos$ci
liniowe w obu badaniach odnotowano dla biegu na 800 m u mlodziezy tajwanskiej w wieku 9-
10 lat i step testu u mtodziezy polskiej w wieku 7-9 lat, natomiast wyniki byly zréZnicowane
dla mtodziezy tajwanskiej w wieku 11-12 lat i polskiej w wieku 10-12 lat. Z drugiej strony
wyniki w obu badaniach roznily si¢ dla gibkosci, gdzie odnotowano zalezno$¢ krzywoliniowg

dla chtopcow i dziewczat z Tajwanu oraz zmienne zaleznos$ci dla mtodziezy polskie;.
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Wyniki dzieci i mtodziezy wiejskiej z 2016 roku mozna poréwna¢ z badaniami
prowadzonymi w Brazylii w 2013 roku (Lopes i wsp., 2019). Obserwacje wykazaty r6zne
kierunki zwigzkow pomigdzy pordwnywanymi grupami. Wsrdd brazylijskiej mlodziezy
zalezno$¢ miedzy skokiem w dal a BMI byta krzywoliniowa wérod mtodziezy 10-11 i 12-13
letniej obu pici, jednak zaobserwowano, ze w przedziale wieku 14-15 lat byta krzywoliniowa
u chlopcow i liniowa wsrdd dziewczat. Wsrod mtodziezy objetej niniejszymi badaniami
zalezno$¢ migdzy wyskokiem dosigznym a BMI byta liniowa w wieku 10-12 lat, jednak
krzywoliniowa w wieku 13-15 lat u obu pici. W przypadku wytrzymatosci zalezno$¢ miedzy
BMI a poziomem uzyskanym w Beep tescie u brazylijskich dziewczat w wieku 10-11, 12-13
I 14-15 lat byla liniowa, natomiast migdzy BMI a wynikiem step testu u polskiej mtodziezy

byta krzywoliniowa u dziewczat w wieku 10-12 lat i liniowa u dziewczat w wieku 13-15 lat.

Trudno$¢ w znajdowaniu analogii czy tez ré6znic w odniesieniu do rezultatow innych
badan wynika z faktu stosowania réznych baterii testow podczas prowadzonych obserwacji.
Jednak z drugiej strony, jezeli stuza one do oceny tego samego aspektu sprawnosci (np. ze
wzgledu na rodzaj wysitku), mozna dokonywa¢ pewnych poréwnan w odniesieniu do

charakteru wykazanych zwiazkow.

Podsumowujac wyniki uwzgledniajace zaleznosci pomigdzy poszczegdlnymi testami
sprawnosci a wskaznikiem BMI roznily si¢ w poszczegdlnych grupach wiekowych
1 terminach badan a jedna z prawdopodobnych przyczyn takiego uktadania si¢ wynikow moze
by¢ koncentracja mlodziezy w grupie o normalnym zakresie masy ciata i proporcjonalnie
mniejszy jej udziat w obu skrajnych jego zakresach — niedowaga i nadwaga. Analizy sugeruja
jednak na ogo6t dos¢ spojne krzywoliniowe zaleznosci miedzy wynikami testow a BMI,

wystepujace czesciej u chtopcoéw niz u dziewczat.

Zmiany polityczno-gospodarcze w Polsce

Wszystkie wyzej opisane zmiany w budowie somatycznej, tempie dojrzewania
1 sprawnos$ci fizycznej nalezy rozpatrywaé¢ w kontekscie gldéwnych przemian politycznych,
gospodarczych 1 spotecznych, jakie nastgpowaly w Polsce w okresie objetym badaniami.
Pierwszy termin przypadt na czas niezwykle burzliwy w historii Polski, zwigzany ze strajkami
robotnikéw obejmujagcymi poczatek lat 80-tych, upadkiem rzadu komunistycznego oraz

pierwszymi wolnymi wyborami, ktére miaty miejsce w 1991 roku.
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Pomimo, iz szczegdétowe dane dotyczace obserwowanych miejscowosci nie sg dostepne
mozna zatozy¢, ze zmiany zachodzace w Polsce mialy swoje odzwierciedlenie réwniez
w skali lokalnej, w poszczegdlnych czesciach kraju, co moglo przyczyni¢ si¢ do
ukierunkowanych zmian badanych cech i zdolno$ci. Zmiany w sektorze gospodarczym,
edukacyjnym 1 rolniczym oraz interakcje pomie¢dzy nimi sg istotne dla dyskusji dotyczacej
zmiennosci cech somatycznych, gdyz maja potencjalny wptyw na stan odzywienia i zdrowie
spoteczenstwa. Dodatkowo, przeobrazenia w sektorze rolniczym maja szczeg6élne znaczenie
dla wyjasnienia uzyskanych wynikéw ze wzgledu na obszar, w ktérym prowadzone byly
badania. Pomimo, iz po 1991 roku Polska gospodarka byla stopniowo wiaczana do
migdzynarodowego i1 globalnego systemu gospodarczego, nalezy zauwazy¢, ze w pierwszych
dwoch terminach badan, a wigc w 1986 1 1996, zmiany te nie byty istotne lub nie mogty jeszcze
wywotaé realnego wplywu na rezultaty w obszarze poczynionych obserwacji (Urbanowska-
Sojkin i Banaszyk, 2009).

Konieczno$¢ splaty zadluzenia zagranicznego doprowadzita do deficytu towarow na
rynku wewnetrznym, spadku realnych dochodéw o potowe oraz inflacji, co znajdowalo
odzwierciedlenie w stanie populacji polskiej (Gomuta i wsp., 2015; Saczuk, 2018).
Transformacja polityczna miata rowniez duzy wpltyw na polskie rolnictwo. W 1990 r.
Panstwowe Gospodarstwa Rolne (PGR) zatrudniaty prawie czterysta tysigcy osob, co wazne
do 1988 roku ponad 50% $rodkow przeznaczanych przez rzad na rolnictwo trafiato do PGR-
ow, ktore pomimo to przynosity olbrzymie straty. Cena jednostkowa produktow wytwarzanych
przez rolnikéw w latach 1990-1991 spadta o 63%, podczas gdy realne dochody gospodarstw
rolnych zmniejszyty si¢ 0 >40%, a ptace pracownikow spadty o okolo 37%. Wraz z przej$ciem
na gospodarke rynkowa w 1991 r. zlikwidowano Panstwowe Gospodarstwa Rolne (Kowalik,
2009).

W latach 80. w regionie obejmujacym 10 obserwowanych miejscowosci wystepowat
wysoki udziat gospodarstw panstwowych i1 spotdzielczych (Banski, 2010). Dwie gminy
posiadaty gospodarstwa panstwowe (Pamiagtkowo i Kwilcz), jedna - spotdzielcze (Wojnowice).
Pozostale gminy nie posiadaly gospodarstw panstwowych czy spotdzielczych, ale byty
polozone w stosunkowo niewielkiej odleglosci od nich (4-10 km). Mozna przypuszczac, ze
czg$¢ mieszkancoOw pracowata w PGR-ach 1 spodldzielczych gospodarstwach rolnych,
w gminach byly tez male gospodarstwa rodzinne. Jedna z gmin (Biedrusko) sagsiadowata z baza
wojskowa (Baza danych Krajowego Os$rodka Wspierania Rolnictwa, 2019), ktora

prawdopodobnie miata istotne znaczenie dla struktury zatrudnienia jej mieszkancow.
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Panstwowe 1 spotdzielcze gospodarstwa rolne wptywaty rowniez na zycie spoleczne
w miejscowosciach wiejskich i w wielu aspektach zapewnialy zaspokojenie potrzeb
pracownikow 1 ich rodzin. Wraz z likwidacja PGR-6w w latach 90. i zwigzanymi z tym
zmianami polityczno-gospodarczymi, reorganizacji ulegta roéwniez struktura i zakres ushug,
a nawet dostepno$¢ spotecznosci wiejskich do niektéorych doébr publicznych.
Do najistotniejszych nalezy zaliczy¢ zmniejszenie liczby potaczen autobusowych i linii
kolejowych oraz likwidacje w latach 90. czgsci matych wiejskich szkét podstawowych.
Placowki biorgce udzial w niniejszym projekcie badawczym nie zostaty objete likwidacia.
Z drugiej strony, pomimo iz rodzinne gospodarstwa rolne byly generalnie bardziej
produktywne w czasie reform, a wiele z nich aktywnie wilaczylo si¢ w rozwijajaca si¢
gospodarke rynkowa, w wielu miejscowosciach wiejskich wzrést problem alkoholizmu, jako
migdzy innymi efekt biernosci 1 poczucia bezradno$ci, poniewaz ogdlne warunki rolnicze

ulegly systematycznemu pogorszaniu (Gorecki, 2015; Halamska, 2011).

Agencja Nieruchomosci Rolnych w latach 1991-2004 prowadzita program dla bytych
pracownikow PGR. Liczba wnioskoéw o zasilek dla bezrobotnych, ktorzy wskazywali PGR-y
jako ostatnie miejsce zatrudnienia wynosita 100 tys. w 1991, a roku do roku 2004 liczba ta
zmniejszyta si¢ o polowe poniewaz bezrobotni otrzymywali oferty pracy. Dodatkowo na rdzne
formy pomocy dla os6b pracujacych w PGR-ach w latach 1999-2004 wydano ok. 1,2 mld zt,
w tym na stypendia edukacyjne. Bylym pracownikom PGR-6w zaoferowano roéwniez

mozliwo$¢ zakupu mieszkania po preferencyjnych stawkach (Zglinski, 2003).

Istotne znaczenie dla polskiego rolnictwa miato wejscie do Unii Europejskiej w 2004
roku, kiedy to Polska zostata objeta Wspdlng Polityka Rolng Unii Europejskiej. W jej ramach
wprowadzono doptaty bezposrednie dla rolnikéw do upraw oraz utatwiono zakup maszyn
rolniczych po obnizonych cenach. Z drugiej strony ograniczono liczbe¢ matych gospodarstw
rolnych produkujacych zywnos$¢ na wlasne potrzeby. Nalezy zwrdci¢ rowniez uwage, ze
w okresie transformacji ustrojowej i gospodarczej zmniejszyta si¢ liczba ludnosci wiejskiej.
W 1960 r. ludno$¢ wiejska stanowita 52% ludnosci Polski, w 1980 r. (tj. w okresie strajkow
1 niepokojow politycznych) spadta do 41%, a w latach 1990 (38%) 1 2016 (40%) utrzymywata
si¢ na statym poziomie (Rocznik Statystyczny Rzeczpospolitej Polskiej, 2017).

Zmiany na obszarach wiejskich przylegajacych do duzych miast przyczynity si¢ do
rozwoju stref podmiejskich, ktoére majg coraz wiecej cech wspolnych. Warto zwrdci¢ uwage na

to, jak te 1 inne zmiany wplynety na warunki w konkretnych badanych miejscowosciach,
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a w konsekwencji na status rozwoju dzieci w wieku szkolnym w poszczegdlnych terminach

badan obejmujacych 30-letni przedzial obserwacji.

Transformacja rynkowa prawdopodobnie przyczynita si¢ do poprawy, jakosci edukacji
na obszarach wiejskich, a liczba mieszkancow wsi z wyzszym wyksztalceniem rosta
w omawianym czasie. Na podstawie kwestionariuszy ankiet wypetianych przez rodzicow
badanych dzieci i mtodziezy w czterech dekadach mozna stwierdzi¢, ze w 1986 roku wigkszo$¢
rodzicow posiadata jedynie wyksztatcenie podstawowe - Srednio 77% zaréwno ojcow, jak
i matek. W ankietach z lat 1996 1 2006 odsetek ojcow z wyksztalceniem podstawowym
zmniejszyt si¢ tylko nieznacznie, 1 byto to odpowiednio 75% i 73%, natomiast odsetek matek
z wyksztalceniem podstawowym zmniejszyt si¢ w wigkszym stopniu - odpowiednio 67%
157%. Z drugiej strony, w trzech pierwszych terminach badan odsetek matek z wyksztatceniem
srednim stale wzrastat, odpowiednio 22%, 29% i1 38%, podczas gdy analogiczny odsetek ojcow
zmienit si¢ tylko nieznacznie, odpowiednio 19%, 19% i 23%. Odsetek rodzicow obojga pici
z wyzszym wyksztalceniem w pierwszych trzech terminach badan wynosit 3% w 1986,5%
w 1996 1 2006 roku. Struktura wyksztatcenia rodzicow w 2016 r. ulegla znacznej zmianie:
odsetek ojcow z wyksztalceniem podstawowym, Srednim 1 wyzszym wynosit odpowiednio
54%, 30% 1 15%, podczas gdy odsetek matek wynosit odpowiednio 37%, 39% i 24%
(Bartkowiak i wsp., 2021a)

Trudno jest jednak oceni¢ specyficzny wplyw zmian politycznych, ekonomicznych
1 spolecznych w Polsce na zwyczaje zywieniowe 1 aktywnos$¢ fizyczna, czyli dwa czynniki
czesto wskazywane jako istotne w dyskusjach na temat zmian masy ciata, wskaznika BMI oraz
poziomu sprawnosci fizycznej (Przeweda, 2009; Gomuta i wsp., 2015; Gomuta i Koziet, 2018).
W zwiazku ze wzrostem inflacji w latach 70. dostep do produktow zywnosciowych byt
ograniczony, a w potowie tej dekady (1976 r.) wprowadzono reglamentacje zywnosci, najpierw
cukru, nastepnie mi¢sa i jego przetwordw, a w koncu masta, maki zbozowej i ryzu. Rodziny
otrzymywaty ,kartki” (talony) na te produkty spozywcze (Zawistowski, 2017), ktore
towarzyszyly im do 1989. Reglamentowane produkty spozywcze byly powszechnie
uzupehiane przez wytwarzanie zywnosci na wlasne potrzeby na obszarach wiejskich (mleko,
masto, jaja, migsa - kury, kaczki, wieprzowina, wotowina) oraz przez wymian¢ barterowg
z sgsiadami (migso za masto, jaja za mleko itp.), rozpowszechniong zwlaszcza na terenach
wiejskich. Po zmianach ustrojowych w latach 80-tych i stopniowym otwieraniu rynku, do
Polski zaczeta trafia¢ Zzywno$¢ przetworzona, ktorej spozywanie najprawdopodobniej

doprowadzito do zwigkszania si¢ liczby 0s6b z nadwaga 1 otytoscia.
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Kolejnym istotnym czynnikiem moga by¢ réznice w dziennych racjach pokarmowych
mtodziezy szkolnej. W Poznaniu w latach 1980-1990 szacunkowe $rednie dzienne spozycie
kalorii 1 poszczegdlnych sktadnikow pokarmowych wsrdéd dziewczat w wieku 13-15 lat
w wynosito odpowiednio 2278+628 kcal (61g biatka, 102g tluszczu, 280g weglowodanow)
I 2144+728 kcal (59g biatka, 87g ttuszczu, 282g weglowodandéw). Odpowiednie wartosci dla
chlopcoéw w wieku 13-15 lat wynosity odpowiednio 25974879 kcal (74g biatka, 121g thuszczu,
303g weglowodanow) i 2538+848 kcal (68g biatka, 105g tluszczu, 331g weglowodanow)
(Przystawski i wsp., 1998).

Badania zwyczajow zywieniowych miodziezy w latach 1990-2000 wskazuja na wzrost
spozycia zywnosci przetworzonej oraz tej typu "fast food" (Augustyniak i Brzozowska, 2002).
Na podstawie 24-godzinnego wywiadu zywieniowego stwierdzono, ze milodziez wiejska
spozywata mniej kalorii niz mtodziez miejska, przy czym w obu grupach odnotowano wzrost
energii pochodzacej z tluszczu oraz spadek energii pochodzacej z weglowodanow
1 bialek. Z kolei w dziennym spozyciu wystepowaly niedobory sktadnikéw mineralnych -
wapnia, magnezu, miedzi, a wsrdd dziewczat szczeg6lnie zelaza. W ostatnim czasie odsetek
polskiej mtodziezy w wieku 13-15 lat spozywajacej stodycze 1 stodkie napoje wzrdst ponad
trzykrotnie w latach 2002-2018, odpowiednio z 18,1% do 69,9% i z 12,7% do 44,9%. W tym
samym okresie odsetek osob spozywajacych codziennie warzywa zmienily si¢ nieznacznie
2 36.6% do 34,2%, a spozywajacych codziennie owoce wzrdst z 23,1% do 38,2% (Augustyniak
i Brzozowska, 2002; Woynarowska 1 Mazur, 2012; Mazur, 2015; Mazur
i Matkowska-Szkutnik, 2018).

Powyzsze trendy, cho¢ interesujace, ograniczajg si¢ w duzej mierze do mtodziezy i nie
uwzgledniaja potencjalnych réznic migdzy mlodzieza wiejska 1 miejska. Niemniej jednak
spozycie stodyczy i stodkich napojow moglo przyczynic¢ si¢ do wzrostu rozpowszechnienia

nadwagi i otylosci wsrdd dzieci i mlodziezy w §rodowiskach wiejskich w latach 1996-2016.

Zmiany w sposobie Zywienia w czasie moga wptywac na wielko$¢ masy ciala, ktora jest
potencjalnie jednym z czynnikéw warunkujgcych sprawno$¢ fizyczng i1 wiek pierwszej
miesigczki, szczegdlnie w gornych skrajnych wartosciach BMI. Wazng sktadowa jest roOwniez
aktywno$¢ fizyczna. Dane dotyczace poziomu aktywnos$ci fizycznej wsérdd polskich dzieci
i mlodziezy dostgpne po 1990 roku wskazuja, procentowe wartosci 11-, 13- i 15-letnich
chtopcow zglaszajgcych podejmowanie intensywnej aktywnosci fizycznej (VPA) przez 4-7 dni
w tygodniu w latach 1990-1998 wynosity odpowiednio 54%, 51% i 42%, ale w 2018 roku
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zmniejszyly si¢ do odpowiednio 43%, 37% 1 35%. Zaobserwowano, ze odsetek chtopcow
niepodejmujacych intensywnej aktywnos$ci 4-7 dni w tygodniu wzrdst w czasie. Odpowiednie
dane dla dziewczat w wieku 11 1 13 lat byly nizsze i w mniejszym stopniu ulegaly obnizeniu,
odpowiednio 38% i 31% w latach 90. oraz odpowiednio 36% i 27% w 2018 r. Odsetek
dziewczat w wieku 15 lat zglaszajagcych VPA 4-7 dni w tygodniu byty z kolei nizszy, ale
stabilny w czasie - 20% w latach 90. i 22% w 2018 roku (Woynarowska i Mazur, 2012; Mazur,
2015; Mazur i Matkowska-Szkutnik, 2018).

Przy zmodyfikowanym wskazniku umiarkowanej aktywnosci fizycznej (MVPA), ktory
obejmowat obowigzkowe wychowanie fizyczne w szkotach (4 godziny/tydzien od 2003 roku),
odsetek polskich chlopcow deklarujacych  MVPA przez siedem dni w tygodniu,
w pigciu badaniach obejmujacych lata 2002-2018 wahaty si¢ od 24% do 34% w wieku 11 lat,
0d 16% do 29% w wieku 13 lat i od 16% do 25% w wieku 15 lat. Odpowiedni odsetek polskich
dziewczat zglaszajacych MVPA przez siedem dni w tygodniu w tym samym przedziale
czasowym wynosilty od 18% do 27% w wieku 11 lat, od 12% do 18% w wieku 13 lat i od 8%
do 11% w wieku 15 lat. Spadkom aktywno$ci fizycznej towarzyszyt wzrost zachowan
sedenteryjnych. Przy uwzglednieniu niewielkich ro6znic w badaniach z lat 2000
i 2018, ponad 50% mtodziezy w wieku 11-15 lat spedzato od 2 do 3 godzin dziennie na
ogladaniu telewizji/filmow w dni szkolne, a jeszcze wigcej w weekendy. Odsetek mtodziezy
spedzajacej od 2 do 3 godzin dziennie przy grach komputerowych byt stosunkowo niski w dni
szkolne, zwtaszcza wsrod dziewczat, ale 46% do 58% chlopcow w wieku 13-15 lat deklarowato
ponad 4-godzinne granie w gry komputerowe w weekendy, przy czym roznice migdzy
badaniami byly niewielkie (Woynarowska i1 Mazur, 2012; Mazur, 2015; Mazur
i Matkowska-Szkutnik, 2018).

W niezaleznym badaniu z 2011 r., ponad 50% polskiej mtodziezy gimnazjalnej
1 licealnej spedzato 3 godziny 1 wigcej dziennie na ogladaniu telewizji lub korzystaniu
z komputera. Poprzez analogi¢ mozna stwierdzi¢ na podstawie tych danych, ze zdecydowana
wigkszo$¢ polskiej mtodziezy w wieku 11-15 lat nie byla aktywna w sposob umiarkowany, na
co dzien w latach 2002-2018. Co istotne, wysokie poziomy VPA i MVPA wiaza si¢
z nizszym ryzykiem otytosci niezaleznie od zachowan sedenteryjnych (Katzmarzyk i wsp.,
2015).

W obliczu ilo$ci zmiennych nie tatwo dokona¢ oceny poziomu zdolno$ci motorycznych

mtodziezy w kontek$cie przemian gospodarczych 1 spotecznych zwigzanych z transformacja
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ustrojowg w latach 80. 1 nastgpnych. Mozna jednak potwierdzi¢, ze zmiany te miaty wplyw na
istotne dla jej poziomu elementy systemu edukacji. Wychowanie fizyczne, ktére bylo
obowigzkowe w wymiarze 2 godzin tygodniowo, zostato zwickszone do 3 godzin tygodniowo
w 1997 roku i do 4 godzin tygodniowo w 2002 roku. Z tego ostatniego wymogu 3 godziny
tygodniowo byly obowigzkowe, podczas gdy czwarta godzina byla opcjonalna i1 zalezata od
dostepnosci lokali i mozliwo$ci organizacji zaj¢¢ poza szkota, na przyktad: na ptywalni,
biegania w lesie, jazdy na nartach i tym podobnych (Janowski, 2017; Woynarowska, 2008).
System oceniania z wychowania fizycznego zostat poszerzony o podstawowe zdolnosci
motoryczne oraz aktywno$¢ fizyczna. Z czasem ocena umieje¢tnosci ruchowych i poziomu
poszczegolnych zdolnosci motorycznych byla coraz czg$ciej umieszczana w kontekscie
prezentowanego poziomu sprawnosci fizycznej, a jej celem byto przygotowanie miodziezy

szkolnej do podejmowania aktywnosci fizycznej przez cate zycie (RMEN, 2017).

Wdrazanie zmian w wychowaniu fizycznym byto jednak bardzo zréznicowane, pomimo
szczegotowych programéw i systemow ewaluacji. Na przyktad w latach 2007-2009 w ponad
potowie szkdt w Polsce program tego przedmiotu nie zostal dostosowany do przepisoéw,
a nowa podstawa programowa na lata 2009-2010 nie zostata wdrozona w 20% placowek.
Co istotne dla niniejszej dyskusji, w trakcie krajowej kontroli odnotowano, ze dwie trzecie
szk6t nie monitorowalo postgpdw ucznidow w zakresie wychowania fizycznego, w tym nie
wykonywato testow sprawnosci fizycznej. Oszacowano rowniez, ze 20% do 40% miodziezy
szkolnej uczestniczyto w mniejszej liczbie lekcji wychowania fizycznego 1 zaje¢ ruchowych
niz wymaga tego prawo, a tendencja ta wzrastata wraz z wiekiem uczniow (Woynarowska

i wsp., 2015).

W zwiazku z przemianami gospodarczymi i politycznymi w Polsce oraz zwigzanymi
z nimi zmianami spotecznymi, zawodowymi 1 edukacyjnymi, polska rodzina i warunki Zycia
ulegly zmianie, szczegdlnie w latach 2006-2016. By¢ moze najbardziej znaczace byto
zmniejszenie liczby rodzin wielopokoleniowych oraz liczby dzieci w rodzinie. Trendy te
prawdopodobnie odzwierciedlajg rezultaty wyborow mtodych ludzi, ktorzy coraz czesciej
inwestowali czas w edukacje, starajac si¢ osiggna¢ poziom wyksztatlcenia zapewniajacy
stabilno$¢ ekonomiczng, w tym zwigkszanie si¢ liczby pracujacych matek. Zmiany te
niewatpliwie wplynglty na obowiagzki zwigzane z opieka nad dzie¢mi i ich zajeciami
pozaszkolnymi (Bienkowska i Kitlinska-Krol, 2017). Dokonana analiza nie wyczerpala
calo$ciowo tematu a uzyskane wyniki wskazuja na niezmienng zasadno$¢ podejmowanych

badan w tym obszarze. Co wigcej pojawitly si¢ nowe 1 dotychczas nie poruszane
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w pisSmiennictwie watki, ktoére stuzy¢ beda kontynuacji 1 rozszerzaniu przedstawionych

obszaréw obserwacji w niniejszej dysertacji.

Podsumowujac, mozna zatozy¢, ze niepokoje polityczne i zwigzana z nimi niepewnos$¢
ekonomiczna i spoteczna w Polsce w okresie migdzy badaniami mogly wptyna¢ na warunki
zycia w gminach, a w szczegolnosci w rodzinach, co z kolei mogto przyczyni¢ si¢ czesciowo
do zmian w zakresie wysoko$ci i masy ciata dzieci oraz mlodziezy, wieku wystgpienia
pierwszej miesigczki oraz do zwigkszonego rozpowszechnienia nadwagi 1 otylosci
w badaniach z 2006 i 2016 roku. Prawdziwe wydawac si¢ moze rowniez stwierdzenie, ze
warunki zycia dzieci w badaniach z 2006 1 2016 r. ulegly poprawie w poréwnaniu do realiow
bytowych dzieci we wczesniejszych badaniach, czego dowodem moze by¢ obnizanie si¢ wieku
pierwszej miesigczki. Zmiany sprawnosci fizycznej byly generalnie zgodne ze obserwowanym
regresem poziomu aktywnosci fizycznej i wzrostem czestosci biernych ruchowo form
spedzania czasu wolnego polskiej mlodziezy od lat 90. XX wieku. Wptyw na obserwowane
parametry moga mie¢ réwniez zmiany w sposobie odzywiania zwigzane ze zwigkszong
konsumpcja zywnosci wysokoprzetworzonej — tzw. ,,fast food” i stodkich napojoéw oraz coraz
bardziej sedenteryjnym stylem zycia. Wyjatkowos$¢ niniejszego projektu badawczego polega
na tym, ze milodziez szkolna badana byla czterokrotnie w doktadnie tych samych 10

miejscowosciach.

6. Ograniczenia pracy

Przeprowadzone badania nie sg pozbawione ograniczen. Jednym z nich byl brak
wyznaczenia wskaznika dojrzalo$ci biologicznej dla obu plci, co mogtoby wnies¢ interesujace
tlo do analiz. Kolejnymi byto pominigcie zbierania informacji o deklarowanej aktywnosci
fizycznej 1 zwyczajach zywieniowych w obserwowanych miejscowosciach wiejskich
w pierwszych trzech terminach obserwacji. Bioragc pod uwage brak takich informacji trudno
jest ocenia¢ relacje pomigdzy wynikami pomiarow antropometrycznych i sprawnosciowych

a zmianami srodowiskowymi.
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7. Whnioski

W1.

wW2.

Wa.

W4,

Na podstawie przeprowadzonych analiz opracowano nast¢pujace wnioski:

W trzydziestoletnim okresie obserwacji dzieci i mtodziezy z regionu Wielkopolski
stwierdzono wystgpowanie zmian w wysokosci i masie ciala oraz wskazniku wagowo-
wzrostowym (BMI).  Wielkosci cech somatycznych zwigkszyly si¢ istotnie
statystycznie pomigdzy skrajnymi terminami obserwacji. O ile jednak w przypadku
wysokos$ci ciata zmiany majg charakter progresywny, mogacy swiadczy¢ o poprawie
warunkow zycia, 0 tyle zwigkszanie si¢ masy ciata i wskaznika BMI, jest tendencja
negatywng mogaca prowadzi¢ w pozniejszych latach do wystepowania wielu chordb

cywilizacyjnych w obserwowanej populacji.

Analiza wynikéw wskazala na wystepowanie relacji pomigdzy grupami stanu
odzywienia a wiekiem wystgpowania pierwszej miesigczki. Stwierdzono, ze
w obserwowanej populacji najwczesniej dojrzewaty dziewczeta z nadwaga, nastepnie
z prawidlowa masg ciala, a najp6zniej z grupy z niedowaga.

Dodatkowo zaobserwowano zréznicowanie wieku wystepowania pierwszej miesigczki
w podziale uwzgledniajgcym zmiany wielko$ci populacji w trzydziestoletnim okresie
badan. W grupie dziewczat zamieszkujacych tereny z zaobserwowanym przyrostem
liczby ludnosci wiek wystepowania menarche byt nizszy 0 okoto rok w poréwnaniu do

grupy dziewczat z miejscowosci gdzie przyrost nie wystgpowat lub byt niewielki.

W trzydziestoletnim okresie obserwacji dzieci i mtodziezy z regionu Wielkopolski
stwierdzono wystgpowanie zmian W wielkosci uzyskiwanych wynikéw w testach
sprawnosci okreslajacych poziom omawianych zdolnosci motorycznych. Wyniki nie
wykazywaly wspdlnego kierunku zmian pomigdzy kolejnymi terminami badan,
a systematyczng poprawg stwierdzong wylgcznie w teScie zwinno$ci. WyniKi
obserwacji moga $wiadczy¢ o przystosowaniu struktury motorycznos$ci, jako efekt

adaptacji, do zmieniajacych si¢ warunkoéw srodowiskowych.

W trzydziestoletnim okresie obserwacji dzieci i mtodziezy z regionu Wielkopolski
stwierdzono w wickszosci przypadkow krzywoliniowa zalezno$¢ pomiedzy BMI
a poszczegdlnymi zdolno$ciami motorycznymi. Wyzsze wyniki uzyskiwaty dzieci

i mlodziez z BMI w $rednim zakresie rozktadu, podczas gdy wyniki badanych
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W5.

znajdujacych si¢ w dolnym i gornym zakresie rozktadu byly nizsze. Wyniki roznity si¢
w zaleznos$ci od grup wiekowych, termindéw badan i plci. Prawdopodobng przyczyna
takiego przebiegu zaleznosci mogla by¢ koncentracja liczby dzieci i mlodziezy
W grupie o masie ciata w normie i proporcjonalnie mniejszy odsetek w obu skrajnych

zakresach — niedowaga i nadwaga.

Na podstawie szczegOlowej analizy wynikow stwierdzono, ze wystepuja specyficzne
okresy wzmozonego rozwoju zarowno w przypadku cech somatycznych jak
1 zdolno$ci motorycznych u obu plci. Ich przebieg nie jest liniowy oraz rdéznit sie
w ciaggu trzech dziesigcioleci, w poszczegdlnych grupach wieku oraz pomigdzy grupami
dziewczat i chlopcow. Nie zaobserwowano jednego kierunku zmian

w okresach wzmozonego rozwoju w kontekscie przemian spoteczno-gospodarczych.
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Il. DISSERTATION SUMMARY

The doctoral dissertation is based on series of surveys entitled: Changes in the somatic

and motor development of children from the Wielkopolska region in subsequent decades

from 1986 to 2016 in the context of selected environmental changes.

It consists of five articles in peer-reviewed journals based on surveys in 1986, 1996, 2006 and
2016. Funding for the 1986, 1996, and 2006 surveys was provided by the Scientific Research

Committee (Komitet Badan Naukowych - Badnia Wiasne). The last survey in 2016 was funded

by the project Development of Young Researchers, implemented at the Poznan University of

Physical Education.

The dissertation includes the following articles:

1.

Secular change in height and weight of rural school children and youth in west-
central Poland: 1986 to 2016. American Journal of Human Biology: The Official
Journal of the Human Biology Council, 33(2), e23461. https://doi.org
/10.1002/ajhb.23461 Impact Factor: 1.937, punktacja MEiN: 70.000

Weight status of rural school youth in Poland: Secular change 1986-2016.
Anthropologischer Anzeiger; Bericht Uber Die Biologisch-Anthropologische Literatur,
79(1), 43-56. https://doi.org/10.1127/anthranz/2021/1500 Impact Factor: 0.877,
punktacja MEIN: 70.000

Age at menarche among rural school youth in west-central Poland: variation with
weight status and population growth. Anthropological Review, 2021 84(1), 51-58.
https://doi.org/10.2478/anre-2021-0006 punktacja MEIN: 70.000

Physical Fitness of Rural Polish School Youth: Trends between 1986 and 2016
Journal of Physical Activity and Health, 2021 28;18(7):789-800. https://doi.org/
10.1123/jpah.2020-0712. Impact Factor: 2.592, punktacja MEIN: 70.000

Relationship between BMI and physical fitness of Polish School Youth: Trends
between 1986 and 2016 Acta Kinesiologica 2021, 15 (2):134-143
https://doi.org/10.51371/issn.1840-2976.2021.15.2.18 punktacja MEiN: 140.000

The bibliometric data of the article series are: IF index 5,406 and 420 MEiIN* points.

* The points established by the Ministry of Education and Science in Poland.
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The structure of the dissertation includes the:

1. Introduction presents a review of the literature on the current state of knowledge with
particular emphasis on the directions of changes in somatic and motor characteristics
and their possible causes, a summary of the rationale for systematically addressing.

2. Aim this section presents specific objectives and research question.

3. Material and methods, the subsequent chapters describe the research materials and
methods that are the basis for the overall study and are the basis for each of the
respective papers.

4. Results, this section includes five subsections, each addressing the five published
papers and highlighting the key observations related to the individual research

objectives and questions. Each subsection ends with a brief summary.

5. Discussion, this section provides an overview of the results and considers factors that

may have influenced the obtained results

6. Limitations in this chapter, the author points out the limitations of the paper that can

be added to the observations made in the future.

7. Conclusions in this chapter overall conclusions of the dissertation are presented.
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1. Introduction

The environment undergoes constant transformations that affect living organisms.
In order to maintain internal balance, it is necessary for adaptive processes to occur, which

result, among other things, in changes in somatic structure and the level of physical fitness.

Changes in the human genotype may occur within the range of a certain norm called the
reaction norm, the level of development of which will depend on in addition to genetic
determinants, as well as the influence of particular environmental factors. There are three main
groups of factors determining the dynamics of human biological development in ontogenesis.
These factors include: endogenous genetic - development determinants, endogenous
paragenetic - development stimulators and exogenous - development modifiers. In the last
group, there is a subgroup of biogeographic natural modifiers, which include fauna and flora,
composition: water, air, soil, mineral resources, landforms and climate, and
a subgroup of socio-cultural modifiers such as social origin, nature and size of the environment,
level of education, amount of income, traditions and social customs. The fourth factor
distinguished, lying on the border between genetic and environmental conditions, is lifestyle
(Cieslik et al., 1985).

Examples of the above-described factors may also include political and economic
changes occurring in individual countries, geographical location, air pollution or level of
urbanization of the region. They can affect the occurrence of slow long-term, directional
intergenerational changes called secular trends within the parameters characterizing the level

of biological and morphological development of the population.

Observations of secular trends describing changes in body size of children, adolescents
and adults have a long tradition both globally, describing changes between continents, and
locally, showing changes in a given country or region (Malina, 1979, 2004; Roche, 1979;
Tanner, 1962, 1981, 1992). Similar observations have also been made in Poland for over 100
years (Bielicki and Szklarska, 1999; Jankowiak, 1962; Jasicki, 1938; Lopuszanska-Dawid et
al., 2020; Trzesniowski, 1990). Published data consistently show an urban-rural gradient
in achievement size over time (Hulanicka et al, 1990; Laska Mierzejewska et al, 2016; Nowak,
2012; Przeweda and Dobosz, 2003), but it is important to note that differences between urban
and rural children and adolescents have narrowed over the past 40 years. Changes in the

structure of the Polish countryside, such as the liquidation of the State Agricultural Farms
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(PGR) after 1992, the possibility of benefiting from European Union programs such as the Rural
Development Program from 2007, and the development of digitization affecting the process of
disseminating knowledge (Gomuta et al., 2015; Laska-Mierzejewska et al., 2016; Laska-
Mierzejewska and Olszewska, 2003, 2009; Janowski, 2017; Saczuk, 2018).

Recently observed height and weight gains in rural children and adolescents in Poland
were consistent with those found among the general population and those from large cities. For
example, in surveys conducted at decade intervals from 1986 to 2016, a significant increase in
height and body mass of school children and adolescents living in towns and villages in several
provinces in eastern Poland were reported in the first two terms. Subsequent observations
showed a continuation of the increasing trend; however, the changes were not statistically
significant (Saczuk, 2018). Among school-aged children aged 7 to 15 years from seven rural
villages in the copper mining district of Lower Silesia, height and weight increased significantly
between 2000-2001 and 2010-2011, although weight increased proportionally more than height
(Ignasiak et al., 2016).

The magnitudes of changes in height and weight affect changes in the Body Mass Index
(BMI, kg/m?). In Poland, as in most highly developed countries, for years there has been an
unfavorable trend associated with an increase in the number of overweight and obese children,
resulting in serious adverse health effects. Additionally, the interventions that have been
undertaken are not having the intended effect and the rate of increase in overweight and obesity
has influenced it to be referred to as an epidemic (Levin, 2000; WHO, 2000).

Changes in lifestyle, eating habits, and decreases in time spent on daily physical activity
and a shift to sedentary lifestyles are often cited as primary factors associated with the
increasing prevalence of overweight and obesity among children and adolescents (Lobstein et
al., 2004; Hu, 2011). Although current discussions primarily focus on overweight and obesity,
there is also a problem with too low a body weight for height (low BMI), referred to as
underweight or thinness. It occurs at high levels in certain areas of the world or in certain social
groups (de Onis et al., 2007; de Onis and Lobstein, 2010).

Secular trends in the variation of BMI and/or prevalence of overweight and obesity among
children and adolescents in Poland similarly to observations on changes in height and weight

have been studied in nationwide samples (Gomutla et al., 2015), but also in regional samples

(Chrzanowska et al., 2007; Mazur et al.,, 2014; Saczuk and Wasiluk, 2014; Perenc
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et al., 2016). They mostly covered the years 1966-2014, although the interval between each
survey varied. In contrast, only one addressed the problem of excessive thinness and looked
at changes between 1986 and 2006 (Saczuk and Wasiluk, 2014)

Changes in height, weight, and BMI can affect the age at menarche, which is a widely
accepted indicator of biological maturity in girls. Globally, the observed trend of decreasing
age of first menstruation was generally associated with improved living conditions, health
status, nutritional conditions, and socioeconomic development (Nieczuja-Dwojacka et al.,
2018). It has also been suggested that the average age of first menstruation in some populations
may be approaching the "genetic limit" given the reduced associations with socioeconomic and

environmental factors (Golding et al., 2001).

Corresponding data for Poland from the late 19th century indicate a median age
of menarche of 15.2 years (Kowalska, 1966). More recent analyses of national survey results
have noted intergenerational declines in the age of first menstruation to 12.9 years and the
persistence of urban-rural contrasts between 1966 and 2012 (Gomula and Koziel, 2018).
In summary, it was noted that the median age of menarche for girls residing in rural areas was
consistently later on average than for urban girls. In contrast, daughters of rural non-farm
families reached menarche earlier than those from farm families (Laska-Mierzejewska et al.,
2016).

It is assumed that a certain level of somatic traits constitutes a predisposition for obtaining
a high level of physical fitness. Analyzing changes in the level of physical performance and
fitness, as an effect of genetic predisposition, and undertaken physical activity, in relation to
a healthy lifestyle, of schoolchildren has a long tradition, (Malina, 1978; Malina et al., 2004),
which has increased more recently in the era of systematic reviews (Dooley et al., 2020;
Tomkinson and Olds, 2017). This tradition continues in many countries, although time intervals

and fitness items considered vary (Tomkinson and Olds, 2017; Fraser et al., 2015).

Given current concerns for the health-related fitness of youth and potential associations
with health status in adulthood (Lamb et al., 1988), cardiovascular endurance and flexibility are
emphasized. Performance-related fitness as apparent in tests of speed, agility, and power are
central to physical activity in its many forms among youth. Moreover, a physically active
lifestyle during youth that includes sufficient levels of moderate and vigorous physical activity

is generally accepted as a health promotion and disease prevention strategy (Strong et al., 2005).
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The fitness and activity of youth also have the potential to impact quality of life that may persist

into adulthood.

Surveys of the physical fitness in national samples of Polish youth 7-19 years date back
to 1932 (Mydlarski, 1934), while the fitness of youth in the city of Cracow was first surveyed
in 1938 (Bochenska, 1972). Both surveys were done during the interval between 1918 when
Poland regained its independence, and 1939, when World War 1l began with the invasion of
Poland by Germany. Subsequent national surveys of youth fitness in 1951, 1966, and 197915
(Trzesniowski, 1961, 1990), spanned the interval of postwar communist control, while
comparisons of prewar and postwar fitness levels in several tests indicated negligible changes
between 1932 and 1951 in national samples and inconsistent changes between 1938 and 1962

in Cracow boys (Bochenska, 1972).

The early surveys focused largely on speed, strength, and power, while more recent
surveys shifted to international fitness batteries, for example, the International Committee for
the Standardization of Physical Fitness Test and EUROFIT test battery (Larson, 1974),
in addition to the Cooper test (Cooper, 1968), as a measure of cardiovascular endurance.
In doing so, the fitness of Polish youth has been placed in the context of the European and
international communities. Overall, performances of Polish youth on fitness tests (Speed,
power, and strength) were variable across surveys before and after World War 1. Allowing for
the different tests, fitness levels of Polish youth generally improved in surveys through 1981,
but more recently changes in fitness have been variable, and, in many cases declined. Urban—
rural contrasts were apparent in several fitness tests in the 1999 national survey (Przeweda and

Dobosz., 2007).

Given the preceding as background, it was decided that there is a need for systematic
analysis of secular changes in somatic development and motor performance, and their
relationships in school children and adolescents. The present study is unique in that the school
children and adolescents from the same ten communities surveyed in 1986, 1996, 2006 and
2016 were the focus of study.
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2. Purpose of the study

The aim of the study was to determine the magnitude and direction of changes in the
development of selected somatic characteristics and motor abilities of children and adolescents
from rural areas of the Wielkopolska region and to search for their probable environmental

causes in socio-economic terms.

Research Questions:

1. Are there any changes in the level of selected somatic parameters in children from
Wielkopolska region and if so, what is their direction and magnitude? [publication 1land
2]

2. s there a relationship between the age at menarche and weight status groups and
changes in population size among girls from the observed region of Wielkopolska, and
if so, what is the relationship? [publication 3]

3. Are there changes in the level of physical fitness of children from the Wielkopolska

region and if so, what is their direction magnitude? [publication 4]

4. lsthere a relationship between BMI and physical fitness in a group of observed children
from the Wielkopolska region, and if so, what is its linear or curvilinear? [publication
5]

5. Are there periods of increased development of somatic traits and motor skills
in successive decades of study among observed children and do they apply to the same

age ranges in the context of socioeconomic change? [publication 1, 2 and 4]
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3. Methods and methods

The surveys were conducted in four series at decade intervals. The first took place
in 1986 (Strzelczyk, 1995), the second in 1996 (Janowski, 2001, Karpowicz, 2001), the third
in 2006 (Janowski, 2017), and the fourth in 2016 (Bartkowiak et al., 2021a; 2021b, 2021c,
2021d, 2022).

The survey was conducted in 10 rural communities in Wielkopolska Region:
Kotaczkowo, Klecko, Nekla, Pamigtkowo, Biedrusko, Strykowo, Granowo, Wojnowice,
Kwilcz and Obrzycko. The selection of particular schools was made during the first series of
surveys in 1986 and the basic criterion was the technical and organizational capacity to carry
out the surveys, e.g. the presence of a gymnasium and even distribution of the selected schools
around the center of the voivodeship (Strzelczyk 1995). Schools were selected in consultation
with the School Superintendent's Office in Poznan. Subsequent series of surveys were

continued in exactly the same locations.
3.1 Samples

Children and youth in age 7-15 comprising the samples were enrolled in elementary
schools (1986, 1996, 2006, 2016) and gymnasiums (2006, 2016) in each community. In 1986,
1417 boys and 1326 girls were examined, in 1996: 979 boys and 947 girls in 2006: 871 boys
and 843 girls and in 2016: 1189 boys and 1105 girls. A total of 4531 boys and 4332 girls were
examined (n = 8863).

Children were classified into single year chronological age (CA) groups with the whole
year as the mid-point of the interval, that is, 7 years = 6.50 to 7.49, 8 years = 7.50 to 8.49,
...through ..., 15 years = 14.50 to 15.49 years.

Given variable numbers across surveys, the samples in each survey were combined into
three age groups for more detailed analyses of secular change: (a) 7 to 9 years - middle
childhood in both sexes; (b) 10 to 12 years - transition into puberty and mid-puberty (most girls)
and transition into puberty (most boys); and (c) 13 to 15 years - late adolescence (most girls),

interval of the growth spurt (most boys).

The survey excluded students whose parents didn’t agree to participate in the

measurements and those who had long-term medical exemptions from compulsory physical
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education classes. Moreover, the results of children attending special classes that were part of

the studied departments were not included in the analyses.
3.2 Procedures

The surveys were carried during physical education lessons, with the cooperation of the
school director and physical education teachers. Measurements were taken in the gymnasium
of each school in the morning, by the research team, employees of the Department of Theory
and Department of Anthropology and Biometry of the University of Physical Education
in Poznan. The adopted standardized procedures were continued on subsequent dates to
maintain a logical continuity of comparisons and the ability to analyze changes over a long

observation period.

First, the entire class was assembled to check attendance and to determine the alphabetical
order of those assembled, so that when the tests were administered, students approached
subsequent trials in the same order. Then the aim of the survey was presented to the children
and all activities that will be performed to implement the principle of conscious and active
participation were presented and described.

In the next stage, selected somatic parameters were measured, followed by a standardized
warm-up and the performance of individual physical fitness tests according to the adopted
methodology and level of difficulty. After the measurements were completed, the participants
went to the classroom, where they filled out the survey questionnaire in the presence of a trained

interviewer.
3.2.1 Anthropometry

In order to characterize the level of somatic development, a wide range of anthropometric
measurements were used, which were performed according to the current principles
in anthropometry (Martin and Saller, 1975). Using an anthropometer (GPM, Switzerland), body
height was measured and the result was reported with an accuracy of 0.1 cm. Body weight was
measured to the nearest 0.1 kg using a medical scale (Lublin Scale Factory, Poland) in 1986
and using electronic scales in subsequent studies (Wielkopolska Scales, Poland, 1996 and 2006
studies; Tanita, Japan, 2016 study).

Subsequently, on the basis of the height and weight results, the Body Mass Index The

BMI was calculated (kg/m?) and used to classify the weight status of each student as severely,
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moderately or mildly thin, normal, OWT or OB using age- and sex-specific IOTF cut-offs
(Coleet al., 2000; Cole et al., 2007).

3.2.2 Fitness tests

In order to determine the level of selected elements of physical fitness, 5 fitness tests were
performed: a 5-meter run, stand and reach test, vertical jump, a modified 5-minute Harvard

step-test, a figure-eight run.
Speed— 5-m Run (in Meters per Second).

The student was standing at a line 0.5 m from the starting line. At the start command,
he/she ran as fast as possible crossing the starting and finish lines and through markers placed
1 m beyond the latter. Time elapsed from crossing the starting and finishing lines was measured
(0.001 s) with laser photocells located 0.5 m above ground on each line (PFL-20 Kabid-Zopan,
Poland, 1986, 1996, 2006; Witty, Microgate, Italy, 2016). Two trials were given; the better time
was retained. Distance covered per second (in meter per second) was calculated. (Wachowski

et al., 1987). The obtained result was used to determine the velocity according to the formula:
V=s/t [m/s]

where: V - velocity [m/s] s - distance [m] t - time [s].

Explosive Power Jumping ability—\Vertical Jump (in Centimeters).

Standing erect with his/her side to the centimeter scale, the student extended his/her arm
upward along the scale; the highest point (standing reach height) was recorded (nearest
centimeter). Then from a half squat position, the student was instructed to jump as high as
possible using both arms and legs to assist in projecting the body upward. The highest point of
the jump indicated by the reach of the fingers was recorded (in centimeters). The difference
between standing reach height and jump height was the score. Three trials were given; the best

jump was retained (Wachowski et al., 1987).
Flexibility—Stand and Reach with a Forward Bend (in Centimeters).

Without shoes, the student was standing with feet together on a box (height = 32 cm,
length = 35 cm, width = 45 cm). The measurement scale was 50 cm at the standing surface and

values increased downward. The student was instructed to raise their arms, make the deepest
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forward bend possible, and hold this position for 1 or 2 seconds. The score was recorded
(nearest centimeter) as the distance reached. The forward bend was performed twice; the better
result was retained (Wachowski et al., 1987).

Agility—Figure 8 Run (in Seconds).

Standing at the starting line midway between 2 poles (120 cm) 5 m apart, the student was
instructed to run the figure 8 pattern as fast as possible. The pattern was run 3 times, with the
first turn to the right. The time to cover the 3 laps was measured with a stopwatch (0.01 s, 1986,
CAENAHOB, C.C.C.P./SLAVA, Russia, 1986; Casio HS-80TW Lap Stop-watch, Japan, 1996,
2006, 2016). Two trials were given; the better results were retained (Fleishman 1964; Pawlak
and Sarna 1982).

Cardiovascular Fitness—Modified Harvard Step Test.

The student stepped up and down a box 30.0 cm in height at a metronome pace of 30 full
steps (up/down) per minute for 5 minutes (300 s). After 5 minutes and resting for 1 minute,
heart rate was recorded for 60 seconds using an electronic sensor on the second finger in 1986
and 1996 (N-327-5 analog unit) and with an electronic sensor in the earlobe in 2006 and 2016
(AND C812 analog unit with Tester software (Poznan Technical University).

A STI was calculated:
STI =100 x (working time in seconds)/5.5 X p,

where p = 60 second pulse rate measured between first and second minute after completion of

the exercise; 5.5 = constant.

As a guide, a step test index >60 = very high, >50.0 and <60 =high; >40.0 and <50 = average;
>30.0 and <40 = low; <30.0 = significantly impaired (Gruszczynski et al., 1974; Mazur et al.,
1975).

3.3 Environmental factors

In order to collected information on the overall environment of the study, questionnaires
were used to collect information parental education and occupation, school environment and
the children. The questionnaire developed by Strzelczyk (1995) for the first survey in 1986 was

also used in the subsequent surveys. The survey questionnaires met the accuracy and reliability
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requirements. Menarcheal status was obtained via interview. Each girl was individually
interviewed by a female member of the research staff as to whether menarche had occurred

(yes) or had not yet occurred (no).

The initial survey was approved by the provincial Board of Education and Development
and educational authorities of each community following regulations that were in effect at the
time. The subsequent surveys were approved by the Human Ethics Research Committee of the
Karol Marcinkowski Medical University in Poznan (KB 907/16 for 2016) and educational

authorities of each community.
3.4 Statistical analysis

Basic statistical analyses were performed: normality in frequentist statistics was assessed
using the Shapiro-Wilk test, arithmetic mean [M], standard deviation [SD], standard error [SE]
and median [ME] were calculated for individual calendar age groups for boys and girls
respectively in each series of the study. From these, baseline characteristics were developed

and graphs were created showing the direction of change over time.

Then, comparisons across the four surveys in each of the three age groups were then
addressed with sex-specific analyses of covariance (ANCOVAs) with age and age? as
covariates. Age and age? adjust for potential linear and nonlinear effects of age distributions,
respectively. Pairwise post hoc comparisons between specific surveys, adjusted for multiple
comparisons (Bonferroni), were evaluated. The post hoc comparisons indicate the significance
of differences across the 30 year interval and between specific surveys. In addition, in article 5,
in order to observe possible relationships between physical fitness tests and BMI were used
sex-specific regressions by survey using linear and nonlinear quadratic models. The test was
the dependent variable; the BMI was the independent variable in the linear model, while the

BMI and BMI? were independent variables in the quadratic model.

All statistical analyses were performed using Statistical Package for the Social Sciences (SPSS)
for Windows (version 22.0, IBM SPSS, Chicago, IL).

53



4. Results

The main results of the conducted research as reported in the related publications, are
presented below. This section includes five subsections, each addressing the five published All
of the information presented below in the tables or figures in each publication refers to the

original articles.
Publication 1.

Secular change in height and weight of rural school children and youth in west-central

Poland: 1986 to 2016. American Journal of Human Biology, 2021 ;33(2):e23461

The purpose of this study was to compare changes in height and weight of children aged

7-15 years on four survey dates conducted at decade intervals from 1986 to 2016.

In this study, analyses were performed with three divisional criteria:

a) analysis of subjects by observation period considering single age groups (7, 8,
9, ..., 15 years);

b) analysis by three age groups (7-9, 10-12, 13-15 years)

c) analysis of changes between decades (1986-2016, 1986-1996, 1996-2006, 2006-
2016).

Re a) Analysis of the data on body height by single age group, showed that the highest
were children and adolescents in the last series of studies (2016), and this trend was observed
in both sexes. Among boys (Figure 2A), heights at 7 and 8 years do no differ between 1986 and
1996 and between 2006 and 2016, In the subsequent age groups of boys, a systematic, almost
linear increase in body height was observed in the following decades (Figure 2A). Among girls,
the results didn’t follow such a regular pattern as in the boys' group. heights in 1996 and 2006
do not consistently differ throughout the age range, allowing for the sample of 7 year old girls
in 2006 which was significantly older than samples in the other surveys. Girls in the last decade

were on average taller than those of girls in the other three surveys (Figure 3A).

Trends in body weight suggest a secular increase across the four surveys of boys. The
largest differences between age groups were between the extreme terms (Figure 2B). Allowing

for variation in age among the 7 year old sample in 2006 (noted above), the magnitude of the
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secular trend in body weight among the four surveys of girls is variable, although girls in 2016

are, on average, heaviest and in 1986 thinnest (Figure 3B).

Re b) Heights and weights differ significantly (P < .001) among the four surveys in each
age group. Age-adjusted means indicate a reasonably clear gradient across surveys in boys:
2016 > 2006 > 1996 > 1986. However, group comparisons between the terms were not

consistent. (Table 2).

Height in boys is significantly greater in 2016 than 2006 at 10 to 12 years group, but does
not differ significantly between the two surveys in girls 7 to 9 and 13 to 15 years. There was
the following variability 2016 > 2006 > 1996 > 1986, except for the 7-9 years group
(2016=2006>1996>1986) (Table 1). In the girls' group, there was no common/ambiguous
direction of change. In each age group, increments were observed between different decades
(Table 2).

Re ¢) Over the 30 year interval, estimated secular changes are similar in boys and girls 7
to 9 years and reasonably similar at 10 to 12 years, while corresponding changes are greater in
boys than in girls 13 to 15 years (Table 3). Among boys, the highest dynamics of height and
weight gains in all age groups of boys occurred between 1996 and 2006, and the differences
were statistically significant. The smallest increments were observed in the last decade. In
contrast, secular gains in weight of girls 7 to 9 and 10 to 12 years are relatively similar across
decennial surveys, but gains in girls 13 to 15 years show a major gain between 1996 and 2006

years after no change between 1986 and 1996.
Summary

The magnitude of the secular changes in the heights and weights of children and youth
from increased significant. Estimated rates of secular change, however, varied across the four

decennial surveys and between the girls and boys groups.
Publication 2.

Weight Status of Rural School Youth in Poland: Secular Change 1986-2016
Anthropologischer Anzeiger;. 2022 79(1):43-56

The aim was to evaluate the variability of BMI in children aged 7-15 years in four survey

dates conducted at decade intervals from 1986 to 2016.
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Similar to the first paper, analyses included variation in BMI:

a) across calendar age groups,
b) comparisons between the three age groups across surveys,
c) considering group of weight status - underweight, overweight, and obese.

Re a) The survey showed that in subsequent decades there was a trend of increasing BMI
in individual age groups. Increases between the extreme dates took a more linear direction of

change in the group of boys than in the group of girls.

Re b) Results of the sex-specific ANCOVAs across the four surveys in each of the three
age groups are nonlinear. In each age boys group, BMls in 2016 and 2006 do not differ, and
both are significantly higher than BMIs in 1996 and 1986. Except among boys 7-9 in whom
the BMI in 1996 is significantly greater than in 1986 (Table 1). In the girls group, resales were
variable across age groups, the greatest variability were observed in the 10-12 age group.
However, there was a trend indicating that the variability of results in 2006 (c) and 2016 (d)
was higher each time than in previous years (b and a) (Table 1). Overall, BMIs differ

significantly (p < 0.001) between 1986 and 2016 in each CA group of both boys and girls.

Re (c) The next step of the study was to categorize the weight status groups. Severe and
moderate thinness are low in prevalence over time in boys. In contrast, OWT increases in
prevalence across surveys in the three age groups of boys and is especially higher in 2006 and
2016 compared to 1986 and 1996 (Table 3). Among girls, the prevalence of severe and moderate
thinness is also relatively low, with no clear trend across surveys. OWT increases across surveys
among girls 7-9 and 10-12 years. In the oldest age group, the direction of change was the same,

but the increment values were lower (Table 3).
Summary

Secular changes in the BMIs of rural boys and girls between 1986 and 2016 were
significant, and in most groups suggested a gradient in age-adjusted means: 2016 > 2006 > 1996
> 1986, there was a trend towards a decrease in the prevalence of underweight especially
between 1986 and 1996 and an increase in overweight and obesity especially between 2006 and

2016. Changes were variable and not linear over time and between girls and boys groups.
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Publication 3.

Age at menarche among rural school youth in west-central Poland: variation with weight

status and population growth. Anthropological Review, 2021 84(1), 51-58

The aim was to estimate the age at menarche among girls from the rural region of
Wielkopolska in the 2016 and to compere ages at menarche by weight status and by population
growth.

The sample included 1146 girls, 7-16 years of age, resident in 10 rural communities. Aanalyses

were calculated:

a) for the total sample,

b) for the subsamples of girls classified as Thin, Normal Weight, and Overweight,

c) for samples of girls from the communities which experienced Major and Little/No
growth,

d) for samples of Thin and Overweight girls from communities with Major and Little/No
growth; numbers of Thin girls by age groups were too small for analysis.

The present study is limited to the 2016 survey during which information on the menarcheal

status of girls was surveyed.

Re a) The median age at menarche for the total sample of rural girls in 2016 was
13.25+0.20 yrs.

Re b) Menarche occurred earliest, on average, among Overweight girls (13.06+0.32
years), followed by Normal Weight girls (13.254+0.37 years) and Thin girls (13.81+0.41 years).
The difference in ages at menarche between Overweight and Thin girls approached

significance; other pairwise comparisons were not significant (Table 1).

Re c) Age at menarche among girls in the former communities was, on average,
significantly earlier than that among girls resident in communities Little/No population growth,

12.58+0.44 and 13.65+0.14 years, respectively.

Re d) Among girls from the communities with Major growth, median ages at menarche
were 12.12+0.49 years in Overweight and 12.54+0.15 years in Normal Weight girls.
Corresponding estimates for the communities with Little/No growth were 13.46+0.40 years in

Overweight and 13.62+0.18 years in Normal Weight girls.
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Summary

The median age at menarche was earlier in the overweight group compared to the other
groups. The effect of change in population size over time on the age of occurrence at menarche

was observed.

Publication 4.

Physical Fitness of Rural Polish School Youth: Trends between 1986 and 2016 Journal of
Physical Activity and Health, 2021 May 28;18(7):789-800

The aim of the study was to evaluate secular changes in the physical fitness of rural school

youth, 7-15 years, in west-central Poland between 1986 and 2016.

According to the guiding idea of the cycle presented also in the first and second article, three

relevant criteria of division were adopted in the manuscript 4th:

a) for each survey by sex-specific single year CA groups to illustrate trends over
time,

b) comparisons between combined the three age groups across surveys,

c) Sex-specific analysis of covariance, with age and age? of each student as
covariates, were done in each combined CA group to compare fitness tests across

the 4 surveys.

Re a) Speed (Figure 1A) improves, on average, with age among boys from 7 to 15 years
in all surveys, but it improves from 7 to 12 years in girls, followed by a plateau. Agility (Figure
1B) shows a similar age-related pattern as speed in boys and girls, respectively, but it should be
noted that a lower time indicates a better performance. The vertical jump (Figure 1C) improves,
on average, from 7 to 15 years in both sexes. Flexibility (Figure 1D) is best in 1986 and tends
to decline across the 4 surveys, more so in boys than girls. Flexibility shows little improvement
with age from 7 to 11 years in both sexes (except girls 7 y in 2006). The step test index (Figure
1E) shows no consistent pattern with age among boys and overlaps across surveys. In contrast,

the index declines with age among girls and is best at most ages in 2006.

Re b) Performances on all tests across the 30-year span differ significantly in each CA

group of boys except for the step test (13-15 yrs.) and in each CA group of girls except for the
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vertical jump (13-15 yrs.). Effects sizes (n?p) are moderate for the speed test in both sexes, and

generally low for the other fitness items in both sexes (Table 1 and Table 2).

Re ¢) Running speed (in meters per second; Figure 2A) declines between 1986 and 2016
in boys and girls. Speed declines significantly (P < .05) between 1986 and 1996, more in boys
than girls, and, between 1996 and 2006, more in girls than boys. Changes in speed between
2006 and 2016 are negligible.

Agility (Figure 2B) improves (decease in time) significantly between 1986 and 2016,
except among girls 10-12 years. Agility improves significantly (P < .05) between 1986 and
1996 in boys and girls in the 3 age groups, while changes between 1996 and 2006 and 2006 and
2016 are variable and significant (P < .05) only in boys 13-15 years.

Change in the vertical jump (Figure 2C) between 1986 and 2016 is similar in boys and
girls 7-9 and 10-12 years but is considerably larger among boys 13-15 years and negligible
among girls 13-15 years. Jumping performances of boys in the 3 age groups increased between
1986 and 1996 (P < .05), are variable between 1996 and 2006, and decline between 2006 and
2016 (P < .05). After significant gains between 1986 and 1996, vertical jump performances of
girls 7-9 and 10-12 years change negligibly or decline between 1996 and 2006 (P < .05, 10—
12 yrs.) and between 2006 and 2016. Among girls 13-15 years, changes are negligible and not
significant between adjacent surveys.

The decline in flexibility (Figure 2D) between 1986 and 2016 is significant in each age
group (P < .05) and greater in boys than in girls. The declines occur between 1986 and 1996
and between 1996 and 2006 in both boys and girls (P < .05 at 7-9 and 10-12 yrs.). Between
2006 and 2016, girls improve in flexibility, though variably among age groups (P < .05, at 7-9
yrs.), while boys continue to decline in flexibility (P < .05, at 10-12 and 13-15 yrs.). The step
test index (Figure 2E) improves slightly but not significantly in girls 7-9 and 10-12 years, but
increases significantly in girls 1315 years between 1986 and 2016 (P <.05). The index declines
across the 30-year interval in boys 7-9 and 10-12 years, but is, on average, unchanged among
boys 13— 15 years.

Changes in the step test index vary considerably between adjacent surveys. The index
declines in boys (P < .05) and girls 7-9 and 10-12 years but increases in boys and girls (P <
.05) 13— 15 years between 1986 and 1996. The index then increases in the 3 age groups of girls
(P <.05 at 7-9 and 10-12 yrs.) but declines in boys 10-12 and 13-15 years between 1996 and
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2006. The index changes insignificantly between 2006 and 2016, but the direction is positive

in boys and negative in girls.
Summary

As in the case of somatic parameters, no clear trend was observed in the direction of

changes in all observed motor skills.

Publication 5.

Relationship between BMI and physical fitness of Polish School Youth: Trends between 1986
and 2016 Acta Kinesiologica 2021, 15 (2):134-143

The aim of the present study was twofold: first, to compare the fitness of Thin, Normal
weight and Overweight/Obese youth 7-15 years of age across four surveys spanning 1986
through 2006, and second, to evaluate relationships between each fitness item and the BMI in

the four surveys.

The detailed search were concentrate on the two areas, as follow:

a) performances on each fitness test were compared among Thin, Normal weight and
Owt/Ob youth within and among surveys,
b) sex-specific regressions of each fitness test on the BMI were done by survey using linear

and nonlinear quadratic models.

Re a) Fitness test performances differ significantly among the three weight status groups
of boys and girls, with the exception of flexibility among boys 7-9 years and boys and girls 10-
12 years. Performances also differ significantly among surveys except for CV fitness among
boys 7-9 and 13-15 years and explosive power among girls 13-15 years. However, interactions
between weight status and year of survey are not consistently different and show no clear pattern

among fitness test in both sexes (Table 1).

Although not consistent for all comparisons, post hoc comparisons suggest poorer
performances on all fitness tests except flexibility among Owt/Ob compared to Normal and
Thin boys (Table 2). Comparisons of fitness performances within weight status groups across

surveys, however, are variable except for speed. Running speed is generally similar between
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1986 and 1996 and between 2006 and 2016, but is significantly better in 1986 and 1996
compared to 2006 and 2016. CV fitness is also better in the two younger age groups in 1986.

Corresponding post hoc comparisons among girls, indicate consistently poorer
performances in explosive power among Owt/Ob girls 10-12 and 13- 15 years, while
performances of Thin and Normal girls do not consistently differ (Table 3). Running speed in
girls shows a pattern that is similar to that in boys, i.e. similar performances 1986 and 1996 and
in 2006 and 2016, but significantly better performances in 1986 and 1996 compared to 2006
and 2016. Performances on the other fitness tests within weight status groups are, as in boys,

variable across surveys and show no consistent trends.

Re b) Results of the regression analyses are summarized in Tables 4 (boys) and 5 (girls).
Most of the regressions had a very low explained variance (R?) and several are not significant.
Relationships between the BMI and fitness performances also vary across the four surveys.
Nevertheless, the quadratic coefficients are significant in some models, indicating that the
association between the BMI and the specific fitness test is curvilinear. This suggests that better
performances are generally attained by youth with BMIs in the mid-range of the distribution,
while performances of those at the low and high tails of the BMI distribution are lower. This is
apparent for relationships between the BMI and speed, agility and explosive power in the 1986
survey except among girls 7-9 years. On the other hand, a curvilinear relationship is suggested
across the four surveys for all tests except CV fitness among boys 13-15 years.

Summary

The results suggest reasonably consistent curvilinear relationships between performances
and the BMI in boys more so than in girls, but the explained variances were generally low. This
result suggests that typically higher scores were obtained by children and adolescents with
BMlIs in the middle range of the BMI distribution.
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5. Discussion

The presented series of publications describes issues related to changes in height, weight,
BMI, age at menarche and fitness levels, as well as the existence of relationships between

weight groups and level of physical fitness.

Studies describing changes in the somatic parameters in groups of Polish children and
adolescents were presented in a variety of study. Some present comparisons for single year age
groups, but delineation of the age group varies to some extent, i.e., 7.0; 8.0... 15.0 years
(Gomuta et al., 2015) or 7.5; 8.5; 15.5 years (Przeweda and Dobosz, 2003; Kowal et al., 2011).
Others have presented data from combined age groups, e.g., 7-9, 10-12, 13-15 years (Ignasiak
et al., 2016). Studies also presented analyses from a national perspective (Przeweda and
Dobosz, 2003; Gomuta et al., 2015), and region of residence, including social groups and area
of residence, i.e., urban and rural (Krawczynski et al., 2003; Saczuk, 2018; Wilczewski, 2005;
Wilczewski and Wilczewski, 2018).

Height, weight, and age at menarche in successive decades from 1986 to 2016 showed
similar trends of change as noted in studies which considered similar time intervals for national
samples of children and adolescents in the Polish population (Przewgda and Dobosz, 2003;
Gomuta et al., 2015), and also in specific cities and regions of Poland, including samples from
three cities Poznan (Krawczynski et al. 2000; 2003), Krakow (Kowal et al. 2011) and Rzeszow
(Perenc, Radochonska, and Btajda., 2016), and largely rural samples in eastern Poland
(Saczuk., 2018; Wilczewski., 2005; Wilczewski and Wilczewski 2018).

It should be noted, however, that estimated changes in the heights and weights of each
age group of rural boys and girls in the 10 communities between 1986 and 2016 were
comparable with and overlapped those noted in national samples between 1988 and 2012
(Gomuta et al., 2015). On the other hand, changes in the heights and weights of each age group
of rural boys and girls in the 10 communities between 1986 and 1996 were somewhat less than
corresponding changes in national samples between 1989 and 1999 (Przeweda and Dobosz,
2003). By inference, secular gains were variable and not linear over time and region of residence

may be an influencing factor.

BMiIs of rural boys and girls increased, on average, across four decennial surveys of the
same ten communities spanning. Relative to 2010 reference data for Poland (Kufaga et al.

2011), median BMIs of rural boys in 2016 approximated the medians at 7 and 8 years. Median
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BMaIs of girls in 2016 tended to be above the reference medians at most ages. Median BMIs of
the rural boys and girls 10-15 years in 2006 and 2016 overlapped those for a combined sample
of urban and rural boys and girls in the Greater Poland province surveyed in 2009—-2010 years
(Kaczmarek et al., 2011).

The prevalence of OWT and OB increased across surveys, and was especially higher in
2006 and 2016 compared to 1986 and 1996. The observed trends for overweight and obesity
were consistent with national competition with studies conducted in 1996, 1978, 1988 and 2012
(Gomula et al., 2015), in 2001 (Matecka-Tandera et al., 2005) and in 2010 years (Kaluga et al.,
2011). A similar almost linear increase in values was also observed by researchers among
children from Krakow, where surveys were conducted in 1971, 1983 and 2000 years
(Chrzanowska et al., 2007). The same trend was observed in different regions of our country,
in Podlaskie Province in 1986 and 2006 (Saczuk and Wasiluk, 2014) and in Podkarpackie
Province in 1998 and 2008 years (Mazur et al., 2014).

The above-described directions of changes were observed both boys and girls group in 7-
9 and 10-12 year. In the girls group 13-15 year, the direction of changes was the same, however
increases was significantly lower, which could be due to the earlier maturation of girls and the
emerging awareness of body perception, which is one of the key elements shaping the

personality of a maturing person (Malina et al., 2004).

The prevalence of severe and moderate thinness was relatively low over time in both boys
and girls with no clear trend across surveys. In subsequent surveys, the number of children in
this group decreased in 2016 and 2006 compared to 1986 and 1996 year. Current surveys focus,
however is more often upon OWT and OB, which the World Health Organization (WHO) has
identified as one of the most serious chronic diseases of the 21st century (Ng et al., 2014). In
contrast, secular data for underweight, categorized into severe, moderate, and mild, are limited.
Secular data for thinness are limited. Estimated prevalence of severe, moderate and mild
thinness among rural boys and girls 1315 years in the 2016 year survey was similar to that for
a sample of urban and rural boys and girls 13-18 years from the Greater Poland province in
2009-2010 years (Durda, 2011). Mild thinness was relatively more common in 1986 and
declined slightly in 2006 among youth 10-12 and 13-15 years. In contrast, mild thinness was
rather high among rural Poznan children 7-9 years in 1986 (boys 15.6%, girls 13.4%), but
declined in 2016 year (boys 4.1%, girls 7.3%). Estimates for mild thinness among children 7—
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9 years in the Podlaskie province were lower in 1986 (boys 7.3%, girls 11.5%) and changed
negligibly in 2006 years (boys 8.9%, girls 12.8%) (Saczuk and Wasiluk, 2014).

To summarize the above observations, at the lower end of the BMI range, the prevalence
of severe and moderate underweight was very low in four surveys of observation in both boys
and girls group, while the prevalence of mild underweight was relatively low in all observations,
except for boys and girls aged 7-9 years in 1986 year. On the other hand, the prevalence of
overweight was higher in 2006 and 2016 compared to 1986 and 1996 among boys and girls in
the three age groups, while the prevalence of obesity was lower. A potential reason could be

the change in eating habits and sedentary lifestyle of young people.

The median age at menarche in the rural population in 2016 was 13.25 years. It was
similar to ages at menarche in rural girls from families of farmers (13.32+1.98 years), of farm-
workers (13.1941.67 years) and of non-farmers (13.17£1.96 years) resident in four geographic
regions of Poland in 2001 (Laska-Mierzejewska and Olszewska, 2007). The age at menarche
of the 2016 sample of rural girls in the present study was slightly later than ages at menarche
noted among girls 7-18 years resident in small towns years and in rural villages, years in a 2012

survey of seven districts in Poland (Gomula and Koziet, 2018).

Weight status and by inference nutritional status is a factor related to age at menarche. In
the current study, girls classified as overweight attained menarche at a median age of 13.06
years, followed by normal weight girls at 13.25 years, and thin (underweight) girls at 13.34
years. The observations were consistent studies in other countries and regions concluding that
overweight girls mature earlier (Anderson and Must, 2005; Biro et al., 2018; Bratke et al., 2017,
Himes et al., 2009; Lazzeri et al., 2018). In a longitudinal series of urban girls in Poznan, ages
at menarche were 12.33+1.46 years among 38 overweight girls, 12.48+0.92 years among 172
normal weight girls, and 13.90+0.13 years among 33 underweight girls (Durda-Masny et al.
2019). Comparing girls living in rural areas around Poznan with those living in the city, one
may notice that thin or underweight girls develop at a similar rate; however, those classified as

normal weight and overweight mature, on average, earlier in the city than in the country.

The median age at menarche was significantly differentiated according to changes in
population size over the 30-year observation period. In the group of girls who lived in areas
with an observed increase in population size the median age at menarche was 12.58 years, and

was lower compared to Little/No population grow - 13.65 years. The communities which
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experienced a major population increase were located relatively close to Poznan, 19 to 37 km,
while those which experienced little or no population increase were located a bit further from
Poznan, 37 to 75 km. It can be assumed that the probable reason for the observed variation in
the age at menarche could be migration of the population from the city to its suburbs. As a result
of this process, the rural area becomes similar to the urban area and this phenomenon is called
semiurbanization of the countryside (Branka, 2014). This assumption may be confirmed by
information on the number of births in the observed localities. Data from the statistical yearbook
indicated that only one of the five communities which experienced major growth showed an
increase in birth rates while among the remaining nine communities, changes in estimated birth

rates were negligible in three an declined in the other six.

Changes in the physical fitness status of rural boys and girls across the 4 decennial surveys
spanning 1986 through 2016 varied among the 5 tests. Speed (5-m sprint) and flexibility (stand
and reach) declined, while power (vertical jump) and step test index (cardiovascular fitness)
changed variably. On the other hand, agility (figure of 8 run) improved across the 4 surveys;
although, the major improvement occurred between 1986 and 1996. The changes contradict the
commonly held opinion that the level of physical fitness is decreasing. The above changes may

indicate a change in the structure of motor skills, but do not indicate a complete deterioration.

The variable changes in fitness contrasted positive secular changes in height and weight
of the rural youth in the 10 communities, and may reflect increases in the BMI and changes in
weight status between 2006 and 2016 years in the rural school youth. Trends in the fitness of
rural school youth in the 10 communities were generally consistent with other surveys in Poland
that spanned all or part the interval considered in the present study. In national samples, for
example, the Cooper test, strength, and standing long jump declined or did not change across
surveys in 1979, 1989, and 1999 years (Przeweda and Dobosz, 2007; Przeweda, 2009).
Regionally, speed, endurance, strength, and agility (lesser extent) declined between 1965 and
1995 years among youth in Upper Silesia (southwestern Poland) (Raczek, 1997). Power, speed,
and agility improved while agility declined between 1971 and 1981 years in youth from the
Bydgoszcz region (north central), but all fitness items declined between 1981 and 1991
(Nowicki, 1996). Among school youth in eastern Poland, several indicators of fitness declined
between 1986 and 2006 (Saczuk, 2018) and between 1986 and 2016 years (Wilczewski and
Wilczewski, 2018). Among urban Cracow youth, sit-ups, the standing long jump, and sit and
reach performances declined between 1980s and 2000 years, while the overhead medicine ball

throw and standing long jump changed variably between 1975-1980 and 2005-2010 years in
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youth from Cracow and a small town and village (Mleczko, 2013). Trends noted among Polish
youth were generally consistent with trends in other country (Tomkinson et al., 2007;
Tomkinson et al., 2014; Dooley et al., 2020; Smpokos et al., 2012; Ao et al., 2019).

Comparison among weight status groups indicated, on average, poorer performances on
all fitness tests except flexibility among Owt/Ob compared to Normal and Thin boys and girls.
On the other hand, performances on the five fitness tests were generally similar within the
samples of Thin, Normal weight and Owt/Ob youth across the four surveys. By inference, there
were no consistent secular trends in fitness performances within weight status groups. Results
of the regression analyses were quite variable and likely reflected the concentration of the
sample within the normal weight range with proportionally fewer youth at the extremes of the
BMI distributions. Nevertheless, results of the regression analyses in the present study were
reasonably consistent with trends suggested in the literature. For example, results for the rural
youth 13-15 years in 2006 and 2016 years were generally consistent with a similar analysis of
relationships between the BMI and fitness among school youth 13-15 years resident in an urban-
rural administrative district about 110-120 km east-southeast of Poznan (Kwiecinski et al.,
2018). Although different fitness tests were used, the results were consistent in showing
curvilinear relationships with the BMI for tests of speed (50 m dash, 5 m sprint), agility (shuttle
run, figure-8-run), and explosive power (standing long jump, vertical jump) in both sexes. For
flexibility (standing forward bend/reach), results were curvilinear in boys and linear in girls in
both studies. In contrast, results varied for the tests of cardiovascular endurance, 1000 m (boys)

and 800 m (girls) runs compared to the step test (in present study).

A curvilinear relationship was noted for the vertical jump in the rural Polish school youth
in the three age groups in 1996 and for the standing long jump in a 1997 national sample of
Taiwan girls 9-10, 11-12 and 13-15 years and boys 11-12 and 13-15 years of age (Huang and
Malina, 2010), the relationship was linear among Taiwan boys 9-10 years. For CV fitness,
curvilinear relationships were noted for the 800 (girls) and 1600 (boys) meter run-walk in
Taiwan youth and for the step test in Polish youth 13-15 years. Linear relationships in both
studies were noted for the 800 meter run-walk in Taiwan youth 9-10 years and for the step test
in Polish youth 7-9 years, while results were variable among Taiwan youth 11-12 years and
Polish youth 10-12 years. On the other hand, results in the two studies varied for flexibility,
curvilinear for the sit and reach for Taiwan boys and girls, but variable for the stand and reach

in Polish youth.
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In contrast, results for Polish youth in 2016 and Brazilian youth in 2013 (Lopes et al.,
2019) were variable. Among Brazilian youth of both sexes, the relationship between the
standing long jump and BMI was curvilinear among youth of both sexes 10-11 and 12-13, but
was curvilinear among boys and linear among girls 14-15 years. Among Polish youth, the
relationship between the vertical jump and BMI was linear at 10-12 years but curvilinear at 13-
15 years in both sexes. For cardiovascular fitness, the relationship was linear between the BMI
and multi-stage shuttle run in Brazilian girls 10-11, 12-13 and 14-15 years, but that between the
BMI and step test in Polish was curvilinear among girls 10-12 years, but linear among girls 13-

15 years.

The difficulty in finding analogies or differences with respect to the results of other
studies stems from the fact that different batteries of tests are used during the observations
made. However, on the other hand, if they are used to assess the same aspect of fitness, some

comparisons can be made with respect to the nature (aerobic, anaerobic) of the ability tested.

In summary, the results of the correlations between fitness tests and BMI varied across
age groups and study dates, and one likely reason for this distribution of results may be the
concentration of adolescents in the normal range of body mass and their proportionately smaller
participation in both extremes of the range - underweight and overweight. However, analyses
generally suggest fairly consistent curvilinear relationships between test scores and BMI,

occurring more frequently in boys than in girls.

Political and economic changes in Poland

The observed changes in somatic structure, rate of maturation and physical fitness should
be considered in the context of the major political, economic and social changes that took place
in Poland during the period of survey. As noted earlier, the 1986 year survey was done during
the interval between major strikes and political unrest in the early 1980s, the collapse of the

communist government, and the first democratic elections in 1991 year.

Subsequent surveys spanned significant political, economic and social transitions
associated with adaptation to a western democratic system. Although community specific data
are not available, it is reasonable to assume that changing and perhaps variable conditions in

each community across surveys interacted with the transitions occurring in Poland in general,
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which contributed to variation in estimated rates of secular change. Changes in the economic
and agricultural sectors and their interactions are relevant to discussions of secular change given
potential impact on nutritional and health status. Moreover, changes in the agricultural sector
are especially relevant given that the communities studied were agriculture-dependent.
Although the Polish economy was gradually incorporated into the international and global

economic system during interval of the four surveys (Urbanowska-Sojkin and Banaszyk, 2009).

The need to repay foreign debt led to a deficit of goods in the domestic market,
a halving of real income, and inflation (Gomuta et al., 2015; Saczuk, 2018) affected the
economic state of the Polish population. The political transition also had a major impact on
Polish agriculture. With the transition to a market economy in 1991 year, State Agricultural
Farms were abolished. In 1980 year, state farms employed approximately 490 per 1000
individuals, and on average, state farms employed 12 people per 100 ha. More than 50% of
state funds allocated to agriculture went to state-owned farms until 1988. The price per unit of
products produced by farmers in 1990 to 1991 years declined by 63%, while real farm income
declined >40% and wages of employees declined by about 37% (Kowalik, 2009).

As noted earlier, the region comprising the 10 rural communities had a high proportion
of state-owned and cooperative farms in the 1980s (Banski, 2010). Two communities had state-
owned farms (Pamigtkowo and Kwilcz) and one had a cooperative farm (Wojnowice). The
others did not have state-owned or cooperative farms, but were located relatively short distances
from state farms (4-10 km). It was reasonable to assume that some residents worked on the
state-owned or cooperative farms; the communities also had small family-owned farms. One
community (Biedrusko) was adjacent to a military base (Database of the National Support
Centre for Agriculture, 2019) and likely benefited from jobs associated with the base.

State and cooperative farms also influenced the social life in the rural communities, and
in many ways ensured that the needs of employees and their families were met. With the
liquidation of state farms in the 1990s and associated political and economic changes, the
structure and services of rural communities were also affected. Perhaps the most relevant,
among other changes, was the reduction in bus connections and railway lines, and closure of
some primary (grades 1-3) and elementary schools (grades 1-6) in the 1990s. Schools in the 10
communities of the present study were not affected by the closures. Although family farms

were generally more productive during the reforms and many actively joined the developing
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market economy, alcoholism, passivity and perceptions of helplessness increased in many rural

communities as overall agricultural conditions deteriorated (Goérecki., 2015; Halamska., 2011).

The Agricultural Property Agency provided a program for former employees on state
farms between 1991 and 2004 years. The number of unemployment claims indicating state-
owned farms as the last place of employment was 100 000 in 1991 year, but declined by about
one-half in 2004 year as approximately 48 000 of unemployed individuals received a job or a
job offer. In addition, about 1.2 billion Polish ztoty were spent on various forms of assistance
for those who worked on state farms between 1999 and 2004, including educational
scholarships. Former state farm employees were also offered an opportunity to purchase an

apartment at preferential rates (Zglinski, 2003).

Access to the European Union in 2004 was important for Polish agriculture as Poland was
included with the Common Agricultural Policy (CAP). The policy involved the introduction of
direct payments to farmers for their crops and facilitated acquisition of agricultural machinery
at reduced prices. On the other hand, the number of small farms which produced food items for
personal use was reduced, and the rural population declined during the political and economic
transition. The rural population comprised 52% of the national population of Poland in 1960,
declined to 41% in 1980 year (i.e. time of the strikes and political unrest), and was stable
through 1990 (38%) and 2016 years (40%) (Statistical Yearbook of Poland, 2017).

Of relevance, how these changes and others influenced living conditions in the specific
communities and in turn the growth status of school children in the respective communities

across the surveys spanning the 30 year interval merits attention.

The market transformation likely contributed to an improvement in the quality of
education in rural areas, and the number of young adult rural residents with a higher education
increased over time. Based on questionnaires completed by the parents of children and youth
in the four surveys comprising the present study, the majority of parents had only an elementary
education in 1986 year (~77% of both fathers and mothers). Over the 1996 and 2006 years
surveys, the proportion of fathers with only an elementary education declined only slightly
(75% and 73%, respectively), while the proportion of mothers with only an elementary
education declined more so (67% and 57%, respectively). Across the first three surveys, on the
other hand, the percentages of mothers with a technical or secondary school education increased

steadily, 22%, 29% and 38%, respectively, but the corresponding percentages of fathers
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changed only slightly, 19%, 19% and 23%, respectively. The proportion of parents of both
sexes with a higher education across the first three surveys was 3% in 1986 and 5% in 1996 and
2006 years, but the educational status of parents of the school children in 2016 year changed
considerably. Percentages of fathers with an elementary, technical/secondary, or higher
education in 2016 were 54%, 30%, and 15%, respectively, while percentages among mothers
were 37%, 39%, and 24%, respectively (Bartkowiak et al., 2021a).

However, it is difficult to evaluate the specific impact of the political, economic and social
changes in Poland on nutritional habits and physical fitness, two factors often identified as
important in discussions of changes in body weight, BMI and fitness levels (Przeweda., 2009;
Gomuta et al., 2015; Gomuta and Koziel, 2018 ). As inflation increased during the 1970s,
access to food products was limited and food rationing was instituted in the mid-1970s, first for
sugar, then for meat and meat products, and eventually for butter, flour cereal and rice. Families
were allocated vouchers or ration cards that were in force until 1989 (Zawistowski, 2017). In
rural areas, rationed foods were often supplemented with foods produced for personal
consumption (milk, butter, eggs, chicken, duck, pork) and by barter (meat for butter, eggs for
milk, etc.). After the political changes of the 1980s and gradual opening of the market,

processed foods regularly entered Poland.

Another important factor may be differences in the daily food rations of school children.
In the city of Poznan showed minor differences between 1980 and 1990 years. The estimated
average daily consumption of calories and specific nutrients among girls 13-15 years was 2278
+ 628 kcal (61 g protein, 102 g fat, 280 g carbohydrates) in 1980 year and 2144+ 728 kcal (59
g protein, 87 g fat, 282 g carbohydrates) in 1990 year. Daily estimates for boys 13-15 years
were 2597 £879 kcal (74 g protein, 121 g fat, 303 g carbohydrates) in 1980 and 2538 + 848
kcal (68 g protein, 105 g fat, 331 g carbohydrates in 1990 (Przystawski et al., 1998).

Surveys of eating habits and food consumption among adolescents suggested an increase
of processed and “fast foods” between 1990 and 2000 years (Augustyniak and Brzozowska,
2002). Although rural adolescents consumed fewer calories than urban peers, both groups
showed an increase in energy from fat and a decrease in energy from carbohydrates and
proteins, while daily intakes were deficient in minerals — calcium, magnesium, copper and
especially iron among girls. More recently, the percentage of Polish youth 13-15 years
consuming vegetables daily changed negligibly between 2002 and 2018 years, 36.6% to 34.2%,

while percent ages consuming fruits daily increased, 23.1% to 38.2%; on the other hand,

70



percentages consuming sweets and sweet drinks increased more than threefold between 2002
and 2018 years, 18.1% to 69.9% and 12.7% to 44.9%, respectively (Augustyniak and
Brzozowska., 2002; Woynarowska and Mazur., 2012; Mazur., 2015; Mazur and Matkowska-
Szkutnik., 2018).

The above trends, while interesting, are largely limited to youth and do not account for
potential differences between rural and urban youth. Nevertheless, consumption of sweets and
sugary drinks may have contributed to the increased prevalence of overweight and obesity

among children and adolescents in rural settings between 1996 and 2016 years.

Changes in diet over time can affect body weight, which is potentially one of the
determinants of physical fitness and age at menarche, especially at the upper extremes of BMI.
Physical activity is also an important component. Data addressing levels of physical activity
among Polish children and youth are apparently not available prior to 1990 year, while recent
data are largely limited to adolescents. Estimated percentages of 11, 13 and 15 year old boys
reporting vigorous physical activity (VPA) 4—7 days per week between 1990 and 1998 years
were 54%, 51% and 42%, respectively, but declined in 2018 year to 43%, 37% and 35%,
respectively. By inference, percentages of boys not reporting VPA 47 days per week increased
over time. Percentages of girls reporting VPA were lower and declined negligibly between the
1990s and 2018 year, 38% to 36% at 11 years and 31%, to 27% at 13 years Among girls 15
years, percentages reporting VPA 4—7 days per week were lower and stable over time, 20% in
the 1990s and 22% in 2018 year (Woynarowska and Mazur, 2012; Mazur, 2015; Mazur and
Matkowska-Szkutnik, 2018).

With a modified indicator moderate-to-vigorous physical activity (MVPA), which
included mandatory school physical education (4 hours/week since 2003 yr.), percentages of
Polish boys reporting MVPA seven days per week in five surveys spanning 2002 to 2018 were
rather low, 24% to 34% at 11 years, 16% to 29% at 13 years and 16% to 25% at 15 years.
Percentages of girls reporting MVPA seven days per week across the same interval were lower,
18% to 27% at 11 years, 12% to 18% at 13 years, and 8% to 11% at 15 years. Declines in
physical activity were accompanied by an increase in sedentary activities. Allowing for slight
variation across surveys spanning 2000 and 2018 yrs., >50% Polish youth 11 to 15 years spent
>2 to 3 hours per day watching TV/videos on school days, with more doing so on the weekend.
Percentages of youth spending >2 to 3 hours per day at computer games were relatively low on

school days, especially among girls, but 46% to 58% of boys 13-15 years reported 4+ hours
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playing computer games on weekends with little variation across surveys (Woynarowska and
Mazur, 2012; Mazur, 2015; Mazur and Matkowska-Szkutnik, 2018).

In an independent survey in 2011, >50% of Polish middle and high school youth spent >3
hours per day watching TV or on the computer. By inference, the overwhelming majority of
Polish youth 11-15 years did not report MVVPA on a daily basis between 2002 and 2018yrs. Of
note, high levels of VPA and MVPA are associated with a lower risk of obesity independent of
sedentary behaviour (Katzmarzyk et al., 2015).

It is difficult to evaluate the changes in youth fitness in the context of the economic and
social changes associated with the government transition in the 1980s and subsequent years. It
is reasonable to assume, however, that the changes influenced education. Physical education
which was compulsory at 2 hours per week was increased to 3 hours per week in 1997 yr. and
to 4 hours per week in 2002 yr. Of the latter requirement, 3 hours per week of school physical
education were mandatory, while the fourth hour was optional and dependent upon local
opportunities outside of the school setting, for example, swimming classes, running in the
forests, skiing, and so forth (Janowski, 2017; Woynarowska, 2008). Assessment in physical
education was expanded to include basic motor skills and coordination in addition physical
fitness. Over time, assessment of motor skills and fitness was increasingly placed in the context
of physical activity with the goal of preparing school youth for lifelong physical activity
(RMEN, 2017). Implementation of the changes in physical education, however, varied
considerably despite detailed evaluation programs and systems. A national audit in 2010
indicated several irregularities. Between 2007 and 2009 years, for example, the physical
education curriculum in more than one-half of schools in Poland was not modified to meet
government regulations, while the new core curriculum for 2009-2010 yrs. was not
implemented in 20% of schools. Of relevance to the present discussion, the national audit noted
that two-thirds of schools did not monitor student progress in physical education, including
fitness testing. It was also estimated that 20% to 40% of school youth participated in fewer
physical education classes and physical activities than required by law, and the trend increased

with the age of students (Woynarowska et al., 2015).

Given the economic and political transformations in Poland and associated social,
occupational and educational changes, the Polish family and living conditions have changed,
especially between 2006 and 2016. Perhaps the most significant was the reduction in multi-

generational families and in the number of children in the family. The trends likely reflect the
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results of the choices of young people who were increasingly investing time in education in an
effort to attain a level of education that would provide economic stability, including an increase
in the number of working-mothers. The changes undoubtedly influenced responsibilities for

child care and after school activities of children (Bienkowska and Kitlinska-Krél, 2017).

The observation did not exhaust the entire subject, but the results obtained indicate the
continuing validity of the research undertaken in this area. What is more, new and so far
unmentioned topics have appeared in the literature, which will serve to continue and extend the

research presented in this dissertation.

In summary, it is possible that political changes and related economic and social
uncertainty in Poland during the period between the surveys may have affected living
conditions in 10 communities and families in particular, which in turn may have contributed in
part to changes in children's height and weight, age at menarche, and increased prevalence of
overweight and obesity in the 2006 and 2016 yrs. surveys. It may also seem true to say that the
living conditions of children in the 2006 and 2016 yrs. surveys improved compared to the living
realities of children in earlier surveys, as evidenced by the decreasing age of first menstruation.
Changes in physical fitness were generally consistent with the observed regression in the level
of physical activity and the increase in the frequency of passive physical leisure activities
among Polish adolescents since the 1990s. Changes in diet associated with increased
consumption of highly processed foods, fast foods and sugary drinks and an increasingly
sedentary lifestyle may also have an impact on the observed parameters. The uniqueness of this
research project lies in the fact that schoolchildren were surveyed four times in exactly the same

10 locations
6. Limitations

The study is not without limitations. One was the lack of an indicator of biological
maturity status, while two others were the lack of specific information on the physical activity
and dietary habits of children in rural villages during the first three surveys. Given the lack of
such information, it is difficult to evaluate the interactions among changes in body size, physical

fitness and environmental changes in the respective communities.
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7. Conclusions

Based on the analyses, the following conclusions were developed:

C1.

C2.

C3.

C4.

During the thirty-year period of observation of children from the Wielkopolska region,
changes in height and weight, as well as weight and growth index (BMI) were found. All
the above-mentioned somatic traits increased statistically significantly between the
extreme observation dates. However, as far as body height is concerned, the changes are
positive, which may indicate improvement of living conditions, but the increase of body
weight and BMI, especially the number of overweight and obese children, is a negative
tendency which may lead in later years to the occurrence of many civilization diseases in

the observed population.

The analysis of the results taking into account relations between weight status groups and
the age at menarche allowed us to state that in the observed population the earliest puberty
took place in overweight girls, next in the group of normal weight girls and the latest in the
group of underweight girls. The median age of first menarche was highly differentiated
according to population changes over the 30-year observation period. In the group of girls
living in areas with population growth, the median age at menarche was lower by about a

year compared with the group from communities with little/no population growth.

During the thirty-year period of observation in children from the Wielkopolska region,
changes were found in the value of the results obtained in agility tests determining the level
of particular motor abilities. The observed changes were ambiguous, taking different
directions and sizes between successive decades of observation. Only in the agility test a
systematic progression of the results was observed. The analysis of the results showed that
there are changes in the structure of motor abilities in subsequent decades of the study, and

not only a decrease in the level of physical fitness.

Over a thirty-year period of observation of children from the Greater Poland region,
a nonlinear relationship between BMI and individual motor abilities was found in most
cases. The results differed according to age groups and study dates. The probable reason
could be the concentration of the number of adolescents in the group with normal body
weight and proportionally smaller percentage of children in both extreme ranges -

underweight and overweight.
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C5. On the basis of a detailed analysis of the results of the study it was concluded that there are
specific periods of enhanced development of both somatic characteristics and motor
abilities in both sexes. Their course is not linear and differed over the three decades in
individual age groups and between groups of girls and boys. No single trend of change

during periods of enhanced development was observed in the context of socio-economic
change.
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Streszczenie

Sylwia Bartkowiak: Zmiany w rozwoju somatycznym i motorycznym dzieci z regionu
Wielkopolski w kolejnych dekadach od 1986 do 2016 w $wietle wybranych zmian

srodowiskowych.

Celem obserwacji byto okreslenie wielkosci i kierunkéw zmian w rozwoju wybranych cech
somatycznych i zdolno$ci motorycznych dzieci i mtodziezy ze srodowiska wiejskiego regionu
Wielkopolski oraz poszukiwanie ich prawdopodobnych przyczyn $rodowiskowych

w aspekcie spoteczno-gospodarczym.

Metody: Dokonano pomiaréw wysokosci i masy ciata oraz obliczono BMI dzieci i mtodziezy
szkolnej w wieku od 7 do 15 lat z 10 miejscowosci wiejskich z okolicy miasta Poznania.
Wykonano réwniez 5 testow sprawnosci fizycznej. Badania przeprowadzono w czterech seria
w odstepach dekadowych. Badaniami bezposrednimi objeto 1986 roku 1417 chlopcoéw 1 1326
dziewczat, 1996 roku 979 chiopcow 1 947 dziewczat, 2006 roku 871 chtopcow i 843 dziewczat
oraz w 2016 roku 1189 chtopcow i 1105 dziewczat. Wykonano statystyki opisowe dla
poszczegolnych grup wieku kalendarzowego. W celu wykonania bardziej szczegdtowych
analizy probe podzielono na trzy grupy wiekowe (7-9, 10-12, 13-15 lat), wykonano analizg
ANCOVA z uwzglednieniem wieku i wieku? jako zmiennych zaleznych dla pici. Dokonano
oceny porownan post hoc miedzy poszczegdlnymi badaniami, z uwzglednieniem korekty dla
wielokrotnych poréwnan (Bonferroni). Nastgpnie wykonano analizy regresji pomig¢dzy
grupami stanu odzywienia oraz wynikami poszczegdlnych testow sprawnosci fizycznej za
pomoca analizy kowariancji z uwzglednieniem plci przy uzyciu liniowych 1 nieliniowych

modeli kwadratowych.

Wyniki: wysoko$¢ 1 masa ciala oraz BMI mlodziezy szkolnej z terenow wiejskich zwigkszyta
si¢ znaczaco w latach 1986-2016, ale kierunki zmian pomigdzy sasiednimi terminami badan
byly zmienne i nie przebiegaly w sposob liniowy. Czgsto$¢ wystepowania niedowagi byta niska
u obu pfci. Nadwaga i1 otylo§¢ zwigkszaty si¢ z czasem, zwtaszcza w latach 2006 1 2016.
Mediana wieku wystepowania pierwsze] miesigczki dla catej proby dziewczat wiejskich
wynosita 13,25 lat. Menarche wystgpowala wczesniej u dziewczat z nadwagg niz u dziewczat
z prawidlowa masg ciala 1 u dziewczat szczuptych oraz u dziewczat zamieszkatych
W gminach o duzym wzroScie populacji, ktore dojrzewaly $rednio wczesniej o rok
w poroOwnaniu z dziewczetami z grupy o matym przyroscie populacji lub jego braku.
Obserwacje zmian poziomu wybranych zdolno$ci motorycznych wykazaty, Zze wyniki
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w testach szybkos$¢ 1 gibkos¢ obnizyly sie, a poziom skocznosci 1 wydolno$ci zmieniat si¢
W sposob zréznicowany w poszczegoOlnych terminach obserwacji. Pomimo, ze warto$ci
uzyskiwane w tescie gibkosci wzrastaja to wyniki w pozostatych testach byly na ogoét nizsze
niz w wczesniejszych terminach badan. Wyniki byly na ogoét nizsze wsrod mtodziezy
z nadwagg i otylo$cig w poréwnaniu z mtodziezg z masg ciala w normie i z niedowaga,
Jednakze nie zaobserwowano jednego kierunku zmian w wynikach poszczegélnych testow

sprawnosci fizyczne;j.

Whioski: W latach 1986-2016 nastapity istotne zmiany sekularne w wysokosci i masie ciala
uczniow szkot wiejskich w 10 gminach wiejskich, ale tempo zmian w kolejnych terminach
badan bylo zréznicowane. Zmiany wartosci BMI w latach 1986-2016 byty znaczace. Srednie
BMI skorygowane o wiek sugerowaly nastgpujacy przebieg zmian 2016 > 2006 > 1996 > 1986.
Obserwowane zmiany w zakresie nadwagi i otylosci w latach 1986-2016 byly zgodne
z wynikami badan prowadzonych w Polsce w ciagu ostatnich dwodch pokolen. Wiek
wystepowania menarche, byty zgodny z wynikami ostatnich badan dziewczat wiejskich
w Polsce oraz dziewczat klasyfikowanych wedlug statusu odzywienia. Wyniki uzyskiwane
w 5 testach sprawnosci fizycznej zmienialy si¢ istotnie, jednakze kierunek zmian nie byt
liniowy. Relacje miedzy wskaznikiem BMI a poszczegdlnymi zdolno$ciami motorycznymi
sugerowaly na ogot spdjne krzywoliniowe zaleznosci. Wyniki byly generalnie zgodne
z innymi badaniami polskiej mtodziezy szkolnej, ktore obejmowaty podobny przedziat

CZasowy.
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Abstract

Sylwia Bartkowiak: Changes in the somatic and motor development of children from the
Wielkopolska region in subsequent decades from 1986 to 2016 in the context of selected

environmental changes.

The aim of the study was to determine the magnitude and direction of changes in the
development of selected somatic characteristics and motor abilities of children and adolescents
from rural areas of the Wielkopolska region and to search for their probable environmental

causes in socio-economic terms.

Methods: Heights and weights, BMI of school youth 7 to 15 years in 10 rural communities in
the vicinity of the city of Poznan were measured and 5 fitness test was evaluated in 1986 (1417
boys, 1326 girls), 1996 (979 boys, 947 girls), 2006 (871 boys, 843 girls), and 2016 (1189 boys,
1105 girls). Descriptive statistics for sex-specific single year chronological age groups were
calculated by survey, while the sample was partitioned into three age groups (7-9, 10-12, 13-15
years) for detailed analysis of changes across surveys using sex-specific ANCOVA with age
and age? as covariates. Pairwise post hoc comparisons between specific surveys, adjusted for
multiple comparisons (Bonferroni), were evaluated. Fitness items were compared among
weight status groups and across surveys with sex-specific analyses of covariance. Regressions
of each fitness item on the BMI in the four surveys were done using linear and nonlinear

quadratic models.

Heights and weights of rural school youth increased significantly between 1986 and 2016, but
estimated secular gains between adjacent survey were variable and not linear over time. BMIs
increased, on average, across the four surveys, but differences between adjacent surveys varied.
Prevalence of severe and moderate thinness was low in both sexes, while mild thinness tended
to decline over time, more so among girls. Overweight and obesity increased over time,
especially in 2006 and 2016 compared to 1986 and 1996. The median age at menarche for the
total sample of rural girls was 13.25+0.20 years. Menarche was earlier among Overweight,
compared to Normal Weight and Thin, and among girls resident in communities with Major
population growth (12.58+0.44 years) compared to Little/No growth (13.65+0.14 years). Speed
and flexibility declined, while the jump and step test index changed variably across surveys.
Although agility improved across surveys, the major improvement occurred between 1986 and

1996. Performances on all fitness tests except flexibility were poorer among Owt/Ob compared
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to Normal and Thin youth, but performances on fitness tests within weight status groups did

not differ consistently across surveys.

Conclusion: Significant secular changes occurred in the heights and weights of rural school
children in the 10 rural communities between 1986 and 2016, but estimated rates of change
across sequential decennial surveys were variable. The results were generally consistent with
corresponding studies of Polish youth. Secular changes in the BMI between 1986 and 2016
were significant. Age-adjusted mean BMIs suggested a gradient: 2016 > 2006 > 1996 > 1986.
However, changes across the decennial surveys varied. The observed changes in overweight
and obesity between 1986 and 2016 were consistent with studies in Poland spanning the past
two generations. The age at menarche which were generally consistent with recent surveys of
among rural girls in Poland and among girls classified by weight status, however, corresponding
comparative data relating menarche to population growth are lacking. Performances of rural
school youth on 5 tests of physical fitness changed significantly, but, variably, in the observed
period. The results were generally consistent with other studies of Polish school youth that
spanned a similar interval. Relationships between the BMI and fitness tests varied across
surveys, but suggested reasonably consistent curvilinear relationships between fitness tests and

the BMI among boys more so than girls.
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Abstract

Objective: To evaluate secular changes in the heights and weights of rural
school youth in west-central Poland across decennial surveys of the same com-
munities spanning 1986 and 2016.

Methods: Heights and weights of school youth 7 to 15 years in 10 rural com-
munities in the vicinity of the city of Poznan were measured in 1986 (1417
boys, 1326 girls), 1996 (979 boys, 947 girls), 2006 (871 boys, 843 girls), and 2016
(1189 boys, 1105 girls). Descriptive statistics for sex-specific single year chrono-
logical age groups were calculated by survey, while the sample was partitioned
into three age groups (7-9, 10-12, 13-15 years) for detailed analysis of changes
across surveys using sex-specific ANCOVA with age and age® as covariates.
Pairwise post hoc comparisons between specific surveys, adjusted for multiple
comparisons (Bonferroni), were evaluated.

Results: Heights and weights of rural school youth increased significantly
between 1986 and 2016, but estimated secular gains between adjacent surveys
were variable and not linear over time.

Conclusion: Significant secular changes occurred in the heights and weights of
rural school children in the 10 rural communities between 1986 and 2016, but
estimated rates of change across sequential decennial surveys were variable. The
results were generally consistent with corresponding studies of Polish youth.

differences between urban and rural children and youth have
declined over the past 40years (Gomula, Nowak-

Studies of secular changes in the body size of children, adoles-
cents and young adults over the past 100 years or so have a
long tradition, in general (Bielicki, 1986; Malina, 1979, 2004;
Roche, 1979; Tanner, 1962, 1981, 1992), and also in Poland
(Bielicki & Szklarska, 1999; Jankowiak, 1962; Jasicki, 1938;
Lopuszanska-Dawid et al., 2020; Trze$niowski, 1990). The
Polish data have consistently shown an urban-rural gradient
in size attained across time (Hulanicka, Brajczewski,
Jedlinska, Stawiniska, & Waliszko, 1990; Laska-Mierzejewska,
Dobosz, Nowacka-Dobosz, Olszewska, & Wilczewski, 2016;
Nowak, 2012; Przeweda & Dobosz, 2003), although

Szczepanska, Danel, & Koziel, 2015; Laska-Mierzejewska
et al, 2016; Laska-Mierzejewska & Olszewska, 2003, 2009;
Saczuk, 2018).

Secular changes in Poland have also been addressed
in specific urban and rural communities. Heights and
weights of urban children and youth resident in the city
of Poznan increased across surveys spanning the 1880s
and 2000 in boys and the 1920s and 2000 in girls
(Krawczynski, Walkowiak, & Krzyzaniak, 2000, 2003).
Changes in height between 1990 and 2000, however,
were negligible among boys and girls 3 to 18 years;
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corresponding changes in weight were also negligible
between 3 and 13 years, but boys and girls 14 to 18 years
in 1990 were slightly heavier than peers in 2000. Similar
trends were noted among urban girls resident in Krakow
between 1938 and 2010; changes in height and weight
were negligible between 2000 and 2010, except among
girls 11 to 16 years who were, on average, slightly heavier
in 2010 (Woronkowicz, Cichocka, Kowal, Kryst, &
Sobiecki, 2012).

Recent secular gains in heights and weights of rural
children and youth in Poland were consistent with those
for the general population and for major cities. For exam-
ple, significant secular gains in the heights and weights
of school children and youth resident in towns and vil-
lages in several provinces in eastern Poland were noted
between 1986 and 2006, but corresponding gains between
2006 and 2016, though significant, were relatively small
(Saczuk, 2018). Among school children 7 to 15 years resi-
dent in seven rural communities in the copper mining
district of Lower Silesia, heights and weights increased
significantly between 2000 to 2001 and 2010 to 2011,
although weights increased proportionately more than
heights (Ignasiak, Stawinska, & Malina, 2016).

The purpose of this study is to compare secular
changes in the heights and weights of school children
and youth 7 to 15years of age resident in the same
10 rural communities in the Greater Poland province in
west-central Poland across four decennial surveys, 1986,
1996, 2006, and 2016. The time interval spans significant
political, economic and social transitions in Poland,
which are commonly cited as factors affecting recent sec-
ular changes (Gomuta et al., 2015; Saczuk, 2018). The
1986 survey was done during the interval spanning major
strikes and political unrest in the early 1980s, the col-
lapse of the communist government, and the first demo-
cratic elections in 1991. Subsequent surveys spanned the
political, economic and social transitions associated
with adaptations to a democratic system. Although
community-specific data for the political, economic and
social changes are not available, it is reasonable to
assume that changes in each community during the
interval of the four surveys interacted with and were
perhaps differentially influenced by the transitions
occurring in country-wide.

2 | METHODS

2.1 | Background

The research was conducted in the Greater Poland prov-
ince (Wielkapolska voivoidship) located in west-central
Poland. The province is second in area (29 826 km?) and

third in population size (~3.5 million in 2017) among the
16 provinces that currently comprise Poland. At the time
of the 1986 and 1996 surveys, the communities consid-
ered in this study were located in the then Poznan prov-
ince; in 1999, however, five provinces in the region
(Poznan, Kalisz, Konin, Pila, and Leszno) were combined
to form Greater Poland (Dziki, 2013).

The city of Poznan is the capital of Greater Poland;
other important cities are Kalisz, Konin, Pila, Ostrow
Wielkopolski, Gniezno, and Leszno. The province is a
major transportation hub, as a great deal of east to west
traffic from Russia and other countries formed from the
former Soviet Union to Germany and other European
Union member states passes through Poznan and Konin.
A major highway is currently under construction and will
run from the western border of Poland through Poznan
to Warsaw, and then via Belarus to Moscow.

A survey of the growth status and physical fitness of
children attending schools in 10 rural communities in
the province of Poznan was conducted in the 1985/1986
school year (Strzelczyk, 1995). The communities were
selected in cooperation with the provincial Board of Edu-
cation and Development in Poznan and with the
approval of the respective community authorities to rep-
resent different regions of the province. Available facili-
ties, including a gymnasium (or sports hall) and number
of students, were also considered in the selection process.
Location of each community relative to the city of
Poznan in1986 is shown in Figure 1; distances from the
city ranged from 19 km to 75 km, and population sizes
varied between 4642 and 9850 in 1986.

School children and youth in the same 10 communi-
ties were subsequently surveyed in 1996 (Janowski, 2001;
Karpowicz, 2001), 2006 (Janowski, 2017), and 2016 (this
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FIGURE 1
10 rural communities in 1986

Map of the Poznan district and locations of the
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study). According to local records, none of the 10 commu-
nities was involved in previous secular trend research in
Poland.

The region comprising the 10 communities had a
high proportion of state-owned and cooperative farms at
the time of the first survey (Banski, 2010). Two had state-
owned farms (Pamiatkowo and Kwilcz), and one had a
cooperative farm (Wojnowice). The other communities
had family-based farms, but all were located relatively
short distances from state farms (4-10 km) and it is likely
that some residents worked on the state or cooperative
farms. Although rural, one of the communities
(Biedrusko) was adjacent to a military base (Baza danych
Krajowego Osrodka Wspierania Rolnictwa, 2019). With
the liquidation of state farms in the early 1990s and asso-
ciated political and economic changes, the structure of
agriculture changed with more focus on family owned
farms. This is addressed in more detail in the Discussion.

2.2 | Ethics

The initial survey was approved by the provincial Board
of Education and Development and educational authori-
ties of each community; the subsequent surveys were
approved by the Human Ethics Research Committee of
the Karol Marcinkowski Medical University in Poznan
(KB 907/16 for 2016) and educational authorities of each
community. Parents or legal guardians provided written
informed consent for their child or children to partici-
pate, while the latter provided assent for their participa-
tion. The surveys were conducted by faculty and staff of
the University of Physical Education in Poznan with the
assistance of teachers at each school.

2.3 | Samples

Children and youth comprising the samples were enrolled
in elementary schools (grades 1-6) and gymnasiums (grades
7-9) in each community. The total initial sample across all
surveys included 4531 boys and 4332 girls (N = 8863), who
were classified into single year chronological age
(CA) groups with the whole year as the mid-point of the
interval, that is, 7 years = 6.50 to 7.49, 8 years = 7.50 to 8.49
... through ... 15 years = 14.50 to 15.49 years. Seven children
were < 6.5 years (3 boys, 4 girls) and 179 were > 15.5 years
(75 boys, 104 girls), and were excluded. The latter were rep-
resented only in the 2006 and 2016 surveys. The analysis
was thus limited to school children and youth 7 to 15 years
of age: 1417 boys and 1326 girls in 1986, 979 boys and
947 girls in 1996, 871 boys and 843 girls in 2006, and 1189
boys and 1105 girls in 2016.

ﬁt American Journal of Human Biology_WI LEYJ3—0m

24 | Anthropometry

Height and weight were measured by trained and experi-
enced staff of the Department of Anthropology and
Biometry of the University of Physical Education in
Poznan following the procedures of Martin and
Saller (1957). Measurements were taken in the gymna-
sium of each school between 8:00 am and 3:00 pm; chil-
dren wore gym clothes (shorts and t-shirt). Height
(without shoes) was measured to the nearest millimeter
with a Harpenden anthropometer in the four surveys
(GPM, Switzerland). Weight was measured to 0.1 kg with
a mechanical medical column scale (Lubelskie Fabryki
Wag, Poland) in1986, and with electronic weighing scales
in the subsequent surveys (Wagi Wielkopolska, Poland,
1996 and 2006 surveys; Tanita, Japan, 2016 survey). The
scales were calibrated in the respective communities
before each survey.

2.5 | Analysis

Means and standard deviations were calculated for single
year CA groups of boys and girls, respectively, in each
survey, and the corresponding means were graphically
plotted to illustrate trends across time. Given variable
numbers across surveys, the samples in each survey were
combined into three age groups for more detailed ana-
lyses of secular change: (a) 7 to 9 years—middle child-
hood in both sexes; (b) 10 to 12 years—transition into
puberty and mid-puberty (most girls) and transition into
puberty (most boys); and (c) 13 to 15 years—late adoles-
cence (most girls), interval of the growth spurt (most
boys). Comparisons of height and weight across the four
surveys in each of the three age groups were then
addressed with sex-specific ANCOVAs with age and age®
as covariates. Age and age” adjust for potential linear and
nonlinear effects of age distributions, respectively.
Pairwise post hoc comparisons between specific surveys,
adjusted for multiple comparisons (Bonferroni), were
evaluated. The post hoc comparisons indicate the signifi-
cance of differences across the 40 year interval and
between specific surveys.

3 | RESULTS

3.1 | Trends across surveys

Sample sizes and descriptive statistics for age, height and
weight in boys and girls by single year CA groups in each
survey are summarized in Table S1, while trends in
means across surveys are illustrated in Figures 2 and 3.
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FIGURE 3 Trendsin means for A, height and B, weight by CA among girls in the four surveys spanning 1986 through 2016

Among boys (Figure 2A), heights at 7 and 8 years do not
differ between 1986 and 1996 and between 2006 and
2016, but heights in the latter are greater at these ages. At
subsequent ages, heights systematically increase, on aver-
age, across the four surveys. Among girls (Figure 3A),
heights in 1996 and 2006 do not consistently differ
throughout the age range, allowing for the sample of
7 year old girls in 2006 which was significantly older than

samples in the other surveys. Otherwise, heights of girls
in 2016 are, on average, taller than those of girls in the
other three surveys from 7 through 12 years, while differ-
ences are variable between 13 and 15 years.

With few exceptions, the trends in body weight sug-
gest a secular increase across the four surveys of boys
(Figure 2B), but the magnitude of differences between
1986 and 1996 and between 2006 and 2016 are relatively
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small. Allowing for variation in age among the 7 year old
sample in 2006 (noted above), the magnitude of the secu-
lar trend in body weight among the four surveys of girls
is variable (Figure 3B), although girls in 2016 are, on
average, heaviest.

3.2 | Comparisons by age groups

Results of the ANCOVAs in the three combined age
groups across the four surveys, controlling for age and
agez, are summarized in Table 1 for boys and Table 2 for
girls. Heights and weights differ significantly (P < .001)
among the four surveys in each age group. Age-adjusted
means indicate a reasonably clear gradient across surveys
in boys: 2016 > 2006 > 1996 > 1986. Pairwise compari-
sons between adjacent surveys are significant, except for
height in the 7 to 9 and 13 to 15 age groups where
2016 = 2006, and for weight at 7 to 9 years where
2016 = 2006.

The corresponding gradient in age-adjusted mean
heights of girls is generally similar in the three age
groups: 2016 > 2006 > 1996 > 1986, but pairwise com-
parisons between specific surveys are not consistent.
Height is significantly greater in 2016 than 2006 at 10 to
12 years, but does not differ significantly between the
two surveys in girls 7 to 9 and 13 to 15 years. On the
other hand, age-adjusted mean heights do not differ sig-
nificantly between 2006 and 1996 among girls in the
three age groups, but heights in 2016 are significantly
greater than those in 1996 and 1986 in the three age
groups. Although a similar gradient is suggested for
body weight among girls, pairwise comparisons across
surveys are variable except in children 7 to 9 years,
among whom significant pairwise comparisons across
surveys indicate a clear secular gradient in body weight:
2016 > 2006 > 1996 > 1986. Among girls 10 to 12 years,
age-adjusted mean weights do not differ significantly
between 2006 and 1996, but weights in 2016 are signifi-
cantly greater than those in 1996 and 1986:
2016 > 1996 > 1986. Among girls 13 to 15 years, weights
in 1986 and 1996 do not differ, but are significantly less
than weights in 2006 and 2016, which do not differ.

3.3 | Estimated decennial changes

Over the 30 year interval, estimated secular changes are
similar in boys and girls 7 to 9 years and reasonably simi-
lar at 10 to 12 years, while corresponding changes are
greater in boys than in girls 13 to 15 years (Table 3).
Comparisons of sequential decennial surveys, however,
suggest that the secular increases in body size are not

linear and variable. Among boys, major gains in height
in the three age groups occur between 1996 and 2006
with smaller gains between 1986 and 1996, while esti-
mated gains between 2006 and 2016 are smallest. Major
gains in height in girls 7 to 9 and 13 to 15 years occur
between 1986 and 1996, followed by relatively similar
gains in the subsequent decennial surveys. Among girls
10 to 12years, the largest secular increase in height
occurs between 2006 and 2016 compared to a smaller
gain between 1986 and 1996 and a negligible gain
between 1996 and 2006.

Gains in body weight between 1996 and 2006 among
boys, which increase across the age groups, account for
the major portion of observed secular gains over the
40 years spanning 1986-2016. Gains in weight between
1986 and 1996 are smaller and generally similar in the
three age groups, while corresponding gains between
2006 and 2016 are minimal at 7 to 9 years and increase in
the two older age groups of boys. In contrast, secular
gains in weight of girls 7 to 9 and 10 to 12 years are rela-
tively similar across decennial surveys, but gains in girls
13 to 15years show a major gain between 1996 and
2006 years after no change between 1986 and 1996.

4 | DISCUSSION

Observations for school children and youth resident in
10 rural communities in the vicinity of the city of Poznan
between 1986 and 2016 indicated significant secular
increases in height and weight over the 30 year interval.
However, estimated secular gains between adjacent sur-
veys were variable and not linear over time (Table 3).
The heights of rural children and youth 7 to 15 years in
the 2016 survey compared favorably to suggested refer-
ence data for Poland, while weights were, on average,
somewhat higher than the reference (Kulaga et al., 2011).
The means heights and weights of youth 10 to 15 years in
2016 compared favorably to youth of the same CA in the
Poznan province measured in 2008 to 2011 (Kaczmarek,
Cieslik, Han¢, Durda, & Skrzypczak, 2011).

41 | Secular changes among polish
children and youth

Details of secular changes in studies of Polish children
and youth are variably presented in the literature. Some
focused primarily on graphic illustration of secular
changes, while others were limited to comparisons of
adjacent surveys within single year CA groups. Potential
age variation within CA groups across time was generally
not considered or reported. In the present study of rural
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Secular gains/losses

TABLE 3 Estimated secular
changes in height and weight (means

30 years Adjacent surveys (per decade) [M] and SE based on ANCOVA with
age and age” as covariates) between
1986-2016 1986-1996 1996-2006 2006-2016 1986 and 2016 (30 years) and between
Age Group M SE M SE M SE M SE adjacent decennial surveys in boys and
Height, cm girls
Boys 7-9 4.33 0.41* 1.33 0.45* 2.55 0.53* 0.45 0.49
10-12 6.86 0.46* 215 0.47* 3.14 0.51* 1.57 0.50*
13-15 726  0.58*  2.89 0.60* 347 0.68* 091 0.65
Girls 7-9 4.34 0.41* 211 0.47* 1.17 0.54 1.07 0.50
10-12 6.10 0.48* 2.52 0.48* 049 053 3.08 0.53*
13-15 3.52 0.49* 1.74 0.47* 0.94 0.52 0.84 0.52
Weight, kg
Boys 7-9 4.39 0.42%* 1.85 0.46* 2.28 0.54* 0.26 0.50
10-12 7.12 0.55* 1.59 0.57* 3.71 0.61* 1.82 0.60*
13-15 8.67 0.77* 231 0.80* 4.04 0.90* 2.31 0.86*
Girls 7-9 5.16 0.45* 1.83 0.51* 1.76 0.59* 1.57 0.55*
10-12 6.83 0.60* 2.30 0.60* 1.42 0.66 3.11 0.66*
13-15 3.60 0.70* —0.23 0.69 2.69 0.75* 1.14 0.76
*P < .05.

children and youth from communities in the vicinity of
Poznan, secular changes were illustrated graphically
(Figures 2 and 3) and were also compared across four
decennial surveys in three age groups, 7 to 9, 10 to
12, and 13 to 15 years, statistically controlling for age var-
iation in the different surveys (Tables 1 and 2).

In an effort to integrate the observations for rural
school children and youth in the four surveys spanning
1986 through 2016 with studies of secular change in
Poland, age-and sex-specific mean heights and weights in
each survey and corresponding values reported for chil-
dren and youth in other surveys of secular change in
Poland during approximately the same interval were sum-
marized (Table S2A-D). The studies spanned the age
range of the present study, 7 to 15 years, and included two
nationally representative samples (Gomuta et al., 2015;
Przeweda & Dobosz, 2003), samples from three cities,
Poznan (Krawczynski et al, 2000; Krawczynski
et al., 2003), Cracow (Kowal et al., 2011) and Rzeszow
(Perenc, Radochonska, & Btajda, 2016), and largely rural
samples in eastern Poland adjacent to the border with
Belarus (Saczuk, 2018; Wilczewski, 2005; Wilczewski &
Wilczewski, 2018). All studies used single year CA groups
as in the present study with mean ages at the whole year,
that is, 7.0, 8.0...15.0 years, except for two studies, one of
the national surveys and the surveys in Cracow, which
used single year CA groups with mean ages at the mid-
year of the interval, that is, 7.5, 8.5...15.5 years.

In addition, estimated secular changes in heights
(cm) and weights (kg) across the time intervals consid-
ered by each study were expressed as differences between
the reported age-specific means in the present study and
each comparative study (Table S3A,B). For each study,
the differences were initially calculated across the total
time interval considered and then calculated between
adjacent surveys.

Two key observations were apparent in the studies
summarized. First, mean heights and weights of school
children and youth resident in rural communities in the
region of Poznan in each of the four decennial surveys
spanning 1986 and 2016 overlapped those in the other
studies of Polish children and youth of the same age,
especially those close to the time of each survey. Note,
samples in the three national surveys (Przeweda &
Dobosz, 2003) and three surveys of Cracow children and
youth (Kowal et al., 2011) were, on average, 0.5 year
older in each age group than children and youth in the
other surveys considered.

Second, mean differences (ie, secular changes) across
the total time span of each study/survey overlapped
among studies and mean differences between specific
pairs of sequential surveys also varied considerably. For
example, estimated changes in the heights and weights of
each age group of rural boys and girls in the 10 communi-
ties between 1986 and 2016 were comparable with and
overlapped those noted in national samples between
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1988 and 2012 (Gomuta et al., 2015). On the other hand,
changes in the heights and weights of each age group of
rural boys and girls in the 10 communities between 1986
and 1996 were generally less than corresponding changes
in national samples between 1989 and 1999 (Przeweda &
Dobosz, 2003). Similar trends were apparent in compari-
sons with other studies. By inference, secular gains were
variable and not linear over time.

4.2 | Transformations in Poland

The secular changes spanning 1986 and 2016 must be
viewed within the context major political, economic and
social transitions in Poland. As noted earlier, the 1986
survey was done during the interval between major
strikes and political unrest in the early 1980s, the collapse
of the communist government, and the first democratic
elections in 1991. Subsequent surveys spanned significant
political, economic and social transitions associated with
adaptation to a western democratic system. Although
community specific data are not available, it is reasonable
to assume that changing and perhaps variable conditions
in each community across surveys interacted with the
transitions occurring in Poland in general, which contrib-
uted to variation in estimated rates of secular change
(Table 3).

Changes in the economic and agricultural sectors
and their interactions are relevant to discussions of sec-
ular change given potential impact on nutritional and
health status. Moreover, changes in the agricultural sec-
tor are especially relevant given that the communities
studied were agriculture-dependent (see below).
Although the Polish economy was gradually incorpo-
rated into the international and global economic system
during interval of the four surveys (Urbanowska-
Sojkin & Banaszyk, 2009), it is important to note that
the general economy was still largely connected with
socialist countries, mainly with the USSR, during the
1986 and 1996 surveys.

The transformation had a major impact on Polish
agriculture. In 1980, state farms employed approximately
490 per 1000 individuals, and on average, state farms
employed 12 people per 100 ha. More than 50% of state
funds allocated to agriculture went to state-owned farms
until 1988. Although there were three types of farms in
Poland, state, cooperative and family-owned, state farms
accumulated large losses through 1993 (Bukraba-Rylska,
2008). The price per unit of products produced by farmers
in 1990 to 1991 declined by 63%, while real farm income
declined >40% and wages of employees declined by about
37% (Kowalik, 2009). With the shift to a market economy
in 1991, state farms were liquidated and assets were

taken over by the Agricultural Property Agency of the
Treasury (now Agricultural Property Agency).

As noted earlier, the region comprising the 10 rural
communities had a high proportion of state-owned and
cooperative farms in the 1980s (Banski, 2010). Two com-
munities had state-owned farms (Pamiatkowo and
Kwilcz) and one had a cooperative farm (Wojnowice).
The others did not have state-owned or cooperative
farms, but were located relatively short distances from
state farms (4-10 km). It was reasonable to assume that
some residents worked on the state-owned or cooperative
farms; the communities also had small family-owned
farms. One community (Biedrusko) was adjacent to a
military base (Baza danych Krajowego Osrodka
Wspierania Rolnictwa, 2019) and likely benefited from
jobs associated with the base.

State and cooperative farms also influenced the social
life in the rural communities, and in many ways ensured
that the needs of employees and their families were met.
With the liquidation of state farms in the 1990s and asso-
ciated political and economic changes, the structure and
services of rural communities were also affected. Perhaps
the most relevant, among other changes, was the reduc-
tion in bus connections and railway lines, and closure of
some primary (grades 1-3) and elementary schools
(grades 1-6) in the 1990s. Schools in the 10 communities
of the present study were not affected by the closures.

The Agricultural Property Agency provided a pro-
gram for former employees on state farms between 1991
and 2004. The number of unemployment claims indicat-
ing state-owned farms as the last place of employment
was 100 000 in 1991, but declined by about one-half in
2004 as approximately 48 000 of unemployed individuals
received a job or a job offer. In addition, about 1.2 billion
Polish ztoty were spent on various forms of assistance for
those who worked on state farms between 1999 and 2004,
including educational scholarships. Former state farm
employees were also offered an opportunity to purchase
an apartment at preferential rates (Zglinski, 2003).

Access to the European Union in 2004 was important
for Polish agriculture as Poland was included with the
Common Agricultural Policy (CAP). The policy involved
the introduction of direct payments to farmers for their
crops and facilitated acquisition of agricultural machin-
ery at reduced prices. On the other hand, the number of
small farms which produced food items for personal use
was reduced, and the rural population declined during
the political and economic transition. The rural popula-
tion comprised 52% of the national population of Poland
in 1960, declined to 41% in 1980 (ie, time of the strikes
and political unrest), and was stable through 1990 (38%)
and 2016 (40%) (Rocznik Statystyczny Rzeczpospolitej
Polskiej, 2017). Nevertheless, changes in rural areas
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adjacent to large cities over time contributed to the devel-
opment of suburban zones which increasingly share fea-
tures in common with urban centers.

Changes in the 10 communities likely occurred as res-
idents adapted to the new economic conditions. Although
family farms were generally more productive during the
reforms and many actively joined the developing market
economy, alcoholism, passivity and perceptions of help-
lessness increased in many rural communities as overall
agricultural conditions deteriorated (Gorecki, 2015;
Halamska, 2011). Of relevance, how these changes and
others influenced conditions in the specific communities
and in turn the growth status of school children in the
respective communities across the surveys spanning the
30 year interval merits attention.

The market transformation likely contributed to an
improvement in the quality of education in rural areas,
and the number of young adult rural residents with a
higher education increased over time. Based on question-
naires completed by the parents of children and youth in
the four surveys comprising the present study, the major-
ity of parents had only an elementary education in 1986
(~77% of both fathers and mothers). Over the 1996 and
2006 surveys, the proportion of fathers with only an ele-
mentary education declined only slightly (75% and 73%,
respectively), while the proportion of mothers with only
an elementary education declined more so (67% and 57%,
respectively). Across the first three surveys, on the other
hand, the percentages of mothers with a technical or sec-
ondary school education increased steadily, 22%, 29% and
38%, respectively, but the corresponding percentages of
fathers changed only slightly, 19%, 19% and 23%, respec-
tively. The proportion of parents of both sexes with a
higher education across the first three surveys was 3% in
1986 and 5% in 1996 and 2006, but the educational status
of parents of the school children in 2016 changed consid-
erably. Percentages of fathers with an elementary, techni-
cal/secondary, or higher education in 2016 were 54%,
30%, and 15%, respectively, while percentages among
mothers were 37%, 39%, and 24%, respectively.

Given the economic and political transformations in
Poland and associated social, occupational and educational
changes, the Polish family and living conditions have
changed, especially between 2006 and 2016. Perhaps the
most significant was the reduction in multi-generational
families and in the number of children in the family. The
trends likely reflect the results of the choices of young peo-
ple who were increasingly investing time in education in
an effort to attain a level of education that would provide
economic stability, including an increase in the number of
working-mothers. The changes undoubtedly influenced
responsibilities for child care and after school activities of
children (Bienkowska & Kitlinska-Krol, 2017).

43 | Overview

The significant changes in political, economic and social
conditions in Poland during the interval spanning the
four decennial surveys comprising the present study were
considerable. Associated changes in living conditions,
nutritional status and health care were sufficient to sup-
port a significant secular increase in the growth status of
rural school children and youth 7 to 15 years of age
between 1986 and 2016. Secular increases in the three
age groups, 7 to 9, 10 to 12, and 13 to 15 years, however,
were not linear across the four decennial surveys. The lat-
ter highlighted the need to address secular change in
individual communities and to identify community-
specific factors that may influence secular changes.

The present study is unique in that school children and
youth in the same 10 communities were surveyed on four
occasions between 1986 and 2016. Several studies of secular
change have also included the same regions and cities
(Table S2A-D), though it is not always clear if the same
rural communities were considered. Nevertheless, recent
studies of secular changes in the BMI in children and youth
attending the same schools in urban and rural areas of the
Podlaskie Province in 1986 and 2006 (Saczuk &
Wasiluk, 2014) and in a random selection of students
attending the same schools in the Podcarpathian Province
in 1998 and 2008 (Mazur, Klimek, Telega, Filip, &
Matecka-Tendera, 2014) have been reported. Unfortunately,
the heights and weights of the students were not reported,
and variation among communities was not considered.

An indicator of maturity status was not included in the
first three surveys. This is a major limitation as it is likely
that changes in maturity status across time influenced sec-
ular increases in body size. Median age at menarche in
girls from the 10 communities, based on the status quo
method in the 2016 survey, was 13.3 years (95% CI
13.0-13.7 years), and was slightly later than observed in
small cites (13.1, 95% CI 12.9-13.4 years) and rural villages
(13.1, 95% CI 129-13.3years) in 2012 (Gomuta &
Koziet, 2018). Of interest, mean ages at menarche among
nationally representative samples of Polish girls from
urban centers, small cities and rural villages in Poland
declined, on average, between 1966 and 1978, increased
slightly to 1988, and then declined to 2012 (Gomula &
Koziet, 2018). Median recalled ages at menarche of rural
and urban school girls 13 to 18 years of age in the Greater
Poland province based on questionnaire survey in 2009 to
2010 were 13.0 and 12.5 years, respectively (Durda, 2011).
The former was comparable to the median age of
13.3 years in the 2016 survey of rural girls.

In summary, the magnitude of the secular changes in
the heights and weights of children and youth from
10 rural communities between 1986 and 2016 were
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significant and consistent with observations in Poland
across this interval. Estimated rates of secular change,
however, varied across the four decennial surveys.
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Supplementary Table 1. Sample sizes and means and standard deviations for age, height and

weight in single year chronological age groups by year of survey

BOYS GIRLS

Year, Age, Height,  Weight, Age, Height,  Weight,
Age yrs cm kg yrs cm kg
Group N M SD M SD M SD N M SD M SD M SD
1986

7 75 7.2 02 1233 50 234 35 79 7.2 02 1222 56 231 56

8 189 80 03 1284 59 264 51 160 8.0 0.3 126.6 51 25.0 3.7

9 177 9.0 03 1331 6.0 289 47 170 9.1 0.3 1333 54 286 5.3
10 175 10.0 0.3 138.1 58 322 56 149 10.0 0.3 137.8 59 314 54
11 186 11.0 0.3 143.0 6.2 355 6.5 186 11.0 0.3 1427 7.1 352 7.9
12 161 12.0 0.3 148.0 7.5 398 7.7 170 12.0 0.3 150.1 7.3 40.6 8.1
13 171 13.0 0.3 1539 84 440 9.2 179 13.0 0.3 1554 6.2 46.2 8.3
14 171 139 0.3 161.0 81 496 95 155 14.0 0.3 1579 65 499 85
15 112 148 0.3 168.1 74 56.1 9.2 78 148 0.2 161.0 54 532 83
1996

7 64 7.2 0.2 1237 48 248 3.7 49 7.1 02 1244 59 240 32

8 115 80 0.3 1296 56 274 41 109 8.0 0.3 1289 6.2 27.0 5.0

9 93 9.0 0.3 1359 65 323 6.8 101 89 0.3 1344 59 30.1 6.1
10 114 10.0 0.3 1401 6.7 338 75 120 10.0 0.3 140.2 6.6 35.0 8.1
11 137 11.0 0.3 1455 76 371 8.0 133 11.0 0.3 1464 7.1 377 75
12 132 119 0.3 1498 82 412 10.8 124 12.0 0.3 1513 79 415 95
13 128 13.0 0.3 157.8 84 47.8 105 129 13.0 0.3 155.6 7.6 456 9.6
14 130 140 0.3 164.4 95 515 108 118 140 0.3 161.2 53 503 85

15 66 148 0.2 1695 7.9 57.2 11.0 64 147 0.1 162.7 58 522 7.4



Supplementary Table 1 (continued). Sample sizes and,means and standard deviations for age,

height and weight in single year chronological age groups by year of survey

BOYS GIRLS

Year, Age, Height,  Weight, Age, Height,  Weight,
Age yrs cm kg yrs cm kg
Group N M SD M SD M SD N M SD M SD M SD
2006

7 48 7.2 0.2 127.7 51 26.8 4.6 20 74 0.1 1276 51 295 65

8 79 8.0 03 1320 70 30.6 8.0 97 8.0 03 1300 6.1 285 57

9 91 9.0 03 1374 59 337 7.7 102 9.0 0.3 1353 6.8 315 76
10 123 10.0 0.3 1426 65 36.7 8.1 113 10.0 0.3 1396 69 340 7.3
11 128 11.0 0.3 1489 6.2 415 9.1 126 11.0 0.3 1475 86 40.9 9.7
12 125 12.0 0.3 153.0 7.8 449 10.0 97 12.0 0.3 1523 7.0 434 94
13 92 13.0 0.3 161.610.0 523 14.1 106 13.0 0.3 1569 7.0 48.0104
14 103 14.0 0.3 168.4 9.3 559 11.0 104 14.0 0.3 1623 6.1 535 96
15 82 15.0 0.3 1723 7.0 614 098 78 15.0 0.3 1625 6.5 54.8 89
2016

7 100 7.2 0.2 128.0 65 276 6.6 123 7.1 0.3 1266 56 26.8 6.2

8 151 80 03 1326 6.3 303 74 146 8.0 0.3 1314 69 30.3 83

9 132 90 03 1378 64 343 7.3 147 9.0 0.3 1368 7.0 343 9.7
10 145 9.9 0.3 1436 76 378 8.6 140 10.0 0.3 1424 75 36.5 9.7
11 144 109 0.3 1495 82 43.0 9.8 137 11.0 0.3 149.7 76 425 99
12 133 12.0 0.3 1559 83 475 11.0 113 12.0 0.3 156.2 7.0 48.613.0
13 128 13.1 0.3 163.0 9.3 534 124 111 13.0 0.3 158.0 6.7 494111
14 119 139 0.3 169.0 85 584 12.3 96 139 0.3 1629 6.2 54.310.0

15 137 150 0.3 1739 6.8 65.3 13.2 90 15.0 0.3 1634 56 56.0 7.9



Supplementary Table 2A. Mean heights (cm) of rural BOYS in the present study (1986-2016) and in
several studies of secular change in Poland within the time interval

This Majority Rural Urban Urban
Study  Eastern Poland  National Poznan Rzeszéw National Cracow
Age 1986 1986° 1985-6° 1978° 1980-1* 1978-9° Age 1979° 1983’
7 1233 1242 1248 121.7 1246 1211 75 1247 1242
8 1284 1276 1283 127.0 1293 1277 85 1288 129.4
9 1331 1323 1327 131.9 1347 1331 95 1337 1350
10 1381 1380 1375 137.1 140.1 1375 105 1384 1407
11 1430 1449 1420 141.8 1452 1423 115 1433 1449
12 1480 1471 1471 1473 150.6 1486 125 1485 149.2
13 1539 1545 1536 153.0 158.1 1556 135 1550 157.4
14 161.0 1618 1598 160.9 1643 1623 145 1618 1645
15 168.1 1654 1658 166.7 172.0 167.8 155 167.7 169.8
1996 1996' 1990°  1988° 1990-1* 1993-4° 1989°
7 1237 1266 1229 1222 1252 1212 75 1258
8 1296 1274 127.8 128.1 1313 1275 85 1296
9 1359 1334 133.0 133.0 1351 1329 95 1348
10 140.1 139.1 1375 138.3 1417 1372 105 139.8
11 1455 1450 1428 142.9 1465 1436 115 1444
12 149.8 150.6 1482 148.8 1525 149.0 125 150.0
13 157.8 1564 1546 154.7 159.1 1547 135 157.0
14 1644 1628 161.2 162.4 1665 163.8 145 164.4
15 1655 169.7 168.9 168.8 1724 169.6 155 170.0

2006 2006 20007 2000  2003-4° 1999° 2000’
7 1277 1251 1249 1255 1264 75 1278 126.8
8 132.0 1303 1295 130.6 1309 85 1327 1323
9 1374 1353 1351 1359 1373 95 1378 1366
10 142.6 1424 1397 140.8  143.0 105 1432 1431
11 1489 146.7 1451 146.6 1463 115 1486 149.0
12 153.0 1522 1502 1522 1527 125 1550 153.6
13 1616 159.8 1575 158.8 157.4 135 162.1 162.8
14 1684 166.3 164.8 166.7 1657 145 1682 168.3
15 172.3 1702 1705 1714 1709 155 173.8 1737

2016 2016 2015-6° 2012° 2013-4° 2010’
7 1280 1286 1287 125.2 1264 75 127.7
8 1326 1325 133.1 130.5 1299 85 133.8
9 137.8 1373 1371 135.9 1371 95 138.6
10 1436 1441 1443 142.2 1419 105 142.9
11 1495 147.8 1482 146.5 1458 115 148.9
12 1559 153.1 153.3 152.9 152.7 125 157.0
13 163.0 159.8 158.8 160.0 1542 135 164.7
14 169.0 1675 167.0 167.4 168.2 145 170.1

15 1739 1727 1732 172.8 179.8 155 174.2



Supplementary Table 2B. Mean weights (kg) of rural BOYS in the present study (1986-2016) and in
several studies of secular change in Poland within the time interval

This Majority Rural Urban Urban
Study  Eastern Poland  National Poznan Rzeszow National Cracow
Age 1986 1986° 1985-6° 1978° 1980-1* 1978-9° Age  1979° 1983’
7 234 257 243 235 252 241 75 250 258
8 264 267 261 258 275 270 85 271 283
9 289 300 288 285 307 299 95 298 307
10 322 328 316 316 340 325 105 326 347
11 355 379 342 343 377 352 115 357 377
12 398 389 382 383 419 393 125 395 413
13 440 444 430 429 480 452 135 447 477
14 496 507 480 488 519 504 145 505  53.8
15 561 581 531 547 590 551 155 566  58.9
1996 1996 1990°  1988° 1990-1* 1993-4° 1989°
7 248 259 239 237 251 239 75 254
8 274 266 264 264 283 268 85 273
9 323 299 293 293 312 295 95 303
10 338 335 319 325 343 320 105 334
11 371 366 351 354 385 360 115 366
12 412 408 388 395 431 394 125 407
13 478 457 441 444 489 445 135 463
14 515 503 488 505 544 523 145 529
15 572 544 571 573 616 568 155  59.2

2006 2006 20007 2000  2003-4° 1999° 2000’
7 268 251 249 255  27.1 75 264 267
8 306 278 27.1 28.2  30.1 85 293 296
9 337 315 301 311 34.1 95 325 335
10 367 358 332 343 372 105 361 362
11 415 386 366 383 397 115 401  40.7
12 449 429 406 426 423 125 450 @ 442
13 523 502 456 480 477 135 505 512
14 559 563 513 548 540 145 561 547
15 614 604 571 500 579 155 623 618

2016 2016 2015-6° 2012° 2013-4° 2010’
7 276 266 266 25.4 27.1 75 27.0
8 303 299 299 29.4 28.2 8.5 31.5
9 343 335 333 33.2 37.1 9.5 35.3
10 378 379 380 37.3 375 105 37.3
11 430 414 415 40.6 392 115 40.9
12 475 450 454 45.3 46.1 125 44.8
13 534 496  50.3 51.9 453 135 56.3
14 584 575 580 58.0 58.7 145 61.4

15 653 62.1 63.3 63.6 624 155 64.5



Supplementary Table 2C. Mean heights (cm) of rural GIRLS in the present study (1986-2016) and
in several studies of secular change in Poland within the time interval

This Majority Rural Urban Urban
Study  Eastern Poland National Poznan Rzeszéw National Cracow
Age 1986 1986° 1985-6° 1978°  1980-1* 1978-9° Age 1979° 1983’
7 1222 1240 1229 1206 1236 1207 75 1238 1235
8 1266 1278 1265 1258 1286 1257 85 1278 1283
9 1333 1321 1316 1308 1336 1308 95 1329 1345
10 137.8 1374 1364 1365 1397 1359 105 1382 139.2
11 1427 1444 1423 1423 1458 1433 115 1443 1455
12 150.1 149.2 1488 1491 1525 150.1 125 150.3 152.4
13 1554 1545 1538 1542 1575 1558 135 1554 157.3
14 1579 1578 1580 1582 1609 159.0 145 1585 160.4
15 161.0 1611 1602 1596 162.7 1600 155 160.2 161.1
1996 1996 1990° 1988°  1990-1* 1993-4° 1989°
7 1244 1238 1225 1215 1248 1217 75 1246
8 1289 1265 1269 1267 1299 1264 85 1286
9 1344 1331 1314 1321 1355 1323 95 1337
10 140.2 1389 1368 137.8  140.1 1380 105 139.2
11 146.4 1434 1429 1443 1475 1436 115 1453
12 1513 1515 1490 1505 1539 1515 125 1517
13 1556 1563 1549 1554 1582 1562 135 156.9
14 1612 1601 1586 1599 162.8 159.6 145 160.2
15 162.7 1626 1611 1613 1644 1611 155 162.1

2006 2006 20007 2000* 2003-4° 1999° 2000’
7 1276 1245 1242 1244  123.0 75 1267 126.8
8 1300 1296 127.4 129.2  129.3 85 131.4 1318
9 1353 1342 1338 1350 1345 95 136.8 136.6
10 139.6 1415 1387 140.3 1399 105 1429 143.0
11 1475 1458 1448 1473 1461 115 1493 1493
12 1523 1526 1511 153.0 1545 125 1558 156.2
13 1569 1589 156.9 159.0 1581 135 160.0 160.3
14 1623 1623 1605 1623 1619 145 1626 162.7
15 1625 1640 1625 164.1 1625 155 1640 164.3

2016 2016 2012° 2013-4° 2010’
7 126.6 125.9 124.7 1244 75 1255
8 131.4 1312 129.7 129.3 8.5 132.7
9 136.8 135.1 135.2 135.1 9.5 138.1
10 1424 1430 141.4 1409 105 143.9
11 1497 1475 146.1 1430 115 150.4
12 1562 1534 153.5 1543 125 156.7
13 158.0 157.0 159.7 165.2 135 160.1
14 1629 1622 162.3 164.3 145 162.2

15 1634 1656 164.4 1645 155 164.5



Supplementary Table 2D. Mean weights of (kg) rural GIRLS in the present study (1986-2016) and
in several studies of secular change in Poland within the time interval

This Majority Rural Urban Urban
Study  Eastern Poland National Poznan Rzeszéw National Cracow
Age 1986 1986° 1985-6° 1978°  1980-1* 1978-9° Age 1979° 1983’
7 231 256 235 227 244 235 75 243 252
8 250 269 252 250 272 254 85 263 272
9 286 284 282 279 298 284 95 290 307
10 314 323 314 309 334 320 105 322 347
11 352 370 345 348 373 354 115 363 378
12 406 401 390 398 432 403 125 411 436
13 462 449 447 444 481 458 135 460  47.8
14 499 496 486 496 525 501 145 498 524
15 532 532 527 518 548 517 155 528 545
1996 1996 1990° 1988°  1990-1* 1993-4° 1989°
7 240 240 239 233 244 239 75 244
8 270 264 257 253 273 258 85 266
9 301 277 279 285 303 290 95 294
10 350 323 316 320 336 326 105 328
11 377 343 356 362 388 356 115 369
12 415 409 403 412 437 411 125 419
13 456 451 460 454 490 461 135  46.8
14 503 490 500 511 530 505 145 50.8
15 522 529 536 533 557 520 155 535

2006 2006 20007 2000  2003-4° 1999° 2000’
7 295 247 244 248  25.0 75 257 25.8
8 285 271 261 272 280 85 283 29.3
9 315 31.0 295 303 302 95 315 31.8
10 340 340 329 339 335 105 357 35.6
11 409 370 371 384 370 115 400 40.8
12 434 414 415 432 439 125 453 45.0
13 480 481 472 480 480 135 496 49.1
14 535 514 512 525 523 145 529 53.1
15 548 531 544 541 541 155 549 55.2
2016 2016 2012° 2013-4° 20127
7 268 252 25.9 26.6 75 25.9
8 303 287 28.8 32.2 8.5 30.1
9 343 317 32.0 31.3 9.5 33.2
10 365 363 36.1 347 105 37.3
11 425 398 39.8 395 115 40.9
12 486 437 45.3 479 125 48.1
13 494 473 51.4 490 135 52.2
14 543 516 52.5 51.2 145 54.8

15 56.0 55.8 55.3 54.3 15.5 56.7



Sources of comparative data summarized in Supplementary Tables 2A through 2D:

Saczuk (2018), “Wilczewski (2005), Wilczewski & Wilczewski (2018), *Gomula et al. (2015),
*Krawczynski et al. (2000, 2003), °Perenc et al. (2016), ° Przeweda & Trze$niowski (1996),
Przeweda & Dobosz (2003), Chrzanowska, Bochenska, Panek & Gotab (1986), Gotab,
Chrzanowska, Zaréw, Sobiecki & Brudecki (2002), Kowal, Cichocka, Woronkowicz, Pilecki,
Sobiecki, & Kryst (2011)

Saczuk, J. (2018). Rozwoj morfofunkcjonalny dzieci i mtodziezy ze wschodniej Polski w okresie
transformacji ustrojowej (morpho-functional development of chidren and youth from Eastern
Poland in the period of political transformation). Warsaw: Akademia Wychowania
Fizycznego Jozefa Pitsudskiego, Wydzial Wychowania Fizycznego i Sport w Bialej
Podlaskiej, Monografie i Opracowania, no. 31.

Wilczewski, A. (2005). Srodowiskowe in spoteczne uwarunkowania zmian w rozwoju
biologicznym dzieci i mtodziezy wiejskiej w latach 1980-2000 (environmental and social
determinants of changes in biological development of rural children and youth in the years
1980-2000). Akademia Wychowania Fizycznego Jozefa Pitsudskiego, Zamiejscowy Wydzial
Wychowania Fizycznego w Biatej Podlaskiej, Studia i Monografie, no. 104

Wilczewski R. Wilczewski A. 2018. Trendy sekularne w rozwoju fizycznym i sprawnos$ci
motorycznej chtopcow w wieku szkolnym ze srodkowo-wschodniego regionu Polski w
latach 1986-2016 (secular trends in the physical development and motor skills of school-age
boys from the central-eastern region of Poland in the years 1986-2016). Rocznik Lubuski,
44(2a), 174-192.

Gomula A., Nowak-Szczepanska, N., Danel, D.P. & Koziet, S. (2015). Overweight trends among
Polish schoolchildren before and after the transition from communism to capitalism.
Economics and Human Biology, 19, 246-257.

Krawczynski, M., Walkowiak, J., & Krzyzaniak, A. (2000). Trend sekularny wysokos$ci 1 masy
ciata dzieci i mtodziezy miasta Poznania w latach 1880-2000 (secular trend in the height and
weight of children and youth of the city of Poznan in the years 1880-2000). Pediatria
Praktyczna, 8, 365-383.

Krawczynski, M., Walkowiak, J., & Krzyzaniak, A. (2003). Secular changes in body height and
weight in children and adolescents in Poznan, Poland, between 1880 and 2000. Acta
Paediatrica, 92, 277-282.

Perenc, L., Radochonska, A., & Blajda, J. (2016). Somatic growth in children and adolescents
from Rzeszow, aged 4-18, and its variability over the thirty-five year period from 1978/79 to
2013/14. Medical Review, 14, 244-265.



Przeweda, R., & Trzesniowski, R. (1996). Sprawnos¢ fizyczna polskiej mlodziezy w swietle
badan z roku 1989 (Physical fitness of Polish youth in a survey of 1989). Studia i
Monografie. Akademia Wychowania Fizycznego J6zefa Pitsudskiego, Warsaw, Poland.

Przeweda, R., & Dobosz, J. (2003). Kondycja fizyczna polskiej mtodziezy (Physical condition of
Polish youth). Studia i Monografie, Akademia Wychowania Fizycznego Jozefa Pitsudskiego,
Warsaw, Poland.

Chrzanowska, M., Bochenska, Z., Panek, S., & Gotab, S. (1986). Dzieci in mtodziez Krakowa w
$wietle ontogenetycznych badan porownawczych (children and youth of Cracow,
comparative ontogenetic studies). Materiaty i Prace Antropologiczne, 107, 21-44.

Golab, S., Chrzanowska, M., Zaréw, R., Sobiecki, J., & Brudecki, J. (2002). Zmiany sekularne w
rozwoju fizycznym dzieci i mlodziezy krakowskiej w ostatnim 30-leciu XX wieku (secular
trends in the physical development of children and youth in Cracow in the last 30 years of the
20™ century). Wychowanie Fizyczne i Sport, 46, 301-314.

Kowal, M., Cichocka, B.A., Woronkowicz, A., Pilecki, M.W., Sobiecki, J., & Kryst, L. (2011).
Migdzypokoleniowe zmiany w budowie ciata i akceleracja pokwitania u dzieci i mlodziezy w
wieku 7-17 lat z populacji wielkomiejskiej w §wietle uwarunkowan psychosocjalnych.
Monografie nr 5. Cracow, Poland. University School of Physical Education.

The rural-urban samples reported in Saczuk (2018), Wilczewski (2005) and Wilczewski &
Wilczewski (2018) were ~55% rural, while the remaining children and youth were from smaller
cities in the province and the largest city which was the capital of the province. It should be
noted that the current 16 voivoidships (provinces) were established in 1999, while between 1975
and 1998 there were 49 voivoidships. (https://en.wikipedia.org/wiki/Voivodeships_of Poland
accessed 16 September 2019)

The nationally representative data from (Gomula et al., 2015) were from three large cities,
Warsaw, L6dz and Wroctaw, and from four small towns and villages in four rural districts

around the three cities (see Hulanicka et al., 1990).


https://en.wikipedia.org/wiki/Voivodeships_of_Poland

Supplementary Table 3A. Estimated secular changes in HEIGHT (expressed as differences [cm] between reported age-specific means
in each study) across the total interval of each study (bold) and between adjacent surveys spanning the total interval: Estimates for the
present study and studies in Poland within the time frame 1996-2016

BOYS GIRLS BOYS GIRLS

Poznan Province, rural, This Study Eastern Poland, largely rural (Saczuk, 2015)

1986- 1986- 1996- 2006- 1986- 1986- 1996- 2006- 1986- 1986- 1996- 2006- 1986- 1986- 1996- 2006-
Age 2016 1996 2006 2016 2016 1996 2006 2016 2016 1996 2006 2016 2016 1996 2006 2016
7 4.7 0.4 4.0 0.3 4.4 2.2 32 -01 4.4 24 -15 3.5 19 -0.2 0.7 14
8 42 12 24 06 48 23 11 14 49 -02 29 22 34 -13 31 16
9 4.7 2.8 15 0.4 3.5 11 0.9 15 5.0 11 1.9 2.0 3.0 1.0 11 0.9
10 55 20 25 10 46 24 -06 28 61 11 33 17 56 15 26 15
11 65 2.5 3.4 0.6 7.0 3.7 11 2.2 2.9 0.1 1.7 11 31 -10 2.4 1.7
12 79 18 32 29 61 12 10 39 60 35 16 09 42 23 11 08
13 91 39 38 14 26 33 11 06 53 19 34 00 25 18 26 -19
14 80 34 40 06 50 33 11 06 57 10 35 12 44 23 22 -01
15 58 -26 6.8 1.6 2.4 1.7 -0.2 0.9 7.3 4.3 0.5 2.5 4.5 15 14 1.6

Eastern Poland, largely rural (Wilczewski, 2005; Rzeszow Eastern Poland urban (Perenc et al., 2016)

Wilczewski & Wilczewski, 2018

1985- 1985- 1990- 2000- 1985- 1985- 1990- 1978- 1978- 1993- 2003- 1978- 1978- 1993- 2003-
Age 2015 1990 2000 2015 2016 1990 2000 2013 1993 2003 2013 2013 1993 2003 2013
7 39 -19 20 38 1.3 -04 17 53 01 52 00 37 10 13 14
8 48 -05 17 36 09 04 05 22 -02 34 -10 36 07 29 00
9 44 03 21 20 22 -02 24 40 -02 44 -02 43 15 22 06
10 68 00 22 46 23 04 19 44 -03 58 -11 50 21 19 10
11 62 08 23 31 25 06 19 35 13 27 -05 -03 03 25 -31
12 62 11 20 31 23 02 21 41 04 37 00 42 14 30 -02
13 52 10 29 13 31 11 20 -14 -09 27 -32 94 04 19 71
14 72 14 36 22 25 06 19 59 15 19 25 53 06 23 24

15 74 31 16 27 23 09 14 120 18 13 89 45 11 14 20



BOYS GIRLS BOYS GIRLS

Poznan urban (Krawczynski et al., 2000, 2003) Cracow urban* (Chrzanowska et al., 1986; Golab
et al., 2002; Kowal et al., 2011)

1980- 1980- 1990- 1980- 1980- 1990- 1983- 1983- 2000- 1983- 1983- 2000-
Age 2000 1990 2000 2000 1990 2000 2010 2000 2010 2010 2000 2010
7 09 06 03 08 12 -04 35 26 09 20 33 -13
8 13 20 -07 06 13 -07 44 29 15 44 35 09
9 12 04 08 14 19 -05 36 16 20 36 21 15
10 07 16 -09 06 04 02 22 24 -02 47 38 09
1 14 13 0.1 15 17 -02 40 41 -01 49 38 11
12 16 19 -03 05 14 -09 78 44 34 43 38 05
13 07 10 -03 15 07 08 73 54 19 28 30 -02
14 24 22 02 1.4 19 -05 56 38 18 18 23 -05
15 -06 04 -10 14 17 -03 44 39 05 34 32 02

National* (Przeweda & Trze$niowski, 1996; National (Gomula et al., 2015)

Przeweda & Dobosz, 2003)

1979- 1979- 1989- 1979- 1979- 1989- 1978- 1978- 1988- 1978- 1978- 1988-
Age 1999 1989 1999 1999 1989 1999 2012 1988 2012 2012 1988 2012
7 29 10 20 29 08 21 35 05 30 41 09 32
8 39 108 31 36 08 28 35 11 24 39 09 30
9 42 11 31 39 08 30 40 11 29 44 13 31
10 4.7 13 3.4 4.7 1.0 3.7 5.1 1.2 3.9 4.9 1.3 3.6
11 53 10 43 51 11 40 47 11 36 38 20 18
12 64 14 5.0 5.5 14 4.1 5.6 15 4.1 4.4 14 3.0
13 71 19 52 47 15 32 70 17 53 55 12 43
14 64 2.5 3.9 4.2 1.8 24 6.5 15 5.0 4.1 1.7 2.4
15 62 24 38 38 19 19 6.1 21 40 48 17 31

*Age groups reported as the mid-year of the interval, i.e., 7 = 7.0 to 7.99 years (7.5). In all other studies, age groups are reported with
the whole year as the midpoint of the interval, i.e., 7 = 6.5 to 7.49 years (7.0).



Supplementary Table 3B. Estimated secular changes in WEIGHT (expressed as differences [kg] between reported age-specific means
in each study) across the total interval of each study (bold) and between adjacent surveys spanning the total interval: Estimates for the
present study and studies in Poland within the time frame 1996-2016

BOYS GIRLS BOYS GIRLS

Poznan Province, rural, This Study Eastern Poland, largely rural (Saczuk, 2015)

1986- 1986- 1996- 2006- 1986- 1986- 1996- 2006- 1986- 1986- 1996- 2006- 1986- 1986- 1996- 2006-
Age 2016 1996 2006 2016 2016 1996 2006 2016 2016 1996 2006 2016 2016 1996 2006 2016
7 42 14 20 038 37 09 55 -27 09 02 -08 15 -04 -16 07 05
8 39 10 32 -03 53 20 15 18 32 -01 12 21 18 -05 07 16
9 54 34 14 06 57 15 14 238 35 01 16 20 33 -07 33 07
10 56 16 29 11 51 36 -10 25 51 07 23 21 40 00 17 23
11 75 16 44 15 73 25 32 16 35 -13 20 28 28 27 27 238
12 77 14 37 26 80 09 19 52 61 19 21 21 36 08 05 23
13 94 38 45 1.1 32 06 24 14 52 13 45 -06 24 02 30 -08
14 88 19 44 25 44 04 32 08 68 -04 60 12 20 -06 24 02
15 92 11 42 39 28 -10 26 1.2 40 -37 6.0 17 26 -03 02 27

Eastern Poland, largely rural (Wilczewski, 2005; Rzeszow Eastern Poland urban (Perenc et al., 2016)

Wilczewski & Wilczewski, 2018

1985- 1985- 1990- 2000- 1985- 1985- 1990- 1978- 1978- 1993- 2003- 1978- 1978- 1993- 2003-
Age 2015 1990 2000 2015 2016 1990 2000 2013 1993 2003 2013 2013 1993 2003 2013
7 23 -04 10 17 09 04 05 30 -02 32 00 31 04 11 16
8 38 03 07 28 09 05 04 12 -02 33 -19 68 04 22 42
9 45 05 08 32 1.3 -03 16 72 -04 46 30 29 06 12 11
10 64 03 13 48 15 02 13 50 -05 52 03 27 06 09 12
11 7.3 0.9 15 4.9 2.6 11 15 4.0 0.8 3.7 -05 4.1 0.2 14 2.5
12 72 06 18 48 25 13 12 68 01 29 38 76 08 28 4.0
13 73 11 15 47 25 13 12 01 -07 32 -24 32 03 19 10
14 100 08 25 6.7 26 14 12 83 19 17 47 11 04 18 -11

15 102 40 00 6.2 1.7 09 08 73 17 11 45 26 03 21 02



BOYS GIRLS BOYS GIRLS

Poznan urban (Krawczynski et al., 2000, 2003) Cracow urban* (Chrzanowska et al., 1986; Golab
et al., 2002; Kowal et al., 2011)

1980- 1980- 1990- 1980- 1980- 1990- 1983- 1983- 2000- 1983- 1983- 2000-
Age 2000 1990 2000 2000 1990 2000 2010 2000 2010 2010 2000 2010
7 03 -01 04 04 00 04 1.2 09 03 0.7 06 01
8 07 08 -01 00 01 -01 32 13 19 29 21 08
9 04 05 01 05 05 00 46 28 18 25 11 14
10 03 03 0.0 05 02 03 26 15 11 26 09 17
11 06 08 -0.2 1.1 15 -04 32 30 02 31 30 01
12 07 12 -05 00 05 -05 35 29 06 45 14 31
13 00 09 -09 -01 09 -10 89 38 51 44 13 31
14 29 25 04 00 05 -05 76 09 6.7 24 07 17
15 00 26 -26 -0.7 09 -16 56 29 27 22 07 15

National* (Przeweda & Trzesniowski, 1996; National (Gomula et al., 2015)

Przeweda & Dobosz, 2003)

1979- 1979- 1989- 1979- 1979- 1989- 1978- 1978- 1988- 1978- 1978- 1988-
Age 1999 1989 1999 1999 1989 1999 2012 1988 2012 2012 1988 2012
7 14 04 10 14 01 13 19 02 17 32 06 26
8 22 02 20 20 03 17 36 06 30 38 03 35
9 28 05 23 25 04 21 47 08 3.9 41 06 35
10 35 08 27 35 06 29 57 09 48 52 11 41
11 43 08 35 37 06 31 6.3 11 52 50 14 36
12 54 11 4.3 4.2 0.8 3.4 7.0 1.2 5.8 5.5 14 4.1
13 58 15 43 36 08 28 90 15 75 70 10 6.0
14 56 23 33 30 10 20 92 17 75 29 15 14
15 57 26 31 21 07 14 89 26 6.3 35 15 20

*Age groups reported as the mid-year of the interval, i.e., 7 = 7.0 to 7.99 years (7.5). In all other studies, age groups are reported with
the whole year as the midpoint of the interval, i.e., 7 = 6.5 to 7.49 years (7.0).



Note: References cited are as indicated in Supplementary Tables 2A through 2D
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With 2 figures and 3 tables

Abstract: The objective of this study was to evaluate secular changes in the Body Mass Index (BMI) and weight status of
rural children and adolescents in west-central Poland across decennial surveys spanning 1986 and 2016. Participants were
8,077 boys and girls 7-15 years attending schools in 10 rural communities in 1986, 1996, 2006, and 2016. Heights and
weights were measured; BMIs were calculated. Weight status was classified using International Obesity Task Force (IOTF)
criteria. The sample was partitioned into three age groups (7-9, 10-12, 13—15 years) for analysis of secular change in the
BMI using sex-specific analysis of covariance (ANCOVA) with age and age? as covariates, and for comparison of the
prevalence of mild, moderate and severe thinness and of overweight and obesity. BMIs increased, on average, across the
four surveys, but differences between adjacent surveys varied. Prevalence of severe and moderate thinness was low in both
sexes, while mild thinness tended to decline over time, more so among girls. Overweight and obesity increased over time,
especially in 2006 and 2016 compared to 1986 and 1996. In conclusion, secular changes in the BMI between 1986 and 2016
were significant. Age-adjusted mean BMIs suggested a gradient, 2016 > 2006 > 1996 > 1986, except in girls 1315 years.
However, changes across the decennial surveys varied. The observed changes in overweight and obesity between 1986 and
2016 were consistent with studies in Poland spanning the past two generations.

Keywords: thinness; overweight; obesity; children; adolescents; Europe

<20 years Poland in 2013 were, respectively, 22% and 7% of
boys and 18% and 6% of girls (Ng et al. 2014).

1 Introduction

The increasing prevalence of overweight (OWT) and obesity
(OB), defined by the body mass index (BMI, kg/m?) among
children and adolescents is a major public health concern.
Using International Obesity Task Force (IOTF) criteria (Cole
et al. 2000), the age-standardized prevalence of OWT and OB
among youth < 20 years in developed countries between 1980
and 2013, increased from ~17% to 24% in boys and ~16%
to 23% in girls; in lesser developed countries, the prevalence
increased from 8% to 13% in both sexes (Ng et al. 2014). The
age-standardized estimates for OWT and OB among youth
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A more recent review limited to children 7—-13 years sug-
gested that the prevalence of OWT and OB, though high,
stabilized in most European countries (Garrido-Miguel
etal. 2019). Among youth 7-13 years in Central European
countries, the estimated prevalence of OWT was 16% in
1999-2006, 19% in 2007-2010 and 18% in 2011-2016; the
prevalence of OB was, respectively, 2.7%, 5.5% and 3.2%
(Garrido-Miguel et al. 2019).

Changes in lifestyle, specifically the adoption of Western
diets and reduced physical activity, are often indicated as
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primary factors associated with the increasing prevalence
of OWT and OB among children and adolescents in many
countries, especially those undergoing rapid development
(Lobstein et al. 2004; Hu 2011). Reduced physical activity
is often linked to increased sedentary behavior, although the
two are independent behaviors.

While current discussions focus on OWT and OB, low
weight-for-height, labeled underweight or thinness, per-
sists in some areas of the world or segments of the popu-
lation. Based on pooled data for children and adolescents
5-19 years and World Health Organization (WHO 1995)
criteria (de Onis et al. 2007; de Onis & Lobstein 2010), the
age-standardized global prevalence of moderate and severe
thinness between 1975 and 2016 changed slightly in both
sexes, 15% to 12% in boys and 9% to 8% in girls, while the
global prevalence of OB was < 1% in 1975 and increased,
respectively, to 8% and 6% in boys and girls in 2016 (NCD
Risk Factor Collaboration 2017). Using IOTF criteria for
thinness (Cole et al. 2007), the prevalence of severe, mod-
erate and mild thinness among adolescents 13—18 years in
west-central Poland in 2009-2010 was, respectively, 0.6%,
1.7% and 8.6% in girls and 0.2%, 1.1% and 6.7% in boys
(Durda 2011).

Secular changes in the BMI and/or prevalence of OWT
and OB among children and adolescents in Poland have
been addressed in national (Gomuta et al. 2015) and regional
(Chrzanowska et al. 2007; Mazur etal. 2014; Saczuk &
Wasiluk 2014; Perenc et al. 2016) samples. Studies spanned
1966 through 2014. Allowing for variation in intervals con-
sidered, the overall trends suggested an increase in OWT
more so than in OB between 1966 and 2014. Only one study
considered thinness and noted small changes between 1986
and 2006 (Saczuk & Wasiluk 2014).

Two of the surveys in Poland included rural and urban
children and adolescents, but the samples were combined
for the respective analyses (Mazur et al. 2014; Saczuk &
Wasiluk 2014). Of relevance, some studies indicate higher
levels of obesity among rural children compared to urban
peers and the general population (Chwalczynska et al.
2018). Underlying factors may reflect a lower standard of
living compared to urban areas, lack of access to health
care, reduced awareness, and/or limited options for free time
activities. Some data indicate lower levels of physical activ-
ity among rural children (Hedley et al. 2004; Paxton et al.
2004; Durda 2011).

Long-term observations on children and adolescents
for rural areas in the Greater Poland region (Wielkopolska)
are lacking. The purpose of this study is to evaluate secu-
lar changes in the BMI and weight status (thinness, OWT
and OB) of rural school children and adolescents 7—15 years
in west-central Poland across four decennial surveys, 1986,
1996, 2006 and 2016. The students were resident in and
attended schools in the same ten communities at the time of
each survey. The study addressed two questions: Are there

changes in the weight status of rural children and adoles-
cents resident in the Wielkopolska region? If so, what is the
direction and magnitude of the changes in boys and girls?
Given data available for Poland and trends worldwide, it was
hypothesized that the BMI and in turn OWT and OB status
would increase between 1986 and 2016.

2 Methods

2.1 Background

The growth status and physical fitness of children and ado-
lescents in ten rural communities in the province of Poznan
were evaluated in the 1985/1986 school year (Strzelczyk,
1995). The communities were selected to represent differ-
ent regions of the province with the assistance of the pro-
vincial Board of Education and Development in Poznan and
approval of the respective community authorities. Schools
were selected for study in 1985/1986 on the basis of the
number of enrolled students and facilities, specifically a
gymnasium or sports hall for measurement and fitness test-
ing. Subsequent surveys of students in the same schools
were conducted in 1996 (Janowski 2001; Karpowicz 2001),
2006 (Janowski 2017), and 2016 (Bartkowiak et al. 2021a;
Bartkowiak etal. 2021b). Distances of the communities
from the city of Poznan ranged from 19 to 75 km, and popu-
lation sizes in 1986 varied between 4642 and 9850. Distance
from Poznan and population size in 1986 highlight the rela-
tive homogeneity of the total sample, and provide a baseline
for evaluation of changes in the regions over time.

The 1986 survey was done during the interval span-
ning major strikes and political unrest in Poland in the early
1980s, the collapse of the communist government, and
the first democratic elections in 1991. Subsequent surveys
were done during the political, economic and social transi-
tions associated with adaptations to a democratic system. It
is reasonable to assume that conditions in each community
during the interval of the four surveys interacted with and
were influenced by the transitions occurring in country-wide,
although community-specific data are not available.

2.2 Ethics

The initial survey was approved by the provincial Board
of Education and Development and educational authori-
ties of each community following regulations that were in
effect at the time. The subsequent surveys were approved
by the Human Ethics Research Committee of the Karol
Marcinkowski Medical University in Poznan (KB 907/16
for 2016) and educational authorities of each community.
Parents or legal guardians provided written informed con-
sent for their child/children to participate; children provided
assent for their participation. Surveys were conducted by
faculty and staff of the University of Physical Education in
Poznan with the assistance of teachers at each school.



2.3 Sample

The sample included 8,677children and adolescents 7-15
years: 1,417 boys and 1,326 girls in 1986, 979 boys and 947
girls in 1996, 871 boys and 843 girls in 2006, and 1,189 boys
and 1,105 girls in 2016. The samples represent all of the stu-
dents in the respective schools for whom written permission
from parents or legal guardians was provided. Children with
medical contraindications noted by parents and/or school
officials/nurses were excluded Single year chronological age
(CA) groups were formed so that the whole year was the
mid-point of the interval (7 years = 6.50 to 7.49, etc.).

2.4 Anthropometry and weight status

Height and weight were measured during the school day
between 8:00 AM and 3:00 PM by experienced staff of the
Department of Anthropology and Biometry of the Poznan
University of Physical Education. Height (without shoes) was
measured to the nearest millimeter (0.1 cm) with a Harpenden
anthropometer in the four surveys (GPM, Switzerland).
Weight was measured to 0.1 kg with a mechanical medical
column scale in 1986 (Lubelskie Fabryki Wag, Poland) and
with electronic weighing scales in the subsequent surveys
(Wagi Wielkopolska, Poland, 1996 and 2006; Tanita, Japan,
2016). The scales were calibrated in the respective schools
before each survey (Bartkowiak et al. 2021a). The BMI was
calculated (kg/m?) and used to classify the weight status of
each student as severely, moderately or mildly thin, normal,
OWT or OB using age- and sex-specific IOTF cut-offs (Cole
et al. 2000; Cole et al. 2007). The criteria include whole year
and half-year CA intervals, e.g., 7.0, 7.5, etc. (Cole et al.
2007).

2.5 Analysis

Preliminary sex-specific analyses indicated inconsistent dif-
ferences in BMIs and distributions by weight status within
and between surveys in the ten communities. Data for com-
munities within each decennial survey were thus combined
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for analysis of secular change in the BMI and weight sta-
tus across surveys. Descriptive statistics (means, standard
deviations and medians) for the total samples in each survey
were calculated for the BMI in single year chronological age
(CA) groups of boys and girls; survey-specific medians were
graphically plotted by sex.

To allow for variation in numbers of subjects within
single year CA groups, the samples in each survey were
combined into three composite CA groups for more detailed
analyses: [1] 7-9 years — middle childhood in both sexes;
[2] 10-12 years — transition into puberty and mid-puberty
for most girls and transition into puberty for most boys;
and [3] 13-15 years — later adolescence for most girls and
the interval of the growth spurt for most boys. The groups
approximated developmental stages commonly used in
studies of school children and adolescents (Malina et al.
2004). BMlIs across surveys within each of the three age
groups were compared with sex-specific analyses of cova-
riance (ANCOVAs) with CA and CA? as covariates. The
latter adjusts for potential linear and non-linear effects
of CA distributions, respectively. Post hoc comparisons
between specific surveys, adjusted for multiple compari-
sons (Bonferroni), were evaluated. The prevalence of mild,
moderate and severe thinness and of OWT and OB was also
calculated for the three combined CA groups of boys and
girls in each survey. All analyses were done with SPSS for
Windows (version 22.0, IBM SPSS, Chicago, IL).

3 Results

3.1  BMI trends across surveys

Sample sizes and descriptive statistics for the BMI in
single year CA groups in each survey are summarized in
Supplementary Tables 1 (boys) and 2 (girls), while trends
in medians by CA across surveys are illustrated in Fig. 1.
The median for girls 7 years in the 2006 survey is not shown;

A

Girls

=]

20 -

BMI, kg/m2

T ’ 8 a 10 11 12 13 14 15
Age, years

Fig. 1. Median BMls by age in the four surveys of rural boys (A) and girls (B).
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the small sample had a mean CA significantly older than the
other surveys.

The trends indicate a secular increase in the BMI across
surveys in both boys and girls. The major contrast among
boys (Fig. 1A) is between 1986 and 2016, while contrasts
vary between adjacent surveys. Median BMIs of boys 10—15
years in 1986 and 1996 differ negligibly. Median BMIs are
slightly higher among boys in 2016 than 2006 between 9
and 12 years, while differences are variable between 13 and
15 years. Median BMIs of girls (Fig. 1B) vary considerably
across surveys and with age. Prior to 13 years, BMIs in 2016
are higher than in 1996 and 1986, but the age trend in 2006 is
variable. Among girls 13—15 years, BMIs are lowest in 1996,
but overlap considerably among the other surveys.

3.2 BMI ANCOVAs across surveys

Results of the sex-specific ANCOVAs across the four surveys
in each of the three age groups are summarized in Table 1.
Overall, BMIs differ significantly (p < 0.001) between 1986
and 2016 in each CA group of both boys and girls; estimates
of effect size (np?) approximate moderate levels except

among girls 13—15 years. However, trends across the four
surveys are variable.

Age-adjusted mean BMIs among boys suggest a gradi-
ent, 2016 > 2006 > 1996 > 1986, but the significance of com-
parisons vary between specific surveys. In each age group,
BMIs in 2016 and 2006 do not differ, and both are signifi-
cantly higher than BMIs in 1996 and 1986 except among
boys 7-9 in whom the BMI in 1996 is significantly greater
than in 1986.

Among girls 7-9 and 10-12 years, age-adjusted BMIs
show a similar gradient across surveys as in boys, but the
post hoc comparisons are more variable. Among girls 7-9
years, BMIs do not differ between 1986 and 1996, but are
significantly lower compared to 2006 and 2016 which do
not differ. Among girls 10-12 years, BMIs in 2016 and 2006
do not differ, but are significantly greater than the BMI in
1986; BMIs in 2006, however, do not differ from those in
1996. Among girls 13—15 years, in contrast, only two post
hoc comparisons are significant; BMIs in 2016 and 2006 are
significantly greater than in 1996.

Table 1. Means and standard deviations for age and the BMI in the boys and girls in each age group by year of survey, results of
ANOVA (age) and ANCOVA (BMI with age and age? as covariates) and effect sizes (n,2), and age-adjusted means and standard errors

and significant post hoc comparisons.

Year of survey Year of survey, age-adjusted M, SE Significant
1986 1996 2006 2016 F np2 | 1986 (a) | 1996 (b) | 2006 (c) | 2016 (d) post hoc
M |sp|M|sp|M|[sD|M|sD M [sD| M |[sp| M |[sp| M |sp |comparisonst
Boys
7-9 yrs, N 441 272 218 383
Age, yrs 82107(82(07(82|08[81|08]| 1.73
BMI, kg/m? [15.9| 2.0 [16.6] 2.2 [17.3| 3.0 |17.3| 3.1 {24.47**|0.05[15.9| 0.1 |16.6] 0.1 |17.2/ 0.2 [17.3] 0.1 | d=c>b>a
10-12 yrs, N 552 383 376 422
Age, yrs 11.0{ 0.8 [11.0| 0.8 {11.0] 0.9 |10.9] 0.9 | 1.19
BMI, kg/m? [17.4| 2.3 [17.6] 2.9 |18.5| 3.2 |18.9| 3.4 [26.69**|0.05(17.4| 0.1 [17.5{ 0.1 |18.5/ 0.1 [18.9| 0.1 | d=c>b=a
13-15 yrs, N 454 324 277 384
Age, yrs 13.8/ 0.8 |13.8( 0.7 |14.0]| 0.8 {14.0] 0.9 | 9.12%**
BMI, kg/m? [19.0| 2.6 [19.1] 2.9 [19.9| 3.1 |20.6| 3.5 [18.24**|0.04[19.0| 0.1 [19.2] 0.2 |{19.9] 0.2 [20.5| 0.1 | d=c>b=a
Girls
7-9 yrs, N 409 259 219 416
Age, yrs 83(108(82(0.7(84]|0.681]0.8]|7.63%*
BMIL kg/m? |15.7| 2.1 [16.2| 2.3 [17.0| 2.6 |17.4| 3.6 [31.39**|0.07|15.7| 0.1 [16.2] 0.2 |16.9| 0.2 [17.5|/ 0.1 | d=c>b=a
10-12 yrs, N 505 377 336 390
Age, yrs 11.0{ 0.8 [11.0| 0.8 [11.0] 0.8 |10.9] 0.9 | 2.07
BMIL kg/m? [17.2| 2.6 [17.7| 2.9 |18.2| 3.3 |18.7| 3.7 [21.61**|0.04|17.2| 0.1 [17.7] 0.2 |18.2{ 0.2 [18.8| 0.2 [d>b=a,c>a
13-15 yrs, N 412 311 288 297
Age, yrs 13.71 0.7 |13.7] 0.7 |13.9] 0.9 [13.9] 0.9 | 4.70*
BMIL kg/m? [19.7| 2.9 [19.1| 2.8 |20.1| 3.3 {20.3| 3.3 | 6.85** [0.02(19.7| 0.2 [19.2] 0.2 |20.0{ 0.2 [20.2| 0.2 d=c>b

*p <0.01, ¥*p <0.001
T post-hoc comparisons p < 0.05
M — means; SD — standard deviations; SE — standard errors



3.3 Estimated changes by decade

Estimated differences in age-adjusted BMIs between adja-
cent surveys are variable and suggest that secular changes
over the three decades are not linear (Table 2). Estimated
gains in the BMI over the interval of 30 years are reason-
ably similar among the three age groups of boys, 1.38 to
1.58 kg/m?, but decline systematically from 7-9 to 10-12 to
1315 years among girls, 1.82, 1.59 and 0.32 kg/m?, respec-
tively. Estimated changes in the BMI between adjacent sur-
veys, in contrast, vary considerably. The major portion of
secular gain in the BMI of boys 7-9 years occurs between
1986 and 1996 and 1996 and 2006, while the major por-
tion of the gain among boys 10-12 and 13—15 years occurs
between 1996 and 2006 and between 2006 and 2016. Among
girls 7-9 and 10-12 years, in contrast, estimated secular
gains between adjacent surveys are rather evenly distributed
across the three decades, but among girls 13—15 years, the
BMI declines between 1986 and 1996, increases markedly
between 1996 and 2006 and shows a small gain between
2006 and 2016.

3.4 Prevalence of thinness, OWT, OB
The prevalence of thinness, OWT and OB across surveys
is summarized in Table 3. Severe and moderate thinness
are low in prevalence over time in boys. Mild thinness is
relatively high among boys 7-9 years in 1986 (15.6%), but
is lower in subsequent surveys (4% to 9%) and similar to
that among boys 10-12 and 13-15 years (6% to 10%). In
contrast, OWT increases in prevalence across surveys in the
three age groups of boys and is especially higher in 2006
and 2016 compared to 1986 and 1996. Although quite low in
1986, the prevalence of OB systematically increases across
surveys in boys 7-9 and 10-12 years; OB is uncommon
among boys 13—15 years in 1986 and 1996, and increases
slightly in 2006 and 2016.

Among girls, the prevalence of severe and moderate thin-
ness is also relatively low, with no clear trend across sur-
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veys. Mild thinness changes negligibly between 1986 and
1996 in each age group, and declines in 2006 and 2016.
OWT increases across surveys among girls 7-9 and 10-12
years, while among girls 13—15 years, OWT is lowest in
1996 and ranges from 10% and 14% in the other surveys.
The prevalence of OB among girls in the three age groups is
low in 1986 and 1996 (< 2%). Among girls 7-9 years, OB
increases to 5.9% in 2006 and 11.5% in 2016, which con-
trasts the smaller increments among girls 10-12 and 13-15
years. The prevalence of OB among girls 7-9 years is double
that among girls 10-12 years (5.6%) and more than triple
that for girls 13—15 years (2.7%).

4 Discussion

BMIs of rural boys and girls 7-15 years in western Poland
increased, on average, across four decennial surveys of the
same ten communities spanning 1986 and 2016, but changes
between adjacent surveys were variable (Table 2). Relative to
2010 reference data for Poland (Kutaga et al. 2011), median
BMIs of rural boys in 2016 approximated the medians at 7
and 8 years, and were above the medians 9-15 years. Median
BMIs of girls in 2016 tended to be above the reference medi-
ans at most ages. Median BMlIs of the rural boys and girls
10—15 years in 2006 and 2016 overlapped those for a com-
bined sample of urban and rural boys and girls in the Greater
Poland province surveyed in 2009-2010 (Kaczmarek et al.
2011).

Estimated secular changes in the BMI for the total sam-
ples of rural boys and girls 7-15 years between 1986 and
2016 were 0.50 and 0.45 kg/m? per decade, respectively.
In studies spanning variable time intervals, corresponding
estimates for Cracow youth 7-18 years varied among inter-
vals considered, 0.57 kg/m? per decade between 1971 and
1983, 0.14 kg/m? between 1983 and 2000, and 0.49 kg/m?
between 2000 and 2010 among boys (Kryst et al. 2012), and

Table 2. Estimated secular changes in the BMI (kg/m2, means and standard errors based on MANCOVA with age and age? as covari-
ates) between 1986 and 2016 (30 years) and between adjacent decennial surveys in boys and girls by age groups.

Estimated secular changes in the BMI (kg/m?)
Age 30 years Adjacent surveys (per decade)
roups
(gyear[;) 19862016 1986-1996 19962006 20062016
M SE M SE M SE M SE
_ Boys 1.38 0.18* 0.72 0.19* 0.60 0.23 0.05 0.21
Girls 1.82 0.19* 0.56 0.22 0.67 0.25 0.59 0.23
012 Boys 1.58 0.19* 0.18 0.20 0.99 0.21* 0.41 0.21
Girls 1.59 0.21* 0.49 0.21 0.53 0.23 0.58 0.23
1315 Boys 1.44 0.21* 0.21 0.22 0.64 0.25 0.59 0.24
Girls 0.52 0.23* -0.55 0.23 0.84 0.25* 0.22 0.25

* p <0.05; M — means; SE — standard errors
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Table 3. Prevalence (%) of severe, moderate and mild thinness, overweight and obesity by three-year age groups of rural boys and
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girls in each decennial survey spanning 1986 and 2016.

Boys Girls
Age Thinness Thinness
(years) N Owt Ob N Owt Ob
Sev | Mod | Mild Sev | Mod | Mild

7-9 yrs

1986 441 0.7% 1.8% 15.6% 6.8% 1.4% 409 2.4% 3.4% 13.4% 6.8% 1.0%
1996 272 0 1.1 5.1 7.7 4.0 259 0.8 2.3 11.2 10.8 1.9
2006 218 0.5 0 4.1 16.1 8.7 219 0 0.9 7.3 15.1 59
2016 383 0.3 1.6 8.9 16.4 9.4 416 1.7 3.1 9.1 20.7 11.5
10-12 yrs

1986 522 0.6% 0.6% 8.6% 9.4% 0.8% 505 0.6% 4.2% 13.9% 8.1% 1.0%
1996 383 0 1.6 9.1 8.9 3.1 377 0.3 1.6 13.3 12.7 1.9
2006 376 0 0.5 8.0 18.4 4.5 336 0 1.8 12.2 17.0 42
2016 422 0.7 0.9 5.7 20.9 6.4 390 0.5 2.0 9.5 17.9 5.6
13-15 yrs

1986 454 0.2% 0.4% 9.0% 7.7% 1.3% 412 1.0% 1.2% 10.0% | 10.2% 1.2%
1996 324 0 1.2 9.6 12.7 0.6 311 1.3 1.3 14.8 7.1 1.0
2006 277 0.4 0.7 7.6 14.4 2.9 288 0.3 2.1 8.3 14.2 1.4
2016 384 0.5 1.0 6.0 20.6 39 297 0 1.7 7.7 13.1 2.7

Sev — severe; Mod — moderate; mild — thinness; Owt — overweight; Ob — obesity; % — prevalence

0.65 kg/m? per decade between 1971 and 1983, —0.12 kg/m?
between 1983 and 2000, and 0.41 kg/m? between 2000 and
2010 among girls (Woronkowicz et al. 2012).

In contrast, estimated mean rates of change in the BMI
per decade between adjacent decennial surveys (kg/m?) var-
ied with CA group and between boys and girls (Table 2).
For example, BMIs of rural girls 13—15 years declined
between 1986 and 1996, —0.55 kg/m?2, while those of rural
boys 10—12 and 13—15 years were relatively low, 0.18 and
0.21 kg/m?, respectively (Table 2). Although not an equiva-
lent interval, BMIs of Cracow girls declined slightly, while
those of boys increased only slightly between 1983 and
2000 (see above).

Secular changes in the BMI were reflected in estimates
of weight status (Table 3). The prevalence of OWT and OB
increased across surveys, and was especially higher in 2006
and 2016 compared to 1986 and 1996. The prevalence of
mild thinness, in contrast, declined in 2006 and 2016 com-
pared to 1986 and 1996.

Current focus, however, is more often upon OWT and
OB than on thinness (Ng et al. 2014; Garrido-Miguel et al.
2019). In the total samples of rural Poznan youth 7-15
years, the prevalence of OWT changed negligibly in boys
and girls between 1986 (8%) and 1996 (10%), but increased
in 2006 (~16%) and in 2016 (~18%). The estimated preva-
lence of OWT among the rural boys (19%) and girls (18%)
7—15 years in the 2016 survey was somewhat higher than
age-standardized estimates for Polish boys (15%) and girls

(12%) <20 years in 2013 (Ng et al. 2014). The prevalence of
OB in the 2016 survey of rural youth was ~7% in both sexes
and identical to that for the age-standardized sample < 20
years in 2013 (Ng et al. 2014).

4.1 Weight status among Polish children and
adolescents

Results of the present study of rural boys and girls in four
surveys spanning 1986 and 2016 are plotted related to
comparative data from surveys in Poland in Fig. 2. The
comparative data included national surveys in select large
cities, small towns and select villages in the same district
as the towns in 1966, 1978, 1988 and 2012; the last survey,
however, did not measure the anticipated target popula-
tion (Gomula et al. 2015). Other comparative data included
surveys of school youth in Cracow in 1971, 1983 and
2000 (Chrzanowska et al. 2007), in the Podlaskie province
northeast of Warsaw in 1986 and 2006 (Saczuk & Wasiluk
2014), and in the Podkarpackie province east of Cracow in
1998 and 2008 (Mazur et al. 2014). Like the present study,
the latter two surveys were conducted in the same schools,
except for the 2006 survey in Podlaskie which added several
schools. Recent national surveys in 2001 (Malecka-Tendera
et al. 2005) and 2010 (Kulaga et al. 2011) were also included
in the comparative data. Surveys in Podlaskie used the same
age groups as the present study. Others reported estimates
for single year age groups; estimated prevalence for the com-
bined CA groups used in the present study was calculated
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from sample sizes and frequencies or percentages of OWT
and OB in single year CA groups in each study.

Overall, trends in OWT and OB among the rural boys
and girls between 1986 and 2016 were consistent with
and overlapped trends in Poland over the past two genera-
tions. Among boys 10-12 years (Fig. 2B) and 1315 years
(Fig. 2C), the prevalence of OWT across surveys increased
in a linear manner over time. The trend was similar among
boys 7-9 years (Fig. 2A), except for a high prevalence of
OWT in the 1983 survey of Cracow boys.

Obesity increased, in general, in the 1990s among boys
7-9 years (Fig. 2A) and 1012 years (Fig. 2B). Prevalence
was highest among rural Poznan boys 7-9 years in 2006 and
2016 (just under 10%), and among Poznan and Podkarpackie
boys 10—12 years (about 6%). The prevalence of OB among
boys 13—15 years (Fig. 2C) was low (< 2%) from the 1960s
to 2000, and increased slightly to 2016 (about 4%).

Overweight also increased linearly over time among girls
7-9 (Fig. 2D) and 10-12 years (Fig. 2E). The trend for girls
13—15 years (Fig. 2F) was more variable since the 1990s, but
OWT among rural Poznan girls in 2006 and 2016 tended to
be among the highest.

Among girls 7-9 (Fig. 2D) and 10-12 (Fig. 2E) years,
OB was relatively low in prevalence through the 1990s,
but generally higher more recently. Poznan girls 7-9 years
in 2016 had the highest prevalence of OB (~12%), while
Podkarpackie girls 10—-12 years had the highest prevalence
of OB in 1998 (~10%, indicated by an asterisk in the figure)
and 2008 (~7%). Among girls 13—15 years (Fig. 2F), OB was
quite low between 1966 and 2012 (< 2%), and approached
3% among rural Poznan girls in 2016.

The prevalence of severe and moderate thinness was
relatively low over time in both boys and girls with no clear
trend across surveys. However, mild thinness approached
15% s among boys 7-9 years in 1986, but declined in sub-
sequent surveys of boys 7-9 years (4% to 9%) and was
similar to that among boys 10-12 and 13-15 years (6%
to 10%). Among girls, mild thinness changed negligibly
between 1986 and 1996 in each age group, and declined in
2006 and 2016.

Secular data for thinness are limited. Estimated preva-
lence of severe, moderate and mild thinness among rural
boys and girls 13—15 years in the 2016 survey (Table 3)
was similar to that for a sample of urban and rural boys
and girls 13-18 years from the Greater Poland province
in 2009-2010 (Durda 2011). Mild thinness was relatively
more common in 1986 and declined slightly in 2006 among
youth 10-12 and 13-15 years (Table 3). In contrast, mild
thinness was rather high among rural Poznan children 7-9
years in 1986 (boys 15.6%, girls 13.4%), but declined in
2016 (boys 4.1%, girls 7.3%). Estimates for mild thin-
ness among children 7-9 years in the Podlaskie province
(Saczuk & Wasiluk 2014) were lower in 1986 (boys 7.3%,
girls 11.5%) and changed negligibly in 2006 (boys 8.9%,
girls 12.8%).

4.2 Secular change in weight status and
transformations in Poland

Major political, economic and social changes characterized
the state of affairs in Poland during the interval spanning
the four decennial surveys. Nevertheless, living conditions,
nutritional status and health care during the transitions were
apparently sufficient to support secular increases in the
heights and weights (Bartkowiak et al. 2021a) and BMIs of
the rural boys and girls 7—15 years between 1986 and 2016
(Tables 2 and 3).

Conditions in Poland at the time of the respective sur-
veys merit consideration. Poland had a centrally controlled
economy which was faltering at the time of the major strikes
by workers in the early 1980s. Martial law was imposed
from 1981 through 1983. The economy floundered given the
need to repay foreign debt and eventually collapsed result-
ing in a deficit of goods for the internal market, decline in
real income by one-half and major inflation. The government
collapsed during the 1980s and democratic elections were
held late in 1991.

Of relevance, the samples of boys and girls the 1986 and
1996 surveys were born in the 1970s and 1980s, respec-
tively, while the 1996 sample grew-up in a democratic coun-
try with a struggling free market economy. The sample of
the 2006 survey was born during this interval of economic
uncertainty. Subsequent reforms and associated economic
development resulted in European Union membership for
Poland in 2004, which was followed by an influx of funds,
part of which was allocated for the modernization of farms.
By inference, living conditions for children in the 2006 and
2016 surveys were improved relative to those for children in
the earlier surveys (Gomuta et al. 2015; Saczuk 2018).

Although community specific data are not available, it
is reasonable to assume that conditions in each community
across surveys interacted with the major transitions occurring
in Poland. Changes in the agricultural sector were especially
relevant given that the communities studied were dependent
upon agriculture. Many people from rural areas worked in
state-owned farms, which became unprofitable as a result
of economic changes in the country (Urbanowska-Sojkin
& Banaszyk 2009). The per unit price of products produced
by farmers in 1990 to 1991 also declined by 63%, while
real farm income declined > 40% and wages of employees
declined by about 37% (Kowalik 2009). With the shift to a
market economy in 1991, state farms were liquidated, unem-
ployment and alcoholism increased drastically and the stan-
dard of living decreased.

Dietary and physical activity are two factors often indi-
cated as central to secular changes in weight status, spe-
cifically OWT and OB (Lobstein et al. 2004; Hu 2011). As
inflation increased during the 1970s, access to food products
was limited and food rationing was instituted in the mid-
1970s, first for sugar, then for meat and meat products, and
eventually for butter, flour cereal and rice. Families were
allocated vouchers or ration cards (Zawitowski 2017). In



rural areas, rationed foods were often supplemented with
foods produced for personal consumption (milk, butter,
eggs, chicken, duck, pork) and by barter (meat for butter,
eggs for milk, etc.). After the political changes of the 1980s
and gradual opening of the market, processed foods regu-
larly entered Poland.

Of potential relevance to secular changes in weight sta-
tus, daily food rations of school youth in the city of Poznan
showed minor differences between 1980 and 1990. The esti-
mated average daily consumption of calories and specific
nutrients among girls 13—15 years was 2278 + 628 kcal (61 g
protein, 102 g fat, 280 g carbohydrates) in 1980 and 2144
+ 728 kcal (59 g protein, 87 g fat, 282 g carbohydrates) in
1990. Daily estimates for boys 13—15 years were 2597 +
879 kcal (74 g protein, 121 g fat, 303 g carbohydrates) in
1980 and 2538 + 848 kcal (68 g protein, 105 g fat, 331 g
carbohydrates in 1990 (Przyslawski et al. 1998).

Surveys of eating habits and food consumption among
adolescents suggested an increase of processed and “fast
foods” between 1990 and 2000 (Augustyniak & Brzozowska
2002). Although rural adolescents consumed fewer calories
than urban peers, both groups showed an increase in energy
from fat and a decrease in energy from carbohydrates and
proteins, while daily intakes were deficient in minerals — cal-
cium, magnesium, copper and especially iron among girls.

More recently, the percentage of Polish youth 13-15
years consuming vegetables daily changed negligibly
between 2002 and 2018, 36.6% to 34.2%, while percent-
ages consuming fruits daily increased, 23.1% to 38.2%; on
the other hand, percentages consuming sweets and sweet
drinks increased more than threefold between 2002 and
2018, 18.1% to 69.9% and 12.7% to 44.9%, respectively
(Augustyniak & Brzozowska 2002; Woynarowska & Mazur
2012; Mazur 2015; Mazur & Matkowska-Szkutnik 2018).

Data addressing levels of physical activity among Polish
children and youth are apparently not available prior to
1990, while recent data are largely limited to adolescents.
Estimated percentages of 11, 13 and 15 year old boys report-
ing vigorous physical activity (VPA) 4-7 days per week
between 1990 and 1998 were 54%, 51% and 42%, respec-
tively, but declined in 2018 to 43%, 37% and 35%, respec-
tively. By inference, percentages of boys not reporting VPA
4-7 days per week increased over time. Percentages of girls
reporting VPA were lower and declined negligibly between
the 1990s and 2018, 38% to 36% at 11 years and 31%, to
27% at 13 years Among girls 15 years, percentages reporting
VPA 4-7 days per week were lower and stable over time,
20% in the 1990s and 22% in 2018 (Woynarowska & Mazur
2012; Mazur 2015; Mazur & Matkowska-Szkutnik 2018).

With a modified indicator moderate-to-vigorous physi-
cal activity (MVPA), which included mandatory school
physical education (4 hours/week since 2003), percent-
ages of Polish boys reporting MVPA seven days per week
in five surveys spanning 2002 to 2018 were rather low,
24% to 34% at 11 years, 16% to 29% at 13 years and 16%
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to 25% at 15 years. Percentages of girls reporting MVPA
seven days per week across the same interval were lower,
18% to 27% at 11 years, 12% to 18% at 13 years, and 8%
to 11% at 15 years (Woynarowska & Mazur 2012; Mazur
2015; Mazur & Matkowska-Szkutnik 2018). By inference,
the overwhelming majority of Polish youth 11-15 years did
not report MVPA on a daily basis between 2002 and 2018.
Of note, high levels of VPA and MVPA are associated with
a lower risk of obesity independent of sedentary behavior
(Katzmarzyk et al. 2015).

The physical fitness of the rural boys and girls in the pres-
ent study was also assessed in each of the four decennial
surveys (Bartkowiak et al. 2021b). Speed (sprint) and flex-
ibility (stand and reach) declined over this interval, while
power (vertical jump) and cardiovascular fitness (step test
index) changed variably across surveys. Agility (figure-
of-8 run) improved between 1986 and 1996, but changed
negligibly in subsequent surveys. The results for the rural
youth were generally consistent with other studies of the fit-
ness of Polish school youth that spanned a similar interval
(Bartkowiak et al. 2021b). Given the variable trends in fit-
ness tests between 1986 and 2016, it is difficult to make infer-
ences about changes in the physical activity of the rural boys
and girls. Nevertheless, the overall lack of improvement in
physical fitness, especially cardiovascular fitness, across the
four surveys suggests inadequate levels of habitual physical
activity. It must be noted, however, that although physical
activity and physical fitness are significantly related, most of
the variance in fitness is not accounted for by physical activ-
ity (Malina 1995; Malina 2001; Malina et al. 2016).

On a more general level, the 2018 Physical Activity Fact
Sheet for Poland (World Health Organization 2018) noted
that only 19% of girls and 30% of boys 11-15 years were
classified as having a sufficient level of physical activity for
health and fitness, while the 2018 Physical Activity Report
Card for Poland concluded that “...the proportion of chil-
dren and youth who meet the recommended levels of PA
... remains low” (Zembura et al. 2018: 396). The latter was
based on several indicators of activity and inactivity,

The preceding discussion was largely focused on indica-
tors of diet and physical activity for Polish youth 11+ years
of age. Corresponding estimates for younger children are
limited. A recent survey in northwestern Poland (Szczecin)
between 2016 and 2018 utilized parental report to estimate
diet and activity behaviors of children 8—10 years (Ratajczak
& Petriczko 2020). Approximately 46% of the children con-
sumed sweets several times per week while 28% consumed
sweets daily, and 43% consumed fast foods 3—5 times per
week. Percentages of children participating in physical activ-
ity for 5 or more hours per week were 45% for boys and
40% for girls, and for 3—5 hours per week were 33% in each
sex. The intensity of activity was not considered. In con-
trast, daily television viewing (i.e., sedentary behavior) for
1-3 hours and for > 3 hours was reported for, respectively,
54% and 23% of the children; differences between boys and
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girls were negligible. Although based on parental report,
increased consumption of sweets and time spent viewing
television, and less time in physical activity were also asso-
ciated with an elevated BMI (Ratajczak & Petriczko 2020).
Changes in lifestyle associated with diet, reduced physi-
cal activity and increased sedentary behaviors (physical
inactivity) are generally accepted as major factors associ-
ated with the increased prevalence of OWT and OB among
children and adolescents. Other factors must also be con-
sidered, e.g., interactions with environmental factors (Bray
& Champagne 2005; Keith et al. 2006). It is possible, for
example, that stresses associated with the political unrest
and economic and social insecurities in Poland during the
interval spanning the surveys may have influenced living
conditions in the communities and may have contributed, in
part, to the increased prevalence of OWT and OB. With the
liquidation of state farms in the 1990s, for example, services
for rural communities were affected. Perhaps most relevant,
among other changes, was the reduction in bus connections
and railway lines, which likely influenced job opportuni-
ties. Unemployment claims indicating state-owned farms
as the last place of employment was 100,000 in 1991 and
declined by about one-half in 2004 as approximately 48,000
of unemployed individuals received a job or a job offer
(Zglinski 2003). With the deterioration of agricultural condi-
tions, alcoholism, passivity and perceptions of helplessness
increased in many rural communities of Poland (Halamska
2011; Gorecki 2015). As a result, home conditions of some
children and youth may have been significantly altered dur-
ing the political and economic upheaval in Poland in asso-
ciation with job insecurity and perhaps alcoholism among
a parent or both. Such home conditions may have contrib-
uted to adverse childhood experiences for some children,
for example, neglect, abuse, parental conflict, among others
(Fahrenkamp 2018). In addition to potential effects on growth
status (Oh et al. 2018), adverse childhood experiences have
been related to overweight and obesity during adolescence
(Gardner et al. 2019) and in adulthood (Fahrenkamp 2018).

4.3 Overview

Secular changes in the BMIs of rural boys and girls between
1986 and 2016 were significant, and suggested a gradient
in age-adjusted means: 2016 > 2006 > 1996 > 1986, except
among girls 13—15 years. Estimated changes between adja-
cent decennial surveys, however, were variable. Changes in
OWT and OB between 1986 and 2016 were consistent with
other studies in Poland over the past two generations The
trends spanning the 1996, 2006 and 2016 surveys were con-
sistent with recent dietary changes, i.c., increased consump-
tion of processed and “fast foods” and of sweets and sweet
drinks, and with reduced levels of regular physical activity,
specifically VPA and MVPA, among Polish youth since the
1990s. Other factors that may impact the weight status of
youth merit more detailed attention.

The study is not without limitations. First, an indicator
of biological maturity status was not included in the early
surveys. Status quo menarcheal information was included in
the 2016 survey; estimated mean age at menarche in 2016
was 13.3 years, which was similar to corresponding data for
rural girls in Poland (Barkowiak et al. 2021c¢). Second, infor-
mation on changes in dietary habits and overall lifestyle in
the respective communities and changes in physical activ-
ity habits of children and adolescents over time was lacking.
Nevertheless, the study is unique in that school children and
adolescents in the same ten communities were surveyed on
four occasions spanning 30 years.
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Supplementary Table 1. Sample size, age and the BMI by single year chronological age groups in the four decennial surveys of boys

(M, mean; SD, standard deviation; MD, median).

Age (yrs) BMI (kg/m?) Age (yrs) BMI (kg/m?)
g‘i‘;p " M | sp M | sp [ mp " M | sp M | sp [ mD
1986 1996
7 75 7.2 0.2 15.3 1.7 15.2 64 7.2 0.2 16.2 1.8 15.9
189 8.0 0.3 15.9 2.2 15.5 115 8.0 0.3 16.3 1.8 16.0
177 9.0 0.3 16.3 2.0 15.9 93 9.0 0.3 17.4 2.6 16.8
10 175 10.0 0.3 16.8 2.2 16.3 114 10.0 0.3 17.1 2.7 16.5
11 186 11.0 0.3 17.3 23 16.8 137 11.0 0.3 17.4 2.6 16.8
12 161 12.0 0.3 18.0 2.4 17.5 132 11.9 0.3 18.1 34 17.2
13 171 13.0 0.3 18.4 2.6 17.8 128 13.0 0.3 19.0 2.9 18.3
14 171 13.9 0.3 19.0 2.7 18.6 130 14.0 0.3 18.9 2.7 18.3
15 112 14.8 0.3 19.7 23 19.4 66 14.8 0.2 19.8 3.0 19.3
2006 2016
7 48 7.2 0.2 16.3 1.7 15.7 100 7.2 0.2 16.7 2.9 15.9
79 8.0 0.3 17.4 34 16.1 151 8.0 0.3 17.1 32 16.0
91 9.0 0.3 17.7 3.0 17.0 132 9.0 0.3 18.0 3.1 17.4
10 123 10.0 0.3 17.9 3.1 17.4 145 9.9 0.3 18.2 33 17.7
11 128 11.0 0.3 18.6 33 18.0 144 10.9 0.3 19.1 34 18.4
12 125 12.0 0.3 19.0 33 18.2 133 12.0 0.3 19.5 35 18.9
13 92 13.0 0.3 19.7 3.7 19.1 128 13.1 0.3 19.9 34 19.3
14 103 14.0 0.3 19.6 2.7 19.0 119 13.9 0.3 20.3 32 19.9
15 82 15.0 0.3 20.6 2.9 20.3 137 15.0 0.3 21.5 3.8 20.5
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Supplementary Table 2. Sample size, age and the BMI by single year chronological age groups in the four decennial surveys of girls
(M, mean; SD, standard deviation; MD, median).

Age (yrs) BMI (kg/m?) Age (yrs) BMI (kg/m?)
grgo‘;p " M | sD M | sp [ mD " M | sD M | sp [ mMD
1986 1996
79 7.2 02 | 153 | 24 | 150 | 49 7.1 02 | 155 | 18 | 152
160 | 8.0 03 | 155 | 18 | 154 | 109 | 80 03 | 162 | 22 | 157
170 | 9. 03 | 160 [ 22 | 157 | 101 8.9 03 | 166 | 26 | 161
10 1499 | 100 [ 03 | 165 | 22 | 163 | 120 | 100 | 03 | 176 | 3.0 | 169
11 186 | 1.0 | 03 | 171 | 27 | 165 | 133 | 110 | 03 | 175 | 26 | 168
12 170 | 120 | 03 | 179 | 25 [ 175 | 124 | 120 | 03 | 180 | 29 [ 173
13 179 | 130 | 03 | 190 | 28 | 186 | 129 | 130 | 03 | 187 | 28 | 183
14 155 | 140 | 03 | 200 | 29 | 196 | 118 | 140 | 03 | 193 | 29 | 189
15 78 148 | 02 | 205 | 28 | 197 | 64 147 | 01 | 197 | 25 | 194
2006 2016
20 7.4 0.1 180 | 33 | 171 | 123 | 71 03 | 166 | 30 | 158
97 8.0 03 | 167 | 23 [ 164 | 146 | 80 03 | 174 | 35 [ 168
102 | 9.0 03 | 170 | 28 | 164 | 147 | 90 03 | 181 | 41 | 170
10 113 | 100 | 03 | 173 | 28 | 166 | 140 | 100 | 03 | 178 | 34 | 170
11 126 | 10 | 03 [ 187 | 34 | 181 [ 137 | 110 | 03 | 188 | 34 | 183
12 97 120 | 03 | 186 | 35 | 178 | 113 | 120 | 03 | 197 | 42 | 190
13 106 | 130 | 03 | 194 | 37 | 187 | 11 | 130 | 03 | 197 | 37 | 190
14 104 | 140 | 03 [ 203 | 31 | 199 | 9 139 | 03 | 204 [ 33 | 195
15 78 150 | 03 | 207 | 30 [ 198 | 90 150 | 03 | 210 [ 27 | 205
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Introduction

Age at menarche is a commonly used
indicator of maturity among adolescent
girls and women. It is a relatively late in-
dicator in the sequence of pubertal events
and occurs, on average, after peak height
(Malina et al. 2004). There is also a rela-
tively long tradition of reporting ages at
menarche in Europe and North Ameri-
ca. In Europe, for example, mean ages at
menarche in the late 19th century were
about of 16-17 years, and evidence from
several European countries suggests a
decline in age at menarche by about 3.6
months per decade (Ong et al. 2006). The
secular decline was generally related to
improvements in health and nutritional
conditions over time associated with con-
ditions of living and improvements in so-
cioeconomic conditions (Nieczuja-Dwo-
jacka et al. 2018). In the context of the
recent leveling of secular changes in age
at menarche in many populations, it has
been suggested that mean age at men-
arche in some populations may be ap-
proaching a “genetic limit” given reduced
associations with socioeconomic and en-
vironmental factors (Golding et al. 2001).

Corresponding data from the end of
the 19th century for the Polish popula-
tion indicate a median age at menarche of
15.2 years (Kowalska 1966). Consistent
with data for Europe, age at menarche in
Polish girls has also declined over time,
allowing for variation associated with the
two world wars and major political trans-
formation in the 1980s. Although based
on retrospective data, mean age at men-
arche among college women born before
WWII, 14.2+1.2 years, was slightly ear-
lier than among women born during the
war, 14.4+1.3 years, and both were later
than that of women born after the war,
13.9+1.3 years (Liczbinska et al. 2018).

A review of three large scale surveys in
different regions of Poland spanning 1967
through 2007 noted secular declines and
persistence of the urban-rural contrast in
ages at menarche in national and region-
al samples, and also noted corresponding
contrasts between rural girls who were
from farming and non-farming families
(Laska-Mierzejewska et al. 2016). More
recently, a summary of national surveys
in Poland noted secular declines and
persistence of urban-rural contrasts in
means ages at menarche between 1966
and 2012 (Gomula and Koziel 2018).
Overall, several studies noted that ages at
menarche of girls resident in rural areas
were consistently later, on average, than
in urban girls, while daughters of rural
non-farming families attained menarche
earlier than girls from farming families.

Studies in Poland and other countries
have noted a variety of factors associated
with or that are correlates of age at men-
arche including, for example, nutritional
status, socioeconomic status, family size,
parental education, ethnicity, area of
residence, psychological and emotional
factors, and others (Laska-Mierzejewska
et al. 2016; Malina et al. 2004). In addi-
tion, weight status defined by weight per
se and weight-for-height indices such as
the ponderal index and the BM], is also
related to age at menarche (Hillman et
al. 1970; Himes et al. 2009; MacMahon
1973; Merzenich et al. 1993).

Current studies on the age at men-
arche of girls resident in the Greater Po-
land voivodship are largely limited to ur-
ban samples (Durda 2011; Durda-Masny
et al. 2019; Kaczmarek 2001, 2002). The
purpose of the present study is to esti-
mate the age at menarche among girls
7-16-years of age resident in ten rural
communities of the Greater Poland prov-
ince in 2016. Age at menarche is ad-
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dressed from three perspectives: in the
total sample, among girls classified by
weight status as thin, normal weight or
overweight, and among girls resident in
communities which have experienced ma-
jor population growth compared to those
in communities with little or no popula-
tion growth over 30 years (1986-2016).

Material and Methods
Background

The growth status of rural school chil-
dren and adolescents in 10 rural com-
munities in the Greater Poland province
(Wielkopolskie) in west central Poland
was surveyed in four decennial surveys
spanning 1986 and 2016 (Bartkowiak et
al. 2020). The communities were located
between 19 and 75 kilometers of the city
of Poznan, the capital of the voivodeship.
The communities were initially selected
in 1986 in cooperation with the provin-
cial Board of Education and Development
in Poznan and with the approval of the
respective community authorities to rep-
resent different regions of the province.
Subsequent surveys in 1996, 2006 and
2016 were also conducted with the ap-
proval of provincial and respective com-
munity authorities. The present study is
limited to the 2016 survey during which
information on the menarcheal status of
girls was surveyed. Earlier surveys did
not include menarcheal information.

Ethics

The 2016 survey was approved by the
Human Ethics Research Committee of
the Karol Marcinkowski Medical Uni-
versity in Poznan (No. 907/16) and ed-
ucational authorities of each community.
Parents or legal guardians provided writ-

ten informed consent for their child or
children to participate, while the latter
provided assent for their participation.
The surveys were conducted by faculty
and staff of the University of Physical
Education in Poznan in cooperation with
teachers at each school.

Sample

The study included 1146 girls 7-16
years of age from the ten communities.
Chronological age (CA) groups spanned
one year with the whole year as the mid-
point of the interval (7 years = 6.50 to
7.49, etc.).

Age at menarche

Menarcheal status was obtained via in-
terview. Each girl was individually in-
terviewed by a female member of the re-
search staff as to whether menarche had
occurred (yes) or had not yet occurred
(no).

Anthropometry

Height (0.1 cm) and weight (0.1 kg)
were measured during the school day in
the gymnasium of each community. Ex-
perienced staff of the Department of An-
thropology and Biometry of the Poznan
University of Physical Education made
all measurements using established pro-
cedures (Bartkowiak et al. 2020).

Weight status

The BMI (kg/m?) was calculated and
used to classify the girls by weight status
using age- and sex-specific IOTF criteria
(Cole et al. 2000, 2007). Given limited
numbers of girls classified as severely
(n=9) and moderately (n=26) thin, they
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were combined with girls classified as
mildly thin (n=100) into a single group
labeled as Thin (n=135, 11.8%). Simi-
larly, relatively few girls were classified
as obese (n=79), and they were com-
bined with those classified as overweight
(n=201) into a single group labeled as
Overweight (n=280, 24.4%).

Population growth

After the fourth survey was completed,
the population records of the 10 commu-
nities were extracted from locally avail-
able archives (Supplementary Table 1).
Between 1986 and 2016, five communi-
ties increased in population size, +1236
to +7436 individuals compared to the
other five communities which increased
to a lesser extent or decreased in popula-
tion, +546 to -1920 individuals (Statisti-
cal yearbook of the Poznan voivodeship
1987; Wielkopolskie Voivodship. Subre-
gions — Powiats — Gminas 2017). The two
groups were labeled, respectively, as hav-
ing experienced Major or Little/No pop-
ulation growth across the interval of the
four surveys. The distributions of girls
by weight status in communities with
major growth (Thin = 12.3%, Normal =
65.4%, Overweight = 22.3%) versus lit-
tle/no growth (Thin = 11.4%, Normal =
62.6%, Overweight = 26.0%) did not dif-
fer (Kappa = 0.03, Chi square = 2.08).

Analysis

Ages at menarche were estimated with
the probit regression protocol of IBM
SPSS Statistics 19. The logit model with
log 10 transformation was used. Four
separate analyses were calculated, first
for the total sample; for the subsam-
ples of girls classified as Thin, Normal
Weight, and Overweight; for samples of

girls from the communities which expe-
rienced Major and Little/No growth; and
for samples of Thin and Overweight girls
from communities with Major and Lit-
tle/No growth; numbers of Thin girls by
age groups were too small for analysis.
Median ages, 95% confidence intervals,
standard errors and standard deviations
are reported. The significance of differ-
ences between pairs of ages at menarche
was estimated with standard errors cal-
culated from the median and 95% confi-
dence intervals.

Results

The median age at menarche for the
total sample of rural girls in 2016 was
13.25+0.20 years with 95% confidence
intervals of 12.91 to 13.64 years. Cor-
responding estimates for the girls clas-
sified by weight status are summarized
in Table 1. Menarche occurred earliest,
on average, among Overweight girls
(13.06+0.32 years), followed by Nor-
mal Weight girls (13.25+0.37 years)
and Thin girls (13.81+0.41 years). The
range of the 95% confidence intervals
was smaller among Overweight girls (1.1
years) compared to Normal Weight and
Thin girls (1.3 and 1.4 years, respective-
ly). The difference in ages at menarche
between Overweight and Thin girls ap-
proached significance; other pairwise
comparisons were not significant.
Estimated ages at menarche among
girls resident in communities which
experienced Major and Little/No popu-
lation growth are summarized in Table
2. Age at menarche among girls in the
former communities was, on average,
significantly earlier than that among
girls resident in communities Little/
No population growth, 12.58+0.44 and
13.65+0.14 years, respectively. Corre-
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Table 1. Samples sizes and descriptive statistics for chronological age and estimated age at menarche among

rural girls classified by weight status

. Age (yrs) Age at Menarche (yrs)
Weight status = M SD  Median  95% c SE SD
Thin 135 10.3 2.4 13.81 13.34 14.73 0.47 1.49
Normal 731 11.2 2.6 13.25 12.65 13.98 0.37 1.17
Overweight 280 10.2 2.4 13.06 12.59 13.68 0.32 1.01

Table 2. Samples sizes and descriptive statistics for chronological age and estimated age at menarche among
rural girls from communities experiencing Major and Little/No population growth between 1986 and

2016
. Age (yrs) Age at Menarche (yrs)
Popul h
opuation growt N M SD  Median  95% c SE SD
Major 480 10.6 2.6 12.58 11.93 13.45 0.44 1.40
Little/no 666 11.0 2.6 13.65 13.39 13.93 0.14 0.45

sponding 95% confidence intervals indi-
cated relatively little overlap in the esti-
mated ages at menarche between groups.

Among girls from the communities
with Major growth, median ages at men-
arche were 12.12+0.49 years (95% CI
11.48-13.09 years) in Overweight and
12.54+0.15 years (95% CI 12.25-12.84
years) in Normal Weight girls. Corre-
sponding estimates for the communities
with Little/No growth were 13.46+0.40
years (95% CI 12.92-14.25 years) in
Overweight and 13.62+0.18 years (95%
CI 13.30-13.97 years) in Normal Weight
girls. Differences in median ages at men-
arche in girls from communities which
experienced Major or Little/No growth
within each weight status group were
significant.

Discussion

Age at menarche in the total sample of
rural girls 7-16 years in west-central
Poland in 2016 was 13.25years (95%
CI 12.91-13.64 years), and was similar
to ages at menarche in rural girls from
families of farmers (13.32+1.98 years),
of farm-workers (13.19+1.67 years) and

of non-farmers (13.17+1.96 years) resi-
dent in four geographic regions of Poland
in 2001 (Laska-Mierzejewska and Olsze-
wska 2007). The age at menarche of the
2016 sample of rural girls in the pres-
ent study was slightly later than ages at
menarche noted among girls 7-18 years
resident in small towns 13.11 years (95%
CI 12.88-13.35 years, n=664) and in ru-
ral villages, 13.11 years (95% CI 12.91-
13.32 years, n=802) in a 2012 survey of
seven districts in Poland (Gomula and
Koziet 2018).

The prevalence of Thinness among ru-
ral girls in the present survey was 11.8%,
which was similar to that recently report-
ed for rural girls 7-12 years in southern
Poland in 2009-2011, 13.3% (Suder et
al. 2020). The prevalence of Overweight
(i.e. overweight + obesity) in the present
sample, 24.4%, was within the range es-
timates for recent samples of Polish girls
7-15 years; however, overweight rather
than obesity was somewhat more prev-
alent in younger girls 7-12 years in the
present study (Bartkowiak et al., under
review).

The earlier estimated age at menarche
in the sample of overweight and obese
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girls compared to normal weight and thin
girls was consistent with observations in
Poland. In a longitudinal series of urban
girls in Poznan, ages at menarche were
12.33+1.46 years among 38 overweight
girls, 12.48+0.92 years among 172 nor-
mal weight girls, and 13.90=0.13 years
among 33 underweight girls (Durda-
Masny et al. 2019). The mean age at
menarche for urban underweight girls
was similar to that for rural thin girls in
the present study (13.81+1.49 years),
while those for overweight and normal
weight girls were earlier than overweight
(13.06£1.01 years) and normal weight
(13.25+1.17 years) rural girls in the
present survey (Table 1). Nevertheless,
results of the studies were also consis-
tent with observations in other coun-
tries, specifically earlier ages at menarche
among overweight and obese girls (An-
derson and Must 2005; Biro et al. 2018;
Bratke et al. 2017; Himes et al. 2009; La-
zzeri et al. 2018).

The contrast in ages at menarche
in the total samples of girls and also in
the samples of Overweight and Normal
Weight girls resident in the rural com-
munities that experienced Major com-
pared to Little/No population growth
between 1986 and 2016 merits attention.
The data suggested a difference of about
one year in age menarche in the respec-
tive total samples and subsamples by
weight status. The communities which
experienced a major population increase
were located relatively close to Poznan,
19 to 37 km, while those which experi-
enced little or no population increase
were located a bit further from Poznan,
37 to 75 km. The population increase in
the former was perhaps related to in-mi-
gration from Poznan as the communities
were now suburbs of the major city. Of
potential relevance, only one of the five

communities which experienced major
growth showed an increase in birth rates,
while among the remaining nine commu-
nities, changes in estimated birth rates
were negligible in three and declined in
the other six communities.

Conclusions

The median age at menarche in the total
sample ofrural girlsresidentin the Greater
Poland province in 2016 was 13.25+0.20
years, and was generally consistent with
recent surveys of rural Polish girls. Age
at menarche was earlier among Over-
weight (13.06+0.32 years) compared
to Normal Weight (13.25+0.37 years)
and Thin (13.81%0.41 years), which was
generally consistent with ages reported
for overweight and underweight urban
girls in the city of Poznan. Of interest,
girls resident in communities which ex-
perienced Major population growth be-
tween 1986 and 2016 attained menarche
earlier, 12.58+0.44 years, compared to
girls resident in communities with Lit-
tle/No population growth, 13.65+0.14
years. The population increase in the for-
mer, which were now suburbs of a major
city, was perhaps related to in-migration
from Poznan. The distribution of girls
by weight status did not differ between
communities classified by population
growth, but estimated ages at menarche
in Overweight and Normal Weight girls
in the communities with Major growth
were earlier than the corresponding
groups of girls in the communities with
Little/No population growth.
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Supplementary Table 1. The ten rural communities ranked by population growth between 1986 and 2016!

Distance to Poznan (km) 1986 2016 Population change
Major growth
Biedrusko 19 9307 16743 +7436
Strykowo 31 12395 14973 +2578
Pamigtkowo 24 27530 29828 +2298
Wojnowice 35 14861 16391 +1530
Nekla 37 6215 7451 +1236
Little/no growth:
Ktecko 75 7046 7592 +546
Kwilcz 62 6002 6395 +393
Granowo 37 4676 5051 +375
Kotaczkowo 59 6110 6084 —-26
Obrzycko 46 6444 4524 —1920

'Extracted from Statistical yearbook of the Poznan Voivodeship (1987) and Wielkopolskie Voivodship.

Subregions-Powiats—-Gminas (2017).
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Physical Fithess of Rural Polish School Youth:
Trends Between 1986 and 2016

Sylwia Bartkowiak, Jan M. Konarski, Ryszard Strzelczyk, Jarostaw Janowski,
Matgorzata Karpowicz, and Robert M. Malina

Background: The objective of the study was to evaluate secular changes in the physical fitness of rural school youth, 7-15 years, in
west-central Poland between 1986 and 2016. Methods: The fitness of cross-sectional samples of school youth resident in the same
10 communities was evaluated in 4 decennial surveys: 1986—1417 boys/1326 girls; 1996—979 boys/947 girls; 2006—871 boys/
843 girls; and 2016—1189 boys/1105 girls. Five tests evaluated speed (5-m run), agility (figure 8 run), explosive power (vertical
jump), flexibility (stand and reach), and cardiovascular fitness (modified Harvard step test). Age- and sex-specific descriptive statistics
were calculated by survey, while differences among surveys were compared in 3 broad age groups (7-9, 10-12, and 13-15 y) using
analysis of variance with age and age squared as covariates. Results: Speed and flexibility declined, while the jump and step test index
changed variably across surveys. Although agility improved across surveys, the major improvement occurred between 1986 and
1996. Conclusions: Performances of rural school youth on 5 tests of physical fitness changed significantly, but, variably, between
1986 and 2016. The results were generally consistent with other studies of Polish school youth that spanned a similar interval.

Keywords: health, pediatrics, physical performance

Interest in changes in the physical performance and fitness of
school age youth over time has a long tradition,-> which has
increased more recently in the era of systematic reviews.>* This
tradition continues in many countries, although time intervals and
fitness items considered vary.>~10

Given current concerns for the health-related fitness of youth
and potential associations with health status in adulthood,'! car-
diovascular endurance and flexibility are often the focus of atten-
tion. Performance-related fitness as apparent in tests of speed,
agility, and power are central to physical activity in its many forms
among youth. Moreover, a physically active lifestyle during youth
that includes sufficient levels of moderate and vigorous physical
activity is generally accepted as a health promotion and disease
prevention strategy.'? The fitness and activity of youth also have
the potential to impact quality of life that may persist into
adulthood.

Surveys of the physical fitness in national samples of Polish
youth 7-19 years date back to 1932,!3 while the fitness of youth in
the city of Cracow was first surveyed in 1938.14 Both surveys were
done during the interval between 1918, when Poland regained its
independence, and 1939, when World War II began with the
invasion of Poland by Germany. Subsequent national surveys of
youth fitness in 1951, 1966, and 1979'>-16 spanned the interval of
postwar communist control, while comparisons of prewar and
postwar fitness levels in several tests indicated negligible changes
between 1932 and 1951 in national samples' and inconsistent
changes between 1938 and 1962 in Cracow boys.'*

Bartkowiak, Konarski, Strzelczyk, and Janowski are with the Theory of Sports
Department, Poznari University of Physical Education, Poznan, Poland. Karpowicz
is with the Department of Team Sports Games, Poznari University of Physical
Education, Poznaini, Poland. Malina is with the Department of Kinesiology and
Health Education, The University of Texas at Austin, Austin, TX, USA; and the
Department of Anthropology, School of Public Health and Information Sciences,
University of Louisville, Louisville, KY, USA. Konarski (konarski@awf.poznan.pl)
is corresponding author.

With the collapse of the communist government beginning in
the 1980s, Poland gradually transitioned to a democratic system in
1989 which was formally established in 1991. At the time of the
transition, school attendance was mandatory for children 6-
18 years; physical education was compulsory at 2 hours per
week. The requirement was increased to 3 hours per week in
1997 and to 4 hours per week in 2002.!7 Concern for youth fitness
also continued with national surveys in 1989, 1996, 1999, and
2009.18-20 In addition, surveys spanning different time intervals
were also conducted in specific regions of the country, for example,
4 decennial surveys spanning 1965 and 1995 were conducted in
southwestern Poland.?! Surveys of youth fitness in other regions
spanned variable intervals, for example, in the north central region
in 1971 and 1991,?? the southeastern region in 1977 and 1987,%3 in
the eastern provinces in 1986 and 2016,>*° and in the southwest-
ern region in 2001-2002 and 2010-2011.26

The early surveys focused largely on speed, strength, and
power, while more recent surveys shifted to international fitness
batteries, for example, the International Committee for the Stan-
dardization of Physical Fitness Test?” and EUROFIT test battery,?®
in addition to the Cooper test>® as a measure of cardiovascular
endurance. In doing so, the fitness of Polish youth has been placed
in the context of the European and international communities.

Overall, performances of Polish youth on fitness tests (speed,
power, and strength) were variable across surveys before and after
World War II. Allowing for the different tests, fitness levels of Polish
youth generally improved in surveys through 1981, but more
recently changes in fitness have been variable, and, in many cases
declined. Urban—rural contrasts were apparent in several fitness tests
in the 1999 national survey,'® while secular changes in the hs and
weights of rural youth were generally less than corresponding
changes in national samples between 1989 and 1999.1°

In the context of the preceding, the purpose of this study is to
evaluate secular changes in the physical fitness of school youth
7-15 years, resident in 10 rural communities in west-central Poland
across 4 decennial surveys between 1986 and 2016. In contrast to

1
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previous studies in Poland, the present study is unique in that the
fitness surveys of school youth were conducted in the same 10
communities across the interval of 30 years which involved major
political, economic, and social transitions in Poland.?*3% Commu-
nity-specific data addressing local adaptations to the political,
economic, and social changes over the 30 years, however, are
not available.

Methods

Background

The growth status and physical fitness of youth attending schools in
the 10 rural communities located in the Poznan province were
initially evaluated in 1986.3' The communities were selected in
cooperation with the provincial Board of Education and Develop-
ment to represent different regions of the province. The survey was
also approved by the respective community authorities. The com-
munities were located ~19 to 75 km from the city of Poznan.
Population sizes varied between 4642 and 9850 in 1986, and the
region had many state-owned and cooperative farms.3? According
to local records, none of the communities was involved in previous
secular trend research.

School youth in the 10 communities were subsequently sur-
veyed in 1996, 2006, and 2016. The 1986 and 1996 surveys were
done when the region was an independent province, while the 2006
and 2016 surveys were done after the Pozna province was
consolidated with 4 others as the Greater Poland province in
1999.33

Sample

The 4 surveys included 4538 boys and 4331 girls who were sorted
by survey into single year chronological age (CA) groups with the
whole year as the midpoint (7 y = 6.50-7.49, etc). Three boys and
4 girls were <6.5 years, while 79 boys and 107 girls 215.50 years
were represented only in 2006 and 2016; both groups were
excluded. The sample for analysis thus included 8677 school youth
7-15 years: 1417 boys/1326 girls in 1986, 979 boys/947 girls in
1996, 871 boys/843 girls in 2006, and 1189 boys/1105 girls
in 2016.

Ethics

The initial survey was approved by the provincial Board of
Education and Development and educational authorities of each
community; subsequent surveys were approved by the Human
Ethics Research Committee of the Karol Marcinkowski Medical
University in Poznan (KB 907/16 for 2016) and educational
authorities of each community. Parents or legal guardians provided
written informed consent for their child/children to participate,
while children provided assent for their participation.

Fitness Tests

Testing was done by class. The 5 tests were described and
demonstrated. A 10-minute standardized warm-up was given prior
to testing which was done in the following order:

Speed—The 5-m Run (in Meters per Second). The student was
standing at a line 0.5 m from the starting line. At the start command,
he/she ran as fast as possible crossing the starting and finish lines
and through markers placed 1 m beyond the latter. Time elapsed

from crossing the starting and finishing lines was measured
(0.001 s) with laser photocells located 0.5 m above ground on
each line (PFL-20 Kabid-Zopan, Poland, 1986, 1996, 2006; Witty,
Microgate, Italy, 2016). Two trials were given; the better time was
retained. Distance covered per second (in meter per second) was
calculated.

Explosive Power/Coordination—Vertical Jump (in Centi-
meters). Standing erect with his/her side to the centimeter scale,
the student extended his/her arm upward along the scale; the
highest point (standing reach height) was recorded (nearest centi-
meter). Then from a half squat position, the student was instructed
to jump as high as possible using both arms and legs to assist in
projecting the body upward. The highest point of the jump
indicated by the reach of the fingers was recorded (in centimeters).
The difference between standing reach height and jump height was
the score. Three trials were given; the best jump was retained.

Flexibility—Stand and Reach With a Forward Bend (in Centi-
meters). Without shoes, the student was standing with feet
together on a box (height=32 cm, length=35 cm, width=
45 cm). The measurement scale was 50 cm at the standing surface
and values increased downward. The student was instructed to raise
their arms, make the deepest forward bend possible, and hold this
position for 1 or 2 seconds. The score was recorded (nearest
centimeter) as the distance reached. The forward bend was per-
formed twice; the better result was retained.

Agility—Figure 8 Run (in Seconds). Standing at the starting line
midway between 2 poles (120 cm) 5 m apart, the student was
instructed to run the figure 8 pattern as fast as possible. The pattern
was run 3 times, with the first turn to the right. The time to cover the
3 laps was measured with a stopwatch (0.01 s, 1986, CAENAHO
B, C.C.C.P./SLAVA, Russia, 1986; Casio HS-80TW Lap Stop-
watch, Japan, 1996, 2006, 2016). Two trials were given; the better
results were retained.

Cardiovascular Fitness—Modified Harvard Step Test. The stu-
dent stepped up and down a box 30.0 cm in height at a metronome
pace of 30 full steps (up/down) per minute for 5 minutes
(300 s).3%3> After 5 minutes and resting for 1 minute, heart rate
was recorded for 60 seconds using an electronic sensor on the
second finger in 1986 and 1996 (N-327-5 analog unit) and with an
electronic sensor in the earlobe in 2006 and 2016 (AND C812
analog unit with Tester software (Poznan Technical University).
A STI was calculated?>:

100 x (working time in seconds)

STI =
55%xp

k)

where p = pulse rate between first and second minute after com-
pletion of the exercise; 5.5 = constant.

As a guide, a step test index >60 = very high, >50.0 and <60 =
high; >40.0 and <50 =average; >30.0 and <40=1low; <30.0=
significantly impaired.3*

Analysis

Descriptive statistics were initially calculated for each survey by
sex-specific single year CA groups to illustrate trends over time. To
allow for variation in sample sizes among surveys and for more
detailed analysis of secular change in the fitness tests, the data for
each survey were partitioned into 3 CA groups spanning 7-9 years
(middle childhood in both sexes), 10-12 years (transition into
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puberty and midpuberty in most girls, transition into puberty in
most boys), and 13—15 years (later adolescence in most girls,
interval of the growth spurt in most boys). Sex-specific analysis
of covariance, with age and age” of each student as covariates, were
done in each combined CA group to compare fitness tests across the
4 surveys. Post hoc comparisons of each fitness test between
specific surveys, with Bonferroni adjustments for multiple com-
parisons, were evaluated. Effect sizes were estimated as partial-eta
squared (17%); the statistic provides an estimate of the strength of the
independent variable (secular or decennial changes) on the depen-
dent variable (mean fitness performances across surveys), after
controlling for variation due to CA among groups. Guidelines for
the interpretation of effect sizes were as follows: 0.1, small; 0.3,
moderate, 0.5, high; 0.7, very large; 0.9, extremely large.3%37 All
analyses were done with SPSS for Windows (version 22.0; IBM
Corp, Chicago, IL).

Results

Trends Across Surveys

Mean performances on each fitness test by single-year CA groups
in each of the 4 surveys are illustrated in Figure 1A—1E. Sample
sizes and descriptive statistics for each fitness test by single-year
CA groups of boys and girls within survey are summarized in
Supplementary Tables Sla—d (available online).

Speed (Figure 1A) improves, on average, with age among
boys from 7 to 15 years in all surveys, but it improves from 7 to
12 years in girls, followed by a plateau. On the other hand, speed
declines in both boys and girls between 1986 and 1996 and
between 1996 and 2006, while changes between 2006 and 2016
are negligible in both sexes.

Agility (Figure 1B) shows a similar age-related pattern as speed
in boys and girls, respectively, but it should be noted that a lower
time indicates a better performance. Among boys, agility improves
from 1986 to 1996, and does not change appreciably in subsequent
surveys. No clear trend is apparent among girls, although agility in
the 1996 survey is, on average, best at all ages except 14 years.

The vertical jump (Figure 1C) improves, on average, from 7 to
15 years. There is no clear secular pattern in both sexes; although,
the performance of boys in 2006 is consistently better than in 1986.

Flexibility (Figure 1D) is best in 1986 and tends to decline
across the 4 surveys, more so in boys than girls. Flexibility shows
little improvement with age from 7 to 11 years in both sexes (except
girls 7 y in 2006), and increases through 14 years.

The step test index (Figure 1E) shows no consistent pattern
with age among boys and overlaps across surveys. In contrast, the
index declines with age among girls and is best at most ages
in 2006.

Comparisons by Combined Age Groups

Results of the analysis of covariance for each of the 3 combined CA
group across surveys are summarized in Tables 1 (boys) and 2
(girls). Performances on all tests across the 30-year span differ
significantly in each CA group of boys except for the step test (13—
15 y) and in each CA group of girls except for the vertical jump
(13-15 y). Effects sizes (nf,) are moderate for the speed test in both
sexes, and generally low for the other fitness items in both sexes.
The significance of post hoc pairwise comparisons vary by test, and
is especially apparent in differences between adjacent surveys in
contrast to overall changes between 1986 and 2016 (Table 3).

Fitness Status in Polish Youth 3

Running speed (in meters per second; Figure 2A) declines
between 1986 and 2016 in boys and girls. Speed declines signifi-
cantly (P <.05) between 1986 and 1996, more in boys than girls,
and, between 1996 and 2006, more in girls than boys. Changes in
speed between 2006 and 2016 are negligible.

Agility (Figure 2B) improves (decease in time) significantly
between 1986 and 2016, except among girls 10—12 years. Agility
improves significantly (P <.05) between 1986 and 1996 in boys
and girls in the 3 age groups, while changes between 1996 and
2006 and 2006 and 2016 are variable and significant (P <.05)
only in boys 13—15 years. Among youth 10-12 years, declines in
agility between 1996 and 2006 and between 2006 and 2016,
though not significant, negate the improvement between 1986
and 1996.

Change in the vertical jump (Figure 2C) between 1986 and
2016 is similar in boys and girls 7-9 and 10-12 years but is
considerably larger among boys 13—15 years and negligible among
girls 13-15 years. Jumping performances of boys in the 3 age
groups increased between 1986 and 1996 (P <.05), are variable
between 1996 and 2006, and decline between 2006 and 2016
(P <.05). After significant gains between 1986 and 1996, vertical
jump performances of girls 7-9 and 10-12 years change negligibly
or decline between 1996 and 2006 (P < .05, 10-12 y) and between
2006 and 2016. Among girls 13—15 years, changes are negligible
and not significant between adjacent surveys.

The decline in flexibility (Figure 2D) between 1986 and 2016
is significant in each age group (P <.05) and greater in boys than
in girls. The declines occur between 1986 and 1996 and between
1996 and 2006 in both boys and girls (P < .05 at 7-9 and 10-12 y).
Between 2006 and 2016, girls improve in flexibility, though
variably among age groups (P < .05, at 7-9 y), while boys continue
to decline in flexibility (P < .05, at 10-12 and 13-15 y).

The step test index (Figure 2E) improves slightly but not
significantly in girls 7-9 and 10-12 years, but increases signifi-
cantly in girls 13-15 years between 1986 and 2016 (P<
.05). The index declines across the 30-year interval in boys 7-9
and 10-12 years, but is, on average, unchanged among boys 13—
15 years. Changes in the step test index vary considerably between
adjacent surveys. The index declines in boys (P < .05) and girls 7-9
and 10-12 years but increases in boys and girls (P <.05) 13-
15 years between 1986 and 1996. The index then increases in the 3
age groups of girls (P <.05 at 7-9 and 10-12 y) but declines in boys
10-12 and 13-15 years between 1996 and 2006. The index changes
insignificantly between 2006 and 2016, but the direction is positive
in boys and negative in girls.

Discussion

Changes in the physical fitness status of rural boys and girls across the
4 decennial surveys spanning 1986 through 2016 varied among the 5
tests. Speed (5-m sprint) and flexibility (stand and reach) declined,
while power (vertical jump) and step test index (cardiovascular
fitness) changed variably. On the other hand, agility (figure of 8
run) improved across the 4 surveys; although, the major improvement
occurred between 1986 and 1996. The variable changes in fitness
contrasted positive secular changes in height and weight of the rural
youth in the 10 communities,3® and may reflect increases in the BMI
and changes in weight status between 2006 and 2016 in the rural
school youth.* Though relatively low in prevalence, overweight and
obesity increased between 2006 and 2016 compared with 1986 and
1996 and was consistent with estimates Polish youth spanning the
past 2 generations.>*
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Table3 Estimated Secular Changes in Individual Tests of Physical Fithess Across the 30-Year Interval (1986—-2016)
and Between Adjacent Decennial Surveys in Boys and Girls: Means and SEs Based on Analysis of Covariance With
Age and Age? as Covariates

Secular gains/losses
Adjacent surveys (per decade)

30 y, 1986-2016 1986-1996 1996—-2006 2006-2016
Age group, y Mean SE Mean SE Mean SE Mean SE
Speed—>5-m sprint, m/s
Boys 7-9 —0.43 0.02%* —0.18 0.02* —0.26 0.03* 0.01 0.02
10-12 —-0.38 0.02* -0.18 0.02* -0.21 0.02%* 0.01 0.02
13-15 -0.37 0.02* -0.3 0.02* —0.08 0.03* 0.02 0.03
Girls 7-9 —0.42 0.02* —0.09 0.02* -0.35 0.03* 0.03 0.02
10-12 -0.39 0.02%* -0.14 0.02* —0.27 0.02* 0.02 0.02
13-15 -0.4 0.02* -0.21 0.02* -0.2 0.02%* 0.01 0.02
Agility—figure 8 run, s
Boys 7-9 —0.42 0.13* —0.42 0.15* -0.28 0.17 0.28 0.16
10-12 -0.49 0.10* —0.57 0.10* 0.23 0.11 -0.15 0.11
13-15 —0.84 0.09* —0.52 0.09* -0.29 0.10* —0.03 0.1
Girls 7-9 —0.46 0.13* -0.77 0.14* 0.13 0.17 0.18 0.15
10-12 —0.02 0.11 —0.58 0.11* 0.33 0.13 0.23 0.12
13-15 —0.44 0.11%* -0.49 0.11* -0.04 0.11 0.09 0.12
Power—vertical jump, cm
Boys 7-9 0.82 0.33 1.33 0.36* 1.19 0.42% -1.71 0.39*
10-12 1.05 0.35% 2.1 0.36* 0.35 0.39 -14 0.38*
13-15 1.99 0.48%* 1.47 0.50* 3.09 0.57* -2.57 0.55%
Girls 7-9 1.06 0.33*% 1.76 0.37* 0.04 0.43 -0.74 0.4
10-12 0.91 0.36 1.65 0.36* -1.23 0.39% 0.48 0.38
13-15 0 0.44 -0.29 0.43 0.36 0.47 —0.06 047
Flexibility—stand and reach, cm
Boys 7-9 —4.22 0.39* -2.29 0.43* -1.3 0.51% -0.62 0.47
10-12 =5.11 0.41* -1.8 0.42* -2.08 0.46* -1.23 0.45*
13-15 -3.22 0.49* -0.95 0.51 —0.87 0.58 -14 0.56
Girls 7-9 —2.46 0.44%* —2.38 0.50* -1.93 0.58* 1.85 0.53*
10-12 -2.03 0.43* -1.12 0.43 -1.59 0.47* 0.68 0.47
13-15 -1.56 0.51* -1.93 0.50* —0.1 0.54 0.47 0.55
Cardiovascular—step test index
Boys 7-9 —0.75 0.56 -1.99 0.62* 0.89 0.73 0.36 0.68
10-12 -1.44 0.55* -2.1 0.56* —-0.78 0.61 1.44 0.59
13-15 —0.08 0.63 0.96 0.66 -1.49 0.74 0.44 0.71
Girls 7-9 0.35 0.52 —-1.08 0.59 2.64 0.69% -1.22 0.63
10-12 0.73 0.48 —0.3 0.49 1.79 0.53* —0.76 0.53
13-15 2.32 0.47* 2.66 0.46* 0.65 0.5 -0.99 0.51
*P <.05.

Trends in the fitness of rural school youth in the 10 commu-
nities were generally consistent with other surveys in Poland that
spanned all or part the interval considered in the present study. In
national samples, for example, the Cooper test, strength, and
standing long jump declined or did not change across surveys in
1979, 1989, and 1999.3° Regionally, speed, endurance, strength,
and agility (lesser extent) declined between 1965 and 1995
among youth in Upper Silesia (southwestern Poland).?! Power,
speed, and agility improved while agility declined between 1971

and 1981 in youth from the Bydgoszcz region (north central), but
all fitness items declined between 1981 and 1991.22 Among
school youth in eastern Poland, several indicators of fitness
declined between 1986 and 2006,24 and between 1986 and
2016.2> Among urban Cracow youth, sit-ups, the standing
long jump, and sit and reach performances declined between
1980s and 2000,4° while the overhead medicine ball throw and
standing long jump changed variably between 1975-1980 and
2005-2010 in youth from Cracow and a small town and village.?3
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Trends noted among Polish youth were generally consistent with
trends in other countries.?~

Secular changes in the growth of Polish children and youth
have been generally interpreted in the context of the major political,
economic, and social changes which have occurred in the country
beginning the 1980s.!419.22:24.25.38 The changes included major
strikes and political unrest, imposition of martial law, and eventual
collapse of the communist government, which was followed by
democratic elections late in 1991. Since then, economic conditions
have been rather variable.

Itis difficult to evaluate the changes in youth fitness in the context
of the economic and social changes associated with the government
transition in the 1980s and subsequent years. It is reasonable to
assume, however, that the changes influenced education. Physical
education which was compulsory at 2 hours per week was increased
to 3 hours per week in 1997 and to 4 hours per week in 2002. Of the
latter requirement, 3 hours per week of school physical education
were mandatory, while the fourth hour was optional and dependent
upon local opportunities outside of the school setting, for example,
swimming classes, running in the forests, skiing, and so forth.!7-#!
Assessment in physical education was expanded to include basic
motor skills and coordination in addition physical fitness. Over time,
assessment of motor skills and fitness was increasingly placed in the
context of physical activity with the goal of preparing school youth for
lifelong physical activity.*?

Implementation of the changes in physical education, how-
ever, varied considerably despite detailed evaluation programs and
systems. A national audit in 2010 indicated several irregularities.*3
Between 2007 and 2009, for example, the physical education
curriculum in more than one-half of schools in Poland was not
modified to meet government regulations, while the new core
curriculum for 2009-2010 was not implemented in 20% of schools.
Of relevance to the present discussion, the national audit noted that
two-thirds of schools did not monitor student progress in physical
education, including fitness testing. It was also estimated that 20%
to 40% of school youth participated in fewer physical education
classes and physical activities than required by law, and the trend
increased with the age of students.**

With the preceding as background, it is important to consider
the fitness of Polish youth in the context of physical activity and
inactivity, both of which are established independent correlates of
physical fitness. Data on the activity habits of Polish youth in the
1980s are lacking, while national data suggested a decline in
vigorous and MVPA among adolescents since 1990. Percentages
of boys 11, 13, and 15 years reporting vigorous physical activity 4 to
7 days per week in the 1990s were 54%, 51%, and 42%, respec-
tively, and declined in 2018 to 43%, 37%, and 35%. Corresponding
estimates among girls were lower and changed negligibly between
the 1990s and 2018 in the 3 age groups, respectively, 38%, 31%,and
20% to 36%, 27%, and 22%. With a modified indicator of MVPA,
including mandatory school physical education (4 h/wk since
2002), percentages of Polish boys reporting MVPA 7 days per
week in 5 surveys spanning 2002 to 2018 varied between 24% to
34% at 11 years, 16% to 29% at 13 years and 16% to 25% at
15 years. Percentages of girls reporting MVPA 7 days per week
across the interval were 18% to 27% at 11 years, 12% to 18% at
13 years, and 8% to 11% at 15 years.*>*7 From a more general
perspective, the 2018 Physical Activity Fact Sheet for Poland*®
noted that only 19% of girls and 30% of boys 11-15 years had a
level of activity sufficient for health and fitness, while the 2018
Physical Activity Report Card for Poland*® concluded that few
Polish children and youth meet recommended activity levels.
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Declines in physical activity were accompanied by an increase
in sedentary activities. Allowing for slight variation across surveys
spanning 2000 and 2018, >50% Polish youth 11 to 15 years spent
22 to 3 hours per day watching TV/videos on school days, with
more doing so on the weekend. Percentages of youth spending >2
to 3 hours per day at computer games were relatively low on school
days, especially among girls, but 46% to 58% of boys 13—15 years
reported 4+ hours playing computer games on weekends with little
variation across surveys.*>#7 In an independent survey in 2011,
>50% of Polish middle and high school youth spent =3 hours per
day watching TV or on the computer.*’

Changes in diet over time may influence weight status,
which is a potential correlate of fitness especially at the upper
extremes of the BMI. During the 1980s and 1990s, discussions of
diet in Poland in the 1980s and 1990s were generally focused on
dietary adequacy for growth and health, and the potential need
for food rationing.>® Nevertheless, the estimated consumption of
calories and nutrients of school youth 13—15 years in the city of
Poznan did not differ between 1980 and 1990.°! Subsequently,
a survey of eating habits of Polish adolescents suggested
increased consumption of processed and “fast foods” between
1990 and 2000.52 Although rural adolescents in Poland con-
sumed fewer calories than urban peers, increased energy from fat
and decreased energy from carbohydrates and proteins were
noted in both groups.** More recently, percentages of Polish
youth 13-15 years consuming sweets and sweet drinks increased
more than 3-fold between 2002 and 2018, 18.1% to 69.9% and
12.7% to 44.9%, respectively.*5—47

The preceding trends indicated increased inactivity and
decreased physical activity among Polish adolescents in addition
to relatively recent changes in the diet, specifically processed and
“fast foods,” and sweet drinks. Corresponding estimates for youn-
ger school children are not available. Although studies directly
relating diet, inactivity, and physical activity to levels of fitness
among Polish youth are lacking, reduced levels of physical fitness
may present health risks for youth.!?>3 The recent changes in diet,
inactivity, and activity are also relevant to the increased prevalence
of overweight and obesity among the present and other samples of
Polish youth since the mid-1990s, more so among children com-
pared with adolescents.>* Overweight and especially obesity gen-
erally have a negative influence on indicators of fitness among
youth, specifically tests that require movement or projection of the
body.?3>36 Relationships between the BMI and the fitness tests in
the present samples of Polish youth over time were generally low
and did not show consistent quadratic relationships>* The latter
likely reflected the relatively large concentrations of the BMIs of
the rural boys and girls in the normal weight range.>*

Conclusions

Secular changes in several indicators of the physical fitness of rural
school youth in west-central Poland between 1986 and 2016,
though significant, were variable but generally consistent with
other surveys in the country. The trends were generally consistent
with declines in physical activity and increases in physical inac-
tivity of Polish youth since the 1990s. Changes in diet associated
with fast foods and sweet drinks are related considerations.

The study is unique in that school youth in the same 10
communities were surveyed on 4 occasions. However, the lack
of an indicator of maturity status and of information on physical
activity and dietary habits in the 10 communities over time was a
major limitation.

(Ahead of Print)
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Abstract

Background: One of the components affecting the level of health is physical fitness and diets, which is also
considered the foundation of a healthy lifestyle. Methods: Samples by survey ranged from 871 to 1,417 (boys)
and from 843 to 1,326 (girls). Speed (5 m run), agility (figure-8-run), explosive power (vertical jump), flexibility
(stand and reach) and cardiovascular fithness (step test) were measured. The Body Mass Index (BMI) of each
student was classified as Thin, Normal weight or Overweight/Obese (Owt/Ob) relative to International Obesity
Task Force (IOTF) criteria. Fitness items were compared among weight status groups and across surveys with
sex-specific analyses of covariance. Regressions of each fitness item on the BMI in the four surveys were done
using linear and nonlinear quadratic models. Results: Performances on all fithess tests except flexibility were
poorer among Owt/Ob compared to Normal and Thin youth, but performances on fitness tests within weight
status groups did not differ consistently across surveys. Conclusions: Relationships between the BMI and
fitness tests varied across surveys, but suggested reasonably consistent cur-vilinear relationships between
fitness tests and the BMI among boys more so than girls.

Keywords: overweight; obesity; thinness; step test, speed; vertical jump

Introduction Several studies have considered relationships
between fithess across the total spectrum of the
BMI among children and adolescence. Results
generally suggest a curvilinear relationship; children
and youth with a normal BMI tend to have better
results in several fitness items compared to those
with a low or high BMI (Huang & Malina, 2007,
2010; Kwiecinski et al., 2018; Lopes et al., 2019;
Zeni¢ et al., 2013). Exceptions to the trends are
tests of the flexed arm hang in which thin children
and youth generally perform better (Artero et al.,
2010; Monyeki et al., 2012), and some endurance
items in which thin children and youth tended to
perform at higher level (Xu et al., 2020).

The lifestyle changes associated with diets of fast
foods, reduced physical activity and increased
sedentary behaviors (physical inactivity) are often
indicated as major factors associated with the
increasing prevalence of overweight and obesity
among children and adolescents (Hu, 2011;
Lobstein et al., 2004). Reduced habitual physical
activity and increased sedentary time are also
associated with declines in physical fitness, while
overweight and obesity are specifically associated
with reduced levels of fitness, especially items
which require the projection or movement of the
body as in jumps and runs (Arnaoutis et al., 2018;

Chwalczynska et al., 2017; Fairchild et al., 2016;
Huang & Malina, 2007; Lopes et al., 2012). Reduced
body mass reflected in a low Body Mass Index (BMI)
may also negatively influence fitness, but studies
addressing the relationship between thinness and
fitness are relatively limited (Bovet et al., 2007; Xu
et al., 2020).

In the context of the preceding, the purpose of the
present study is twofold: first, to compare the
fitness of Thin, Normal weight and
Overweight/Obese youth 7-15 years of age across
four surveys spanning 1986 through 2006, and
second, to evaluate relationships between each
fithess item and the BMI in the four surveys.
A curvilinear relationship between the BMI and
fitness test performances is hypothesized.
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Methods

The growth status and physical fithess of children
and adolescents attending schools in ten rural
communities in the province of Poznan was
evaluated in the 1985/1986 school year (Strzelczyk,
1995). The communities were selected in
cooperation with the provincial Board of Education
and Development in Poznan to represent different
regions of the province. Population sizes varied
between 4642 and 9850. School youth in the ten
communities were surveyed again in 1996, 2006
and 2016 (Bartkowiak, et al., 2021a).
The communities were not involved in previous
secular trend research in Poland.

Ethics

The initial survey was approved by the provincial
Board of Education and Development and
educational authorities of each community, while
subsequent surveys were approved by the Human
Ethics Research Committee of the Karol
Marcinkowski Medical University in Poznan (907/16
for 2016) and educational authorities of each
community. Parents/legal guardians provided
written informed consent, and the youth provided
assent for their participation. The surveys were
conducted by faculty and staff of the University of
Physical Education in Poznan with the assistance of
teachers at each school.

Sample

Numbers of school youth 7-15 years across surveys
were 1,417 boys and 1,326 girls in 1986, 979 boys
and 947 girls in 1996, 871 boys and 843 girls in
2006, and 1,189 boys and 1,105 girls in 2016.

Weight Status

Height (0.1 cm) and weight (0.1 kg) were measured
during the school day in the gymnasium of each
community (Bartkowiak et al., 2021a). The BMI
(kg/m?) was used to classify each student as
severely, moderately or mildly thin, normal weight,
overweight or obese using age- and sex-specific
IOTF cut-offs (Cole et al., 2000, 2007). Numbers of
severely and moderately thin and of obese youth
were relatively limited (Bartkowiak et al., 2021c).
The former were thus combined with mildly thin
youth into a single group (Thin), while the latter
were combined with overweight youth into a single
group (Owt/Ob).

Fitness

Five tests of physical fitness were administered in
each survey. Details of the tests, each of which
evaluated a specific component of fitness, have
been previously described (Bartkowiak et al.,
2021c). The tests were administered in the
following order: speed - 5-meter run [m/s];
explosive power - vertical jump [cm]; flexibility -
stand and reach with a forward bend [cm]; agility -

figure-of-eight run [s]; and cardiovascular (CV)
fithess - modified Harvard step test expressed as
an index [pts].

Analysis

To account for variable numbers of subjects by
single year CA groups, boys and girls in each survey
were respectively combined into three CA groups for
analysis: (1) 7-9 years (6.50-9.49 years) - middle
childhood in both sexes; (2) 10-12 years (9.50-
12.49 vyears) - transition into puberty and mid-
puberty (most girls) and transition into puberty
(most boys); and (3) 13-15 years (12.50-15.49
years) - late adolescence (most girls) and the
interval of the growth spurt (most boys). Sex-
specific analyses were done in each CA group.

First, performances on each fitness test were
compared among Thin, Normal weight and Owt/Ob
youth within and among surveys using analysis of
covariance (ANCOVA) with age and age? as
covariates. The covariates adjust for potential linear
and non-linear effects in CA distributions. Second,
sex-specific regressions of each fitness test on the
BMI were done by survey using linear and nonlinear
quadratic models. The test was the dependent
variable; the BMI was the independent variable in
the linear model, while the BMI and BMI2 were
independent variables in the quadratic model. With
the linear model,

fitness item = a + b*BMI;
and with the nonlinear quadratic model,
fitness item = a + b*BMI + c*BMI?

where a (intercept), b (linear coefficient), and c
(non-linear coefficient) are constants.

Results

Results of the ANCOVAs are summarized in Table 1.
Fitness test performances differ significantly among
the three weight status groups of boys and girls,
with the exception of flexibility among boys 7-9
years and boys and girls 10-12 years. Performances
also differ significantly among surveys except for CV
fithess among boys 7-9 and 13-15 years and
explosive power among girls 13-15 years. However,
interactions between weight status and year of
survey are not consistently different and show no
clear pattern among fitness test in both sexes.

Age-adjusted means, standard errors, 95%
confidence intervals and significant post-hoc
comparisons between weight status groups within
survey (year) and between surveys within weight
status group for each fitness test by age group are
summarized in Tables 2 (boys) and 3 (girls). Of
note, a lower time in the agility test indicates a
better performance, while higher scores in the other
tests indicate better performances.
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Table 1. Results (F values and eta? [np?]) of sex and age group specific univariate analyses of covariance (age, age? as covariates) of the influence of
weight status (thin, normal, owt/ob) and year (1986, 1996, 2006, 2016), and their interactions for each fitness test

BOYS GIRLS
Weight Status Year W1t St x Year Weight Status Year W1t St x Year

7-9 yrs F np2 F np2 F np2 F np2 F np2 F np2
Speed 21.15***  0.03  75.50** 0.15 1.45 0.01 12.21***  0.02  122.01***  0.22 1.35 0.01
Agility 5.62%* 0.01 7.71%** 0.02 2.08* 0.01 3.64* 0.01 3.81%* 0.01 1.34 0.01
Powert 18.87***  0.03 5.38%* 0.01 0.27 0.00 10.81***  0.02 4.60** 0.01 3.27*%*  0.02
Flexibility — 0.68 0.00 26.16***  0.06 2.34* 0.01 4.17** 0.01 18.38*** 0.04 2.41* 0.01
CV Fitness 12.27***  0.02 0.03 0.00 1.75 0.01 8.03*** 0.01 4.79%* 0.01 2.27* 0.01
10-12 yrs

Speed 58.63***  0.07 64.62***  0.10 0.66 0.00 38.73***  0.05  105.11***  0.17 2.40* 0.01
Agility 31.13***  0.04 7.56%** 0.01 0.33 0.00 13.35%**  0.02 9.66*** 0.02 1.08 0.00
Powert 67.17***  0.07 13.46***  0.02 0.91 0.00 40.39***  0.05 6.57*** 0.01 2.10* 0.01
Flexibility — 0.20 0.00 29.98***  0.05 1.72 0.01 1.39 0.00 8.19*** 0.02 1.28 0.01
CV Fitness 35.67***  0.04 4.18%* 0.01 1.84 0.01 6.36** 0.01 3.96** 0.01 1.19 0.00
13-15yrs

Speed 32.95%**  0.04 53.75***  0.10 0.49 0.00 31.35%**  0.05 75.07*** 0.15 0.95 0.00
Agility 36.23***  0.05  15.45***  0.03 2.72* 0.01 12.85***  0.02 3.77** 0.01 1.69 0.01
Powert 28.05***  0.04  14.59***  0.03 1.96 0.01 30.45*%**  0.05 0.73 0.00 0.57 0.00
Flexibility 13.29***  0.02  11.36***  0.02 1.32 0.01 7.96%** 0.01 3.50* 0.01 1.05 0.01
CV Fitness 20.41***  0.03 0.38 0.00 0.53 0.00 7.39%** 0.01 15.11%** 0.03 2.71* 0.01

*p<0.05, **p<0.01, ***p<0.001, ' - Explosive Power
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Although not consistent for all comparisons, post
hoc comparisons suggest poorer performances on
all fitness tests except flexibility among Owt/Ob
compared to Normal and Thin boys (Table 2).
Comparisons of fitness performances within weight
status groups across surveys, however, are variable
except for speed. Running speed is generally similar
between 1986 and 1996 and between 2006 and
2016, but is significantly better in 1986 and 1996
compared to 2006 and 2016. CV fitness is also
better in the two younger age groups in 1986.

Corresponding post hoc comparisons among girls,
indicate consistently poorer performances in
explosive power among Owt/Ob girls 10-12 and 13-
15 years, while performances of Thin and Normal
girls do not consistently differ (Table 3). Running
speed in girls shows a pattern that is similar to that
in boys, i.e., similar performances 1986 and 1996
and in 2006 and 2016, but significantly better
performances in 1986 and 1996 compared to 2006
and 2016. Performances on the other fitness tests
within weight status groups are, as in boys, variable
across surveys and show no consistent trends.
Results of the regression analyses are summarized
in Tables 4 (boys) and 5 (girls).

Most of the regressions have a very low explained
variance (R?) and several are not significant.
Relationships between the BMI and fitness
performances also vary across the four surveys.
Nevertheless, the quadratic coefficients are
significant in some models, indicating that the
association between the BMI and the specific fitness
test is curvilinear. This suggests that better
performances are generally attained by youth with
BMIs in the mid-range of the distribution, while
performances of those at the low and high tails of
the BMI distribution are lower. This is apparent for
relationships between the BMI and speed, agility
and explosive power in the 1986 survey except
among girls 7-9 years. On the other hand, a
curvilinear relationship is suggested across the four
surveys for all tests except CV fitness among boys
13-15 vyears. Though significant, the explained
variances are low. Note, however, that the
standardized regression coefficient should vary
between -1 and 1, but values < -1 and > 1 may
occur when there is collinearity between the
independent variables. The latter often occurs when
the model includes x and x2. Overall, the hypothesis
of a curvilinear association between the BMI and
fitness test performances was partially supported.

Discussion

Comparison among weight status groups indicated,
on average, poorer performances on all fitness tests
except flexibility among Owt/Ob compared to
Normal and Thin boys and girls. On the other hand,
performances on the five fitness tests were
generally similar within the samples of Thin, Normal
weight and Owt/Ob youth across the four surveys.
By inference, there were no consistent secular

trends in fitness performances within weight status
groups.

Results of the regression analyses were quite
variable (Tables 4 and 5) and likely reflected the
concentration of the sample within the normal
weight range with proportionally fewer youth at the
extremes of the BMI distributions. At the low end of
the BMI range, the prevalence of severe and
moderate thinness was very low across the four
surveys in both boys and girls, while the prevalence
of mild thinness was relatively low in all surveys
except among boys and girls 7-9 years in 1986. On
the other hand, the prevalence of overweight was
higher in 2006 and 2016 compared to 1986 and
1996 among boys and girls in the three age groups,
while the prevalence of obesity was low (Bartkowiak
et al., 2021b). The relatively low prevalence at both
extremes of the BMI distributions in the three age
groups translated into a limited range of BMlIs,
which likely influenced the relationships between
the BMI and each fitness test and in turn the
quadratic regressions.

Nevertheless, results of the regression analyses in
the present study were reasonably consistent with
trends suggested in the literature. For example,
results for the rural youth 13-15 years in 2006 and
2016 were generally consistent with a similar
analysis of relationships between the BMI and
fithness among school youth 13-15 years resident in
an urban-rural administrative district about 110-120
km east-southeast of Poznan (Kwiecinski et al.,
2018). Although different fitness tests were used,
the results were consistent in showing curvilinear
relationships with the BMI for tests of speed (50 m
dash, 5 m sprint), agility (shuttle run, figure-8-run),
and explosive power (standing long jump, vertical
jump) in both sexes. For flexibility (standing
forward bend/reach), results were curvilinear in
boys and linear in girls in both studies. In contrast,
results varied for the tests of cardiovascular
endurance, 1000 m (boys) and 800 m (girls) runs
compared to the step test (present study).

A curvilinear relationship was noted for the vertical
jump in the rural Polish school youth in the three
age groups in 1996 and for the standing long jump
in @ 1997 national sample of Taiwan girls 9-10, 11-
12 and 13-15 years and boys 11-12 and 13-15
years of age (Huang and Malina, 2010), the
relationship was linear among Taiwan boys 9-10
years. For CV fitness, curvilinear relationships were
noted for the 800 (girls) and 1600 (boys) meter
run-walk in Taiwan youth and for the step test in
Polish youth 13-15 years. Linear relationships in
both studies were noted for the 800 meter run-walk
in Taiwan youth 9-10 years and for the step test in
Polish youth 7-9 years, while results were variable
among Taiwan youth 11-12 years and Polish youth
10-12 years. On the other hand, results in the two
studies varied for flexibility, curvilinear for the sit
and reach for Taiwan boys and girls, but variable for
the stand and reach in Polish youth.
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Table 2. Age-adjusted means (M) and standard errors (SE) based on age-group specific ANCOVAs (age,
age? as covariates) and significant post hoc comparisons (SPHC, p<0.05) between weight status groups
within survey (right column) and between surveys within weight status group (horizontal) for each fitness
test among BOYS.

Speed — 5 m dash (m/s)

Thin (T) Normal (N) Owt/Ob (0)
Age Group Year M SE 95%Cl M SE 95%Cl M SE 95%ClI SPHC
7-9 yrs 1986 4.0 0.3 3.97-4.09 41 0.2 4.10-4.17 3.9 0.5 3.83-4.01 N>T=0
1996 3.9 0.7 3.73-3.99 3.9 0.2 3.90-3.97 3.8 0.5 3.75-3.94
2006 3.6 0.9 3.46-3.81 3.7 0.2 3.65-3.74 3.6 0.4 3.50-3.65
2016 3.7 04 3.65-3.82 3.7 0.2 3.67-3.74 3.5 0.3 3.49-3.60 T=N>O
SPHC 86>06=16 86>96>06=16 86=96>06=16
10-12 yrs 1986 4.4 0.4 4.31-4.47 44 0.1 4.38-4.44 42 04 4.08-4.23 T=N>0O
1996 4.3 0.5 4.18-435 4.2 0.2 4.19-4.26 40 0.4 3.94-410 T=N>0
2006 4.1 0.5 3.95-4.15 4.0 0.2 4.01-4.08 3.8 0.3 3.783.90 T=N>O
2016 4.1 05 3.98-4.18 4.0 0.2 4.01-4.08 3.9 0.3 3.83-3.93 T=N>0
SPHC 86>06=16 86>96>06=16 86>06=16
13-15 yrs 1986 4.7 0.5 4.59-477 47 0.2 4.72-4.78 4.6 0.5 4.47-465 N>O
1996 4.4 0.5 4.33-453 45 0.2 4.41-453 42 0.5 4.15-4.34 N>O0
2006 4.2 0.6 4.12-436 4.4 0.2 4.34-4.42 42 0.4 4.13-431 N>O
2016 43 0.6 4.22-4.44 4.4 0.2 4.38-4.45 4.2 0.3 4.15-4.28 N>O0
SPHC 86>06=16 86>96=06=16 86>96=06=16
Agility — figure-of-eight run (s)t
Thin (T) Normal (N) Owt/Ob (0)
Age Group Year M SE 95%Cl M  SE  95%Cl M  SE 95% Cl  SPHC
7-9yrs 1986 18.7 0.2 18.3-19.2 180 0.1 17.8-18.2 18.5 0.3 17.9-19.1 N>O=T
1996 18.4 0.4 17.5-19.3 17.7 0.1 17.4-17.9 18.3 0.3 17.7-19.0
2006 16.8 0.6 15.7-17.9 17.5 0.1 17.2-17.8 17.7 0.3 17.3-18.2
2016 17.4 0.3 16.8-17.9 17.7 0.1 17.5-17.9 18.3 0.2 18.0-18.7 T=N>O
SPHC 06=16>86
10-12 yrs 1986 16.3 0.2 15.9-16.7 16.4 0.7 16.3-16.5 17.1 0.2 16.7-19.1 T=N>O
1996 16.0 0.2 15.5-16.4 15.8 0.8 15.6-16.0 16.5 0.2 16.1-16.9 N>O
2006 16.0 0.3 15.5-16.5 15.9 0.9 15.7-16.1 16.8 0.2 16.5-17.1 N=T>O
2016 15.6 0.3 15.1-16.1 15.8 0.9 15.6-16.0 16.6 0.1 16.3-16.8 T=N>O
SPHC 86>96=06=16
13-15 yrs 1986 15.4 0.2 15.1-15.8 15.6 0.1 15.5-15.7 16.2 0.2 15.8-16.6 T=N>O
1996 15.1 0.2 14.7-155 15.0 0.1 14.9-15.2 15.6 0.2 15.2-15.9 N>O
2006 14.4 0.2 13.9-14.8 14.7 0.1 14.5-14.8 15.7 0.2 15.4-16.1 T=N>O
2016 15.2 0.2 14.8-15.6 14,5 0.1 14.4-14.7 15.4 0.1 15.2-15.7 N>T=0
SPHC 86>06 86>96>06=16 86>16
Explosive Power — vertical jump (cm)
Thin (T) Normal (N) Owt/Ob (0)
Age Group Year M SE 95%CI M SE  95%Cl M SE 95%Cl SPHC
7-9yrs 1986 20.2 0.5 19.2-21.2 21.1 0.3 20.6-21.6 19.2 0.8 17.7-20.7
1996 20.4 1.1 18.2-22.5 22,5 0.3 21.9-23.1 20.4 0.8 18.8-21.9
2006 22.1 1.4 19.3-25.0 24.0 0.4 23.2-24.7 21.8 0.6 20.5-23.0 N>O
2016 21.5 0.7 20.1-22.9 22.3 0.3 21.8-22.9 20.0 0.5 19.1-20.9
SPHC 06>96=16=86
10-12 yrs 1986 27.6 0.7 26.2-29.1 26.8 0.3 26.3-27.3 22.2 0.7 20.8-23.6 T=N>0
1996 289 0.8 27.3-30.5 29.0 0.3 28.4-29.6 25.0 0.8 23.5-26.5 N=N>O
2006 30.1 0.9 28.3-31.9 29.5 0.3 28.9-30.2 26.2 0.6 25.1-27.3 T=N>O
2016 30.7 0.9 28.9-32.6 28.3 0.3 27.6-28.9 24.6 0.5 23.6-25.5 T=N>O




SPHC
1986
1996
2006
2016
SPHC

13-15yrs

35.0
35.3
38.2
35.3
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1.0 33.0-37.0
1.1 33.1-37.6
1.4 35.5-40.9
1.3 32.8-37.7

Flexibility — forward bend (cm)

Year

1986
1996
2006
2016
SPHC
1986
1996
2006
2016
SPHC
1986
1996
2006
2016
SPHC

Age Group
7-9 yrs

10-12 yrs

13-15yrs

M

50.7
48.5
47.8
47.1

50.9
49.7
48.3
45.9

52.3
49.6
46.5
46.6

Thin (T)
SE  95%Cl
0.6 49.5-51.9
1.3 45.9-51.1
1.8 44.4-51.3
0.9 45.4-48.8
86>16
0.9 49.1-52.6
1.0 47.7-51.6
1.1 46.1-50.5
1.1 43.7-48.1
86>16
1.1 20.2-54.4
1.2 47.2-51.9
1.4 43.7-49.3
1.3 44.0-49.1
86>06

CV Fitness - step test index

Year

1986
1996
2006
2016
SPHC
1986
1996
2006
2016
SPHC
1986
1996
2006
2016
SPHC

Age Group
7-9 yrs

10-12 yrs

13-15yrs

M

53.2
53.1
51.5
49.9

54.9
49.4
50.6
52.3

52.4
52.6
51.6
52.4

Thin (T)
SE  95%ClI
0.9 51.4-54.9
1.9 49.3-56.8
2.5 46.6-56.5
1.2 47.5-52.4

1.1 52.5-57.0
1.3 46.9-51.9
1.4 47.8-53.4
1.5 49.4-52.4
86>96
1.3 49.8-55.1
1.5 49.6-55.5
1.8 48.0-55.1
1.7 49.1-55.6
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86<96=06
359 0.4 35.2-36.6
37.6 0.4 36.7-38.4
40.5 0.5 39.541.4
39.1 04 38.2-39.9
86<96<06=16

Normal (N)
M SE 95%Cl
51.1 0.3 50.5-51.7
48.8 0.4 48.1-49.5
47.0 0.4 46.1-47.9
47.4 0.4 46.7-48.1

86>96=16=06
51.5 0.3 50.9-52.1
49.8 0.4 49.1-50.5
48.2 0.4 47.4-48.9
46.4 0.4 45.6-47.1

86>96>06>16
53.4 0.4 52.7-54.1
52.5 0.4 51.6-53.4
52.0 0.5 51.0-52.9
50.6 0.4 49.8-51.5

86>16

Normal (N)
M SE 95%Cl
51.7 0.4 50.8-52.6
49.5 0.5 48.5-50.6
51.1 0.6 49.8-52.3
51.5 0.5 50.5-52.5
86>96
0.4 51.8-53.3
0.5 49.8-51.7
0.5 48.7-50.7
0.5 50.7-52.7
86>06
50.8 0.5 49.9-51.7
52.0 0.6 50.9-53.2
50.2 0.6 49.0-51.4
51.2 0.6 50.2-52.3

525
50.8
49.7
51.7

Ta lower time in the agility test indicates a better performance

86<06
315 1.1 29.5-33.6
344 1.0 32.4-36.4
39.0 1.0 37.0-40.9
33.6 0.7 32.2-35.0
86=96<06

Owt/Ob (0)
M SE 95%ClI
52.3 0.9 50.5-54.1
49.3 1.0 47.4-51.2
49.0 0.8 47.5-50.5
45.7 0.6 44.6-46.8

86>16
0.9 51.3-54.7
0.9 48.2-51.9
0.7 45.0-47.6
0.6 45.9-48.2
86=96>06=16
53.0 1.1 50.9-55.2
53.3 1.1 51.2-55.4
51.6 1.0 49.6-53.6
49.5 0.7 48.0-50.9

53.0
50.1
46.3
47.0

Owt/Ob (0)
M SE 95%ClI
46.3 1.3 43.7-49.0
47.8 1.4 45.0-50.5
48.3 1.1 46.2-50.5
49.3 0.8 47.7-50.8

46.1 1.1
45.7 1.2
47.1 0.9
47.7 0.8

43.9-48.3
43.3-48.0
45.4-48.8
46.2-49.2

455 1.4
46.9 1.4
48.0 1.3
47.3 0.9

42.8-48.3
44.3-49.6
45.5-50.5
45.5-49.1

N>O
N>O

N>T=0

SPHC

N=0>T
N>T

SPHC
T=N>0

T=N>0
N>0O

T=N>0

T=N>0
T=N>0

N>0O
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Table 3. Age-adjusted means (M) and standard errors (SE) based on age-group specific ANCOVAs (age,
age? as covariates) and significant post hoc comparisons (SPHC, p<0.05) between weight status groups
within survey (right column) and between surveys within weight status group (horizontal) for each fithess

test among GIRLS.

Speed — 5 m dash (m/s)

Age
Group
7-9 yrs

Year

1986
1996
2006
2016
SPHC
1986
1996
2006
2016
SPHC
1986
1996
2006
2016
SPHC

10-12 yrs

13-15yrs

Thin (T)

M SE
40 03
39 05

95% ClI
3.89-4.02
3.77-3.95
3.4 0.7 3.23-3.49
3.5 04 3.42-3.56
86=96>06=16
43 0.3 4.23-4.34
41 0.4 4.07-4.22
39 04 3.77-3.93
39 04 3.86-4.01
86=96>06=16
44 0.4 4.37-4.52
43 0.4 4.18-433
41 0.5 3.98-4.17
41 0.5 4.02-4.23
86>96>06=16

Agility — figure-of-eight run (s)t

Age
Group
7-9 yrs

Year

1986
1996
2006
2016
SPHC
1986
1996
2006
2016
SPHC
1986
1996
2006
2016
SPHC

10-12 yrs

13-15yrs

Thin (T)

M SE
18.7 0.2
18.6 0.3
169 0.4
18.3 0.2

95% CI

18.3-19.1
18.0-19.2
18.1-19.8
17.9-18.8

17.4 0.2
16.4 0.2

17.0-17.7
16.0-16.8
16.7 0.2 16.3-17.2
17.0 0.2 16.5-17.4
86>96
16.6 0.2 16.2-17.0
16.4 0.2 16.0-16.7
16.0 0.2 15.5-16.5
16.3 0.3 15.8-16.8

Explosive Power - vertical jump (cm)

Age

Group Year

7-9 yrs 1986
1996
2006
2016
SPHC

Thin (T)

M SE
19.9 0.5
21.4 0.7
18.2 11
20.7 0.6

95% ClI

18.9-20.9
19.9-22.8
16.1-20.2
19.5-21.8

Normal (N)

M  SE
39 0.2
3.8 0.2

95% ClI
3.88-3.95
3.80-3.88
3.5 0.2 3.46-3.55
3.5 0.2 3.51-3.59
86=96>06=16
42 0.1 4.22-4.27
41 0.2 4.10-4.17
3.8 0.2 3.80-3.88
39 0.2 3.85-3.92
86=96>06=16
45 0.2 4.43-4.50
4.2 0.2 4.20-4.27
40 0.2 4.00-4.08
41 0.2 4.04-4.11
86>96>06=16

Normal (N)

M SE
19.0 0.1
18.1 0.1

95% CI
18.8-19.2
17.8-18.3
18.1 0.1 17.9-18.4
18.4 0.1 18.1-18.6
96=06=16<86
17.1 0.1 16.9-17.2
16.5 0.1 16.3-16.7
169 0.1 16.7-17.1
17.0 0.1 16.8-17.2
86>96
16.8 0.1 16.6-17.0
16.3 0.1 16.1-16.4
16.2 0.1 16.0-16.4
16.2 0.1 16.0-16.4
86>96=06=16

Normal (N)

M SE
19.6 0.3
21.6 0.3

95% ClI
19.0-20.1
20.9-22.2
21.6 0.4 20.9-22.3
21.8 0.3 21.2-22.4
86<96=06=16

M

3.8
3.7
3.4
3.4

4.1
3.9
3.8
3.7

4.3
4.1
3.9
3.8

19.2
18.4
18.6
18.7

17.7
17.1
17.2
17.8

17.0
16.6
16.9
17.3

18.2
19.5
215
19.2

Owt/Ob (0)

SE  95%CI
0.5 3.72-3.92
0.5 3.60-3.80
0.4 3.33-3.49
0.2 3.38-3.47
86=96>06=16
0.4 4.00-4.23
0.4 3.81-3.96
0.3 3.72-3.85
0.3 3.66-3.77
86>06=16
0.4 4.18-4.34
0.6 3.97-4.18
0.4 3.84-4.00
0.4 3.75-3.90
86>06=16

Owt/Ob (0)

SE  95%ClI

0.3 18.6-19.8
0.3 17.8-19.0
0.3 18.1-19.2
0.2 18.4-19.1

0.2 17.3-18.2
0.2 16.6-17.5
0.2 16.8-17.5
0.2 17.4-18.1

0.2 16.6-17.4
0.3 16.1-17.2
0.2 16.5-17.3
0.2 16.9-17.7

Owt/Ob (0)

SE  95%CI
0.8 16.6-19.7
0.8 17.9-21.0
0.7 20.2-22.8
0.4 18.4-19.9
86<06

SPHC

N>O

T=N>0

T=N>0

N=T>0
T=N>0

SPHC

N=T<O

T=N<O

N<O

N=T<O

SPHC

N>T
N>0O
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10-12 yrs 1986
1996
2006
2016
SPHC
13-15yrs 1986
1996
2006
2016
SPHC

25.3
28.2
28.2
26.9

32.5
31.9
33.4
32.9

0.5 24.3-26.3
0.7 26.9-29.6
0.7 26.8-29.7
0.7 25.5-28.4
86<96=06

0.8 30.9-34.0
0.8 30.4-33.4
1.0 31.4-354
1.1 30.8-34.9

Flexibility — forward bend (cm)

Age

Group Year

7-9 yrs 1986
1996
2006
2016
SPHC

10-12 yrs 1986
1996
2006
2016
SPHC

13-15yrs 1986
1996
2006
2016
SPHC

M

51.0
47.9
49.0
47.6

51.4
51.2
51.2
50.0

55.0
52.0
52.6
54.3

Thin (T)

SE  95%ClI

0.7 49.6-52.4
1.0 45.9-49.9
1.5 46.2-51.9
0.8 46.0-49.2

0.7 50.1-52.7
0.8 49.6-52.9
0.9 49.3-53.0
0.9 48.2-51.8

0.9 53.2-56.8
0.9 50.3-53.8
1.2 50.3-54.9
1.2 51.8-56.7

CV Fitness - step test index

Age

Group Year

7-9 yrs 1986
1996
2006
2016
SPHC

10-12 yrs 1986
1996
2006
2016
SPHC

13-15yrs 1986
1996
2006
2016
SPHC

M

46.5
47.9
50.2
51.1

45.7
45.1
46.0
44.6

42.0
44.2
44.4
44.5

Thin (T)

SE  95%CI

0.8 44.8-48.1
1.2 45.5-50.2
1.7 46.8-53.6
1.0 49.2-53.0

86<16

0.7 44.3-47.2
0.9 43.2-46.9
1.0 44.0-48.0
1.0 42.5-46.6

0.9 40.3-43.7
0.8 42.6-45.8
1.1 42.3-46.5
1.1 42.3-46.8
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25.9 0.3 25.4-26.4
27.7 0.3 27.0-28.3
26.1 0.3 25.4-26.7
27.3 0.3 26.6-27.9
86<96=16
32.2 0.3 31.6-32.8
31.8 0.4 31.1-325
32.3 04 31.5-33.0
32.6 0.4 31.9-33.4

Normal (N)

M SE 95%ClI
52.4 0.4 51.7-53.1
50.2 0.5 49.3-51.0
48.2 0.5 47.2-49.2
50.5 0.4 49.7-51.4
86>96=16>06
53.3 0.3 52.6-53.9
519 0.4 51.2-52.7
50.3 0.4 49.5-51.1
51.3 0.4 50.5-52.1
86>=06=16
56.7 0.4 56.0-57.4
549 0.4 54.1-55.7
54.6 0.5 53.7-55.5
55.2 0.4 55.3-56.1
86>96=06

Normal (N)

M SE 95%Cl
48.1 0.4 47.3-49.0
46.3 0.5 45.3-47.4
49.4 0.6 48.3-50.6
48.6 0.5 47.6-49.5
96<06=16
45.2 0.4 44.5-45.9
453 0.4 44.4-461
46.8 0.5 44.9-47.8
46.3 0.5 45.4-47.2

41.6 0.3 41.0-42.3
44.1 0.4 43.3-44.9
44.8 0.4 44.0-45.7
43.2 0.4 424440
86<96=06

Ta lower time in the agility test indicates a better performance

22.7 0.7 21.3-24.2
23.6 0.7 22.3-25.0
24.4 0.6 23.2-25.6
23.9 0.5 22.8-24.9

28.6 0.8 27.0-30.2
28.,5 1.1 26.3-30.7
29.3 0.8 27.7-31.0
27.7 0.8 26.1-29.3

Owt/Ob (0)

M SE 95%CI
55.4 1.1 53.2-57.5
51.1 1.1 49.0-53.3
47.1 0.9 45.3-48.9
49.7 0.5 48.7-50.8
86>96>06=16
54.0 0.9 52.2-55.8
52.3 0.9 50.6-53.9
49.7 0.8 48.2-51.2
50.6 0.7 49.3-51.9
86>06=16
57.4 1.0 55.5-59.3
58.0 1.3 54.4-60.5
55.5 1.0 53.6-57.4
54.8 1.0 52.9-56.7

Owt/Ob (0)

M SE 95%Cl

449 1.3 42.3-47.4
45.8 1.3 43.3-48.3
47.6 1.1 45.5-49.7
45.4 0.6 44.2-46.7

43.0 1.1 40.9-45.0
42.2 1.0 40.3-441
46.2 0.8 44.5-47.8
45.1 0.7 43.7-46.6
96<06
37.5 0.9 34.8-39.2
41.1 1.2 38.7-43.5
43.1 0.9 41.3-44.9
443 0.9 42.6-46.0
86<06=16

N=T>0
T=N>0
T>0

N-T>0

T=N>0
N>O

T=N>0
T=N>0

SPHC
O>N=T

N>T

O=N>T

SPHC

T=N>0

N>0O

T=N>0
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Table 4. Results of the regressions by year of each test (dependent variable) on the BMI (independent variable)
with two models: linear (fitness = a + b * BMI) and nonlinear quadratic (fithness = a + b * BMI + c * BMI?),
where a, b and c are constants: BOYS

Linear Model Quadratic Model
Age Year R? a b F RZ a b c F
Speed - 5 m dash (m/sec)
7-9 1986 0.00 4.15 -0.02 0.05 1.63 2.25%*  _2.28%% k%
1996 0.00 4.03 -0.05 0.03 2.01 1.28* -1.63* *
2006 0.02 3.85 -0.13 0.03 3.04 0.91 -1.05
2016 0.03 4.01 -0.18 0.04 341 0.39 -0.57 *

10-12 1986 0.02 4.69 -0.15** ** 0.06 2.45 1.93**  -2.00**  **
1996 0.05 4.63 -0.22** ** 0.05 4.41 -0.02 -0.21 o
2006 0.05 4.41 -0.23** ** 0.05 4.46 -0.27 0.05 o

2016 0.04 4.37 -0.20** ** 0.05 3.63 0.55 -0.75 o
13-15 1986 0.00 4.70 0.01 0.07 1.76 2.53%*% 2. 54%* x*
1996 0.01 468 -0.11* * 0.06 2.13 1.88**  -1.99%*  *kx*
2006 0.00 4.40 -0.03 0.09 1.76 2.44%*%  -2.48%*  **

2016 0.02 4.66 -0.15** ** 0.04 3.34 1.15**  -1.30%* **
Agility - figure-of-eight run (sec)t

7-9 1986 0.01 19.46 -0.08 0.04 33.67 -1.81** 1.74*%*  **
1996 0.00 17.61 0.02 0.01 24.81 -0.99 1.02
2006 0.00 17.18 0.03 0.00 17.71 -0.07 0.10
2016 0.16 16.40 0.13* 0.03 23.13 -0.93* 1.07*

10-12 1986 0.01 15.68 0.07 0.02 23.36 -1.27** 1.35%*%  **

1996 0.03 14.60 0.17** ** 0.04 16.80 -0.36 0.54 o
2006 0.06 13.92 0.24** ** 0.08 20.08 -1.03* 1.28%*  *kx*
2016 0.05 14.07 0.21** ** 0.05 16.24 -0.25 0.47 o

13-15 1986 0.01 14.52 0.12 *E 0.02 1869 -0.72 0.85 **
1996 0.01 14.36 0.12* * 0.07 2196 -2.11** 2.24**  **
2006 0.07 12.67 0.26** ** 0.09 18.84 -1.15% 1.42%*  **
2016 0.03 13.44 0.18** ** 0.04 1736 -0.82 0.99* **
Explosive Power - vertical jump (cm)

7-9 1986 0.00 21.76 -0.02 0.03 -9.97 1.63**  -1.67*%* **
1996 0.00 22.04 0.00 0.01 0.44 1.15 -1.15
2006 0.01 26.77 -0.11 0.03 5.40 1.19 -1.30
2016 0.01 24.29 -0.10 0.03 3.22 1.32%*  -1.42%* *
10-12 1986 0.01 30.19 -0.09* * 0.03 -3.99 1.45%* -1 55%*  *x*
1996 0.05 35.77 -0.23** ** 0.07 22.19 0.55 -0.78* **
2006 0.05 36.24 -0.23** ** 0.05 2990 0.14 -0.38 **
2016 0.09 37.60 -0.29** ** 0.09 40.06 -0.43 0.14 **
13-15 1986 0.00 34.85 0.01 0.08 -42.11  2.74%* -2,75%*%  *x*
1996 0.00 38.93 -0.05 0.07 -19.07  2.31** -2.38** **
2006 0.00 37.27 0.06 0.06 -14.67 2.02** -1.97** **
2016 0.01 43.12 -0.11* * 0.07 -5.97 1.91** -2,03**  **
Flexibility - forward bend (cm)
7-9 1986 0.05 48.31 0.07 0.09 35.20 0.69 -0.63
1996 0.00 47.30 0.04 0.00 42.99 0.23 -0.20
2006 0.03 42.38 0.16* 0.03 32.80 0.70 -0.54

2016 0.04 49.13 -0.07 * 0.01 63.18 -0.84 0.78*
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10-12 1986 0.03 44,51 0.16** ** 0.03 2943 0.80 -0.65**

1996 0.00 47.89 0.05 0.01 36.10 0.64 -0.59
2006 0.00 50.21 -0.06 0.01 41.69 0.35 -0.41
2016 0.00 44.74 0.05 0.00 47.14 -0.08 0.13
13-15 1986 0.00 49.93 0.06 0.02 21.86 1.15% -1.10* *
1996 0.02 45.97 0.14* * 0.04 13.09 1.54** -1.41%* **
2006 0.03 43.47 0.17** ** 0.10 -11.39 2.36** 2.20**  **
2016 0.01 44.99 0.12* * 0.04 9.61 1.57** -1.46** **
CV Fitness (step test index)
7-9 1986 0.04 63.64 -0.19** ** 0.04 16.80 0.19 -0.38 *ok
1996 0.02 57.37 -0.14 0.02 5498 -0.06 -0.08
2006 0.29 57.79 -0.17* 0.03 61.89 -0.34 0.18
2016 0.01 55.34 -0.10 * 0.02 36.90 0.65 -0.75 *
10-12 1986 0.09 70.99 -0.31** ** 0.10 57.54 0.11 -0.42 *ok
1996 0.04 59.18 -0.19** ** 0.04 47.16 0.26 -0.46 ok
2006 0.04 56.80 -0.19 ok 0.04 54.39 -0.07 -0.11 ok
2016 0.05 62.00 -0.21** ** 0.05 53.12 0.11 -0.32 ok
13-15 1986 0.05 64.51 -0.22%* ** 0.05 48.59 0.25 -0.48 ok
1996 0.04 62.59 -0.19** ** 0.04 51.51 0.16 -0.35 ok
2006 0.03 58.22 -0.16** ** 0.03 46.25 0.29 -0.46 *
2016 0.02 58.99 -0.15** ** 0.02 45.95 0.28 -0.42 ok

"For the agility test, a lower time indicates better fitness.
*p<0.05, **p<0.01

Table 5. Results of the regressions by year of each test (dependent variable) on the BMI (independent variable)
with two models: linear (fitness = a + b * BMI) and nonlinear quadratic (fitness = a + b * BMI + c * BMI?),
where a, b and c are constants: GIRLS

Linear Model Quadratic Model
Age Year R? a b F RZ a b c F
Speed - 5 m dash (m/sec)
7-9 1986 0.02 4.20 -0.15** ** 0.03 0.09 -0.25 -0.25 ok
1996 0.02 4.15 -0.13* * 0.02 3.55 0.32 -0.46
2006 0.00 3.6 -0.70 0.06 1.38 2.36** 2.44%** **
2016 0.01 3.66 -0.12 * 0.16 3.50 0.05 -0.18 *
10-12 1986 0.02 4.46 -0.13** ** 0.04 3.04 1.44** -1.57
1996 0.06 4.54 -0.24** ** 0.06 3.83 0.50 -0.75 ok
2006 0.00 3.85 -0.01 0.00 3.42 0.47 -0.49
2016 0.04 4.15 -0.19** ** 0.04 3.89 0.11 -0.30 ok
13-15 1986 0.02 4.72 -0.15** ** 0.06 3.18 1.45** -1.62 ok
1996 0.04 4.62 -0.20** ** 0.04 412 0.28 -0.49 ok
2006 0.03 4.28 -0.16** ** 0.03 4.39 -0.29 0.14 *
2016 0.05 4.49 -0.23** ** 0.06 3.74 0.51 -0.75 ok
Agility - figure-of-eight run (sec)+
7-9 1986 0.00 18.54 -0.02 0.00 19.09 -0.04 -0.069
1996 0.00 17.85 0.03 0.01 24.05 -0.93 0.96
2006 0.00 17.39 0.07 0.01 23.31 -0.90 0.97

2016 0.00 18.08 0.05 0.00 18.33 0.00 0.05
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10-12 1986 0.00 16.63 0.08 0.01 21.74 -0.83 0.88*
1996 0.02 15.42 0.14** ** 0.03 18.89 -0.66 0.81 *ok
2006 0.00 16.97 -0.01 0.00 18.47 -0.31 0.31
2016 0.01 16.08 0.12* * 0.01 16.58 0.02 0.10
13-15 1986 0.01 15.77 0.11* * 0.03 21.26 -1.03* 1.14%% **
1996 0.01 1541 o0.10 0.20 18.99 -0.68 0.79 *
2006 0.02 1499 0.15* * 0.02 16.14 -0.10 0.25 *
2016 0.03 14.80 0.17** ** 0.06 22.84 1.48** 1.67** **
Explosive Power - vertical jump (cm)
7-9 1986 -0.01 22.69 0.09 0.00 19.09 -0.04 -0.07 *
1996 0.02 26.09 -0.14* * 0.03 855 0.81 -0.96 *
2006 0.00 21.20 0.01 0.00 21.39 0.00 0.01
2016 -0.02 23.93 -0.14*%* ** 0.02 23.28 -0.89 -0.05 *
10-12 1986 0.00 28.10 -0.07 0.03 0.55 1.44%* 153*%* **
1996 0.04 34.03 -0.20** ** 0.05 16.03 0.80 -1.01*
2006 0.02 30.24 -0.14 ok 0.02 33.84 -0.37 0.23 *
2016 0.04 32.09 -0.19** ** 0.04 26.21 0.17 -0.37 ok
13-15 1986  0.04 39.05 -0.19** ** 0.05 18.06 0.85* -1.05* **
1996 0.02 36.41 -0.13** * 0.05 5.82 1.38%% -152%* **
2006 0.03 38.16 -0.17 ok 0.04 23.89 0.56 -0.74 ok
2016 0.08 42.33 -0.28** ** 0.09 20.76 0.83 -1.11 ok
Flexibility - forward bend (cm)
7-9 1986 0.01 47.26 0.12* * 0.02 3792 0.54 -0.42*
1996 0.14 45.00 0.12 0.01 4251 0.23 -0.11
2006 0.00 50.44 -0.06 0.01 66.21 -0.76 0.71
2016 0.00 48.95 0.03 0.00 43.36 0.34 -0.31
10-12 1986 0.01 48.58 0.11** ** 0.01 40.50 0.49 -0.39 ok
1996 0.00 50.57 0.04 0.01 30.81 1.04* -1.01* **
2006 0.00 49.96 0.01 0.00 50.09 0.00 0.01
2016 0.01 48.08 0.08 0.01 55.19 -0.28 0.39
13-15 1986 0.02 50.19 0.15** ** 0.03 27.91 1.14** -1.00* **
1996 0.06 44.63 0.25** ** 0.06 34.11 0.74 -0.50 *ok
2006 0.03 47.69 0.17** ** 0.03 45.40 0.28 -0.12 *
2016 0.01 50.58 0.09 0.10 43.27 0.38 -0.29
CV Fitness (step test index)
7-9 1986 0.00 50.23 -0.05 0.02 24.72 0.77* -0.83** *
1996 0.01 52.18 -0.11 0.01 48.89 0.01 -0.12
2006 0.24 56.44 -0.16* * 0.03 50.06 0.09 -0.26
2016 0.07 57.72 -0.27** ** 0.08 63.12 -0.06 0.28 *ok
10-12 1986 0.03 53.55 -0.17 *x 0.03 39.87 0.36 -0.54 *ok
1996 0.03 51.50 -0.16** ** 0.03 45.89 0.09 -0.25 *ok
2006 0.00 46.56 0.00 0.00 37.77 0.39 -0.39
2016 0.01 49.36 -0.09 0.02 35.83 0.58 -0.37 *
13-15 1986 0.05 49.74 -0.23** ** 0.06 32.88 0.65 -0.89*  **
1996 0.01 47.78 -0.09 0.01 36.29 0.42 -0.52
2006 0.00 45.70 -0.03 0.00 43.08 0.10 -0.14
2016 0.00 45.43 -0.05 0.00 39.58 0.22 -0.26

"For the agility test, a lower time indicates better fitness.
*p<0.05, **p<0.001
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In contrast, results for Polish youth in 2016 and
Brazilian youth in 2013 (Lopes et al., 2019) were
variable. Among Brazilian youth of both sexes, the
relationship between the standing long jump and
BMI was curvilinear among youth of both sexes 10-
11 and 12-13, but was curvilinear among boys and
linear among girls 14-15 years. Among Polish
youth, the relationship between the vertical jump
and BMI was linear at 10-12 years but curvilinear at
13-15 years in both sexes. For cardiovascular
fitness, the relationship was linear between the BMI
and multi-stage shuttle run in Brazilian girls 10-11,
12-13 and 14-15 years, but that between the BMI
and step test in Polish was curvilinear among girls
10-12 years, but linear among girls 13-15 years.
The present study is not without limitations. An
indicator of the biological maturity status of the
youth was not available. Maturity status influences
body size and also performances on tests of
strength, speed and power. Individual differences in
the timing of the growth spurts in height and weight
are a potential confounder. The spurt occurs, on
average, earlier in height than in weight in both
sexes, and the respective spurts occur, on average,
earlier in girls than in boys (Malina et al., 2004).
The differential timing of the growth spurts can
influence the BMI per se and also relationships
between the BMI and tests of fitness during the
transition into and through adolescence.

Conclusion

Relationships between the BMI and five tests of
physical fitness were considered in rural Polish
youth in four decennial surveys spanning 1986
through 2016. Performances on the tests differed
significantly among weight status groups of boys
and girls, with the exception of flexibility among
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