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Ââåäåíèå. Ïðè çàñåëåíèè Åâðîïû ëþäè ñîâðåìåííîãî ôèçè÷åñêîãî òèïà ñòîëêíóëèñü ñ ýêîëîãè-
÷åñêèìè óñëîâèÿìè, íåáëàãîïðèÿòíûìè äëÿ ïîääåðæàíèÿ ãîìåîñòàçà ìèíåðàëüíîãî îáìåíà â
êîñòíîé òêàíè. Óðîâåíü èíñîëÿöèè ñåâåðíåå 35°ÑØ íåäîñòàòî÷åí äëÿ ñòàáèëüíîãî àóòîñèíòåçà
õîëåêàëüöèôåðîëà (D3) íà ïðîòÿæåíèè âñåãî ãîäà. Áîãàòûå ýðãîêàëüöèôåðîëîì (D2) ìîðñêàÿ ðûáà
è æèð ìîðñêèõ ìëåêîïèòàþùèõ âî âíóòðåííèõ ðåãèîíàõ Åâðîïû íåäîñòóïíû. Ïî ìåðå ðàçâèòèÿ
çåìëåäåëèÿ, âêëàä îõîòû è ðûáîëîâñòâà â îáåñïå÷åíèå ïèùåé ñíèæàëñÿ, ÷òî óñóãóáëÿëî âèòàìèííóþ
íåäîñòàòî÷íîñòü.

Îäèí èç âàðèàíòîâ àäàïòèâíîãî îòâåòà – óâåëè÷åíèå â ðàöèîíå íå êîëè÷åñòâà âèòàìèíà D
(ðåãóëÿòîðà ìèíåðàëüíîãî îáìåíà), à ñóáñòðàòà ìåòàáîëèçìà – êàëüöèÿ. Íî âî âíóòðèìàòåðèêî-
âîé Åâðîïå ïðèðîäíûå êàëüöèéñîäåðæàùèå ïðîäóêòû ñðàâíèòåëüíî ðåäêè.

Ýòè îáñòîÿòåëüñòâà ìîãëè ñòèìóëèðîâàòü ðàçâèòèå ìîëî÷íîãî æèâîòíîâîäñòâà, ïîñêîëüêó
ìîëîêî ìîæåò îáåñïå÷èòü âûñîêîå ïîñòóïëåíèå êàëüöèÿ, à ìîëî÷íûé ñàõàð (ëàêòîçà) îáëåã÷àåò
óñâîåíèå êàëüöèÿ, ñïîñîáñòâóÿ ïåðåâîäó åãî â ðàñòâîðèìóþ ôîðìó.

Ìû ïðåäïîëàãàåì, ÷òî íåäîñòàòîê âèòàìèíà D òðåáîâàë ïîâûøåííîãî ïîñòóïëåíèÿ ýêçîãåí-
íîãî êàëüöèÿ, à ýêîëîãè÷åñêèå óñëîâèÿ Ñåâåðíîé Åâðîïû ñïîñîáñòâîâàëè îòáîðó íîñèòåëåé
ãåíîòèïà LCT*T, äåòåðìèíèðóþùåãî ñòàáèëüíóþ àêòèâíîñòü (ïåðñèñòåíöèþ) ôåðìåíòà ëàêòà-
çû, íåîáõîäèìîãî äëÿ óñâîåíèÿ ìîëîêà âçðîñëûìè.

Öåëü èññëåäîâàíèÿ – îöåíèòü ñâÿçü ìåæäó ñðåäíåãðóïïîâûìè çíà÷åíèÿìè êîíöåíòðàöèè 25(OH)D
â ñûâîðîòêå êðîâè è ÷àñòîòîé ïåðñèñòåíöèè ëàêòàçû.

Ìàòåðèàë è ìåòîäû: Ïðèìåí¸í ìåòîä ìåòà-àíàëèçà – êîëè÷åñòâåííîãî îáîáùåíèÿ
îïóáëèêîâàííûõ ðåçóëüòàòîâ. Ìû âêëþ÷èëè â îáçîð 26 ïóáëèêàöèé, ñîäåðæàùèõ äàííûå î êîíöåíò-
ðàöèè 25(OH)D â ñûâîðîòêå êðîâè è ÷àñòîòàõ ïåðâè÷íîé (ãåíåòè÷åñêè äåòåðìèíèðîâàííîé)
ãèïîëàêòàçèè ó 11 460 âçðîñëûõ èíäèâèäîâ, ïðåäñòàâëÿþùèõ 39 ýòíîòåððèòîðèàëüíûõ âûáîðîê
íàñåëåíèÿ Åâðîïû.

Ðåçóëüòàòû è îáñóæäåíèå: Äîëÿ íîñèòåëåé ïðèçíàêà ïåðâè÷íîé ãèïîëàêòàçèè â ãðóïïå çíà÷è-
ìî êîððåëèðóåò ñ ãåîãðàôè÷åñêîé øèðîòîé (Rsp=-0,595; p<0,001; n=39). Ñëåäîâàòåëüíî, ÷åì
ñåâåðíåå ëîêàëèçîâàíà åâðîïåéñêàÿ ãðóïïà, òåì âûøå ïîòåíöèàëüíàÿ ñïîñîáíîñòü åå ÷ëåíîâ ê
ïîòðåáëåíèþ ìîëîêà è, ñîîòâåòñòâåííî, ïîëó÷åíèþ ñ íèì êàëüöèÿ (îöåíêà âêëàäà ìîëîêà è ìîëî÷íûõ
ïðîäóêòîâ â ðàöèîí íå âõîäèëà â çàäà÷è íàñòîÿùåé ðàáîòû).

Íåãàòèâíàÿ êîððåëÿöèÿ ÷àñòîò ãèïîëàêòàçèè è ñîäåðæàíèÿ 25(OH)D â ñûâîðîòêå êðîâè
(Rsp=-0,46; p=0,003; n=39) ñâèäåòåëüñòâóåò î òîì, ÷òî äîëÿ âçðîñëûõ èíäèâèäîâ ñ ïåðñèñòåíöèåé
ëàêòàçû, ò.å. ñïîñîáíûõ óñâàèâàòü ìîëîêî (è ïîëó÷àòü ñ íèì äîïîëíèòåëüíûé êàëüöèé), è
D-âèòàìèííûé ñòàòóñ ïîïóëÿöèè â õîäå àäàïòàöèè èçìåíÿëèñü îäíîíàïðàâëåííî.

Çàêëþ÷åíèå. Â ýêîëîãè÷åñêèõ óñëîâèÿõ Åâðîïû àäàïòèâíûé óñïåõ â ïîääåðæàíèè ãîìåîñòàçà
ìèíåðàëüíîãî ìåòàáîëèçìà â êîñòíîé òêàíè äîñòèãàëñÿ áëàãîäàðÿ êîìïëåêñíîìó îòâåòó,
âêëþ÷àâøåìó êàê êîìïåíñàöèþ íåäîñòàòêà äåôèöèòíîãî âåùåñòâà (êàëüöèÿ), òàê è ïîâûøåíèå
êîëè÷åñòâà ðåãóëÿòîðà ìåòàáîëèçìà ýòîãî âåùåñòâà (âèòàìèíà D).

Êëþ÷åâûå ñëîâà: àíòðîïîëîãèÿ, âèòàìèí D, 25-ãèäðîêñèâèòàìèí D, 25(OH)D, ëàêòàçà,
ãèïîëàêòàçèÿ, LCT, òîëåðàíòíîñòü ê ëàêòîçå
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Введение

Ïàòîëîãèÿ ìèíåðàëüíîãî îáìåíà â êîñòíîé
òêàíè ðàññìàòðèâàåòñÿ êàê îäíà èç «áîëåçíåé
öèâèëèçàöèè» [Holick, 2007, 2013]. Âíèìàíèå èñ-
ñëåäîâàòåëåé ïðèâëåêàþò ðàçëè÷íûå àñïåêòû
ðåãóëÿöèè ìåòàáîëèçìà êîñòíîé òêàíè, íàõîäÿùè-
åñÿ, â ïåðâóþ î÷åðåäü, ïîä êîíòðîëåì âèòàìèíà
D. Åãî äåôèöèò øèðîêî ðàñïðîñòðàí¸í â ðàçëè÷-
íûõ ãðóïïàõ íàñåëåíèÿ Åâðîïû, íî ñòðàòåãèè ðå-
øåíèÿ ïðîáëåìû äî ñèõ ïîð íå ïðåäëîæåíî
[Davies, Shaw, 2010]. Îäíà èç ïðè÷èí â òîì, ÷òî
âðà÷è ïðîäîëæàþò ñîâåðøåíñòâîâàòü äèàãíîñòè-
÷åñêèå è ëå÷åáíûå ïîäõîäû, òîãäà êàê ñ ïîçèöèé
ýâîëþöèîííîé ìåäèöèíû ýïèäåìèîëîãèÿ íàðóøå-
íèé D-âèòàìèííîãî ñòàòóñà è ïàòîëîãèè êîñòíîé
òêàíè â åâðîïåéñêèõ ïîïóëÿöèÿõ ðàññìîòðåíà ñëà-
áî. Ñðåäè íåìíîãèõ ðàáîò â ýòîé îáëàñòè óêàæåì
òîëüêî èññëåäîâàíèÿ À.È. Êîçëîâà [Êîçëîâ, 2012],
Õ. Ãåðèíãà è Ñ. Êîæóõîâîé [Ãåðèíã, Êîæóõîâà, 2015,
2016], M.F. Holick [Holick, 2013] è N.G. Jablonski è
G. Chaplin [Jablonski, Chaplin, 2017]. Ìåæäó òåì,
àíàëèç ýâîëþöèîííî-èñòîðè÷åñêèõ è ýêîëîãè÷å-
ñêèõ ïðè÷èí ïîâûøåííîãî ðèñêà ïàòîëîãèè êîñò-
íîé òêàíè â ïîïóëÿöèÿõ Åâðîïû âàæåí äëÿ ðàçâè-
òèÿ óñïåõà â áîðüáå ñ ýòèìè íàðóøåíèÿìè.

* * *

Ðàçâèòèå êîñòíîé ñèñòåìû òðåáóåò äîñòàòî÷íî-
ãî ïîñòóïëåíèÿ ìèíåðàëüíûõ âåùåñòâ è èõ óñâîåíèÿ
â íåîáõîäèìûõ êîëè÷åñòâàõ. Ñ ôèçèîëîãè÷åñêîé òî÷-
êè çðåíèÿ, ýòî ðàçíûå ïðîöåññû: ïîñòóïëåíèå âåùå-
ñòâà îáóñëîâëåíî ñîñòàâîì ïèùè, à óñâîåíèå –
ñïåöèôèêîé ìåòàáîëèçìà.

Ïðîöåññû âñàñûâàíèÿ êàëüöèÿ è ðåàáñîðá-
öèè ôîñôîðà ðåãóëèðóþòñÿ êîìïëåêñîì âåùåñòâ,
êîòîðûå îáúåäèíÿþò ïîä íàçâàíèåì «âèòàìèíà
D». Îäíàêî óæå äàâíî èçâåñòíî, ÷òî ýëåìåíòû
ýòîãî ðåãóëÿòîðíîãî êîìïëåêñà èìåþò ðàçíóþ áèî-
õèìè÷åñêóþ ïðèðîäó: ê êëàññó ñîáñòâåííî âèòà-
ìèíîâ îòíîñèòñÿ ïîñòóïàþùèé ñ ïèùåé ýðãîêàëü-
öèôåðîë D2, òîãäà êàê ñèíòåçèðóåìûé â îðãàíèç-
ìå ïîä äåéñòâèåì óëüòðàôèîëåòîâîé ðàäèàöèè
õîëåêàëüöèôåðîë D3 ïî áèîëîãè÷åñêîé ïðèðîäå
áëèæå ê ãîðìîíàì [Holick, 1997]. Â òðîïèêàõ, ïðè
âûñîêîì è ñòàáèëüíîì íà ïðîòÿæåíèè âñåãî ãîäà
óðîâíå ÓÔ-îáëó÷åíèÿ, àóòîñèíòåç õîëåêàëüöèôåðî-
ëà ïîêðûâàë ïîòðåáíîñòè îðãàíèçìà. Íî ïðè çàñå-
ëåíèè âíåòðîïè÷åñêèõ îáëàñòåé, ëþäè ñîâðåìåííî-
ãî ôèçè÷åñêîãî òèïà ñòîëêíóëèñü ñ ýêîëîãè÷åñêèìè
óñëîâèÿìè, íåáëàãîïðèÿòíûìè äëÿ ïîääåðæàíèÿ
ãîìåîñòàçà ìèíåðàëüíîãî îáìåíà â êîñòíîé òêàíè:

ñåâåðíåå 35°ÑØ, òî åñòü íà âñåé òåððèòîðèè Åâ-
ðîïû, óðîâåíü èíñîëÿöèè äîñòàòî÷åí äëÿ àóòîñèí-
òåçà õîëåêàëüöèôåðîëà ëèøü íà ïðîòÿæåíèè 7–8
ìåñÿöåâ â ãîäó [Webb et al., 1988].

Àäàïòèâíûé îòâåò ìîã äîñòèãàòüñÿ ðàçëè÷íû-
ìè ñïîñîáàìè. Îäíèì èç íèõ áûëî ïîâûøåíèå
ïðîäóêöèè ãîðìîíà ïóòåì óâåëè÷åíèÿ ÷óâñòâè-
òåëüíîñòè êîæè ê ÓÔ-îáëó÷åíèþ. Îòáîðîì áûë
ïîäõâà÷åí ìóòàíòíûé àëëåëü, ÷àñòè÷íî âûâîäÿ-
ùèé èç ñòðîÿ ìåëàíîêîðòèíîâûé ðåöåïòîð MC1R
[Dessinioti et al., 2011; Sturm, Duffy, 2012]. Ïðè ñíè-
æåííîé ïèãìåíòàöèè, â ãëóáîêèå ñëîè êîæè ïðî-
íèêàåò çíà÷èòåëüíî áîëüøå ôèçèîëîãè÷åñêè àê-
òèâíîãî óëüòðàôèîëåòà (äî 29% ó ñâåòëîêîæèõ
åâðîïåéöåâ ïî ñðàâíåíèþ ñ 7% ó òåìíîêîæèõ
àôðèêàíöåâ). Â ðåçóëüòàòå, ãåîãðàôè÷åñêîå ðàñ-
ïðåäåëåíèå ãðóïï H. sapiens ñ ðàçíîé èíòåíñèâ-
íîñòüþ êîæíîé ïèãìåíòàöèè ïðèîáðåëî âèä, â
öåëîì îòâå÷àþùèé óðîâíþ ÓÔ-ðàäèàöèè: ÷åì
íèæå åñòåñòâåííûé óðîâåíü ôèçèîëîãè÷åñêè äåé-
ñòâåííîãî (ýðèòåìíîãî) îáëó÷åíèÿ ñ äëèíîé âîë-
íû 280–315 íì, òåì ñâåòëåå êîæà [Jablonski,
Chaplin, 2017]. Íåäàâíèå ìîëåêóëÿðíî-ãåíåòè÷å-
ñêèå èññëåäîâàíèÿ ïîäòâåðäèëè äàâëåíèå îòáî-
ðà ïî ýòîìó ïðèçíàêó â åâðîïåéñêèõ ïîïóëÿöèÿõ
[Mathieson et al., 2015].

Îäíàêî ñíèæåíèå ïèãìåíòàöèè ìîãëî ëèøü
÷àñòè÷íî êîìïåíñèðîâàòü íèçêóþ âûðàáîòêó D3.
Êëèìàòè÷åñêèå óñëîâèÿ Åâðîïû õàðàêòåðèçóþòñÿ
íå òîëüêî ïîíèæåííûì óðîâíåì ýðèòåìíîé ðàäè-
àöèè. Îíè òàêæå îáóñëîâëèâàþò íåîáõîäèìîñòü
íîøåíèÿ îäåæäû (÷òî âåäåò ê óìåíüøåíèþ ïîâåð-
õíîñòè îáëó÷àåìûõ êîæíûõ ïîêðîâîâ), äëèòåëü-
íîãî ïðåáûâàíèÿ â ïîìåùåíèè èëè óêðûòèè èç-çà
õîëîäà è íåíàñòüÿ (ò.å. äàëüíåéøåìó ñîêðàùåíèþ
âðåìåíè îáëó÷åíèÿ) è ò.ï. Óãíåòåíèå ýíäîêðèííîé
ðåãóëÿöèè ìèíåðàëüíîãî îáìåíà òðåáîâàëî äîïîë-
íèòåëüíîé êîìïåíñàöèè çà ñ÷åò èíûõ ìåõàíèçìîâ.
Âåäóùóþ ðîëü ñûãðàëè èçìåíåíèÿ ïèòàíèÿ.

Êîìïåíñèðîâàòü íåäîñòàòîê ïðîäóêöèè ãîðìî-
íà õîëåêàëüöèôåðîëà ìîæåò óâåëè÷åíèå ïîñòóï-
ëåíèÿ ñ ïèùåé ýðãîêàëüöèôåðîëà (âèòàìèíà D2).
È õîëå-, è ýðãîêàëüöèôåðîë â ïå÷åíè ïðåâðàùà-
þòñÿ â êàëüöèäèîë, èëè 25-ãèäðîêñèâèòàìèí D –
25(OH)D. Öèðêóëèðóþùèé â êðîâåíîñíîì ðóñëå
25(OH)D ñëóæèò òðàíñïîðòíîé ôîðìîé âèòàìèíà è
åãî îñíîâíûì ðåçåðâóàðîì â îðãàíèçìå [Ñïèðè÷åâ,
2011; Chung et al., 2009]. Òàêèì îáðàçîì, ãîìåîðåç
ìèíåðàëüíîãî îáìåíà ìîæåò ïîääåðæèâàòüñÿ çà
ñ÷¸ò áàëàíñà àóòîñèíòåçà D3 è ïîòðåáëåíèÿ ïðî-
äóêòîâ, ñîäåðæàùèõ D2 (äàëåå – âèòàìèí D).

Îäíàêî áîãàòûå âèòàìèíîì D èñòî÷íèêè –
ìîðñêàÿ ðûáà è æèð ìîðñêèõ ìëåêîïèòàþùèõ –
âî âíóòðåííèõ ðåãèîíàõ Åâðîïû íåäîñòóïíû, à
òêàíè âíóòðèìàòåðèêîâûõ æèâîòíûõ âèòàìèíîì
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îòíîñèòåëüíî áåäíû. Ê òîìó æå, ïî ìåðå ðàçâè-
òèÿ çåìëåäåëèÿ, âêëàä îõîòû è ðûáîëîâñòâà â
îáåñïå÷åíèå ïèùåé ñíèæàëñÿ, ÷òî óñóãóáëÿëî
âèòàìèííóþ íåäîñòàòî÷íîñòü. Ãðóïïû, ïðàêòèêî-
âàâøèå ïðîèçâîäèòåëüíûå ôîðìû õîçÿéñòâà, îñ-
òàâàëèñü â óñëîâèÿõ, íåáëàãîïðèÿòíûõ äëÿ ïîä-
äåðæàíèÿ ãîìåîñòàçà ìèíåðàëüíîãî îáìåíà â êî-
ñòíîé òêàíè.

Ïðèíöèïèàëüíî èíûì, ñ òî÷êè çðåíèÿ íóòðè-
öèîëîãèè, âàðèàíòîì àäàïòèâíîãî îòâåòà, ÿâëÿåò-
ñÿ óâåëè÷åíèå â ðàöèîíå íå êîëè÷åñòâà âèòàìèíà
D (ðåãóëÿòîðà ìèíåðàëüíîãî îáìåíà), à ñóáñòðàòà
ìåòàáîëèçìà – êàëüöèÿ. Íî è â ýòîì îòíîøåíèè
çîíà óìåðåííîãî êëèìàòà âíóòðèìàòåðèêîâîé Åâ-
ðîïû îêàçàëàñü ðåãèîíîì íåáëàãîïðèÿòíûì. Äîñ-
òóï ê ïðèðîäíûì êàëüöèéñîäåðæàùèì ïðîäóêòàì
çäåñü ñêóäåí: îòñóòñòâóþò ñóáòðîïè÷åñêèå ðàñòè-
òåëüíûå èñòî÷íèêè (òàêèå, êàê îáû÷íûå â äèåòàõ
ñîâðåìåííûõ åâðîïåéöåâ ïðèâîçíûå êóíæóò è ñîÿ),
à ìåñòíûå çåëåíûå ðàñòåíèÿ (êðàïèâà, ïîäîðîæ-
íèê, ïåòðóøêà, óêðîï, ëóê) ÿâëÿþòñÿ ïðîäóêòàìè
ñåçîííûìè [Ìàðòèí÷èê ñ ñîàâò., 2002].

Ýòè îáñòîÿòåëüñòâà êîñâåííûì îáðàçîì ìîã-
ëè ñòèìóëèðîâàòü ðàçâèòèå ìîëî÷íîãî æèâîòíî-
âîäñòâà ó îñåäëîãî íàñåëåíèÿ Åâðîïû. Íåñìîòðÿ
íà ìàëîå ñîäåðæàíèå â ìîëîêå âèòàìèíà D (4–
10% íåîáõîäèìîé ÷åëîâåêó ñóòî÷íîé äîçû), îíî
ìîæåò îáåñïå÷èòü âûñîêîå ïîñòóïëåíèå êàëüöèÿ:
â ñîâðåìåííîì ìèðå ìîëîêî è ìîëî÷íûå ïðîäóê-
òû ïîêðûâàþò äî 50% ñóòî÷íîé ïîòðåáíîñòè ÷å-
ëîâåêà â ýòîì ìèíåðàëüíîì âåùåñòâå. Êðîìå òîãî,
ñîäåðæàùèéñÿ â ìîëîêå ñàõàð ëàêòîçà îáëåã÷àåò
óñâîåíèå êàëüöèÿ, ñïîñîáñòâóÿ ïåðåâîäó åãî â
ðàñòâîðèìóþ ôîðìó [Ingram et al., 2009; Smith,
2009].

Âêëþ÷åíèå ìîëîêà è ìîëî÷íûõ ïðîäóêòîâ â
ðàöèîí âçðîñëûõ ëþäåé ìîãëî ïðîèçîéòè òîëüêî
ïîñëå îïðåäåëåííûõ ýâîëþöèîííûõ ñîáûòèé.

Ïðåæäå âñåãî, ýòî îäîìàøíèâàíèå æèâîòíûõ,
ñëóæèâøèõ ñòàáèëüíûì èñòî÷íèêîì ìîëîêà.
Â Åâðîïå ýòî ïðîèçîøëî ïîñëå ïðèðó÷åíèÿ íà òåð-
ðèòîðèè áëèæíåâîñòî÷íîãî «ïëîäîðîäíîãî ïîëó-
ìåñÿöà» ïðåäêà äîìàøíåãî ñêîòà, Bos taurus
[Bradley, 2000].

Âòîðîå èçìåíåíèå çàòðîíóëî ôèçèîëîãèþ
ïèùåâàðåíèÿ. Êàê è ó äðóãèõ ìëåêîïèòàþùèõ, èñ-
õîäíûé ãåíîòèï H. sapiens õàðàêòåðèçóåòñÿ íîñè-
òåëüñòâîì àëëåëÿ C* ãåíà LCT (rs 4988235), äå-
òåðìèíèðóþùåãî ñíèæåíèå ïî ìåðå âçðîñëåíèÿ
ïðîäóêöèè ôåðìåíòà ëàêòàçû (ýòî ñîñòîÿíèå îáî-
çíà÷àåòñÿ êàê ïåðâè÷íàÿ, èëè ãåíåòè÷åñêè äåòåð-
ìèíèðîâàííàÿ, ãèïîëàêòàçèÿ). Ïðè íåäîñòàòêå
ôåðìåíòà, äèñàõàðèä ëàêòîçà (ìîëî÷íûé ñàõàð)
íå ðàñùåïëÿåòñÿ íà ìîíîñàõàðèäû, âñàñûâàíèå
åãî â êèøå÷íèêå çàòðóäíÿåòñÿ. Èç-çà ðàçâèâàþ-

ùåéñÿ äèñïåïñèè ïîäðîñòêè îòêàçûâàþòñÿ îò ìî-
ëîêà, ÷òî ïîâûøàåò øàíñû ìàòåðè íà âûêàðìëè-
âàíèå ñëåäóþùåãî ïîòîìêà. Ïðè íàëè÷èè àëëåëÿ
T*LCT ïðîäóêöèÿ ëàêòàçû îñòàåòñÿ ñòàáèëüíîé; â
ôåíîòèïå ïåðñèñòåíöèÿ ëàêòàçû ïðîÿâëÿåòñÿ êàê
ñîõðàíåíèå «äåòñêîé» ñïîñîáíîñòè ðàñùåïëÿòü
ìîëî÷íûé ñàõàð. Ñîîòâåòñòâåííî, âçðîñëûå íî-
ñèòåëè àëëåëÿ T*LCT ìîãóò áåç âðåäà âêëþ÷àòü â
ðàöèîí ìîëîêî è ìîëî÷íûå ïðîäóêòû, ïîëó÷àÿ ñ
íèìè êàëüöèé [Êîçëîâ, 1996, 2004].

×àñòîòû ïåðâè÷íîé ãèïîëàêòàçèè â ïîïóëÿöè-
ÿõ Åâðîïû, Ñðåäèçåìíîìîðüÿ è Áëèæíåãî Âîñòî-
êà â øèðîòíîì ïîÿñå 23°…62°ÑØ êîððåëèðóþò ñ
óðîâíåì ýðèòåìíîãî ÓÔ-îáëó÷åíèÿ: Rsp=0,59
(n=41, p<0,001). Ó íàñåëåíèÿ ñóáòðîïè÷åñêèõ ðå-
ãèîíîâ íîñèòåëüñòâî ãåíîòèïà C/C*LCT ñîñòàâëÿ-
åò â ñðåäíåì 70%, òîãäà êàê â Ñåâåðî-Çàïàäíîé
Åâðîïå, ðåãèîíå ñ íåâûñîêèì óðîâíåì ÓÔ-îáëó-
÷åíèÿ, ïîäàâëÿþùåå áîëüøèíñòâî íàñåëåíèÿ
(80% è áîëåå) õàðàêòåðèçóåòñÿ ñòàáèëüíîé ïðî-
äóêöèåé (ïåðñèñòåíöèåé) ëàêòàçû [Âåðøóáñêàÿ,
Êîçëîâ, 2004]. Ñëåäóåò îáðàòèòü âíèìàíèå íà òî,
÷òî îáëàñòè, ïðèìûêàâøèå ê ïîáåðåæüÿì Áàëòèé-
ñêîãî è Ñåâåðíîãî ìîðåé, èñòîðè÷åñêè ÿâëÿëèñü
è ðåãèîíîì íàèáîëåå èíòåíñèâíîãî ðàçâåäåíèÿ
ìîëî÷íîãî ñêîòà [Kozlov, Lisitsyn, 2000; Niemi et al.,
2015]. Ìîæíî ïðåäïîëîæèòü, ÷òî íåäîñòàòîê âè-
òàìèíà D òðåáîâàë ïîâûøåííîãî ïîñòóïëåíèÿ
êàëüöèÿ, à áëàãîïðèÿòíûå äëÿ ìîëî÷íîãî ñêîòî-
âîäñòâà óñëîâèÿ Ñåâåðíîé Åâðîïû ñïîñîáñòâîâà-
ëè äàâëåíèþ îòáîðà â ïîëüçó ôåíîòèïîâ ñî ñòà-
áèëüíîé àêòèâíîñòüþ ëàêòàçû.

Öåëü íàñòîÿùåãî èññëåäîâàíèÿ – îöåíèòü
ñâÿçü ìåæäó ñðåäíåãðóïïîâûì óðîâíåì êîíöåíò-
ðàöèè 25(OH)D â ñûâîðîòêå êðîâè è ÷àñòîòîé ïåð-
ñèñòåíöèè ëàêòàçû.

Материал и методы

Ïðè ðàññìîòðåíèè ñâÿçè D-âèòàìèííîãî ñòà-
òóñà è ðàñïðîñòðàíåííîñòè ïåðñèñòåíöèè ëàêòà-
çû â åâðîïåéñêèõ ïîïóëÿöèÿõ ïðèìåíåí ìåòîä
ìåòà-àíàëèçà, òî åñòü êîëè÷åñòâåííîãî îáîáùå-
íèÿ îïóáëèêîâàííûõ ðåçóëüòàòîâ [Glass, 1976].
Èñïîëüçîâàíèå ýòîé ôîðìû àíàëèçà ïîäêðåïëÿ-
åòñÿ òåì, ÷òî:
– ïðèìåíåíèå ñòàíäàðòèçîâàííûõ ìåòîäîâ

îöåíêè ñîäåðæàíèÿ 25(OH)D â ñûâîðîòêå êðî-
âè [Zerwekh, 2008] ïîçâîëÿåò ñðàâíèâàòü
 D-âèòàìèííûé ñòàòóñ ðàçëè÷íûõ ýòíè÷åñêèõ
è ãåîãðàôè÷åñêèõ ãðóïï íàñåëåíèÿ;

– àññîöèàöèÿ ãåíîòèïà LCT ñ ôåíîòèïàìè ïåð-
ñèñòåíöèè ëàêòàçû è ãèïîëàêòàçèè â åâðî-
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ïåéñêèõ âûáîðêàõ ïîäòâåðæäåíà êîìïëåêñíû-
ìè èññëåäîâàíèÿìè [Ñîêîëîâà ñ ñîàâò., 2005;
Áîðèíñêàÿ ñ ñîàâò., 2006; Enattah et al., 2002].
Áëàãîäàðÿ ýòîìó, ïðè îöåíêå ðàñïðîñòðàí¸í-
íîñòè ïåðñèñòåíöèè ëàêòàçû ìîæíî èñïîëü-
çîâàòü äàííûå êàê êëèíè÷åñêèõ, òàê è ìîëå-
êóëÿðíî-ãåíåòè÷åñêèõ íàáëþäåíèé.
Ïîèñê ïóáëèêàöèé äëÿ âêëþ÷åíèÿ â àíàëèç

ïðîâîäèëñÿ ïî êëþ÷åâûì ñëîâàì: âèòàìèí D;
25-ãèäðîêñèâèòàìèí D; 25(OH)D; ëàêòàçà; ãèïîëàê-
òàçèÿ; LCT; òîëåðàíòíîñòü ê ëàêòîçå; ìàëüàáñîð-
áöèÿ ëàêòîçû; vitamin D; 25-hydroxy-vitamin D;
lactase; lactose tolerance; lactose malabsorption.

Èñïîëüçîâàíû ñëåäóþùèå êðèòåðèè îòáîðà:
– îïèñûâàåìûå âûáîðêè ïðåäñòàâëÿþò ýòíè-

÷åñêóþ èëè ëîêàëèçîâàííóþ ïî ìåñòó æèòåëü-
ñòâà ãðóïïó;

– äëÿ êàæäîé ãðóïïû èìåþòñÿ äàííûå êàê ïî
÷àñòîòàì ãèïîëàêòàçèè/ïåðñèñòåíöèè ëàêòà-
çû, òàê è ïî ñðåäíåâûáîðî÷íîìó ñîäåðæàíèþ
25(OH)D â ñûâîðîòêå êðîâè;

– ðåçóëüòàòû ïîëó÷åíû ïðè îáñëåäîâàíèè ïðàê-
òè÷åñêè çäîðîâûõ âçðîñëûõ èíäèâèäîâ 18 ëåò
è ñòàðøå;

– êîíöåíòðàöèÿ 25(OH)D â ñûâîðîòêå êðîâè
îïðåäåëåíà ìåòîäîì èììóíîôåðìåíòíîãî
àíàëèçà (IDS EIA).
Ãåîãðàôè÷åñêàÿ ëîêàëèçàöèÿ âûáîðîê îïðå-

äåëåíà íàìè ñ òî÷íîñòüþ äî îäíîãî ãðàäóñà ãåî-
ãðàôè÷åñêîé øèðîòû.

Â òàáëèöå 1 ïðåäñòàâëåí àíàëèçèðóåìûé
ìàññèâ ïîëó÷åííûõ èç 26 ïóáëèêàöèé âòîðè÷íûõ
äàííûõ î êîíöåíòðàöèè 25(OH)D â ñûâîðîòêå êðî-
âè è ÷àñòîòàõ ïåðâè÷íîé (ãåíåòè÷åñêè äåòåðìè-
íèðîâàííîé) ãèïîëàêòàçèè â 39 ýòíîòåððèòîðè-
àëüíûõ âûáîðêàõ íàñåëåíèÿ Åâðîïû, ñôîðìèðî-
âàííûé ïî ðåçóëüòàòàì îáñëåäîâàíèÿ 11 460
èíäèâèäîâ.

Ñòàòèñòè÷åñêèé àíàëèç ïðîâåä¸í ñ èñïîëüçî-
âàíèåì ïðîãðàììíîãî îáåñïå÷åíèÿ StatSoft, Inc.
(2011) STATISTICA (data analysis software system),
version 10. Ñîãëàñîâàííîñòü ïðèçíàêîâ îöåíèâà-
ëàñü ðàñ÷åòîì ðàíãîâîé êîððåëÿöèè Ñïèðìåíà.

Результаты и обсуждение

Â òàáëèöå 2 ïðåäñòàâëåíû ðåçóëüòàòû ìåòà-
àíàëèçà äàííûõ, ïîëó÷åííûõ ïðè èññëåäîâàíèè
39 åâðîïåéñêèõ ãðóïï.

Îòñóòñòâèå çíà÷èìîé êîððåëÿöèè ìåæäó ñî-
äåðæàíèåì 25(OH)D â ñûâîðîòêå êðîâè è ãåîãðà-
ôè÷åñêîé øèðîòîé ëîêàëèçàöèè ãðóïïû îáúÿñíÿ-

åòñÿ òîì, ÷òî D-âèòàìèííûé ñòàòóñ îðãàíèçìà îï-
ðåäåëÿåòñÿ êîìïëåêñîì ôàêòîðîâ (ñåçîííîé ñìå-
íîé óðîâíÿ èíñîëÿöèè, õàðàêòåðîì ïèòàíèÿ è
îäåæäû, ïðîäîëæèòåëüíîñòüþ è âðåìåíåì ïðåáû-
âàíèÿ âíå ïîìåùåíèÿ è ò.ä.), ëèøü êîñâåííî ñâÿ-
çàííûõ ñ ãåîãðàôè÷åñêîé ëîêàëèçàöèåé ãðóïïû.
Èç-çà âûñîêîé ëàáèëüíîñòè, êîíöåíòðàöèÿ
25(OH)D êàê ôèçèîëîãè÷åñêèé ïîêàçàòåëü, êîð-
ðåëèðóåò ïðåæäå âñåãî ñ ýêîëîãè÷åñêèìè, à íå
ãåîãðàôè÷åñêèìè (êîîðäèíàòíûìè) õàðàêòåðèñ-
òèêàìè ïðîæèâàíèÿ ïîïóëÿöèè [Ñàéãèòîâ, 2009;
Êîçëîâ ñ ñîàâò., 2013; Êîçëîâ, Âåðøóáñêàÿ, 2016].

Íåãàòèâíàÿ ñâÿçü ðàñïðîñòðàíåííîñòè îãðà-
íè÷åííîé ïðîäóêöèè ëàêòàçû ñ ãåîãðàôè÷åñêîé
øèðîòîé (Rsp=-0,595; p<0,001) ïîäòâåðæäàåò
íàøè ïðåæíèå ðåçóëüòàòû [Âåðøóáñêàÿ, Êîçëîâ,
2004]: ÷åì ñåâåðíåå ëîêàëèçîâàíà åâðîïåéñêàÿ
ãðóïïà, òåì âûøå ïîòåíöèàëüíàÿ ñïîñîáíîñòü åå
÷ëåíîâ ê ïîòðåáëåíèþ ìîëîêà è, ñëåäîâàòåëüíî,
ïîëó÷åíèþ ñ íèì êàëüöèÿ (îöåíêà âêëàäà ìîëî-
êà è ìîëî÷íûõ ïðîäóêòîâ â ðàöèîí íå âõîäèëà â
çàäà÷è íàñòîÿùåé ðàáîòû). Ïîñêîëüêó óðîâåíü
ïðîäóêöèè ëàêòàçû äåòåðìèíèðîâàí ãåíåòè÷åñ-
êè, âîçäåéñòâèå íà ãåíîôîíä ôàêòîðîâ, îòâåò íà
âëèÿíèå êîòîðûõ âîçìîæåí çà ñ÷åò ëàáèëüíûõ ôè-
çèîëîãè÷åñêèõ õàðàêòåðèñòèê, ñðàâíèòåëüíî íåâû-
ñîê. Â ðåçóëüòàòå, ÷àñòîòà ãèïîëàêòàçèè (èëè îá-
ðàòíîãî åé ïîêàçàòåëÿ – ïåðñèñòåíöèè ëàêòàçû)
ïðîÿâëÿåò çíà÷èìóþ êîððåëÿöèþ ñ ãåîãðàôè÷å-
ñêîé øèðîòîé (òàáë. 2).

Íåãàòèâíàÿ êîððåëÿöèÿ ÷àñòîò ãèïîëàêòàçèè è
ñîäåðæàíèÿ 25(OH)D â ñûâîðîòêå êðîâè (Rsp=-0,46;
p=0,003) ñâèäåòåëüñòâóåò î òîì, ÷òî äîëÿ âçðîñ-
ëûõ èíäèâèäîâ ñ ïåðñèñòåíöèåé ëàêòàçû, ò.å. ñïî-
ñîáíûõ óñâàèâàòü ìîëîêî (è ïîëó÷àòü ñ íèì äî-
ïîëíèòåëüíûé êàëüöèé), è D-âèòàìèííûé ñòàòóñ
ïîïóëÿöèè â õîäå àäàïòàöèè èçìåíÿëèñü îäíîíàï-
ðàâëåííî.

Ìîæíî çàêëþ÷èòü, ÷òî â ýêîëîãè÷åñêèõ óñëî-
âèÿõ Åâðîïû àäàïòèâíûé óñïåõ â ïîääåðæàíèè
ãîìåîñòàçà ìèíåðàëüíîãî ìåòàáîëèçìà â êîñòíîé
òêàíè äîñòèãàëñÿ áëàãîäàðÿ êîìïëåêñíîìó îòâå-
òó, âêëþ÷àâøåìó êàê êîìïåíñàöèþ íåäîñòàòêà
äåôèöèòíîãî âåùåñòâà (êàëüöèÿ), òàê è ïîâûøå-
íèå êîëè÷åñòâà ðåãóëÿòîðà ìåòàáîëèçìà ýòîãî
âåùåñòâà (âèòàìèíà D).
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Òàáëèöà 1. 25(OH)D (íìîëü/ë) è ÷àñòîòû ïåðâè÷íîé ãèïîëàêòàçèè (â ïðîöåíòàõ) â ðàçëè÷íûõ ãðóïïàõ
íàñåëåíèÿ Åâðîïû (âçðîñëûå)
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Introduction. Colonizing Europe, people of the contemporary physical type encountered environmental
conditions unfavorable for maintaining bone mineral homeostasis. Insolation at latitudes above 35 degrees
north is insufficient for a stable cholecalciferol (D3) autosynthesis throughout the year. Ergocalciferol-rich
saltwater fish and fat of marine mammals were unavailable in the inner regions of Europe. As agriculture
developed, hunting and fishing provided less food, thereby exacerbating the vitamin deficiency.

One of the adaptive strategy could be to increase the amount not of dietary vitamin D (which regulates
mineral metabolism), but of calcium, which is a substrate of the metabolism. However, calcium-containing
natural products were scarce in mainland Europe.

These conditions could have stimulated milk husbandry development, as milk provides high calcium
intake and milk sugar (lactose) improves intestinal absorption of calcium by converting it into soluble form.

We suppose, that the vitamin D deficiency called for an increase in calcium consumption, and the
environmental conditions of Northern Europe governed the selection of the carriers of LCT*T genotype,
which determines the stable production (persistence) of the lactase enzyme that allows adults to digest milk.

The purpose of the study was to evaluate the relationship between group average 25(OH)D blood serum
concentration and the frequency of lactase persistence.

Materials and methods: meta-analysis, a technique that quantitatively consolidates already published
results, was used. We considered 26 publications containing data on 25(OH)D blood serum concentration
along with the prevalence of primary (genetically determined) hypolactasia in 39 ethno-territorial European
groups (covered 11460 adult subjects in total).

Results and discussion: the share of subjects with primary hypolactasia in a group correlates significantly
with latitude (Rsp = - 0,595; p < 0,001; n =39). Id est, the more further to the north a European group resides,
the more frequently its adult members potentially have the ability to digest milk and thus could have higher
calcium intake (we did not evaluate the actual dietary consumption of milk and dairy products in this study).

A negative correlation between the prevalence of hypolactasia and 25(OH)D blood serum concentration
(Rsp=-0,46; p=0,003; n=39) shows that the share of adults able to digest milk (lactase persistence) and the
vitamin D status of a population in the course of adaptation changed unidirectionally.

Conclusion: in the ecological conditions of Europe, an adaptational success in maintaining bone mineral
homeostasis was achieved through an integrated response, which included both a compensation for the
deficiency of the substance (calcium), and an increase of the amount of the metabolism regulator (vitamin D)
of this substance.

Keywords: anthropology; vitamin D; 25-hydroxivitamin D; 25(OH)D; lactase; hypolactasia; LCT; lactose
tolerance




