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Введение

Ñîãëàñíî äàííûì Âñåìèðíîé îðãàíèçàöèè
çäðàâîîõðàíåíèÿ (ÂÎÇ) êîëè÷åñòâî ëþäåé, ó êî-
òîðûõ äèàãíîñòèðîâàëè èçáûòî÷íûé âåñ èëè îæè-
ðåíèå, çà ïîñëåäíèå 50 ëåò óâåëè÷èëîñü ïî÷òè â
3 ðàçà. Ïîëíîãåíîìíûé ïîèñê àññîöèàöèé âûÿâèë
áîëåå 1000 îäíîíóêëåîòèäíûõ ïîëèìîðôèçìîâ,
àññîöèèðîâàííûõ ñ ïîâûøåííûì ðèñêîì ðàçâèòèÿ
îæèðåíèÿ [Yengo et al., 2018; Wainschtein et al.,
2019]. Îäíàêî, îæèðåíèå îïðåäåëÿåòñÿ íå òîëüêî
ãåíåòè÷åñêèìè ôàêòîðàìè, íî òàêæå ïàðàìåòðàìè
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АССОЦИАЦИИ 
3826A>G ПОЛИМОРФИЗМА ГЕНА UCP1 (RS1800592)
И УРОВНЯ ФИЗИЧЕСКОЙ АКТИВНОСТИ С ЦЕНТРАЛЬНЫМ

ОЖИРЕНИЕМ

Ââåäåíèå. Âûÿâëåíèå ãåííî-ñðåäîâûõ âçàèìîäåéñòâèé ïðåäñòàâëÿåòñÿ ïåðñïåêòèâíûì ìå-
òîäîì äëÿ âûÿâëåíÿ ïðè÷èí îæèðåíèÿ. Â äàííîì èññëåäîâàíèè áûëà ïðåäïðèíÿòà ïîïûòêà îöå-
íèòü âëèÿíèå ïîëèìîðôèçìà -3826A>G UCP1 (rs1800592) è óðîâíÿ ôèçè÷åñêîé àêòèâíîñòè, à òàê-
æå âçàèìîäåéñòâèå ýòèõ ôàêòîðîâ íà ïîêàçàòåëè öåíòðàëüíîãî îæèðåíèÿ â ãðóïïå ýòíè÷åñêè
ðóññêèõ æåíùèí.

Ìàòåðèàëû è ìåòîäû. Ïðîãðàììà èññëåäîâàíèÿ âêëþ÷àëà ìîëåêóëÿðíî-ãåíåòè÷åñêîå è àíò-
ðîïîìåòðè÷åñêîå îáñëåäîâàíèå 124 âçðîñëûõ æåíùèí â âîçðàñòå îò 18 äî 33 ëåò ñ ðàçëè÷íûì
óðîâíåì ôèçè÷åñêîé àêòèâíîñòè, ïðîæèâàþùèõ â ãîðîäå Ìîñêâå. Äëÿ ìîëåêóëÿðíî-ãåíåòè÷åñêîãî
èññëåäîâàíèÿ áûë âûáðàí -3826A>G ïîëèìîðôèçì ãåíà UCP1 (rs1800592). Ïðîãðàììà àíòðîïîìåò-
ðè÷åñêîãî èññëåäîâàíèÿ âêëþ÷àëà èçìåðåíèÿ äëèíû, ìàññû òåëà, îáõâàòà òàëèè è áåäåð, âû÷èñëÿ-
ëèñü èíäåêñ ìàññû òåëà, èíäåêñ îæèðåíèÿ òåëà, ñîîòíîøåíèå òàëèè ê áåäðàì, ñîîòíîøåíèå òà-
ëèè ê äëèíå òåëà, èëè èíäåêñ öåíòðàëüíîãî îæèðåíèÿ, ïðîöåíòíîå ñîäåðæàíèå æèðîâîé ìàññû.

Ðåçóëüòàòû. Êâàíòèëüíûé ðåãðåññèîííûé àíàëèç âûÿâèë, ÷òî ôèçè÷åñêàÿ àêòèâíîñòü è -3826A>G
ïîëèìîðôèçì ãåíà UCP1 (rs1800592) îïðåäåëÿëè öåíòðàëüíîå îæèðåíèå â èçó÷åííîé âûáîðêå ðóññêèõ
æåíùèí, îäíàêî èç äâóõ èçó÷åííûõ ôàêòîðîâ íàèáîëüøåå âëèÿíèå îêàçûâàëà ôèçè÷åñêàÿ àêòèâíîñòü.
Ñíèæåíèå óðîâíÿ ôèçè÷åñêîé àêòèâíîñòè áûëî àññîöèèðîâàíî ñ áîëåå âûñîêèìè çíà÷åíèÿìè èí-
äåêñà öåíòðàëüíîãî îæèðåíèÿ, ïðîöåíòíîãî ñîäåðæàíèÿ æèðîâîé ìàññû è èíäåêñà îæèðåíèÿ òåëà.
Â ãðóïïå äîáðîâîëüöåâ áûëè âûÿâëåíû àññîöèàöèè ìåæäó -3826A>G ïîëèìîðôèçìîì ãåíà UCP1
(rs1800592) è ïîâûøåííûì æèðîîòëîæåíèåì. Â ãðóïïå æåíùèí, êîòîðûå ðåãóëÿðíî çàíèìàþòñÿ
ñïîðòîì, ïðîâåðÿåìûå ãèïîòåçû ïîäòâåðäèëèñü òîëüêî äëÿ îäíîãî èç äåñÿòè êâàíòèëåé ðàñïðå-
äåëåíèÿ èíäåêñà öåíòðàëüíîãî îæèðåíèÿ è èíäåêñà òàëèè/áåäðà.

Çàêëþ÷åíèå. Ïîëèìîðôèçì -3826A>G ãåíà UCP1 (rs1800592) è ôèçè÷åñêàÿ àêòèâíîñòü â èçó-
÷åííîé âûáîðêå îïðåäåëÿëè ïîâûøåííûé ðèñê íàáîðà æèðîâîé ìàññû, îäíàêî âëèÿíèå ôèçè÷åñêîé
àêòèâíîñòè íà èññëåäóåìûå íà àíòðîïîìåòðè÷åñêèå ïîêàçàòåëè áûëî ñèëüíåå. Ïîëèìîðôèçì
-3826A>G ãåíà UCP1 (rs1800592) îêàçûâàë çíà÷èìîå âëèÿíèå íà ïðåäðàñïîëîæåííîñòü ê íàêîïëåíèþ
æèðîâîé ìàññû ïðè îòñóòñòâèè ðåãóëÿðíûõ ôèçè÷åñêèõ íàãðóçîê. Ñíèæåíèå ôèçè÷åñêîé àêòèâíîñòè
íà ôîíå ãåíåòè÷åñêîé ïðåäðàñïîëîæåííîñòè ìîæåò ïîâûñèòü ðèñê ðàçâèòèÿ îæèðåíèÿ.

Êëþ÷åâûå ñëîâà: öåíòðàëüíîå îæèðåíèå; UCP1; ãåííî-ñðåäîâûå âçàèìîäåéñòâèÿ; ôèçè÷åñ-
êàÿ àêòèâíîñòü, àíòðîïîëîãèÿ, ãåíåòèêà îæèðåíèÿ

ñðåäû. Íåêîòîðûå ôàêòîðû, íàïðèìåð, óðîâåíü
ôèçè÷åñêîé àêòèâíîñòè, äèåòà, óïîòðåáëåíèå àë-
êîãîëÿ, êóðåíèå, ìîãóò ìîäèôèöèðîâàòü âëèÿíèå
ãåíåòè÷åñêèõ ôàêòîðîâ íà àíòðîïîìåòðè÷åñêèå
ïîêàçàòåëè, àññîöèèðîâàííûå ñ îæèðåíèåì, óñè-
ëèâàÿ èëè óìåíüøàÿ èõ ïðîÿâëåíèå â ôåíîòèïå.
Â ñëó÷àå, êîãäà ñðåäîâûå ôàêòîðû ñäåðæèâàþò
èëè íàîáîðîò óñèëèâàþò ãåíåòè÷åñêèå ýôôåêòû
íàáëþäàþòñÿ ãåííî-ñðåäîâûå âçàèìîäåéñòâèÿ.
Ãåííî-ñðåäîâûå âçàèìîäåéñòâèÿ áûëè âûÿâëåíû
äëÿ ãåíîâ FTO, UCP1, UCP3 è íåêîòîðûõ äðóãèõ
[Kilpelainen et al., 2011; Rask-Andersen et al., 2017;
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91Ассоциации 
3826A>G полиморфизма гена UCP1 (rs1800592) и уровня физической активности с ...

Â ãðóïïó ôèçè÷åñêè àêòèâíûõ áûëè îòíåñåíû èñ-
ïûòóåìûå, êîòîðûå ðåãóëÿðíî çàíèìàþòñÿ
ñïîðòîì ãîä è áîëåå (n=54). Äëÿ 90% èñïûòóåìûõ
áûë õàðàêòåðåí àýðîáíûé òèï ôèçè÷åñêèõ íàãðó-
çîê, à äëÿ 10% – ñìåøàííûé òèï. Ê ãðóïïå ôèçè-
÷åñêè íåàêòèâíûõ áûëè îòíåñåíû èñïûòóåìûå,
êîòîðûå íå çàíèìàþòñÿ ðåãóëÿðíî ñïîðòîì (n=70).

Äëÿ ìîëåêóëÿðíî-ãåíåòè÷åñêîãî èññëåäîâàíèÿ
áûë âûáðàí ïîëèìîðôèçì ãåíà UCP1 rs1800592,
äëÿ êîòîðîãî ðàíåå áûëè ïîêàçàíû àññîöèàöèè ñ
ïðåäðàñïîëîæåííîñòüþ ê íàêîïëåíèþ æèðîâîé
ìàññû â íåêîòîðûõ ïîïóëÿöèÿõ [Cha et al., 2008;
Chathoth et al., 2018]. Çàáîð áèîëîãè÷åñêîãî ìà-
òåðèàëà (áóêêàëüíîãî ýïèòåëèÿ) ïðîèçâîäèëñÿ ïðè
ïîìîùè ñòåðèëüíûõ óðîãåíèòàëüíûõ çîíäîâ. Ãåíîì-
íûå ñîñòîÿíèÿ îïðåäåëÿëèñü ñ ïîìîùüþ ïðîöåäó-
ðû ìèíèñåêâåíèðîâàíèÿ ñ äåòåêöèåé ðåçóëüòàòîâ â
ðåæèìå MALDI-TOF, àíàëèç ïðîâîäèëñÿ íà áàçå
ÎÎÎ «Ëèòåõ», ã. Ìîñêâà. Ïðîãðàììà àíòðîïîìåò-
ðè÷åñêîãî îáñëåäîâàíèÿ âêëþ÷àëà èçìåðåíèÿ
äëèíû (ÄÒ, ñì), ìàññû òåëà (ÌÒ, ñì), îáõâàòîâ òà-
ëèè (ÎÒ, ñì) è áåäåð (ÎÁ, ñì). Íà îñíîâàíèè èç-
ìåðåííûõ ïîêàçàòåëåé âû÷èñëÿëè àíòðîïîìåòðè-
÷åñêèå èíäåêñû: èíäåêñ ìàññû òåëà (ÈÌÒ, êã/ì2),
èíäåêñ îæèðåíèÿ òåëà (BAI, %) [Bergman et al.,
2011], ñîîòíîøåíèå òàëèè ê áåäðàì (WHR), ñîîò-
íîøåíèå òàëèè ê äëèíå òåëà (èíäåêñ öåíòðàëüíî-
ãî îæèðåíèÿ WHtR) Äëÿ îïðåäåëåíèÿ ïðîöåíòíîãî
ñîäåðæàíèÿ æèðîâîé ìàññû òåëà áûëà ïðîâåäåíà
áèîèìïåäàíñîìåòðèÿ ñ ïîìîùüþ áèîèìïåäàíñíîãî
àíàëèçàòîðà âîäíûõ ñåêòîðîâ ÀÂÑ-01 «ÌÅÄÀÑÑ»
(Ðîññèÿ). Áûëî ïîëó÷åíî ïîëîæèòåëüíîå çàêëþ-
÷åíèå Êîìèññèè ïî áèîýòèêå Áèîëîãè÷åñêîãî ôà-
êóëüòåòà ÌÃÓ èìåíè Ì.Â. Ëîìîíîñîâà (¹ 91-î îò
24.05.2018 ã.). Ñáîð áèîëîãè÷åñêîãî ìàòåðèàëà
îñóùåñòâëÿëñÿ ñ ïèñüìåííîãî èíôîðìèðîâàííîãî
ñîãëàñèÿ îáñëåäóåìîãî. Âñå äîáðîâîëüöû, ó÷à-
ñòâîâàâøèå â îáñëåäîâàíèè, áûëè îñâåäîìëåíû
î öåëÿõ è ìåòîäàõ îáñëåäîâàíèÿ. Âñå äàííûå àíà-
ëèçèðîâàëèñü â îáåçëè÷åííîì âèäå.

Ñòàòèñòè÷åñêèé àíàëèç áûë âûïîëíåí â êîì-
ïüþòåðíîé ñðåäå R, âåðñèÿ 3.5.1 [RStudio Team,
2015]. Ñðàâíåíèå ÷àñòîò âñòðå÷àåìîñòè ãåíîòè-
ïîâ ãåíà UCP1 (-3826A>G, rs1800592) â ãðóïïàõ
æåíùèí ñ ðàçëè÷íûì óðîâíåì ôèçè÷åñêîé àêòèâ-
íîñòè ïðîâîäèëîñü ñ ïîìîùüþ òî÷íîãî òåñòà Ôè-
øåðà [Raymond, Rousset, 1995]. Áûë ïðîâåäåí
ñòàíäàðòíûé ðàçâåäî÷íûé àíàëèç, ãäå äëÿ êîëè-
÷åñòâåííûõ ïåðåìåííûõ îöåíèâàëèñü íîðìàëü-
íîñòü ðàñïðåäåëåíèÿ ïðè ïîìîùè êðèòåðèÿ Øà-
ïèðî-Óèëêà, íàëè÷èå âûáðîñîâ ïðè ïîìîùè êðè-
òåðèÿ Ãðàááñà, à òàêæå ãåòåðîãåííîñòü äèñïåðñèé
ñ ïîìîùüþ òåñòà Ëåâåíå [Levene et al., 1960;
Shapiro, Wilk, 1965; Grubbs, 1969]. Ïî èòîãàì ðàç-
âåäî÷íîãî àíàëèçà áûëî ðåøåíî èñïîëüçàâàòü
êâàíòèëüíóþ ðåãðåññèþ, òàê êàê äëÿ èññëåäóåìûõ

Bondareva et al., 2019]. Íàïðèìåð, ó íîñèòåëåé
ðèñêîâîãî À àëëåëÿ ãåíà FTO (T/A, rs9939609) â
óñëîâèÿõ ãèïîêèíåçèè íàáëþäàåòñÿ ïîâûøåííàÿ
ïðåäðàñïîëîæåííîñòü ê íàêîïëåíèþ æèðîâîé ìàñ-
ñû ïî ñðàâíåíèþ ñ íîñèòåëÿìè èñõîäíîãî T àëëå-
ëÿ, îäíàêî, ôèçè÷åñêàÿ àêòèâíîñòü íèâåëèðóåò
âëèÿíèå ýòîãî âàðèàíòà [Kilpelainen et al., 2011;
Bondareva et al., 2019]. Â ãðóïïå ôèçè÷åñêè àêòèâ-
íûõ èñïûòóåìûõ ó íîñèòåëåé ìèíîðíîãî Ò àëëåëÿ
ãåíà UCP3 (-55Ñ/Ò, rs1800849) íèæå ðèñê ðàçâèòèÿ
îæèðåíèÿ, ÷åì ó íîñèòåëåé èñõîäíîãî Ñ àëëåëÿ
[Alonso et al., 2005]. Â ãðóïïå áîëüíûõ äèàáåòîì
âòîðîãî òèïà äëÿ ëîêóñà rs3811791 (-112A>C UCP1)
áûëè îáíàðóæåíû çíà÷èìûå âçàèìîäåéñòâèÿ ñ
óðîâíåì ôèçè÷åñêîé àêòèâíîñòè [Dong et al.,
2020]. Òàê, ó íîñèòåëåé ðèñêîâîãî C àëëåëÿ â óñ-
ëîâèÿõ ãèïîêèíåçèè áûë âûøå ðèñê ðàçâèòèÿ äèà-
áåòà âòîðîãî òèïà [Dong et al., 2020]. Íåñìîòðÿ íà
áîëüøîå êîëè÷åñòâî èññëåäîâàíèé, íàïðàâëåííûõ
íà âûÿâëåíèå âçàèìîäåéñòâèé ìåæäó ðàçëè÷íû-
ìè ãåíåòè÷åñêèìè âàðèàíòàìè, àññîöèèðîâàííû-
ìè ñ îæèðåíèåì, è ñðåäîâûìè ôàêòîðàìè, ðîññèé-
ñêàÿ ïîïóëÿöèÿ îñòàåòñÿ ìàëîèçó÷åííîé. Âûÿâëåíèå
ãåííî-ñðåäîâûõ âçàèìîäåéñòâèé ïðåäñòàâëÿåòñÿ
ïåðñïåêòèâíûì ìåòîäîì äëÿ ïîíèìàíèÿ ïðè÷èí
ðàçâèòèÿ îæèðåíèÿ è âûðàáîòêè ñòðàòåãèé äëÿ áîðü-
áû è ïðîôèëàêòèêè îæèðåíèÿ [Lin et al., 2013].

Â äàííîì èññëåäîâàíèè áûëà ïðåäïðèíÿòà
ïîïûòêà îöåíèòü âëèÿíèå -3826A>G ïîëèìîðôèç-
ìà ãåíà UCP1 (rs1800592), óðîâíÿ ôèçè÷åñêîé àê-
òèâíîñòè, à òàêæå ýôôåêò âçàèìîäåéñòâèÿ ýòèõ
ôàêòîðîâ íà ïîêàçàòåëè öåíòðàëüíîãî îæèðåíèÿ
â ãðóïïå ðóññêèõ æåíùèí.

Материалы и методы

Ìàòåðèàëîì äëÿ äàííîãî èññëåäîâàíèÿ ïî-
ñëóæèëè ðåçóëüòàòû àíòðîïîãåíåòè÷åñêîãî îáñëå-
äîâàíèÿ ãîðîäñêîãî íàñåëåíèÿ ã. Ìîñêâû, à èìåí-
íî 124 ýòíè÷åñêèõ ðóññêèõ æåíùèí â âîçðàñòå îò
18 äî 33 ëåò ñ ðàçíûì óðîâíåì ôèçè÷åñêîé àê-
òèâíîñòè. Ìàòåðèàëû áûëè ñîáðàíû â ÍÈÈ è Ìó-
çåå àíòðîïîëîãèè ÌÃÓ èìåíè Ì.Â. Ëîìîíîñîâà â
2018 ãîäó ïî ñòàíäàðòíîé ïðîãðàììå, âêëþ÷àâøåé
àíòðîïîìåòðè÷åñêîå è ìîëåêóëÿðíî-ãåíåòè÷åñêîå
îáñëåäîâàíèå. Ýòíè÷åñêóþ ïðèíàäëåæíîñòü óñòà-
íàâëèâàëè â õîäå àíêåòèðîâàíèÿ äîáðîâîëüöåâ.
Â èçó÷åííóþ âûáîðêó áûëè âêëþ÷åíû èñïûòóåìûå
îáà ðîäèòåëÿ êîòîðûõ ÿâëÿëèñü ðóññêèìè. Ñðåäíèé
âîçðàñò æåíùèí ñîñòàâèë 19,0±2,7 ëåò. Ñðåäè äîá-
ðîâîëüöåâ áûëè âûäåëåíû 2 ïîäãðóïïû: ðåãóëÿðíî
çàíèìàþùèåñÿ ñïîðòîì è ôèçè÷åñêè íåàêòèâíûå
èñïûòóåìûå. Óðîâåíü ôèçè÷åñêîé àêòèâíîñòè áûë
óñòàíîâëåí â õîäå àíêåòèðîâàíèÿ äîáðîâîëüöåâ.
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àíòðîïîìåòðè÷åñêèõ ïîêàçàòåëåé íàáëþäàåòñÿ
îòðèöàòåëüíûé êîýôôèöèåíò àñèììåòðèè (îò -1,36
äî -3,35). Ðåãðåññèÿ êâàíòèëåé ïîçâîëÿåò îöåíèòü
ìåäèàíó, à òàêæå âåðõíèå êâàíòèëè ðàñïðåäåëåíèÿ
çàâèñèìîé ïåðåìåííîé. Ïðåäïîëàãàåòñÿ, ÷òî âëèÿ-
íèå èññëåäóåìîãî âàðèàíòà ãåíà UCP1 (-3826A>G,
rs1800592) ñèëüíåå íà áîëåå âûñîêèõ çíà÷åíèÿõ
èññëåäóåìûõ àíòðîïîìåòðè÷åñêèõ ïîêàçàòåëÿõ
[Koenker et al., 2001]. Êâàíòèëüíàÿ ðåãðåññèÿ íå
÷óâñòâèòåëüíà ê âûáðîñàì, íå òðåáóåò íîðìàëü-
íîãî ðàñïðåäåëåíèÿ ïåðåìåííîé-îòêëèêà, à òàê-
æå ïîçâîëÿåò îöåíèâàòü äàííûå, äëÿ êîòîðûõ
íàáëþäàåòñÿ ãåòåðîñêåäàñòè÷íîñòü è àñèììåòðèÿ
[Koenker et al., 2001]. Äëÿ ïîñòðîåíèÿ ðåãðåññèîííîé
ìîäåëè áûë èñïîëüçîâàí ïàêåò quantreg (Available at:
https://CRAN.R-project.org/package=quantreg.
Accessed: 08.07.2020). Äëÿ ðàñ÷åòà ñòàíäàðòíîé
îøèáêè êâàíòèëüíîé ðåãðåññèîííîé ìîäåëè áûë èñ-
ïîëüçîâàí àëãîðèòì áóòñòðåï. Ðåãðåññèîííûé ìî-
äåëè ñòðîèëèñü äëÿ êâàíòèëåé 10, 20, 30, 40, 50,
60, 70, 80, 90 äëÿ òîãî, ÷òîáû îöåíèòü âëèÿíèå
ôèçè÷åñêîé àêòèâíîñòè è -3826A>G ïîëèìîðôèç-
ìà ãåíà UCP1 (rs1800592) íà ðàñïðåäåëåíèå èññëå-
äóåìûõ àíòðîïîìåòðè÷åñêèõ ïðèçíàêîâ. Ñ ïîìîùüþ
êâàíòèëüíîé ðåãðåññèè îöåíèâàëèñü àññîöèàöèè
ìåæäó èññëåäóåìûìè àíòðîïîìåòðè÷åñêèìè ïîêà-
çàòåëÿìè, ôèçè÷åñêîé àêòèâíîñòüþ (ôèçè÷åñêè àê-
òèâíûå – 0, ôèçè÷åñêè íåàêòèâíûå – 1) è -3826A>G
ïîëèìîðôèçìîì ãåíà UCP1 (rs1800592). Àññîöèà-
òèâíûé àíàëèç ìåæäó ïîëèìîðôèçìîì ãåíà UCP1
(rs1800592) è èññëåäóåìûìè àíòðîïîìåòðè÷åñêè-
ìè ïîêàçàòåëÿìè áûë ïðîâåäåí â äâóõ ïîäãðóïïàõ
(ôèçè÷åñêè àêòèâíûõ è ôèçè÷åñêè íåàêòèâíûõ), äëÿ
òîãî, ÷òîáû îöåíèòü âëèÿíèå ïîëèìîðôèçìà â çà-
âèñèìîñòè îò óðîâíÿ ôèçè÷åñêîé àêòèâíîñòè. Äëÿ
àíàëèçà áûëà âûáðàíà äîìèíàíòíàÿ ìîäåëü íà-
ñëåäîâàíèÿ (AG+GG ïðîòèâ AA). Òàêæå â ìîäåëü
áûëî âêëþ÷åíî âçàèìîäåéñòâèå ìåæäó òàêèìè
ïðåäèêòîðàìè, êàê -3826A>G ïîëèìîðôèçì ãåíà
UCP1 (rs1800592) è ôèçè÷åñêàÿ àêòèâíîñòü
(UCP1*ÔÀ) äëÿ òîãî, ÷òîáû îöåíèòü ñîâìåñòíîå
âëèÿíèå ðèñêîâîãî âàðèàíòà UCP1 (rs1800592) è
íèçêîé ôèçè÷åñêîé àêòèâíîñòè íà ïåðåìåííóþ-
îòêëèê. Â êà÷åñòâå ìåòîäà êîððåêöèè íà ìíîæå-
ñòâåííîå òåñòèðîâàíèå áûë âûáðàí ìåòîäà Áåí-
äæàìèíè-Õîõáåðãà.

Результаты

Îáùàÿ õàðàêòåðèñòèêà îáñëåäîâàííîé âû-
áîðêè ïðåäñòàâëåíà â òàáëèöå 1 è íà ðèñóíêå 1.

×àñòîòà âñòðå÷àåìîñòè ìèíîðíîãî G àëëåëÿ
ãåíà UCP1 (-3826A>G, rs1800592) â öåëîì â îáñëå-
äîâàííîé âûáîðêå ñîñòàâèëà 25%. Â åâðîïåéñêèõ

ïîïóëÿöèÿõ ÷àñòîòà âñòðå÷àåìîñòè ìèíîðíîãî
àëëåëÿ âàðüèðóåò îò 15 äî 27%. Ðàñïðåäåëåíèå
÷àñòîò âñòðå÷àåìîñòè ãåíîòèïîâ UCP1 â èññëå-
äóåìîé ãðóïïå ïîä÷èíÿåòñÿ çàêîíó Õàðäè-Âàéí-
áåðãà (χ2=0,31, p=0,57). Ãðóïïû ñ ðàçëè÷íûì óðîâ-
íåì ôèçè÷åñêîé àêòèâíîñòè çíà÷èìî íå îòëè÷à-
ëèñü ïî ÷àñòîòàì âñòðå÷àåìîñòè ãåíîòèïîâ UCP1
(p=0,14).

Ôèçè÷åñêàÿ àêòèâíîñòü è -3826A>G  ïîëèìîð-
ôèçì ãåíà UCP1 îïðåäåëÿëè îæèðåíèå, îäíàêî
èç äâóõ èññëåäîâàííûõ ôàêòîðîâ íàèáîëüøåå
âëèÿíèå îêàçûâàëà ôèçè÷åñêàÿ àêòèâíîñòü
(ðèñ. 1, òàáë. 1, òàáë. 2). Àíàëèç, ïðîâåäåííûé ñ
ïîìîùüþ êâàíòèëüíîé ðåãðåññèè, ïîêàçàë, ÷òî
óðîâåíü ôèçè÷åñêîé àêòèâíîñòè îêàçûâàë çíà÷è-
ìîå âëèÿíèå íà èññëåäóåìûå àíòðîïîìåòðè÷åñ-
êèå ïîêàçàòåëè (òàáë. 1, ðèñ. 1). Ó èñïûòóåìûõ ñ
íèçêèì óðîâíåì ôèçè÷åñêîé àêòèâíîñòè áûëè çíà-
÷èìî áîëåå âûñîêèå ïîêàçàòåëè BAI (b=4,16,
p=2*10-4), WHtR (b=0,01, p=1*10-3) è ïðîöåíòíîãî
ñîäåðæàíèÿ æèðîâîé ìàññû (b=6,30, p=1*10-4). Äëÿ
òàêèõ ïîêàçàòåëåé êàê WHtR, WHR è BAI íàáëþ-
äàëîñü óñèëåíèå âëèÿíèÿ íèçêîãî óðîâíÿ ôèçè-
÷åñêîé àêòèâíîñòè íà âåðõíèõ êâàíòèëÿõ ðàñïðå-
äåëåíèÿ (ðèñ. 2). Íàïðèìåð, íèçêèé óðîâåíü ôè-
çè÷åñêîé àêòèâíîñòè óâåëè÷èâàë çíà÷åíèå
WHtR íà 0,01 íà 25% êâàíòèëå, íà 0,02 íà 50%
êâàíòèëå (ìåäèàíå) è 0,04 íà 90% êâàíòèëå
(ðèñ. 2). Ó èñïûòóåìûõ ñ íèçêèì óðîâíåì ôèçè-
÷åñêîé àêòèâíîñòè áûëè âûøå çíà÷åíèÿ ïðîöåíò-
íîãî ñîäåðæàíèÿ æèðîâîé ìàññû òåëà, îäíàêî
âëèÿíèå ýòîãî ôàêòîðà áûëî âûøå íà íèæíèõ
êâàíòèëÿõ ðàñïðåäåëåíèÿ (ðèñ. 2). Ó ôèçè÷åñêè
íåàêòèâíûõ æåíùèí ïðîöåíòíîå ñîäåðæàíèå ñêå-
ëåòíî-ìûøå÷íîé ìàññû áûëî íèæå, ÷åì ó ôèçè-
÷åñêè àêòèâíûõ (49,60% ïðîòèâ 51,1%, b=-1,14,
p=3*10-3). Ïðè ýòîì äëÿ ÈÌÒ è óðîâíÿ ôèçè÷åñ-
êîé àêòèâíîñòè çíà÷èìûõ àññîöèàöèé îáíàðóæå-
íî íå áûëî (b=0,84, p=0,07).

Â ãðóïïå æåíùèí ñ íèçêèì óðîâíåì ôèçè÷åñ-
êîé àêòèâíîñòè áûëè âûÿâëåíû àññîöèàöèè ìåæäó
-3826A>G ïîëèìîðôèçìîì ãåíà UCP1 (rs1800592)
è ïîâûøåííûì æèðîîòëîæåíèåì. Íîñèòåëè G àë-
ëåëÿ (AG+GG) UCP1 (-3826A>G, rs1800592) èìå-
ëè áîëåå âûñîêèå çíà÷åíèÿ èíäåêñà öåíòðàëüíî-
ãî îæèðåíèÿ WHtR, ïðîöåíòíîãî ñîäåðæàíèÿ æè-
ðîâîé ìàññû òåëà, èíäåêñà ìàññû òåëà è èíäåêñà
WHR (òàáë. 2). Â ãðóïïå ñïîðòñìåíîâ íå âñå ïðîâå-
ðÿåìûå ãèïîòåçû áûëè ïîäòâåðæäåíû ñ ó÷åòîì ïî-
ïðàâêè íà ìíîæåñòâåííîå òåñòèðîâàíèå (òàáë. 2).
Â ãðóïïå èñïûòóåìûõ, êîòîðûå ðåãóëÿðíî çàíèìà-
þòñÿ ñïîðòîì, çíà÷èìûå àññîöèàöèè áûëè îáíàðó-
æåíû òîëüêî äëÿ îäíîãî (90%) èç äåñÿòè ðàññìàò-
ðèâàåìûõ êâàíòèëåé ðàñïðåäåëåíèÿ èíäåêñà
WHR (b=0,03, p=0,05) è èíäåêñà öåíòðàëüíîãî
îæèðåíèÿ WHtR (b=0,01, p=0,01, òàáë 2).
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Ïðåäïîëàãàåòñÿ, ÷òî ó íîñèòåëåé ðèñêîâîãî
G àëëåëÿ UCP1 (-3826A>G, rs1800592) íà ôîíå
íåðåãóëÿðíûõ çàíÿòèé ñïîðòîì áóäåò çíà÷èìî
âûøå ðèñê ðàçâèòèÿ öåíòðàëüíîãî îæèðåíèÿ. Â
ñâÿçè ñ ýòèì áûëà ïðåäïðèíÿòà ïîïûòêà îöåíèòü
ýôôåêò âçàèìîäåéñòâèÿ -3826A>G ïîëèìîðôèç-
ìà ãåíà UCP1 (rs1800592) è óðîâíÿ ôèçè÷åñêîé
àêòèâíîñòè. Êâàíòèëüíàÿ ðåãðåññèÿ íå âûÿâèëà
çíà÷èìûõ ãåííî-ñðåäîâûõ âçàèìîäåéñòâèé. Ýô-
ôåêò âçàèìîäåéñòâèÿ ìåæäó ïîëèìîðôèçìîì
ãåíà UCP1 (rs1800592) è óðîâíåì ôèçè÷åñêîé àê-
òèâíîñòè áûë îáíàðóæåí òîëüêî äëÿ îäíîãî èç
äåñÿòè êâàíòèëåé (90% êâàíòèëü) èíäåêñîâ WHR
(b=0,03, p=0,04) è WHtR (b=0,04, p=0,05), îäíàêî
P-çíà÷åíèå íå äîñòèãëî ïîðîãîâîãî çíà÷åíèÿ ñ
ó÷åòîì ïîïðàâêè íà ìíîæåñòâåííîå òåñòèðîâàíèå.

Обсуждение

Â äàííîì èññëåäîâàíèè áûëî ïîêàçàíî, ÷òî
â èçó÷åííîé âûáîðêå ìîëîäûõ ðóññêèõ æåíùèí,
ïðîæèâàþùèõ â Ìîñêâå, ôèçè÷åñêàÿ àêòèâíîñòü
è -3826A>G ïîëèìîðôèçì ãåíà UCP1 (rs1800592)
îïðåäåëÿëè ïîâûøåííûé ðèñê ðàçâèòèÿ öåíòðàëü-
íîãî îæèðåíèÿ, îäíàêî âëèÿíèå ôèçè÷åñêîé àê-
òèâíîñòè áûëî ñèëüíåå, ÷åì èññëåäóåìîãî âàðè-
àíòà rs1800592.

Â öåëîì â îáñëåäîâàííîé âûáîðêå íîñèòåëè
ðèñêîâîãî G àëëåëÿ UCP1 (-3826A>G, rs1800592)
îáëàäàëè ïîâûøåííûì æèðîîòëîæåíèåì, ÷òî ñîãëà-
ñóåòñÿ ñ ðàíåå ïðîâåäåííûìè èññëåäîâàíèÿìè [Cha
et al., 2008; Chathoth et al., 2018]. Íàèáîëüøåå âëèÿ-
íèå èññëåäóåìîãî -3826A>G ïîëèìîðôèçìà UCP1
(rs1800592) íàáëþäàëîñü íà áîëåå âûñîêèõ çíà-

Òàáëèöà 1. Ìîðôîëîãè÷åñêèå õàðàêòåðèñòèêè èññëåäóåìîé ãðóïïû (Ì, Q1-Q3, N=124)
Table 1. Obesity-related traits of the studied cohort (Ì, Q1-Q3, N=124)

Ïðèìå÷àíèÿ. Q1, Ì, Q3 – ïåðâûé, âòîðîé (ìåäèàíà), è òðåòèé êâàðòèëè, G* ìèíîðíûé ðèñêîâûé àëëåëü
UCP1, ÈÌÒ – èíäåêñ ìàññû òåëà, ÆÌÒ% – ïðîöåíòíîå ñîäåðæàíèå æèðîâîé ìàññû.

Notes., Q1, Ì, Q3 – the first, second (median) and the third quantiles, G* – minor risk allele UCP1, BMI – body
mass index, BF - body fat content.
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÷åíèÿõ èññëåäóåìûõ ïîêàçàòåëåé, îòðàæàþùèõ
öåíòðàëüíîå îæèðåíèå, ÷òî ìîæåò ñâèäåòåëüñòâî-
âàòü î âëèÿíèè äðóãèõ ôàêòîðîâ, íàïðèìåð, îñî-
áåííîñòåé äèåòû. Òàêæå ñëåäóåò çàìåòèòü, ÷òî âëè-
ÿíèå -3826A>G ïîëèìîðôèçìà ãåíà UCP1 áûëî
ñèëüíåå ó èñïûòóåìûõ ñ íèçêèì óðîâíåì ôèçè÷åñ-
êîé àêòèâíîñòè. Â ãðóïïå ñ âûñîêèì óðîâíåì ôè-
çè÷åñêîé àêòèâíîñòè íå âñå ïðîâåðÿåìûå ãèïîòå-
çû áûëè ïîäòâåðæäåíû ñ ó÷åòîì ïîïðàâêè íà ìíî-
æåñòâåííîå òåñòèðîâàíèå. Òàê â ãðóïïå ôèçè÷åñ-
êè àêòèâíûõ áûëè âûÿâëåíû àññîöèàöèè ìåæäó -
3826A>G ïîëèìîðôèçìîì ãåíà UCP1 (rs1800592)
è èíäåêñàìè öåíòðàëüíîãî îæèðåíèÿ WHtR è òàëèè/
áåäðà WHR, îäíàêî ñâÿçü áûëà ñëàáåå, ÷åì â ãðóï-
ïå ñ íèçêèì óðîâíåì ôèçè÷åñêîé àêòèâíîñòè, ÷òî
ìîæåò ãîâîðèòü î çíà÷èìîì âëèÿíèå ôèçè÷åñêîé
àêòèâíîñòè íà ôåíîòèïè÷åñêîå ïðîÿâëåíèå èññëå-
äóåìîãî âàðèàíòà UCP1 (rs1800592).

Èç äâóõ èçó÷åííûõ ôàêòîðîâ ôèçè÷åñêàÿ àê-
òèâíîñòü ñèëüíåå âëèÿëà íà ðàçâèòèå îæèðåíèÿ.
Íèçêèé óðîâåíü ôèçè÷åñêîé àêòèâíîñòè íåçàâè-
ñèìî îò äðóãèõ ôàêòîðîâ ïîâûøàë ðèñê ðàçâèòèÿ
îæèðåíèÿ. Ãðóïïà æåíùèí ñ íèçêèì óðîâíåì ôè-
çè÷åñêîé àêòèâíîñòè îáëàäàëà áîëåå âûñîêèìè
ïîêàçàòåëÿìè, îòðàæàþùèìè öåíòðàëüíîå îæèðå-
íèå, ïî ñðàâíåíèþ ñ ãðóïïîé ôèçè÷åñêè àêòèâíûõ
èñïûòóåìûõ. Óðîâåíü ôèçè÷åñêîé àêòèâíîñòè áûë
çíà÷èìî àññîöèèðîâàí ñ òàêèìè ïîêàçàòåëÿìè êàê
èíäåêñ öåíòðàëüíîãî îæèðåíèÿ WHtR, èíäåêñ îæè-
ðåíèÿ BAI è ïðîöåíòíûì ñîäåðæàíèåì æèðîâîé
ìàññû, íî íå ÈÌÒ, ÷òî ìîæåò ãîâîðèòü î òîì, ÷òî
èíäåêñû WHtR è BAI ÿâëÿëèñü ëó÷øèìè ïðåäèê-
òîðàìè îæèðåíèÿ, ÷åì ÈÌÒ â ãðóïïàõ ñ ðàçíûì
óðîâíåì ôèçè÷åñêîé àêòèâíîñòè [Sayeed et al.,
2003; Lee et al., 2008]. Ó ôèçè÷åñêè àêòèâíûõ èñ-
ïûòóåìûõ ïîâûøåíèå çíà÷åíèé ÈÌÒ ìîæåò áûòü

Ðèñóíîê 1. Äèàãðàììû ðàçìàõà äëÿ ïîêàçàòåëåé æèðîâîé ìàññû òåëà (ÆÌÒ, %), èíäåêñà îæèðåíèÿ òåëà (BAI, %),
èíäåêñà ìàññû òåëà (ÈÌÒ, êã/ì2), èíäåêñà öåíòðàëüíîãî îæèðåíèÿ (WHtR), èíäåêñà òàëèè/áåäðà (WHR)
â îáñëåäîâàííîé âûáîðêå â çàâèñèìîñòè îò óðîâíÿ ôèçè÷åñêîé àêòèâíîñòè (íèçêèé è âûñîêèé óðîâåíü

ôèçè÷åñêîé àêòèâíîñòè) è ãåíîìíîãî ñîñòîÿíèÿ ïî rs1800592 UCP1 (AG+GG vs AA). Ãðóïïîâûå çíà÷åíèÿ
ïðåäñòàâëåíû ìåäèàíîé, â êà÷åñòâå ìåðû ðàññåÿíèÿ èñïîëüçîâàíû íèæíèé è âåðõíèé êâàðòèëè

Figure 1. Boxplots of body fat percentage, body adiposity index (BAI), body mass index (BMI), waist to hip ratio
(WHR), waist to height ratio (WHtR) in physically active and physically nonactive individuals according to

rs1800592 UCP1 genotypes (AG+GG vs AA)
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ñëåäñòâèåì ïîâûøåíèÿ ñîäåðæàíèÿ áåçæèðîâîé
ìàññû òåëà, à íå æèðîâîé [Freedman et al., 2005;
Torstveit et al., 2012].

Ïðåäïîëàãàåòñÿ, ÷òî ôèçè÷åñêàÿ àêòèâíîñòü
ìîäèôèöèðóåò âëèÿíèå ïîëèìîðôèçìà ãåíà UCP1
(rs1800592), óñèëèâàÿ åãî ïðîÿâëåíèå â ãðóïïå
ôèçè÷åñêè ìàëîàêòèâíûõ èñïûòóåìûõ. Ïîëó÷åí-
íûå ðåçóëüòàòû ñîãëàñóþòñÿ ñ ðàíåå ïðîâåäåí-
íûìè èññëåäîâàíèÿìè, ãäå áûëî ïîêàçàíî, ÷òî
îáðàç æèçíè ìîæåò ìîäèôèöèðîâàòü âëèÿíèå ãå-
íåòè÷åñêèõ ôàêòîðîâ íà ðèñê ðàçâèòèÿ îæèðåíèÿ
[Kilpelainen et al., 2011; Rask-Andersen et al., 2017;
Bondareva et al., 2019]. Òàêèå ôàêòîðû, êàê êîëè-
÷åñòâî ñíà, êîëè÷åñòâî ÷àñîâ ïðîñìîòðà òåëåïå-
ðåäà÷, óðîâåíü ôèçè÷åñêîé àêòèâíîñòè è äèåòà
ìîäèôèöèðóþò âëèÿíèå ãåíåòè÷åñêèõ ôàêòîðîâ
[Kilpelainen et al., 2011; Young et al., 2016; Rask-
Andersen et al., 2017; Bondareva et al., 2019]. Òàê, ó
ìóæ÷èí, ïðîæèâàþùèõ â ã. Ìîñêâå, áûëî ïîêàçàíî,
÷òî ïîëèìîðôèçì ãåíà FTO îêàçûâàåò çíà÷èìîå
âëèÿíèå íà ïðåäðàñïîëîæåííîñòü ê íàêîïëåíèþ
æèðîâîé ìàññû òîëüêî â ñëó÷àå ñíèæåíèÿ óðîâíÿ

ôèçè÷åñêîé àêòèâíîñòè [Bondareva et al., 2019].
Àíàëèç áàçû äàííûõ UK Biobank ïîêàçàë, ÷òî òàêèå
ôàêòîðû, êàê íèçêèé óðîâåíü ôèçè÷åñêîé àêòèâíî-
ñòè, äèåòà è êîëè÷åñòâî ñíà ïðè ãåíåòè÷åñêîé
ïðåäðàñïîëîæåííîñòè ïîâûøàþò ðèñê ðàçâèòèÿ
îæèðåíèÿ [Young et al., 2016].

Íåîáõîäèìî çàìåòèòü, ÷òî äàííîå èññëåäî-
âàíèå èìååò ðÿä îãðàíè÷åíèé. Âî-ïåðâûõ, èññëå-
äóåìûé -3826A>G âàðèàíò ãåíà UCP1 (rs1800592)
îáúÿñíÿåò íåáîëüøîé ïðîöåíò âàðèàáåëüíîñòè
èññëåäóåìûõ àíòðîïîìåòðè÷åñêèõ ïðèçíàêîâ è íå
ìîæåò ÿâëÿòüñÿ âåñîìûì ïðåäèêòîðîì äëÿ ïðåä-
ñêàçàíèÿ îæèðåíèÿ. Íà äàííûé ìîìåíò èçâåñòíî
îêîëî 1000 ðèñêîâûõ âàðèàíòîâ ãåíîâ, àññîöèè-
ðîâàííûõ ñ îæèðåíèåì, îäíàêî îáùèé âêëàä ýòèõ
âàðèàíòîâ â îáùóþ äèñïåðñèþ ñîñòàâëÿåò íå áî-
ëåå 6% [Yengo et al., 2018]. Èññëåäîâàíèå ãåííî-
ñðåäîâûõ âçàèìîäåéñòâèé ìîæåò ïîâûñèòü ïðî-
öåíò îáúÿñíåííîé äèñïåðñèè. Âî-âòîðûõ, ðàçìåð
èññëåäóåìîé âûáîðêè (n=124) ÿâëÿåòñÿ ïîðîãîâûì
äëÿ äîñòèæåíèÿ ñòàòèñòè÷åñêîé ìîùíîñòè è îá-
íàðóæåíèÿ çíà÷èìûõ âçàèìîäåéñòâèé. Â-òðåòüèõ,

Ðèñóíîê 2. Ðåçóëüòàòû êâàíòèëüíîãî ðåãðåññèîííîãî àíàëèçà, îöåíèâàþùåãî àññîöèàöèè ìåæäó ôèçè÷åñêîé
àêòèâíîñòüþ è êâàíòèëÿìè ðàñïðåäåëåíèÿ æèðîâîé ìàññîé òåëà (ÆÌÒ, %), èíäåêñîì îæèðåíèÿ òåëà (BAI, %),

èíäåêñîì ìàññû òåëà (ÈÌÒ, êã/ì2), èíäåêñîì öåíòðàëüíîãî îæèðåíèÿ (WHtR), èíäåêñîì òàëèè/áåäðà (WHR)
â îáñëåäîâàííîé âûáîðêå

Figure 2. Quantile regression plots of body fat percentage, body adiposity index (BAI), body mass index (BMI), waist
to hip ratio (WHR), waist to height ration (WHtR) according to physical activity level

Ïðèìå÷àíèÿ. Ïî îñè îðäèíàò óêàçàíû èçìåíåíèÿ áåòà-êîýôôèöèåíòîâ (b), ïîëó÷åííûå ïðè ïîñòðîåíèè ðåã-
ðåññèîííûõ ìîäåëåé, äëÿ ðàçëè÷íûõ êâàíòèëåé ðàñïðåäåëåíèÿ èññëåäóåìûõ ïðèçíàêîâ. Ïî îñè àáñöèññ  óêà-
çàíû êâàíòèëè Q10, Q20, Q30, Q40, Q50, Q60, Q70, Q80, Q90 – 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80% è 90%
êâàíòèëè.

Notes. Changes of the beta (b) value of the coefficients (in y-axis) at different quantiles (in x-axis) Q10, Q20, Q30,
Q40, Q50, Q60, Q70, Q80, Q90 – 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80% and 90% quantiles.
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èññëåäîâàíèå áûëî ïðîâåäåíî íà îñíîâå ïåðå-
êðåñòíûõ äàííûõ (cross-sectional), êîòîðûå íå ïî-
çâîëÿþò îöåíèòü èçìåíåíèÿ âî âðåìåíè, à èìåí-
íî êàê èçìåíåíèå óðîâíÿ ôèçè÷åñêîé àêòèâíîñòè
ìîæåò ìîäèôèöèðîâàòü âëèÿíèå ïîëèìîðôèçìà
ãåíà UCP1 íà ðèñê ðàçâèòèÿ îæèðåíèÿ.

Òàêèì îáðàçîì, â ñëó÷àå íîñèòåëüñòâà ðèñ-
êîâîãî G àëëåëÿ ãåíà UCP1 (-3826A>G, rs1800592)
íåäîñòàòîê ôèçè÷åñêîé àêòèâíîñòè óñèëèâàåò
ðèñê ðàçâèòèÿ îæèðåíèÿ è ñîïóòñòâóþùèõ åìó çà-
áîëåâàíèé, ÷òî îñîáåííî âàæíî â ñîâðåìåííûõ
óñëîâèÿõ ìåãàïîëèñà, ãäå íàáëþäàþòñÿ ñíèæåíèå
óðîâíÿ ôèçè÷åñêîé àêòèâíîñòè è óâåëè÷åíèå ïî-
òðåáëåíèÿ âûñîêîêàëîðèéíîé ïèùè. Îäíàêî äëÿ
ïîäòâåðæäåíèÿ ýôôåêòà âçàèìîäåéñòâèÿ íåîáõî-
äèìû äîïîëíèòåëüíûå èññëåäîâàíèÿ êàê â ãðóï-
ïå ìóæ÷èí, òàê è â ãðóïïå äåòåé è ïîäðîñòêîâ.

Заключение

Ïîëèìîðôèçì -3826A>G ãåíà UCP1 (rs1800592)
è ôèçè÷åñêàÿ àêòèâíîñòü â èçó÷åííîé âûáîðêå îï-
ðåäåëÿëè ïîâûøåííûé ðèñê íàáîðà æèðîâîé ìàñ-
ñû, îäíàêî âëèÿíèå ôèçè÷åñêîé àêòèâíîñòè íà
èññëåäóåìûå íà àíòðîïîìåòðè÷åñêèå ïîêàçàòåëè
áûëî ñèëüíåå. Ïîëèìîðôèçì -3826A>G ãåíà
UCP1 (rs1800592) îêàçûâàë çíà÷èìîå âëèÿíèå íà
ïðåäðàñïîëîæåííîñòü ê íàêîïëåíèþ æèðîâîé ìàñ-
ñû ïðè îòñóòñòâèè ðåãóëÿðíûõ ôèçè÷åñêèõ íàãðó-
çîê. Ñíèæåíèå ôèçè÷åñêîé àêòèâíîñòè íà ôîíå
ãåíåòè÷åñêîé ïðåäðàñïîëîæåííîñòè ìîæåò ïîâû-
ñèòü ðèñê ðàçâèòèÿ îæèðåíèÿ.

Òàáëèöà 2. Àññîöèàöèè ìèíîðíîãî G àëëåëÿ (AG+GG) ãåíà UCP1 (rs1800592) â ãðóïïå ôèçè÷åñêè
àêòèâíûõ (N=54) è íåàêòèâíûõ æåíùèí (N=70), îáíàðóæåííûå ñ ïîìîùüþ ðåãðåññèè êâàíòèëåé

(áåòà-êîýôôèöèåíò – ß, P-çíà÷åíèå – P)
Table 2. Association of the minor G allele of the rs1800592 UCP1 and obesity-related traits in physically active

(N=54) and physically inactive females (N=70) revealed by quantile regression analysis (ß – regression
coefficient, P – p-value)

Ïðèìå÷àíèÿ. Q10, Q20, Q30, Q40, Q50, Q60, Q70, Q80, Q90 – 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80% è
90% êâàíòèëè.

Notes. Q10, Q20, Q30, Q40, Q50, Q60, Q70, Q80, Q90 – 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80% and 90%
quantiles.
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ASSOCIATION OF 3826A  >G UCP1 GENE POLYMORPHISM
AND PHYSICAL ACTIVITY LEVEL WITH CENTRAL OBESITY

Introduction. Identification of genotype-environment interactions has implementation for understanding
the etiology of obesity. Here, the association between -3826A>G polymorphism UCP1 (rs1800592) and
level of physical activity with obesity-related traits was examined in the group of Russian females.

Materials and methods. A cross-sectional study of 124 females of 18-33 years old living in Moscow was
performed. The genotype of rs1800592 (UCP1 gene) was determined. Height, body mass, waist, and hip
circumferences and body fat mass were measured. Waist to hip ratio (WHR), waist to height ratio (WHtR), body
mass index (BMI), and body adiposity index (BAI) were calculated. Quantile regression analysis was used.

Results. Quantile regression analysis revealed that the -3826A>G polymorphism of UCP1 (rs1800592)
and physical activity were significantly associated with obesity-related traits. However, physical activity had
a greater influence on obesity-related traits. Decreased level of physical activity is associated with increased
WHtR, body fat and BAI. Risk G allele is associated with increased fat accumulation in the studied cohort.
Decreased level of physical activity enhanced the effect of UCP1 gene polymorphism rs1800592 on obesity-
related traits in the studied cohort.

Discussion. -3826A>G polymorphism of UCP1 (rs1800592) and decreased level of physical activity
were associated with a higher risk of obesity in the studied cohort. The association between -3826A>G
polymorphism of UCP1 (rs1800592) and obesity-related traits was modified by of physical activity. The
combined effect of low level of physical activity and -3826A>G  gene polymorphism of UCP1 (rs1800592)
leads to a higher risk of obesity.

Keywords: central obesity; UCP1; gene-environment interactions; physical activity, anthropology, genetics
of obesity
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