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$6WHSGHILQHG6HGHQWDU\/LIHVW\OH,QGH[
6WHSVGD\

-RXUQDO $SSOLHG3K\VLRORJ\1XWULWLRQDQG0HWDEROLVP

Fo

0DQXVFULSW,' DSQP5
0DQXVFULSW7\SH ,QYLWHG5HYLHZ6\QWKqVHVROOLFLWpHV

rR

'DWH6XEPLWWHGE\WKH$XWKRU 6HS
&RPSOHWH/LVWRI$XWKRUV 7XGRU/RFNH&DWULQH3HQQLQJWRQ%LRPHGLFDO5HVHDUFK&HQWHU
&UDLJ&RUD&DQDGLDQ)LWQHVVDQG/LIHVW\OH5HVHDUFK,QVWLWXWH
7K\IDXOW-RKQ+6709$DQG8QLYHUVLW\RI0LVVRXUL
6SHQFH-RKQ8QLYHUVLW\RI$OEHUWD
.H\ZRUG

ly

On



w



HSLGHPLRORJ\HSLGHPLRORJ\SK\VLFDODFWLYLW\H[HUFLVHSK\VLFDO
LQDFWLYLW\H[HUFLVHEHKDYLRUEHKDYLRUORFRPRWLRQ

ie



ev
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$6WHSGHILQHG6HGHQWDU\/LIHVW\OH,QGH[



6WHSVGD\







&DWULQH7XGRU/RFNH&RUD/&UDLJ-RKQ37K\IDXOW-RKQ&6SHQFH





&DQDGLDQ)LWQHVVDQG/LIHVW\OH5HVHDUFK,QVWLWXWH2WWDZD21&DQDGDFFUDLJ#FIOULFD



6FKRRORI3XEOLF+HDOWK8QLYHUVLW\RI6\GQH\6\GQH\16:$XVWUDOLD



+DUU\67UXPDQ0HPRULDO9HWHUDQV+RVSLWDO'HSDUWPHQWVRI1XWULWLRQDQG([HUFLVH

ie



3HQQLQJWRQ%LRPHGLFDO5HVHDUFK&HQWHU%DWRQ5RXJH/$86$7XGRU/RFNH#SEUFHGX

ev





rR



Fo

 

3K\VLRORJ\DQG,QWHUQDO0HGLFLQH*DVWURHQWHURORJ\DQG+HSDWRORJ\+HDOWK$FWLYLW\&HQWHU



8QLYHUVLW\RI0LVVRXUL&ROXPELD0286$WK\IDXOWM#PLVVRXULHGX


On



w

6HGHQWDU\/LYLQJ/DE)DFXOW\RI3K\VLFDO(GXFDWLRQDQG5HFUHDWLRQ8QLYHUVLW\RI$OEHUWD



(GPRQWRQ$%&DQDGDMFVSHQFH#XDOEHUWDFD





ly

Appl. Physiol. Nutr. Metab. Downloaded from www.nrcresearchpress.com by 173.22.39.44 on 11/24/12
For personal use only.





&RUUHVSRQGHQFH



&DWULQH7XGRU/RFNH3K')$&60'LUHFWRU:DONLQJ%HKDYLRU/DERUDWRU\3HQQLQJWRQ

 

%LRPHGLFDO5HVHDUFK&HQWHU3HUNLQV5RDG%DWRQ5RXJH/$86$

 

2IILFH  )$;  (PDLO7XGRU/RFNH#SEUFHGX
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$EVWUDFW

 

6WHSFRXQWLQJ XVLQJSHGRPHWHUVRUDFFHOHURPHWHUV LVZLGHO\DFFHSWHGE\UHVHDUFKHUV



SUDFWLWLRQHUVDQGWKHJHQHUDOSXEOLF*LYHQPRXQWLQJHYLGHQFHRIWKHOLQNEHWZHHQORZVWHSVGD\



DQGWLPHVSHQWLQVHGHQWDU\EHKDYLRXUVKRZIHZVWHSVGD\VRPHSRSXODWLRQVDFWXDOO\SHUIRUP



DQGWKHJURZLQJLQWHUHVWLQWKHSRWHQWLDOO\GHOHWHULRXVHIIHFWVRIH[FHVVLYHVHGHQWDU\EHKDYLRXUV



RQKHDOWKDQHPHUJLQJTXHVWLRQLV³KRZPDQ\VWHSVGD\DUHWRRIHZ"´7KLVUHYLHZH[DPLQHVWKH



XWLOLW\DSSURSULDWHQHVVDQGOLPLWDWLRQVRIXVLQJDUHRFFXUULQJFDQGLGDWHIRUDVWHSGHILQHG



VHGHQWDU\OLIHVW\OHLQGH[VWHSVGD\$GXOWVWDNLQJVWHSVGD\DUHPRUHOLNHO\WR

 

KDYHDORZHUKRXVHKROGLQFRPHDQGEHIHPDOHROGHU$IULFDQ$PHULFDQYHUVXV(XURSHDQ

 

$PHULFDQHWKQLFLW\DFXUUHQWYHUVXVQHYHUVPRNHUDQGRUEHOLYLQJZLWKFKURQLFGLVHDVHDQGRU

 

GLVDELOLW\/LWWOHLVNQRZQDERXWKRZFRQWH[WXDOIDFWRUV HJEXLOWHQYLURQPHQW IRVWHUVXFKORZ

 

OHYHOVRIVWHSGHILQHGSK\VLFDODFWLYLW\8QIDYRUDEOHLQGLFDWRUVRIERG\FRPSRVLWLRQDQG



FDUGLRPHWDEROLFULVNKDYHEHHQFRQVLVWHQWO\DVVRFLDWHGZLWKWDNLQJVWHSVGD\7KHDFXWH



WUDQVLWLRQ GD\V RIKHDOWK\DFWLYH\RXQJSHRSOHIURPKLJKHU ! WRORZHUGDLO\VWHS



FRXQWV RUDVORZDV LQGXFHVUHGXFHGLQVXOLQVHQVLWLYLW\JO\FHPLFFRQWURO



LQFUHDVHGDGLSRVLW\DQGRWKHUQHJDWLYHFKDQJHVLQKHDOWKSDUDPHWHUV$OWKRXJKIHZDOWHUQDWLYH



YDOXHVKDYHEHHQFRQVLGHUHGWKHFRQWLQXHGXVHRIVWHSVGD\DVDVWHSGHILQHGVHGHQWDU\



OLIHVW\OHLQGH[IRUDGXOWVLVDSSURSULDWHIRUUHVHDUFKHUVSUDFWLWLRQHUVDQGFRPPXQLFDWLQJZLWK

 

WKHJHQHUDOSXEOLF7KHUHLVOLWWOHHYLGHQFHWRDGYRFDWHDQ\VSHFLILFYDOXHLQGLFDWLYHRIDVWHS

 

GHILQHGVHGHQWDU\OLIHVW\OHLQGH[LQFKLOGUHQDGROHVFHQWV

 

.H\ZRUGV3K\VLFDODFWLYLW\3K\VLFDO,QDFWLYLW\([HUFLVH:DONLQJ$PEXODWLRQ6LWWLQJ

 

3HGRPHWHU$FFHOHURPHWHU

w

ie

ev

rR

Fo

ly

On
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,QWURGXFWLRQ



6WHSFRXQWLQJ XVLQJSHGRPHWHUVRUDFFHOHURPHWHUV LVZLGHO\DFFHSWHGE\UHVHDUFKHUV



SUDFWLWLRQHUVDQGWKHJHQHUDOSXEOLFDOLNHIRUDVVHVVLQJWUDFNLQJDQGFRPPXQLFDWLQJSK\VLFDO



DFWLYLW\GRVHV)RUH[DPSOHUHVHDUFKHUVUHFHQWO\UHSRUWHG\HDUFKDQJHVLQERG\PDVVLQGH[



%0, ZDLVWWRKLSUDWLRDQGLQVXOLQVHQVLWLYLW\UHODWHGWRVWHSLQFUHPHQWDOFKDQJHVLQ



VWHSGHILQHGSK\VLFDODFWLYLW\ 'Z\HUHWDO DSUDFWLFHEDVHGMRXUQDOSXEOLVKHGDXQLTXH

 

FROOHFWLRQRIDUWLFOHVODUJHO\IRFXVHGRQVWHSFRXQWLQJDSSOLFDWLRQVLQDYDULHW\RIVSHFLDO

 

SRSXODWLRQV %DVVHWW-UDQG-RKQ%UDGOH\HWDO*DUGQHUHWDO-DNLFLFHWDO

 

/XWHVDQG6WHLQEDXJK0RWODQG6DQGURII5LFKDUGVRQ5RJHUV

 

6KHSKDUGDQG$R\DJL7HPSOH7XOO\DQG7XGRU/RFNH DQG



JRYHUQPHQWDJHQF\SURIHVVLRQDORUJDQL]DWLRQVIURPDURXQGWKHZRUOGKDYHSXEOLVKHGGLIIHUHQW



VWHSEDVHGUHFRPPHQGDWLRQV 7XGRU/RFNHHWDOK 7KLVZLGHVSUHDGDGRSWLRQDQGSUDFWLFH



RIVWHSFRXQWLQJSURYLGHVDXQLTXHRSSRUWXQLW\IRUEULGJLQJUHVHDUFKWRFOLQLFDOSUDFWLFHDQG



XOWLPDWHO\WRUHDOZRUOGDSSOLFDWLRQVLQFHLWDOORZVDUDQJHRIXVHUVWRFRPPXQLFDWHXVLQJWKH



VDPHPHWULFWKDWFDSWXUHVDQREMHFWLYHPHDVXUHRIDPEXODWRU\DFWLYLW\DFFXPXODWHGWKURXJKRXW



WKHGD\7RIXUWKHUIDFLOLWDWHWKLVFRPPXQLFDWLRQWKHSXUSRVHRIWKLVUHYLHZLVWRSUHVHQWWKH

 

UDWLRQDOHXWLOLW\DSSURSULDWHQHVVDQGOLPLWDWLRQVRID³VWHSGHILQHGVHGHQWDU\OLIHVW\OHLQGH[´

 

7KHFRQWHQWUHIOHFWVRXUFROOHFWLYHXQGHUVWDQGLQJRIWKHHYHULQFUHDVLQJVFRSHDQGQDWXUHRIWKH

 

VWHSEDVHGOLWHUDWXUHVSHFLILFDUWLFOHVDUHFLWHGWRVXSSRUWDUJXPHQWVDQGRIIHUH[DPSOHV

 

 ǫ





w

ie

ev

rR

Fo

ly

On
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DFFXPXODWHGGXULQJVHGHQWDU\EHKDYLRXUV 7XGRU/RFNHHWDOD:RQJHWDO DQG



UHODWLYHO\PRUHVWHSVPLQDUHDFFXPXODWHGGXULQJLQFUHDVLQJO\LQWHQVHDPEXODWRU\DFWLYLW\ $EHO



HWDO%HHWVHWDOE0DUVKDOOHWDO5RZHHWDO7XGRU/RFNHHWDO 

 

ZLWKWKHKLJKHVWUDWHVRIDFFXPXODWLRQRFFXUULQJGXULQJSHUIRUPDQFHRIPRGHUDWHWRYLJRURXV

 

SK\VLFDODFWLYLW\ 093$  $EHOHWDO%HHWVHWDOE0DUVKDOOHWDO5RZHHWDO

 

7XGRU/RFNHHWDO 7KHUHODWLRQVKLSEHWZHHQDFFHOHURPHWHUGHWHUPLQHGDFWLYLW\



FRXQWVGD\DQGVWHSVGD\LVVWURQJ U   7XGRU/RFNHHWDOD 6WHSVGD\H[SODLQV



DSSUR[LPDWHO\ ZRPHQ WR PHQ RIWKHGDLO\YDULDELOLW\LQWLPHVSHQWLQ093$

Fo

7XGRU/RFNHHWDOD )XUWKHUDWWDLQLQJDSSUR[LPDWHO\VWHSVGD\LVD



rR



UHDVRQDEOHDSSUR[LPDWLRQRIDOVRREWDLQLQJDWOHDVWPLQXWHVGD\RI093$ RUDWOHDVW



PLQXWHVZHHN  7XGRU/RFNHHWDOG $WWDLQPHQWRIDWOHDVWVWHSVGD\LVOLVWHG



DPRQJVWWKHPRVWUHFHQWHYLGHQFHEDVHGH[HUFLVHUHFRPPHQGDWLRQVLVVXHGE\WKH$PHULFDQ



&ROOHJHRI6SRUW0HGLFLQH *DUEHUHWDO 

w

ie

ev



Ȁ ǫ





On



/RZVWHSFRXQWVDOVRLPSO\WKDWLQGLYLGXDOVKDYHVSHQWPRUHWLPHLQVHGHQWDU\EHKDYLRXU



7KLVDSSURDFKWRLQIHUULQJWLPHVSHQWLQVHGHQWDU\EHKDYLRXUIURPDUHODWLYHODFNRIPRYHPHQWLV



WKHVDPHFRQFHSWXVHGLQDFFHOHURPHWU\DUHODWLYHO\ORZDFFHOHURPHWHUDFWLYLW\FRXQWPLQ HJ



 LVW\SLFDOO\XVHGWRGHILQHWLPHVSHQWLQVHGHQWDU\EHKDYLRXUV 0DWWKHZVHWDO 2QD



GDLO\EDVLVSDUWLFLSDQWVZKRWRRNVWHSVGD\LQWKHDFFHOHURPHWHUPRQLWRULQJFRPSRQHQW



RIWKH1DWLRQDO+HDOWKDQG1XWULWLRQ([DPLQDWLRQ6XUYH\ 1+$1(6 DYHUDJHG



WRPLQXWHVGD\LQVHGHQWDU\EHKDYLRXUVFRPSDUHGWRWRPLQXWHVGD\LQWKRVHZKR



WRRNVWHSVGD\WUDQVODWLQJWRDWRKRXUVGD\GLIIHUHQFHLQVHGHQWDU\EHKDYLRXUV

ly
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DVVRFLDWHGZLWKWKHVHGLIIHUHQWFDWHJRULHVRIVWHSGHILQHGSK\VLFDODFWLYLW\ 7XGRU/RFNHHWDO



D 7ZHQW\ILYHSHUFHQWRIWKHYDULDELOLW\LQWLPH LHPLQXWHV VSHQWLQGDLO\VHGHQWDU\



EHKDYLRXUVDVFROOHFWHGLQWKHVH1+$1(6GDWDLVH[SODLQHGE\DVLPSOHFRXQWRIVWHSVGD\
7XGRU/RFNHHWDOD $OWKRXJKWKLVH[SODQDWRU\SRZHUPLJKWDSSHDUWREHORZLQFRQWUDVW



WRWKHVWDUNGLIIHUHQFHVLQWLPHHVWLPDWHVSUHVHQWHGDERYHLWLVLPSRUWDQWWRFODULI\WKDWDVLQJOH



PLQXWHRI³VHGHQWDU\DFWLYLW\´ GHILQHGE\:RQJHWDO  DVDPLQXWHZKHUH]HURVWHSVDUH



WDNHQZKLFKWKH\FRQVLGHUHGWKH³FULWHULRQPHDVXUH´RIWKLVFODVVLILFDWLRQ LVDPLVVHG



RSSRUWXQLW\WRDFFXPXODWHDQ\QXPEHURIVWHSVWDNHQEHWZHHQDQGVWHSVPLQXWH 7XGRU



/RFNHHWDOH 

,WPD\EHPRUHPHDQLQJIXOWRORRNEH\RQGFURVVVHFWLRQDODVVRFLDWLRQVDQGH[DPLQHWKH



ev



HIIHFWVRIFKDQJHVLQVWHSVGD\RQWLPHVSHQWLQVHGHQWDU\EHKDYLRXUV*LOVRQHWDO  GLGQRW



VKRZFKDQJHVLQVHOIUHSRUWHGVLWWLQJWLPHDWZRUNZLWKSHGRPHWHUHQDEOHGZDONLQJVWUDWHJLHV



KRZHYHUWKHLQWHUYHQWLRQZDVFRQILQHGRQO\WRZRUNLQJKRXUV ZKLFKPD\KDYHOLPLWHGVXFFHVV 



DQGWKHPHWKRGRIDVVHVVLQJWLPHZDVQRWOLNHO\VHQVLWLYHWRSRWHQWLDOUHDOFKDQJHVLQEHKDYLRXU

w

ie



rR

Fo

On

 

'H&RFNHUHWDO  HYDOXDWHGFKDQJHVLQVHOIUHSRUWHGVLWWLQJWLPHE\SDUWLFLSDQWVHQJDJHGLQ

 

DSHGRPHWHUEDVHGFRPPXQLW\LQWHUYHQWLRQIRFXVHGRQLQFUHDVLQJVWHSVGD\,QSDUWLFLSDQWV

 

ZKRLQFUHDVHGWKHLUVWHSVGD\DQLQFUHDVHRIVWHSVGD\ZDVDVVRFLDWHGZLWKDVHOIUHSRUWHG

 

GHFUHDVHRIPLQGD\LQVLWWLQJWLPH ERWKFKDQJHVZHUHVWDWLVWLFDOO\VLJQLILFDQW 'H*UHHIHW

 

DO  GRFXPHQWHGDQLQFUHDVHRIVWHSVGD\LQLQGLYLGXDOVZLWK7\SHGLDEHWHVDVD

 

UHVXOWRIDSHGRPHWHUEDVHGLQWHUYHQWLRQWKDWDOVRSURGXFHGD!KRXUGHFUHDVHLQDFFHOHURPHWHU





GHWHUPLQHGVHGHQWDU\EHKDYLRXU DJDLQERWKFKDQJHVZHUHVWDWLVWLFDOO\VLJQLILFDQW ,QDQRWKHU





SHGRPHWHUEDVHGLQWHUYHQWLRQVWXG\RILQGLYLGXDOVZLWK7\SHGLDEHWHV'H*UHHIHWDO





ly
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GHWHUPLQHGVHGHQWDU\EHKDYLRXURIPLQGD\)LQDOO\0LNXVHWDO  UHFUXLWHG\RXQJDGXOW



YROXQWHHUVZKRKDELWXDOO\WRRN!VWHSVGD\DQGLQVWUXFWHGWKHPWRWHPSRUDULO\UHGXFH



WKHLUDFWLYLW\WRVWHSVGD\EDVHGRQVHOIPRQLWRUHGSHGRPHWHUIHHGEDFN&RQFXUUHQW



DFFHOHURPHWHUPRQLWRULQJGXULQJWKLVWUDQVLWLRQFDSWXUHGDQDYHUDJHKRXULQFUHDVHLQVLWWLQJ



WLPH IURPPLQXWHVGD\WRPLQXWHVGD\ $OWKRXJKWKHGLIIHUHQFHZDVQRWVWDWLVWLFDOO\



VLJQLILFDQW WKHVDPSOHVL]HRISDUWLFLSDQWVZDVQRWSRZHUHGWRHYDOXDWHWKLVVSHFLILF



RXWFRPH IHZZRXOGVXJJHVWWKDWDKRXUGD\LQFUHDVHLQVLWWLQJWLPHLVDQXQUHPDUNDEOH

 

FKDQJH&RPELQLQJWKHUHVXOWVIURPWKHVWXGLHVXVLQJREMHFWLYHPRQLWRULQJRQHZRXOGH[SHFWDQ

 

LQFUHDVHRIVWHSVGD\WREHDVVRFLDWHGZLWKDPLQGD\UHGXFWLRQLQVHGHQWDU\

 

EHKDYLRXU

ie



5HFHQWO\DVHULHVRISDSHUVKDYHH[SORUHGWKHFRQFHSWRUTXHVWLRQ³KRZPDQ\VWHSVDUH



w



ev

Ȁǫ

 


rR

Fo

HQRXJK"´LQWHUPVRIDVWHSEDVHGWUDQVODWLRQRIFXUUHQWSXEOLFKHDOWKSK\VLFDODFWLYLW\JXLGHOLQHV
7XGRU/RFNHHWDOI7XGRU/RFNHHWDOJ7XGRU/RFNHHWDOK ZKLFKKDYH

On




KLVWRULFDOO\IRFXVHGRQHQJDJHPHQWLQDFWLYLWLHVWKDWDUHRIDWOHDVWPRGHUDWHLQWHQVLW\$OWKRXJK



UHFHQW86SXEOLFKHDOWKJXLGHOLQHVFRQWLQXHWRHPSKDVL]HWKHEHQHILWVRIWLPHVSHQWLQ093$

 

WKH\DOVRDFNQRZOHGJHWKDWVRPHDFWLYLW\LVEHWWHUWKDQQRQH UHJDUGOHVVRIDQ\LQWHQVLW\

 

FULWHULRQ HYHQZKLOHHQFRXUDJLQJWKDWPRUHLVEHWWHU 3K\VLFDO$FWLYLW\*XLGHOLQHV$GYLVRU\

 

&RPPLWWHH &DQDGLDQ3K\VLFDO$FWLYLW\*XLGHOLQHVSURGXFHGE\WKH&DQDGLDQ6RFLHW\RI

 

([HUFLVH3K\VLRORJ\ &6(3  7UHPEOD\HWDOE IRFXVRQWKHKHDOWKEHQHILWVRI093$



KRZHYHUWKH\DOVRVWDWHWKDWIRUDGXOWVDQGROGHUDGXOWV³ZKRDUHSK\VLFDOO\LQDFWLYHGRLQJ



DPRXQWVEHORZWKHUHFRPPHQGHGOHYHOVFDQSURYLGHVRPHKHDOWKEHQHILWV´$WWKHVDPHWLPH

ly
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LQWHUHVWFRQWLQXHVWRJURZLQWKHLQGHSHQGHQWDQGSRWHQWLDOO\GHOHWHULRXVKHDOWKHIIHFWVRI



H[FHVVLYHWLPHVSHQWLQVHGHQWDU\EHKDYLRXUV .DW]PDU]\N.DW]PDU]\NHWDO 



&6(3¶VUHFHQWUHOHDVHRI6HGHQWDU\%HKDYLRXU*XLGHOLQHVIRUFKLOGUHQDQGDGROHVFHQWVDGYRFDWH



VLWWLQJOHVV 7UHPEOD\HWDOD7UHPEOD\HWDO 7KHDFFRPSDQ\LQJ&6(3HQGRUVHG

 

SUHVVUHOHDVHFOHDUO\LQWHUSUHWHGWKLVDVDQRSSRUWXQLW\WRPRYHPRUH³WKHPDMRULW\RIVHGHQWDU\

 

WLPHFDQEHUHSODFHGZLWKOLJKWLQWHQVLW\DFWLYLW\DQGWKLVFDQEHGRQHLQDYDULHW\RIZD\V´

 

&6(3 *LYHQWKDWVWHSVGD\H[SODLQVDODUJHSDUWRIWLPHVSHQWLQOLJKWDQGPRGHUDWH

Fo

 

LQWHQVLW\DFWLYLWLHV 7XGRU/RFNHHWDOD DQGWKDWWKHUHLVDQLQYHUVHUHODWLRQVKLSEHWZHHQ



DFFXPXODWLRQRIGDLO\VWHSVDQGWLPHVSHQWLQVHGHQWDU\EHKDYLRXUVLWKDVEHHQVXJJHVWHGWKDW



DVNLQJ³KRZPDQ\VWHSVDUHWRRIHZ"´PD\EHDPRUHUHOHYDQWSXEOLFKHDOWKTXHVWLRQHVSHFLDOO\



JLYHQPRXQWLQJHYLGHQFHRIMXVWKRZOLWWOHSK\VLFDODFWLYLW\VRPHSRSXODWLRQVDFWXDOO\SHUIRUP
7XGRU/RFNHHWDOK 



ie

ev

rR

7XGRU/RFNHDQGFROOHDJXHV  ILUVWVXJJHVWHGWKDWWDNLQJVWHSVGD\PLJKWEH



w



DXVHIXOPHWULFLQGLFDWLYHRID³VHGHQWDU\OLIHVW\OHLQGH[´,QWKDWVWXG\WKH\H[DPLQHGWKH

 

GLVWULEXWLRQRI%0,GHILQHGZHLJKWVWDWXVFDWHJRULHVDFURVVVWHSGHILQHGSK\VLFDODFWLYLW\LQ

 

DSSUR[LPDWHO\DGXOWV7KH\REVHUYHGWKDWLQGLYLGXDOVWDNLQJVWHSVGD\ZHUHPRUH

 

IUHTXHQWO\FODVVLILHGDVREHVHFRPSDUHGWRDOORWKHU%0,GHILQHGZHLJKWVWDWXVFDWHJRULHV

 

6XEVHTXHQWO\7XGRU/RFNHDQG%DVVHWW  XVHGVWHSVGD\DVWKHDQFKRUIRUWKHLU



SURSRVHGJUDGXDWHGVWHSLQGH[WKDWLQFOXGHG ODEHOHG³VHGHQWDU\´  ³ORZ



DFWLYH´  ³VRPHZKDWDFWLYH´  ³DFWLYH´ DQG ³KLJKO\



DFWLYH´ VWHSVGD\8VLQJVWHSVGD\DVDQ³VHGHQWDU\OLIHVW\OH´LQGLFDWRUZDVUHSHDWHG



DJDLQLQ 7XGRU/RFNHHWDOE ,Q7XGRU/RFNHHWDO D VXJJHVWHG

ly

On
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DGGLWLRQDOFDWHJRULHVEHORZWKLVYHU\EURDGFDWHJRU\FDSSHGE\VWHSVGD\ODEHOHGDV³EDVDO



DFWLYLW\´ VWHSVGD\ DQG³OLPLWHGDFWLYLW\´ VWHSVGD\ 

 



 



 

:KHQWKHWHUP³VHGHQWDU\OLIHVW\OHLQGH[´ZDVILUVWSURSRVHG 7XGRU/RFNHHWDO 

 

LWZDVDSSURSULDWHJLYHQZKHUHWKHVWDWHRINQRZOHGJHZDVDWWKDWWLPH7KHVHGHQWDU\EHKDYLRXU



UHVHDUFKILHOGKDVJURZQVXEVWDQWLDOO\DQGUDSLGO\VLQFHWKHQDQGWKHH[SORVLRQRIZRUNIRFXVHG



RQWKLVORZHQGRIWKHPRYHPHQWVSHFWUXPKDVLQHYLWDEO\OHGWRGHEDWHDURXQGWHUPLQRORJ\



6SHFLILFDOO\UHFHQWFDOOVIRUVWDQGDUGL]HGXVHRIWHUPV³VHGHQWDU\´DQG³VHGHQWDU\EHKDYLRXUV´



6HGHQWDU\%HKDYLRXU5HVHDUFK1HWZRUN KDYHDGGHGFRPSOH[LW\WRWKHLGHDRIXVLQJDQ\

ev

rR

Fo



QXPEHURIVWHSVGD\WRGHILQHD³VHGHQWDU\OLIHVW\OHLQGH[´:KDWIROORZVLVWKHFDVHWRUHWDLQ



WKHRULJLQDOWHUPLQRORJ\DSSOLHGWRDVWHSEDVHGLQGH[

ie

 

&DVSHUVHQ3RZHOODQG&KULVWHQVRQ  ILUVWFODULILHGWKHWHUPV³SK\VLFDODFWLYLW\´

 

³DQ\ERGLO\PRYHPHQWSURGXFHGE\WKHVNHOHWDOPXVFOHVWKDWUHVXOWVLQHQHUJ\H[SHQGLWXUH´ 

w

On

 

DQG³H[HUFLVH´ ³DVXEVHWRISK\VLFDODFWLYLW\WKDWLVSODQQHGVWUXFWXUHGDQGUHSHWLWLYHDQGKDVDV



DILQDORULQWHUPHGLDWHREMHFWLYHWKHLPSURYHPHQWRUPDLQWHQDQFHRISK\VLFDOILWQHVV´ ,Q



ly

Appl. Physiol. Nutr. Metab. Downloaded from www.nrcresearchpress.com by 173.22.39.44 on 11/24/12
For personal use only.



 

2ZHQHWDOFDOOHGIRUDVKLIWLQWUDGLWLRQDODSSURDFKHVWRVWXG\LQJH[HUFLVHDQGVSRUWDQG

 

LQWURGXFHGWKHFRQFHSWRIVWXG\LQJVHGHQWDU\EHKDYLRXUDVGLVWLQFWIURPSK\VLFDODFWLYLW\7KH\

 

GHILQHGVHGHQWDU\EHKDYLRXUVLQWHUPVRI³ORZOHYHOVRIHQHUJ\H[SHQGLWXUH´VSHFLILFDOO\WKRVH

 

DFWLYLWLHVWKDWH[SHQGHQHUJ\DWWRPHWDEROLFHTXLYDOHQWXQLWV 0(7V RQH0(7EHLQJWKH

 

HQHUJ\FRVWRIUHVWLQJTXLHWO\RUP/RIR[\JHQXSWDNHSHUNJERG\ZHLJKWSHUPLQXWH3DWH

 

2¶1HLOODQG/REHORHFKRHGWKLV0(7EDVHGGHILQLWLRQRIVHGHQWDU\EHKDYLRXULQ



+DPLOWRQ+DPLOWRQDQG=GHULF  SXVKHGWRUHFRJQL]HWKDWWKHVWXG\RI³DFXWHDQGFKURQLF
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SK\VLRORJLFDOHIIHFWVRIVHGHQWDU\EHKDYLRUV´LQFOXGHGWKHVWXG\RI³QRQH[HUFLVHDFWLYLW\





GHILFLHQF\´7KXVWKHVHSLRQHHULQJUHVHDUFKHUVUHFRJQL]HGWKDWWKHHIIHFWVRIVHGHQWDU\





EHKDYLRXUPLJKWH[WHQGEH\RQGLWVLPSDFWRQO\RQHQHUJ\H[SHQGLWXUHDQGLQFOXGHGLQWKHLU

 

GHILQLWLRQDIRFXVRQUHODWLYHODFNRIPRYHPHQW ZKLFKWKH\WHUPHG³QRQH[HUFLVHDFWLYLW\´RU

 

HOVHZKHUHLQWKHPDQXVFULSWDV³QRQH[HUFLVHSK\VLFDODFWLYLW\´ 

 

7UHPEOD\HWDODVVHPEOHGWHUPVWKH\EHOLHYHGLPSRUWDQWWRGHVFULELQJDQGPHDVXULQJ

 

VHGHQWDU\EHKDYLRXULQWKHLUSXEOLFDWLRQ7KH\GHILQHG³VHGHQWDU\´DV³FKDUDFWHUL]HGE\

 

OLWWOHSK\VLFDOPRYHPHQWDQGORZHQHUJ\H[SHQGLWXUH´)XUWKHU³VHGHQWDULVP´ZDVGHILQHGDV

 

³H[WHQGHGHQJDJHPHQWLQEHKDYLRXUVFKDUDFWHUL]HGE\PLQLPDOPRYHPHQWORZHQHUJ\





H[SHQGLWXUHDQGUHVW´7REHFOHDUERWKGHILQLWLRQVUHFRJQL]HGWKHUHODWLYHODFNRISK\VLFDO





PRYHPHQWDVVRFLDWHGZLWKVHGHQWDU\EHKDYLRXUV,QFRQWUDVWZLWKWKHEURDGHUGHILQLWLRQRI





³SK\VLFDODFWLYLW\´DGYRFDWHGE\&DVSHUVHQ3RZHOODQG&KULVWHQVRQ  7UHPEOD\HWDO





ie

ev

rR

Fo

 VSHFLILFDOO\GHILQHG³SK\VLFDODFWLYLW\´DVDFWLYLWLHVRIDWOHDVWPRGHUDWHLQWHQVLW\´,Q

w

 

DGGLWLRQWKHVHDXWKRUVGHILQHG³SK\VLFDOO\DFWLYH´DV³PHHWLQJHVWDEOLVKHGJXLGHOLQHVIRU

 

SK\VLFDODFWLYLW\ XVXDOO\UHIOHFWHGLQDFKLHYLQJDWKUHVKROGQXPEHURIPLQXWHVRIPRGHUDWHWR

 

YLJRURXVSK\VLFDODFWLYLW\SHUGD\ ´7KH\DOVRFODULILHG³SK\VLFDOLQDFWLYLW\´DV³WKHDEVHQFHRI

 

SK\VLFDODFWLYLW\XVXDOO\UHIOHFWHGDVWKHDPRXQWRUSURSRUWLRQRIWLPHQRWHQJDJHGLQSK\VLFDO

 

DFWLYLW\RIVRPHSUHGHWHUPLQHGLQWHQVLW\´6LQFHWKH\KDGGHILQHG³SK\VLFDOO\DFWLYH´LQWHUPVRI

 

093$DWWDLQPHQWLWIROORZVWKDWWKHVXEVHTXHQWO\OLVWHGGHILQLWLRQRI³SK\VLFDOLQDFWLYLW\´DOVR





UHIHUUHGWRWKLVVSHFLILFLQWHQVLW\7KHDXWKRUVVSHFLILFDOO\DUJXHGDJDLQVWXVLQJWKHWHUP





VHGHQWDU\WRFRQIHU³WKHDEVHQFHRI093$´2ZHQHWDO  DOVRVWDWHG³LWLVRXUFRQWHQWLRQ





WKDWVHGHQWDU\EHKDYLRXULVQRWVLPSO\WKHDEVHQFHRIPRGHUDWHWRYLJRURXVSK\VLFDODFWLYLW\´

ly

On
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7KH\DOVRVXPPDUL]HGREMHFWLYHO\DVVHVVHGVHGHQWDU\EHKDYLRXUIURPWKH$XV'LDEILQGLQJV
+HDO\HWDO+HDO\HWDO DQGFRQFOXGHG

 

³$VORJLFDOO\ZRXOGEHH[SHFWHGVHGHQWDU\WLPHDQGOLJKWLQWHQVLW\DFWLYLW\WLPHZHUH

 

KLJKO\QHJDWLYHO\FRUUHODWHG U  PRUHWLPHVSHQWLQOLJKWLQWHQVLW\DFWLYLW\LV

 

DVVRFLDWHGZLWKOHVVWLPHVSHQWVHGHQWDU\7KLVVXJJHVWVWKDWLWPD\EHDIHDVLEOHDSSURDFK

 

WRSURPRWHOLJKWLQWHQVLW\DFWLYLWLHVDVDZD\RIDPHOLRUDWLQJWKHGHOHWHULRXVKHDOWK

 

FRQVHTXHQFHVRIVHGHQWDU\WLPH2XUHYLGHQFHVXJJHVWVWKDWKDYLQJDSRVLWLYHOLJKW





LQWHQVLW\VHGHQWDU\WLPHEDODQFH WKDWLVVSHQGLQJPRUHWLPHLQOLJKWLQWHQVLW\WKDQ





VHGHQWDU\WLPH LVGHVLUDEOHVLQFHOLJKWLQWHQVLW\DFWLYLW\KDVDQLQYHUVHOLQHDU





UHODWLRQVKLSZLWKDQXPEHURIFDUGLRPHWDEROLFELRPDUNHUV´

ev

rR

Fo

$OWKRXJKWKHWHUP³VHGHQWDU\WLPH´KDVEHHQXVHGLQWHUFKDQJHDEO\ZLWK³VLWWLQJ´ +HDO\

 

ie



HWDO H[DPSOHVRISRVWXUHVWKDWH[SHQG0(7VLQFOXGHO\LQJGRZQUHFOLQLQJDQG



VWDQGLQJVWLOO HJVWDQGLQJTXLHWO\VWDQGLQJLQOLQH&RPSHQGLXP&RGH LQDGGLWLRQWR



VHDWHGSRVWXUHV $LQVZRUWKHWDO 7KHUHDUHDQXPEHURIRULJLQDOUHIHUHQFHVFDWDORJXHGLQ



WKH&RPSHQGLXPRQOLQHUHVRXUFHV ORFDWHGDW



KWWSVVLWHVJRRJOHFRPVLWHFRPSHQGLXPRISK\VLFDODFWLYLWLHV UHSRUWLQJWKDWVWDQGLQJ



EHKDYLRXUVH[SHQG0(7VWZRUHFHQWH[DPSOHVLQFOXGH/HYLQH6FKOHXVQHUDQG-HQVHQ

 

  DYHUDJH0(7V DQG&URXWHU&ORZHUVDQG%DVVHWW   DYHUDJH0(7V 

w

ly

On
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0RUHUHFHQWO\KRZHYHU2ZHQHWDO  H[SOLFLWO\GHILQHGVHGHQWDU\EHKDYLRXUVDV³VLWWLQJ

 

ZLWKRXWEHLQJRWKHUZLVHDFWLYH´5HVHDUFKHUVH[SUHVVO\LQWHUHVWHGLQVLWWLQJEHKDYLRXUVDUHDEOH

 

WRPRUHSUHFLVHO\DVVHVVVXFKSRVWXUHVXVLQJLQFOLQRPHWHUV .R]H\.HDGOHHWDO 
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6HGHQWDU\EHKDYLRXUKDVDOVREHHQGHILQHGE\UHODWLYHO\ORZDFFXPXODWLRQRI



DFFHOHURPHWHUGHWHUPLQHGDFWLYLW\FRXQWVPLQ6SHFLILFDOO\0DWWKHZVHWDO  ZURWHDERXW



GHILQLQJVHGHQWDU\EHKDYLRXULQWKHLUZHOONQRZQ86EDVHGGHVFULSWLYHHSLGHPLRORJ\SDSHU



³$FWLYLW\FRXQWVUHFRUGHGZKLOHVLWWLQJDQGZRUNLQJDWDGHVNDUHYHU\ORZ FRXQWVPLQXWH 



DQGFRXQWVUHFRUGHGZKLOHGULYLQJDQDXWRPRELOHDUHW\SLFDOO\EHORZFRXQWVPLQ



XQSXEOLVKHGREVHUYDWLRQV ´6LQFHWKDWWLPHFRXQWVPLQKDVEHHQURXWLQHO\XVHGWRGHILQH

 

VHGHQWDU\EHKDYLRXUVIURPDFFHOHURPHWHUGDWD 7XGRU/RFNHHWDO &URXWHU&ORZHUVDQG

 

%DVVHWW  UHSRUWHGWKDWVWDQGLQJDYHUDJHGDFWLYLW\FRXQWVPLQDQGILOLQJDYHUDJHG

 

DFWLYLW\FRXQWVPLQVRLWLVDSSDUHQWWKDWWKHVHW\SHVRIDFWLYLWLHVZRXOGDOVREHFODVVLILHGDV

 

³VHGHQWDU\EHKDYLRXUV´E\WKLVDFWLYLW\FRXQWPLQGHILQLWLRQ5HJDUGOHVVWKHXVHRIWKHWHUPV



³VHGHQWDU\EHKDYLRXUV´DQG³VHGHQWDU\WLPH´DWWHPSWWRFDSWXUHWLPHDOORFDWLRQWRVSHFLILFW\SHV



RIEHKDYLRXUV DWDQ\SDUWLFXODUSRLQWLQWLPHRUDFFXPXODWHGRYHUDVSHFLILHGSHULRGRIWLPH 



DQGGHILQHGE\UHODWLYHO\ORZUDWHVRIHQHUJ\H[SHQGLWXUHSRVWXUHRUUHODWLYHO\ORZDFFXPXODWHG



DFWLYLW\FRXQWVPLQ

w

ie

ev

rR

Fo

On



6LQFHWLPHVSHQWLQVXFKEHKDYLRXUVDSSHDUVWREHXELTXLWRXVO\KLJKLQSRSXODWLRQOHYHO



GDWD 0DWWKHZVHWDO DQLQGH[LVQHHGHGWRKHOSFODVVLI\ZKDWLVSRWHQWLDOO\H[FHVVLYHLQ

 

WHUPVRIKDELWXDOGDLO\EHKDYLRXU LHDQLQGH[RIOLIHVW\OHLQFRQWUDVWWRDPHDVXUHGEHKDYLRXU

 

FDSWXUHGDWDQ\SDUWLFXODUSRLQWLQWLPHRUDFFXPXODWHGGXUDWLRQRIWLPH )RUH[DPSOHDMRLQW

 

UHSRUW  RIWKH)RRGDQG$JULFXOWXUH2UJDQL]DWLRQRIWKH8QLWHG1DWLRQV )$2 WKH:RUOG

 

+HDOWK2UJDQL]DWLRQ :+2 DQGWKH8QLWHG1DWLRQV8QLYHUVLW\ 818 XVHVWKHUDWLRRIWRWDO



HQHUJ\H[SHQGLWXUHWREDVDOPHWDEROLFUDWHWRHVWLPDWH³SK\VLFDODFWLYLW\OHYHO´RU3$/DQGWKHQ



GHILQHV³VHGHQWDU\RUOLJKWDFWLYLW\OLIHVW\OH´DVD3$/RI WKHORZHUHQGRIWKHUDQJH



LPSOLHVDVHGHQWDU\OLIHVW\OHDQGWKHXSSHUHQGLPSOLHVDOLJKWDFWLYLW\OLIHVW\OH 6LQFHGLUHFW

ly
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PHDVXUHVRIHQHUJ\H[SHQGLWXUHDUHOHVVDFFHVVLEOHWRPDQ\SUDFWLWLRQHUVDQGWKHJHQHUDOSXEOLF



LWLVUDWLRQDOWRDWWHPSWWRSURYLGHDUHDVRQDEOHOLIHVW\OHLQGH[XVLQJPRUHDYDLODEOH



LQVWUXPHQWDWLRQIRUH[DPSOHVWHSFRXQWLQJGHYLFHV6SHFLILFDOO\REMHFWLYHO\GHWHUPLQHG3$/
XVLQJPXOWLVHQVRU\DUPEDQGDFFHOHURPHWHUWHFKQRORJ\ LVWKHVWURQJHVWLQGLYLGXDOOHYHO

 

SUHGLFWRURIDOOFDXVHPRUWDOLW\LQSDWLHQWVZLWKFKURQLFREVWUXFWLYHSXOPRQDU\GLVHDVH &23' 
:DVFKNLHWDO DQGVWHSVGD\KDVEHHQLGHQWLILHGDVWKHEHVWFXWSRLQWIRU

 
 

SUHGLFWLQJD³VHGHQWDU\´3$/RILQWKLVSRSXODWLRQ 'H3HZHWDOLQSUHVV -XVWDV0(7V



LVWR3$/ LHPHWDEROLFFRVWRIEHKDYLRXUVFDSWXUHGDWDQ\SDUWLFXODUSRLQWLQWLPHYVOLIHVW\OH



LQGLFDWRUVRIHQHUJ\H[SHQGLWXUH VWHSVPLQLVWRVWHSVGD\$FDGHQFHRIVWHSVPLQKDV



EHHQFRQVLVWHQWO\DVVRFLDWHGZLWKDQDEVROXWHO\GHILQLWLRQRIPRGHUDWHLQWHQVLW\ LH0(7V 

rR

Fo

$EHOHWDO%HHWVHWDOE0DUVKDOOHWDO5RZHHWDO7XGRU/RFNHHWDO

ev




 DQG]HURVWHSVPLQLVFRQVLGHUHGWREHWKH³FULWHULRQPHDVXUH´RI³VHGHQWDU\DFWLYLW\´

ie



:RQJHWDO $ORZOHYHORI3$/LVLQGLFDWLYHRIDVHGHQWDU\OLIHVW\OH )$2:+2818

 

 DQGDORZOHYHORIVWHSVGD\VKRXOGOLNHZLVHEHLQWHUSUHWHGDVDVHGHQWDU\OLIHVW\OHLIVRPH

 

GHJUHHRIFRQVLVWHQF\LVWREHPDLQWDLQHG$OWKRXJKZHFRQVLGHUHGDOWHUQDWLYHWHUPLQRORJ\WKH

 

FRQWLQXHGXVHRI³VHGHQWDU\OLIHVW\OHLQGH[´DSSOLHGWRDORZOHYHOVWHSGHILQHGWKUHVKROGLV

 

KDUPRQLRXVZLWKWKHXVHRIWKHWHUP³VHGHQWDU\OLIHVW\OH´GHILQHGE\UHODWLYHO\ORZOHYHOVRI



GDLO\HQHUJ\H[SHQGLWXUHDVSUHYLRXVO\HVWDEOLVKHGE\WKH)$2:+2DQG818)XUWKHUDVZLOO



EHSUHVHQWHGLQWKHIROORZLQJVHFWLRQVLWKDVDOUHDG\EHHQFRQVLVWHQWO\DSSOLHGLQDJURZLQJ



QXPEHURIVWXGLHVDQGWRUHODEHOLWQRZZRXOGRQO\DGGWRWKHFRQIXVLRQ

w

ly

On
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7RHDVHFRPPXQLFDWLRQZHRIIHUDVLPSOHVFKHPDWLF )LJXUH WRJUDSKLFDOO\SUHVHQWWKH




FRPELQHGDSSOLFDWLRQRIWKHVHYDULRXVGHILQLWLRQVLQGHIHQVHRID³VWHSGHILQHGVHGHQWDU\



OLIHVW\OHLQGH[´6LQFHZHKDYHGHPRQVWUDWHGWKDW1+$1(6SDUWLFLSDQWVZKRDFFXPXODWH
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WRVWHSVGD\PHHW093$JXLGHOLQHV 7XGRU/RFNHHWDOG ZHKDYHVHWWKH

 

³SK\VLFDOO\DFWLYHOLIHVW\OH´WKUHVKROGDWVWHSVGD\7KLVLVDOVRFRQJUXHQWZLWKDQ

 

LQWHUQDWLRQDOUHYLHZRIVWHSVGD\YDOXHVDVVRFLDWHGZLWKDWWDLQPHQWRISXEOLFKHDOWK



UHFRPPHQGDWLRQVRIWLPHLQ093$ 7XGRU/RFNHHWDOK 6LQFHWKH)$2:+2DQG



 

818  FRQVLGHUD³OLJKWDFWLYLW\OLIHVW\OH´WREHUHODWLYHO\PRUHDFWLYHWKDQD³VHGHQWDU\

 

OLIHVW\OH´DQGRWKHUVKDYHSHUVXDVLYHO\DUJXHGWKDWWKHWHUP³LQDFWLYH´VKRXOGEHVSHFLILFDOO\

 

UHVHUYHGIRUQRQDWWDLQPHQWRI093$UHFRPPHQGDWLRQV 2ZHQHWDO7UHPEOD\HWDO

 

  LQGHHGDOHWWHUKDVEHHQZULWWHQXUJLQJMRXUQDOHGLWRUVDQGUHYLHZHUVWRRYHUVHHWKLV

 

DSSURSULDWHXVH 6HGHQWDU\%HKDYLRXU5HVHDUFK1HWZRUN ZHWKHUHIRUHFRQVLGHU³SK\VLFDO

 

LQDFWLYLW\´WRUHIHUWRWKHVSHFWUXPRIEHKDYLRXUEHORZWKH093$UHFRPPHQGDWLRQDQGKDYH





DVVLJQHGWKHWHUP³ORZDFWLYHOLIHVW\OH´ WHUPLQRORJ\VHOHFWHGLQNHHSLQJZLWKSUHYLRXV





UHFRPPHQGDWLRQV 7XGRU/RFNHDQG%DVVHWW7XGRU/RFNHHWDOE WRIDOO





LPPHGLDWHO\EHORZWKLV093$DVVRFLDWHGWKUHVKROG LHWRVWHSVGD\ EXWDERYH





WKH³VHGHQWDU\OLIHVW\OH´ LHVWHSVGD\ )LQDOO\VLQFHSUHFHGLQJDQGHVWHHPHG

w

ie

ev

rR

Fo

 

UHVHDUFKHUVKDYH UHFRJQL]HGWKDWWKHVWXG\RIVHGHQWDU\EHKDYLRXUVLQFOXGHV³QRQH[HUFLVH

 

DFWLYLW\GHILFLHQF\´ +DPLOWRQHWDO  DFNQRZOHGJHGWKDWPRUHWLPHLQ³OLJKWLQWHQVLW\

 

DFWLYLW\´LVVWURQJO\DVVRFLDWHGZLWKOHVVWLPHLQVHGHQWDU\EHKDYLRXUV +HDO\HWDO+HDO\

 

HWDO2ZHQHWDO DQG FKDUDFWHUL]HG³VHGHQWDULVP´ 7UHPEOD\HWDO E\

 

PLQLPDOPRYHPHQWDQGORZHQHUJ\H[SHQGLWXUHZHUHPDLQUHVROXWHLQLGHQWLI\LQJDVWHSVGD\

 

YDOXHWKDWFRXOGEHXVHGDVD³VHGHQWDU\OLIHVW\OHLQGH[´$Q³LQGH[´LVFRQVLGHUHGWREHDJXLGH





DQLQGLFDWRUDVLJQRUDSRLQWHU:HZLVKWRHPSKDVL]HWKDWWKLVLVD³VWHSGHILQHGVHGHQWDU\





OLIHVW\OHLQGH[´,QPXFKWKHVDPHZD\RWKHUVKDYHRIIHUHGD³3$/GHILQHGVHGHQWDU\OLIHVW\OH





LQGH[´ )$2:+2818 ,QWKHIXWXUHVWLOORWKHUVPD\RIIHUD³SRVWXUHGHILQHGVHGHQWDU\

ly

On
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OLIHVW\OHLQGH[´HWF)LQDOO\ZHEHOLHYHWKDWWKHXVHRI³VHGHQWDU\OLIHVW\OH´GRHVQRWGHWUDFW

 

IURPWKHFRQWLQXHGXVHRI³VHGHQWDU\EHKDYLRXU´WRGHILQHEHKDYLRXUVFDSWXUHGDWDQ\SDUWLFXODU

 

SRLQWLQWLPH RUWKHDFFXPXODWLRQRIWLPHVSHQWLQVXFKEHKDYLRXUV DQGGHILQHGE\DUHODWLYH

 

ODFNRIHQHUJ\H[SHQGLWXUHDVHDWHGSRVWXUHRUUHODWLYHO\ORZDFFXPXODWHGDFWLYLW\FRXQWVPLQ

 

ǡǡθͻǡͶͶͶȀ

 



6HPDQWLFVDVLGHWKHSXUSRVHRIWKLVUHYLHZLVQRWRQO\WRSUHVHQWWKHUDWLRQDOHEXWWRDOVR

 

Fo





H[DPLQHDQGXSGDWHWKHXWLOLW\DSSURSULDWHQHVVDQGOLPLWDWLRQVRIXVLQJWKHRULJLQDOO\SURSRVHG





FXWSRLQWRIVWHSVGD\DVDVWHSGHILQHGVHGHQWDU\OLIHVW\OHLQGH[7KHQHHGIRUWKLV





VHOHFWLYHIRFXVLVHYLGHQWIURPWKHVLPSOHIDFWWKDWWKHUHDUHIHZRWKHUFRQWHQGHUVDWWKLVWLPHDV





ZLOOEHSUHVHQWHGLQPRUHGHWDLOEHORZ7KHUHPDLQGHURIWKHDUWLFOHLVRUJDQL]HGLQWRWKH

 

IROORZLQJVHFWLRQVFDWHJRUL]HGDFFRUGLQJWRHPHUJHQWWKHPHVLGHQWLILHGLQWKHVWHSEDVHG

 

OLWHUDWXUH VWXGLHVUHSRUWLQJVDPSOHSURSRUWLRQVWDNLQJVWHSVGD\ FKDUDFWHULVWLFVRI

 

SHRSOHWDNLQJVWHSVGD\ FRQWH[WXDOIDFWRUVWKDWFDQOLPLWDFFXPXODWLRQRIVWHSGHILQHG

 

SK\VLFDODFWLYLW\WRYDOXHVRIVWHSVGD\ KHDOWKULVNVDVVRFLDWHGZLWKWDNLQJ

 

VWHSVGD\ KHDOWKHIIHFWVRILQFUHDVLQJSK\VLFDODFWLYLW\OHYHOVIURPVWHSVGD\WR!

 

VWHSVGD\ KHDOWKHIIHFWVRIUHGXFLQJSK\VLFDODFWLYLW\OHYHOVWRVWHSVGD\ 





DOWHUQDWLYHVWHSEDVHGGHILQLWLRQVIRUDVHGHQWDU\OLIHVW\OHLQGH[ UHOHYDQFHIRU





FKLOGUHQDGROHVFHQWVDQG OLPLWDWLRQVWRWKLVDSSURDFK7KURXJKRXWZHGLVWLQJXLVK





WHUPLQRORJ\XVHGLQRULJLQDOUHVHDUFKVWXGLHVLQTXRWDWLRQV HJ³VHGHQWDU\´ 

w

ie

ev

rR

ly

On
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3UHYDOHQFHRIWDNLQJVWHSVGD\
7KHGHVFULSWLYHHSLGHPLRORJ\RIYDULRXVVWHSVGD\FXWSRLQWVKDVEHHQSUHYLRXVO\



FRPSLOHG 7XGRU/RFNHHWDOK EXWLVUHDVVHPEOHGXSGDWHGDQGH[WHQGHGKHUHWRIRFXV



RQVWXGLHVWKDWLQFOXGHGDVSHFLILFUHSRUWRIWKHSURSRUWLRQRIWKHVWXG\VDPSOHWDNLQJ



VWHSVGD\ 7DEOH 2QO\RQH ZLWKWKHODUJHVWPRVWLQFOXVLYHVDPSOHUHSRUWHG RIWKHUHODWHG



&RRNDQGFROOHDJXHV¶SDSHUV &RRNHWDOD&RRNHWDO&RRNHWDOE RIUXUDO



%ODFN6RXWK$IULFDQVWDNLQJVWHSVGD\LVSUHVHQWHGLQWKHWDEOH3URSRUWLRQVFODVVLILHGE\

 

WKLVVWHSGHILQHGVHGHQWDU\OLIHVW\OHLQGH[UDQJHGIURPLQDVPDOOVDPSOHRIPDOHXQLYHUVLW\

 

VWXGHQWVLQWKH86 0HVWHNHWDO DQGLQDPDOH6RXWK$IULFDQVDPSOH &RRNHWDO

 

E DQGDOVRLQD&]HFK5HSXEOLFVDPSOH 6LJPXQGRYDHWDO WRLQD86VDPSOH

 

RIPXOWLHWKQLFORZLQFRPHKRXVLQJUHVLGHQWVWR\HDUVRIDJH %HQQHWWHWDO 



LQDVPDOOVDPSOHRI$IULFDQ$PHULFDQ0HGLFDLGUHFLSLHQWVDJHG\HDUV 3DQWRQHWDO



 DQGLQRYHUZHLJKWREHVHLQGLYLGXDOVUHFUXLWHGWRDSK\VLFDODFWLYLW\LQWHUYHQWLRQWR



SURPRWHZHLJKWPDLQWHQDQFHIROORZLQJDEHKDYLRXUDODQGZHLJKWORVVSURJUDP 9LOODQRYDHWDO



 6LQFHDWOHDVWHLJKWDQDO\VHVRIWKH1DWLRQDO+HDOWKDQG1XWULWLRQ([DPLQDWLRQ



6XUYH\ 1+$1(6 DFFHOHURPHWHUVWHSGDWD DGMXVWHGWRFRPHPRUHLQOLQHZLWKDSHGRPHWHU



VFDOLQJ KDYHDOVRIRFXVHGRQVWHSVGD\DVDWOHDVWRQHVWXGLHGVWHSEDVHGFXWSRLQW

w

ie

ev

rR

Fo

ly

On

Appl. Physiol. Nutr. Metab. Downloaded from www.nrcresearchpress.com by 173.22.39.44 on 11/24/12
For personal use only.



 

6LVVRQHWDO6LVVRQHWDO7XGRU/RFNHHWDOD7XGRU/RFNHHWDOD

 

7XGRU/RFNHHWDOE7XGRU/RFNHHWDOE7XGRU/RFNHHWDOG<DQJHWDO

 

 WKHWDEOHRQO\LQFOXGHVWKHVWXG\ZLWKWKHPRVWLQFOXVLYH LHODUJHVW VDPSOHIURPWKH

 

RULJLQDOGDWDVRXUFHWKDWDOVRVSHFLILFDOO\UHSRUWHGWKHZHLJKWHGSURSRUWLRQFODVVLILHGDVWDNLQJ



VWHSVGD\ 6LVVRQHWDO $FFRUGLQJO\WKLVQDWLRQDOO\UHSUHVHQWDWLYHDGXOWVDPSOH



LQGLFDWHGWKDWRI86DGXOWVWRRNVWHSVGD\,QDVHSDUDWHDQDO\VLVRIWKHVH
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1+$1(6GDWDLWDSSHDUVWKDWDSSUR[LPDWHO\RIWKH86SRSXODWLRQWDNHVVWHSVGD\
FRQVLGHUHGLQGLFDWLYHRI³EDVDODFWLYLW\´  7XGRU/RFNHHWDOD 



1RWLQFOXGHGLQWKLVWDEOHDUHWZRVWXGLHVWKDWUHSRUWHGQXPEHURIGD\VVWHSVGD\



LQPRQLWRUHGVDPSOHV$QDO\VHVSHUIRUPHGRQSHUVRQGD\VRIGDWDFROOHFWHGRYHUD\HDU

 

ORQJVWXG\RISDUWLFLSDQWVIURPWZRVRXWKHUQ86XQLYHUVLWLHV 7XGRU/RFNHHWDOG 

 

LQGLFDWHGWKDWRIDOOSHUVRQGD\VZHUHVWHSVGD\ZKLOHWKHVDPSOHPHDQZDV

 

VWHSVGD\2QO\DVLQJOHLQGLYLGXDO¶VYDOXHVIURPWKLVVPDOODQGRVWHQVLEO\

 

KHDOWK\VDPSOHDYHUDJHGVWHSVGD\RYHUWKHFRXUVHRIWKH\HDU)LQDOO\%DUUHLUDHWDO LQ



SUHVVE FROOHFWHGSHUVRQGD\VRISHGRPHWHUGHWHUPLQHGGDWDIURPRYHUZHLJKWREHVH



LQGLYLGXDOV7KHVDPSOHDYHUDJHZDVVWHSVGD\DQGRIDOOSHUVRQGD\VZHUH



VWHSVGD\



&KDUDFWHULVWLFVRISHRSOHWDNLQJVWHSVGD\

w

ie

ev

rR

Fo

6LVVRQHWDO  UHSRUWHGWKDW86DGXOWVWDNLQJVWHSVGD\ZHUHPRUHOLNHO\WR



On



KDYHDUHODWLYHO\ORZHUKRXVHKROGLQFRPHDQGEHIHPDOHROGHU$IULFDQ$PHULFDQYHUVXV

 

(XURSHDQ$PHULFDQHWKQLFLW\DQGDFXUUHQWYHUVXVQHYHUVPRNHU+RUQEXFNOHHWDO  DOVR

 

UHSRUWHGVLJQLILFDQWDJHGLIIHUHQFHVEHWZHHQWKRVHWDNLQJVWHSVGD\ UHODWLYHO\ROGHU DQG

 

WKRVHWDNLQJVWHSVGD\ UHODWLYHO\\RXQJHU 7KHORZHVWUHSRUWHGPHDQSHGRPHWHU

 

GHWHUPLQHGSK\VLFDODFWLYLW\UHSRUWHGLQDUHYLHZRIH[SHFWHGYDOXHVIRUROGHUDGXOWVZDV



VWHSVGD\LQDVDPSOHRI\HDUROGV &URWHDXDQG5LFKHVRQ 0RUHUHFHQWO\DYDOXHRI



VWHSVZHHN WUDQVODWLQJWRVWHSVGD\ ZDVUHSRUWHGIRUDVDPSOHRIROGHU



$IULFDQ$PHULFDQZRPHQ \HDUV HQJDJHGLQDIDLWKEDVHGLQWHUYHQWLRQ 'XUXHWDO



 $UHYLHZRIFURVVVHFWLRQDOVWXGLHVRILQGLYLGXDOVOLYLQJZLWKKHDUWDQGYDVFXODUGLVHDVHV

ly
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FKURQLFREVWUXFWLYHSXOPRQDU\GLVHDVH &23' GLDO\VLVDUWKULWLVMRLQWUHSODFHPHQW



ILEURP\DOJLDDQGSK\VLFDOGLVDELOLW\LQGLFDWHWKDWDOODYHUDJHVWHSVGD\ 7XGRU/RFNHHW

 

DOE 5HFHQWDGGLWLRQVWRWKLVERG\RIUHVHDUFKLQGLFDWHWKDWSDWLHQWVZLWK&23'DYHUDJH

 

 'H3HZHWDOLQSUHVV WRVWHSVGD\ 0R\HWDOLQSUHVV WKRVHZLWKGLDEHWHV

 

ZLWKRXWPRELOLW\OLPLWDWLRQV DYHUDJHVWHSVGD\ YDQ6ORWHQHWDO DQGWKRVH

 

XQGHUJRLQJWRWDOMRLQWDUWKURSODVW\DYHUDJHVWHSVGD\ 1DDODQG,PSHOOL]]HUL (YHQLQ



WKHVHVDPSOHVVKRZLQJDYHUDJHYDOXHVVRPHZKDWJUHDWHUWKDQVWHSVGD\ORZHUYDOXHVZHUH



DVVRFLDWHGZLWKFRPSURPLVHGKHDOWKUHODWHGRXWFRPHV 0R\HWDOLQSUHVVYDQ6ORWHQHWDO



 

rR

Fo

,QDUHFHQWUHYLHZRISHGRPHWHUEDVHGSK\VLFDODFWLYLW\LQWHUYHQWLRQVIRUROGHUDGXOWV DJH




  7XGRU/RFNHHWDOJ VWXGLHVLGHQWLILHGUHSRUWHGEDVHOLQHYDOXHV



VWHSVGD\DQGRQO\RIWKRVHVWXGLHVZLWKVDPSOHVDYHUDJLQJVWHSVGD\DWEDVHOLQHZHUH

 

DEOHWRHOLFLWDOHYHORILQFUHDVHWKDWSXWWKHDYHUDJHRYHUVWHSVGD\SRVWLQWHUYHQWLRQ

 

3HGRPHWHUEDVHGLQWHUYHQWLRQVWXGLHVFRQGXFWHGZLWKVSHFLDOSRSXODWLRQVZHUHLQFOXGHGLQWKH

 

VDPHUHYLHZ 7XGRU/RFNHHWDOJ %DVHOLQHYDOXHVZHUHVWHSVGD\IRU





FDQFHUFDQFHUVXUYLYRUVWXGLHVLGHQWLILHG&23'VWXGLHVFRURQDU\KHDUWGLVHDVHDQG

 

UHODWHGGLVRUGHUVWXGLHVGLDEHWHVDQGUHODWHGGLVRUGHUVWXGLHVDQGMRLQWDQGPXVFOH

 

GLVRUGHUVWXGLHV,WDSSHDUVWKDWQRWDOORIWKHVHLQWHUYHQWLRQVZHUHIRFXVHGRQUHFUXLWLQJ

 

SK\VLFDOO\LQDFWLYHLQGLYLGXDOVDWOHDVWDVGHILQHGE\WDNLQJVWHSVGD\DWEDVHOLQH

w

ie

ev

ly

On
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)LQDOO\PRUELGO\REHVHLQGLYLGXDOVKDYHEHHQVKRZQWRWDNHRQDYHUDJH

 
 

VWHSVGD\ 'DPVFKURGHUHWDO'XUXHWDO0DUDNLHWDO )RULQVWDQFH

 

9DQKHFNHHWDO  UHSRUWHGWKDWPRUELGO\REHVH %0,  LQGLYLGXDOVDYHUDJHG



VWHSVGD\
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&RQWH[WXDOIDFWRUVUHODWHGWRVWHSVGD\
&RQWH[WXDOIDFWRUVWKDWVKDSHVHGHQWDU\EHKDYLRXUDQGSK\VLFDOLQDFWLYLW\LQFOXGHVRFLDO
QDWXUDORUEXLOWHQYLURQPHQWVDQGRUJDQL]DWLRQDORUVLWXDWLRQDOIDFWRUV 6SHQFHDQG/HH 

 

7KHEXLOWHQYLURQPHQWLVDVVRFLDWHGZLWKVHGHQWDU\EHKDYLRXULQERWKFKLOGUHQ 7LPSHULRHWDO

 

 DQGDGXOWV .R]RHWDOLQSUHVV6XJL\DPDHWDO /RZHUVWHSVGD\DUHDOVR

 

DVVRFLDWHGZLWKLQDFFHVVLEOHDQGRUDODFNRIGHVWLQDWLRQVLQFKLOGUHQ 0F&RUPDFNHWDOD 

 

DGXOWV .RQGRHWDO DQGROGHUDGXOWV .LQJHWDO $QHJDWLYHSHUFHSWLRQRI

 

QHLJKERXUKRRGHQYLURQPHQWLVDVVRFLDWHGZLWKORZHUVWHSVGD\LQROGHUDGXOWV 2NDDQG6KLEDWD

 

 )XUWKHUPRGHRIWUDQVSRUWLQIOXHQFHVVWHSVGD\:HQHUDQG(YDQV  UHSRUWHGWKDW





FDUFRPPXWHUVWRRNIHZHUVWHSVGD\WKDQWKRVHZKRFRPPXWHGE\WUDLQ9DQ'\FNHWDO





 VKRZHGWKDWUHVLGHQWVRIORZZDONDEOHQHLJKERXUKRRGVWRRNIHZHUVWHSVGD\DQGDOVR





ZDONHGOHVVIUHTXHQWO\IRUWUDQVSRUWDWLRQLQWKHLUQHLJKERXUKRRG$VZHOO%HQQHWWHWDO  





UHSRUWHGWKDWVWHSVGD\ZHUHSRVLWLYHO\DVVRFLDWHGZLWKSHUFHLYHGQLJKWWLPHVDIHW\WKXVWKRVH

w

ie

ev

rR

Fo

 

ZLWKWKHJUHDWHVWVDIHW\FRQFHUQVDOVRWRRNWKHORZHVWVWHSVGD\'HVSLWHWKHVHDFFXPXODWLQJ

 

UHSRUWVIHZVWXGLHVKDYHGLUHFWO\H[DPLQHGWKHHIIHFWVRIWKHVHFRQWH[WXDOIDFWRUVRQWDNLQJ

 

VWHSVGD\3HUKDSVPRVWLOOXPLQDWLQJKRZHYHULVDVWXG\H[DPLQLQJGLIIHUHQFHVLQ

 

SHGRPHWHUGHWHUPLQHGSK\VLFDODFWLYLW\RIDVXEPDULQHFUHZZKHQIUHHOLYLQJDQGVWDWLRQHGRQ

 

ODQGYVGHSOR\HGWRVHDDQGHQJDJHGLQVWUXFWXUHGWDVNVFRQGXFWHGLQDFRQILQHGDQGFURZGHG

 

VSDFHFUHZPHPEHUVIURPWZRVXEPDULQHVDYHUDJHGDSSUR[LPDWHO\VWHSVGD\ZKLOH





VWDWLRQHGRQODQGDQGWKLVZDVUHGXFHGWRDSSUR[LPDWHO\VWHSVGD\ZKHQGHSOR\HG &KRLHW





DO 









ly

On
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7KHZHDWKHU HJDPELHQWWHPSHUDWXUHUDLQIDOO LVDQRWKHUFRQWH[WXDOIDFWRUUHODWHGWR
SHGRPHWHUGHWHUPLQHGSK\VLFDODFWLYLW\ &KDQHWDO'XQFDQHWDO 6SHFLILFDOO\
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'DVJXSWDHWDO  GHPRQVWUDWHGWKDWDYHUDJHVWHSGHILQHGSK\VLFDODFWLYLW\GLSVWR

 

VWHSVGD\LQIDOOZLQWHULQLQGLYLGXDOVZLWK7\SHGLDEHWHVOLYLQJLQ0RQWUHDO&DQDGD6LPLODUO\

 

GDLO\VWHSVLQDVDPSOHRIROGHUDGXOWV DJHG\HDUV GHFUHDVHGEHORZVWHSVGD\

 

GXULQJWKHZLQWHUPRQWKVRI'HFHPEHUDQG-DQXDU\LQ-DSDQ <DVXQDJDHWDO ,QDQRWKHU

 

VWXG\PDOHRIILFHZRUNHUVLQUXUDO-DSDQZDONHGIHZHUVWHSVGD\LQWKHZLQWHUFRPSDUHGZLWKWKH

 

VXPPHUDQGWKLVGURSSHGEHORZVWHSVGD\RQQRQZRUNLQJGD\V 0LWVXLHWDO 





+HDOWKULVNVDVVRFLDWHGZLWKWDNLQJVWHSVGD\









Fo

$VLQGLFDWHGSUHYLRXVO\7XGRU/RFNHDQGFROOHDJXHV  ILUVWUHSRUWHGWKDW86

rR

LQGLYLGXDOVWDNLQJOHVVWKDQDSSUR[LPDWHO\VWHSVGD\ UHSUHVHQWLQJWKHWKSHUFHQWLOHIRU

ev

 

GLVWULEXWLRQRIVWHSVGD\LQWKDWSDUWLFXODUVDPSOH KDGDVLJQLILFDQWO\KLJKHU%0,WKDQWKRVH



FDWHJRUL]HGLQWRWZRKLJKHUVWHSGHILQHGSK\VLFDODFWLYLW\FDWHJRULHV EHWZHHQWKDQGWK



SHUFHQWLOHVDQGDERYHWKSHUFHQWLOH &RRNHWDO  DOVRUHSRUWHGWKHLQFUHDVHGULVNRI%0,



GHILQHGREHVLW\IRU6RXWK$IULFDQLQGLYLGXDOVWDNLQJVWHSVGD\FRPSDUHGWRDOORWKHU



OHYHOVRIVWHSGHILQHGSK\VLFDODFWLYLW\+LJKHU%0,VLQWKRVHWDNLQJVWHSVGD\KDYHDOVR



EHHQUHSRUWHGE\0LWVXLHWDO  VWXG\LQJD-DSDQHVHVDPSOH:\DWWHWDO  LQD



&RORUDGREDVHGVDPSOH+RUQEXFNOHHWDO  LQ$IULFDQ$PHULFDQZRPHQDQG.UXPPHWDO

w

ie

ly

On
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 LQDSRVWPHQRSDXVDOVDPSOH6LPLODUO\WKHRGGVRIH[SHULHQFLQJH[FHVVLYHJHVWDWLRQDO

 
 

ZHLJKWJDLQZHUHKLJKHULQSUHJQDQW&KLQHVHZRPHQWDNLQJVWHSVGD\ GHILQHGDV

 

³VHGHQWDU\´ WKDQDFWLYHZRPHQ !VWHSVGD\ LQWKHQGWULPHVWHUDQG³VRPHZKDWDFWLYH´

 

ZRPHQ VWHSVGD\ LQWKHUGWULPHVWHU -LDQJHWDO 6LPLODUILQGLQJVKDYH



EHHQUHSRUWHGIRUSHUFHQWERG\IDW +RUQEXFNOHHWDO7XGRU/RFNHHWDO DQGZDLVW



FLUFXPIHUHQFH 'Z\HUHWDO+RUQEXFNOHHWDO 
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6FKPLGWHWDO  UHSRUWHGWKDWZLWKWKHH[FHSWLRQRI\RXQJHUPHQLQGLYLGXDOVWDNLQJ



VWHSVGD\KDGDVXEVWDQWLDOO\KLJKHUSUHYDOHQFHRIFDUGLRPHWDEROLFULVNIDFWRUV LQFOXGLQJ



PHWDEROLFV\QGURPHDQGHOHYDWHGULVNIDFWRUVVXFKDVZDLVWFLUFXPIHUHQFHV\VWROLFEORRG



SUHVVXUHDQGIDVWLQJJOXFRVHWULJO\FHULGHDQG+'/FKROHVWHUROYDOXHV WKDQWKRVHWDNLQJKLJKHU

 

VWHSVGD\6LVVRQHWDO  DOVRVKRZHGWKDWHDFKKLJKHUFDWHJRU\RIVWHSGHILQHGSK\VLFDO

 

DFWLYLW\VKRZHGORZHURGGVRIKDYLQJPHWDEROLFV\QGURPHFRPSDUHGWRWKHFDWHJRU\GHILQHGE\

 

WDNLQJVWHSVGD\)RUH[DPSOHWKHRGGVZHUHORZHUIRULQGLYLGXDOVWDNLQJ

 

VWHSVGD\DQGORZHUIRUWKRVHWDNLQJVWHSVGD\FRPSDUHGWRWKRVHWDNLQJ



VWHSVGD\5HFHQWO\-HQQHUVMRHWDO LQSUHVV UHSRUWHGWKDWLQGLYLGXDOVZLWK7\SH



GLDEHWHVZKRWRRNVWHSVGD\KDGKLJKHU%0,ZDLVWFLUFXPIHUHQFH&UHDFWLYHSURWHLQ



LQWHUOHXNLQDQGSXOVHZDYHYHORFLW\WKDQWKRVHZKRWRRNVWHSVGD\

ev

rR

Fo

)LQDOO\0F.HUFKHUHWDO  UHSRUWHGDKLJKHUSUHYDOHQFHRIGHSUHVVLRQ



ie



DVVRFLDWHGZLWKWDNLQJVWHSVGD\FRPSDUHGWRWDNLQJVWHSVGD\LQZRPHQDQG



WDNLQJVWHSVGD\LQPHQ

 

(IIHFWVRILQFUHDVLQJIURPVWHSVGD\WR!

 

VWHSVGD\

w

ly

On
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,QWHUYHQWLRQVGHVLJQHGWRPRYHSHRSOHIURPWDNLQJVWHSVGD\WRUHODWLYHO\KLJKHU

 
 

YDOXHVKDYHGHPRQVWUDWHGSRVLWLYHKHDOWKRXWFRPHV6ZDUW]HWDO  UHSRUWHGLPSURYHG



JOXFRVHWROHUDQFHZLWKDQZHHNSHGRPHWHUEDVHGZDONLQJSURJUDPLQSRVWPHQRSDXVDO



ZRPHQZKRDYHUDJHGVWHSVGD\DWEDVHOLQHDQGHQGHGXSDYHUDJLQJ



VWHSVGD\3DUWLFLSDQWVLQDZHHNZRUNVLWHSHGRPHWHUSURJUDPZKRLQFUHDVHGWKHLUGDLO\VWHSV



IURPWRH[SHULHQFHGVLJQLILFDQWGHFUHDVHVLQERG\ZHLJKW%0,DQG
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UHVWLQJKHDUWUDWHUHODWLYHWRDQRFKDQJHFRPSDULVRQJURXS 0XVWRHWDO $QRQ



VLJQLILFDQWLQFUHDVHIURPVWHSVGD\WRVWHSVGD\DPRQJREHVH

 

PLGGOHDJHGYHWHUDQVZDVDVVRFLDWHGZLWKDVLJQLILFDQWZHLJKWORVV NJ LQDOLIHVW\OH

 

FRDFKLQJLQWHUYHQWLRQWKDWLQFOXGHGQXWULWLRQDOJRDOVVRWKHUHODWLYHFRQWULEXWLRQRIWKHFKDQJHLQ

 

VWHSVGD\WRWKHZHLJKWFKDQJHLVXQNQRZQ 'DPVFKURGHUHWDO 9LOODQRYDHWDO  

 

UHSRUWHGWKDWRIRYHUZHLJKWREHVHSDUWLFLSDQWVLQDPRQWKEHKDYLRXUSURJUDPWRRN



VWHSVGD\DWEDVHOLQHDQGRQO\ZHUHEHORZWKLVYDOXHDWWKHHQGRIWKHSURJUDPWKH



SUREDELOLW\RILQFUHDVHGDPRXQWRIZHLJKWORVVZDVHQKDQFHGZLWKLQFUHDVHGVWHSVGD\$VIDUDV



ZHDUHDZDUHQRRWKHULQWHUYHQWLRQVKDYHH[SUHVVO\UHFUXLWHGSDUWLFLSDQWVZKRWDNH



VWHSVGD\DWEDVHOLQHDQGVWXGLHGWKHHIIHFWVRIDWWDLQLQJDWOHDVWWKLVFXWSRLQWRUEH\RQG

ev

rR

Fo



%HOODQGFROOHDJXHV  FRPSDUHGWKHHIIHFWLYHQHVVRIDZDONLQJSURJUDPZLWKD



ILWQHVVWUDLQLQJJURXSDQGFRQWUROJURXSDPRQJ³VHGHQWDU\´ VWHSVGD\ LQGLYLGXDOV

 

UDQJLQJLQDJHIURPWR\HDUV$WWKHHQGRIDPRQWKSHULRGWKHZDONLQJJURXSKDG

 

DFKLHYHGVWHSVGD\ZLWKWKHXOWLPDWHJRDORIDYHUDJLQJVWHSVGD\7KRXJK

 

FKDQJHVZHUHREVHUYHGLQVHYHUDOKHDOWKUHODWHGYDULDEOHVIRUDOOJURXSV HYHQWKHFRQWUROJURXS 

 

DWWKHHQGRIWKHLQWHUYHQWLRQWKHDXWKRUVFRQFOXGHGWKHJUHDWHVWUHGXFWLRQVLQERG\PDVVZDLVW



FLUFXPIHUHQFHDQGZDLVWWRKLSUDWLRRFFXUUHGLQWKHWZRDFWLYLW\JURXSV

w

ie

ly

On
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)LQDOO\DFKLHYLQJDVWHSVGD\YDOXH!VWHSVGD\PD\QRWEHFRPSOHWHO\QHFHVVDU\



WRUHDSDWOHDVWVRPHKHDOWKEHQHILWVLQWKRVHZKRWDNHVWHSVGD\ FRQVLGHUHGLQGLFDWLYH



RI³EDVDODFWLYLW\´ 7XGRU/RFNHHWDOD 'XUXHWDO  VWXGLHGREHVH$IULFDQ



$PHULFDQZRPHQZKRLQFUHDVHGWKHLUSK\VLFDODFWLYLW\E\VWHSVGD\IURPDEDVHOLQHYDOXH



RIVWHSVGD\DVDUHVXOWRIDPXOWLFRPSRQHQWIDLWKEDVHGLQWHUYHQWLRQ DSHGRPHWHUZDV

 

XVHGIRUPHDVXUHPHQWDQGDVSDUWRIZHHNO\SHGRPHWHUFRPSHWLWLRQVGXULQJWKHLQWHUYHQWLRQEXW
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SHGRPHWHUUHDGLQJVZHUHQHYHUUHYHDOHGWRSDUWLFLSDQWV 7KLVPRGHVWLPSURYHPHQWRYHU

 

VHHPLQJO\YHU\ORZLQLWLDOEDVHOLQHYDOXHVZDVDVVRFLDWHGZLWKDVLJQLILFDQWGHFUHDVHLQV\VWROLF



EORRGSUHVVXUHEXWQRFKDQJHVLQERG\ZHLJKWRUGLDVWROLFEORRGSUHVVXUHFRPSDUHGWRDFRQWURO



 

JURXS

 

(IIHFWVRIUHGXFLQJWRVWHSVGD\
7K\IDXOWDQG.URJK0DGVHQ  UHYLHZHGDQXPEHURIUHFHQWVWXGLHVWKDWH[DPLQHG

 

Fo

 

WKHKHDOWKHIIHFWVRIUHFUXLWLQJUHODWLYHO\KHDOWK\DQGDFWLYHVXEMHFWVDQGWHPSRUDULO\WUDQVLWLRQLQJ

 

WKHPWRYHU\ORZYDOXHVRIVWHSVGD\7KHVHDQGDIHZUHFHQWDGGLWLRQVDUHGHVFULEHGEULHIO\KHUH

 

6HPLQDODQLPDOVWXGLHVIURP'U)UDQN%RRWK¶VODERUDWRU\VKRZHGWKDWWUDQVLWLRQLQJ

ev

rR





URGHQWVIURPQDWXUDOO\KLJKGDLO\DFWLYLW\ DFFHVVWRUXQQLQJZKHHOV WRORZDFWLYLW\ ORFNLQJ





UXQQLQJZKHHOV LQGXFHGIDVWDQGGUDPDWLFFKDQJHVLQERG\FRPSRVLWLRQLQVXOLQVHQVLWLYLW\DQG





WLVVXHPHWDEROLVPVXJJHVWLQJWKDWWKHFRQYHUVLRQWRLQDFWLYLW\EURXJKWDERXWE\DQDEUXSW





UHPRYDORIRSSRUWXQLW\IRUDFWLYLW\WULJJHUVSRWHQWLDOO\KDUPIXOPHWDEROLFFKDQJHVLQDVKRUW

w

ie

On

 

SHULRGRIWLPH .XPSDQG%RRWKD.XPSDQG%RRWKE.XPSHWDO/D\HHWDO

 

 7KHVHURGHQWVWXGLHVSURPSWHGDQRWKHUJURXSOHGE\'U%HQWH3HGHUVHQWRGHWHUPLQHLI

 

WUDQVLWLRQLQJ\RXQJDFWLYHEXWQRQH[HUFLVLQJPHQWRDORZHUGDLO\DPEXODWRU\DFWLYLW\ZRXOG

 

UHVXOWLQVLPLODUUHVXOWV,QWKHILUVWVWXG\2OVHQHWDO  H[DPLQHGPHWDEROLFUHVSRQVHVLQ

 

\RXQJPHQZKRVHVWHSGHILQHGSK\VLFDODFWLYLW\ZDVUHGXFHGIURPDPHDQYDOXHRI

 

VWHSVGD\WRVWHSVGD\IRUGD\V3ODVPDLQVXOLQDUHDXQGHUWKHFXUYH $8& DVVHVVHGE\





RUDOJOXFRVHWROHUDQFHWHVWLQFUHDVHGVLJQLILFDQWO\IURPSPRO/KWRSPRO/KDIWHU





ZHHNVRIUHGXFHGVWHSDFWLYLW\2OVHQHWDO  DOVRUHSRUWHGDVHFRQGVWXG\FRQGXFWHGZLWK





KHDOWK\\RXQJPHQWUDQVLWLRQHGIURPDPHDQDFWLYLW\OHYHORIVWHSVGD\WR

ly

Appl. Physiol. Nutr. Metab. Downloaded from www.nrcresearchpress.com by 173.22.39.44 on 11/24/12
For personal use only.





http://mc.manuscriptcentral.com/apnm-pubs

Page 23 of 122

Applied Physiology, Nutrition, and Metabolism






VWHSVGD\IRUWZRZHHNV3ODVPDLQVXOLQ$8&LQFUHDVHGVLJQLILFDQWO\IURP

 

SPRO/KWRSPRO/K,QDGGLWLRQSODVPD&SHSWLGH$8&LQFUHDVHGVLJQLILFDQWO\IURP

 

SPRO/KWRSPRO/K7KHVHUHVXOWVVXJJHVWHGWKDWLWWRRNDJUHDWHULQVXOLQ

 

UHVSRQVHWRGLVSRVHRIEORRGJOXFRVHGXULQJSRVWSUDQGLDOFRQGLWLRQVGXHWRUHGXFHGLQVXOLQ

 

VHQVLWLYLW\LQVNHOHWDOPXVFOH7KHZHHNLQWHUYHQWLRQZDVDOVRDVVRFLDWHGZLWKDLQFUHDVHLQ

 

LQWUDDEGRPLQDOIDWPDVVZLWKQRFKDQJHLQWRWDOIDWPDVVDQGDGHFUHDVHLQERWKWRWDOIDWIUHH

 

PDVVDQG%0,.URJK0DGVHQHWDO  DQDO\VHGDGGLWLRQDOGDWDFROOHFWHGIURPWKLVVDPH





VDPSOHRIPHQDQGFRQILUPHGWKDWWKHUHZDVLQGHHGUHGXFHGLQVXOLQVHQVLWLYLW\LQVNHOHWDO





PXVFOH UHGXFWLRQLQJOXFRVHLQIXVLRQUDWHGXULQJDK\SHULQVXOLQHPLFHXJO\FHPLFFODPS 





DQGUHGXFHGDFWLYDWLRQRILQVXOLQVLJQDOOLQJLQELRSVLHGVNHOHWDOPXVFOHVDPSOHV0RUHRYHUWKH\





UHSRUWHGDGHFOLQHLQ92PD[DQGDNJGHFUHDVHLQOHJOHDQPDVVIROORZLQJDZHHN

 

GHFUHDVHRIDERXWVWHSVGD\$OWKRXJKWKHGHFUHDVHWRVWHSVGD\LVPXFK

 

ORZHUWKDQVWHSVGD\WKLVVWXG\VKRZVWKDWUHGXFLQJGDLO\DPEXODWRU\DFWLYLW\WRVXFKYHU\

 

ORZOHYHOVFDXVHVGUDPDWLFFKDQJHVLQKHDOWKLQGLFHVNQRZQWRSRZHUIXOO\LQIOXHQFHULVNIRU

 

PRUELGLW\DQGPRUWDOLW\

w

ie

ev

rR

Fo

On

7KHVDPHUHVHDUFKJURXSKDVSHUIRUPHGIROORZXSVWXGLHVWRGHWHUPLQHLIUHGXFLQJGDLO\

 

ly
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VWHSVIURP!WRFRPELQHGZLWKDKLJKHUFDORULHGLHW NFDO ZRXOGLQGXFH





JUHDWHUFKDQJHVLQLQVXOLQVHQVLWLYLW\DQGERG\FRPSRVLWLRQ .QXGVHQHWDOLQSUHVV 7KH\DOVR





SHUIRUPHG2*77VDQGPHDVXUHGERG\IDWYLVFHUDODGLSRVLW\DQGERG\PDVVDWEDVHOLQHDQG





DQGGD\VDIWHUWKHWUDQVLWLRQWRUHGXFHGVWHSVGD\WRGHWHUPLQHLIDFKDQJHLQLQVXOLQ

 

VHQVLWLYLW\RFFXUUHGEHIRUHRUDIWHUVLJQLILFDQWFKDQJHVLQDGLSRVLW\DQGERG\ZHLJKW,QVXOLQ



VHQVLWLYLW\GHULYHGIURPDQLQGH[RIWKHJOXFRVHDQGLQVXOLQUHVSRQVHVWRWKH2*77ZDV



VLJQLILFDQWO\UHGXFHGE\DIWHURQO\GD\VRILQDFWLYLW\DQGRFFXUUHGSULRUWRVLJQLILFDQW
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LQFUHDVHVLQERG\PDVVDQGDGLSRVLW\ ERWKZKROHERG\DQGYLVFHUDO WKDWWUHQGHGXSDWGD\V



DQGEXWZHUHQRWVLJQLILFDQWO\JUHDWHUWKDQEDVHOLQHXQWLOGD\DWZKLFKWLPHYLVFHUDO



DGLSRVLW\KDGLQFUHDVHGE\DERYHEDVHOLQH,PSRUWDQWO\WKLVVWXG\FRQILUPHGHDUOLHU



ILQGLQJVWKDWDQDFXWHWUDQVLWLRQWRYHU\ORZGDLO\VWHSVLQGXFHVVLJQLILFDQWFKDQJHVLQLQVXOLQ

 

VHQVLWLYLW\DQGDGLSRVLW\$QRWKHULQWHUHVWLQJRXWFRPHRIWKLVVWXG\ZDVWKDWPHDVXUHVZHUH

 

DJDLQFROOHFWHGGD\VDIWHUWKHWZRZHHNVRILQDFWLYLW\WRGHWHUPLQHLIDUHWXUQWRWKHVXEMHFW¶V

 

QRUPDOGDLO\VWHSFRXQWUHWXUQHGPHDVXUHGYDULDEOHVWREDVHOLQHOHYHOV,QWHUHVWLQJO\GHVSLWH

 

LQVXOLQVHQVLWLYLW\UHWXUQLQJWRQRUPDOERWKERG\PDVVDQGERG\IDWZHUHVWLOOHOHYDWHG YLVFHUDO



DGLSRVLW\ZDVQRWDVVHVVHG VXJJHVWLQJWKDWDFXWHSHULRGVRILQDFWLYLW\PD\OHDGWRDQLQFUHPHQWDO



LQFUHDVHLQDGLSRVLW\DQGERG\PDVVRYHUWLPH

ev

rR

Fo



5HGXFHGVNHOHWDOPXVFOHLQVXOLQVHQVLWLYLW\SOD\VDIXQGDPHQWDOUROHLQLPSDLUHG



SRVWSUDQGLDOJO\FHPLFFRQWURO$QLQFUHDVHGSRVWSUDQGLDOJOXFRVHUHVSRQVHLVERWKDULVNIDFWRU



IRUWKHGHYHORSPHQWRI7\SHGLDEHWHVDQGDQLQGHSHQGHQWULVNIDFWRUIRUFDUGLRYDVFXODUGLVHDVH



LQSHRSOHZLWKDQGZLWKRXW7\SHGLDEHWHV$VWXG\FRQGXFWHGE\0LNXVHWDO  

 

WUDQVLWLRQHGKHDOWK\DFWLYHLQGLYLGXDOVZKRZHUHREWDLQLQJ!VWHSVGD\WR

 

VWHSVGD\IRURQO\GD\VWRGHWHUPLQHLIWKLVDEUXSWDQGWHPSRUDU\FKDQJHLQGDLO\SK\VLFDO

 

DFWLYLW\ZRXOGPRGLI\SRVWSUDQGLDODQGRYHUDOOJO\FHPLFFRQWURODVPHDVXUHGE\FRQWLQXRXV

 

JOXFRVHPRQLWRUVGHYLFHVWKDWPHDVXUHEORRGJOXFRVHPLQXWHE\PLQXWHGXULQJIUHHOLYLQJ



FRQGLWLRQV7KHVWXG\IRXQGWKDWRQO\GD\VRIUHGXFHGDFWLYLW\OHGWRVLJQLILFDQWLQFUHDVHVLQ



DYHUDJHJOXFRVHH[FXUVLRQVIROORZLQJPHDOV0RUHRYHUGDLO\PHDVXUHVRIJOXFRVHFRQWURO



LQFOXGLQJPD[LPDODQGPLQLPDOJOXFRVHOHYHOVDQGWKHGXUDWLRQRIWLPHDERYHDKLJKWKUHVKROG



RIHXJO\FHPLDZHUHDOVRVLJQLILFDQWO\DOWHUHG,QVXPPDU\WKHVHILQGLQJVVXJJHVWWKDWWDNLQJ



HYHQWHPSRUDU\WUDQVLWLRQVWRVWHSVGD\GUDPDWLFDOO\DOWHUVJO\FHPLFFRQWURODQGPD\

w

ie

ly

On
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SOD\DIXQGDPHQWDOUROHLQWKHLQFUHDVHGULVNIRUGLDEHWHVDQGRWKHUPHWDEROLFGLVHDVHVZLWQHVVHG

 

LQSHRSOHZKRFKURQLFDOO\WDNHVWHSVGD\
$QRWKHUUHVHDUFKJURXSKDVUHFHQWO\H[DPLQHGWKHFRPELQHGHIIHFWVRILQDFWLYLW\DQG

 

RYHUHDWLQJRQERG\FRPSRVLWLRQDQGPHQWDOKHDOWK(UQHUVVRQHWDO DEF 

 

UHSRUWHGWKDW\RXQJKHDOWK\LQGLYLGXDOVZKRDGRSWHGREHVLW\SURYRNLQJEHKDYLRXUVIRUZHHNV



WKDWLQFOXGHGGRXEOHGHQHUJ\LQWDNH SULPDULO\IURPIDVWIRRG DQGWDNLQJVWHSVGD\



LQFUHDVHGWKHLUERG\ZHLJKW (UQHUVVRQHWDOD(UQHUVVRQHWDOF LQFUHDVHGERWKIDW



IUHHPDVVDQGIDWPDVV (UQHUVVRQHWDOD GHFUHDVHGWKHLUKHDOWKUHODWHGTXDOLW\RIOLIH



(UQHUVVRQHWDOF DQGUHSRUWHGGHYHORSLQJDODFNRIHQHUJ\ UHODWHGWRHPRWLRQDOOLIH

rR

Fo



UHODWLRQVDQGOLIHKDELWV  (UQHUVVRQHWDOE 2QH\HDUDIWHUWKLVEULHILQWHUYHQWLRQWKHERG\



ZHLJKWLQFUHDVHUHPDLQHGKLJKHUUHODWLYHWRDFRQWUROJURXS (UQHUVVRQHWDOD ,QDGGLWLRQ

 

IDWIUHHPDVVZDVXQFKDQJHGUHODWLYHWREDVHOLQHEXWWKHLQFUHDVHLQIDWPDVVUHPDLQHG

ie

ev

 

(UQHUVVRQHWDOD 7KLVVWXG\DJDLQVXJJHVWVWKDWDFXWHSHULRGVRILQDFWLYLW\DQGGLHWDU\

 

H[FHVVPD\OHDGWRDQLQFUHPHQWDOLQFUHDVHLQERG\PDVVWKDWLVWKHQVXVWDLQHGRYHUWLPH7KH

 

UHODWLYHFRQWULEXWLRQRIWKHGHFUHDVHVLQVWHSGHILQHGSK\VLFDODFWLYLW\FRPSDUHGWRWKHHQHUJ\



LQWDNHK\SHUDOLPHQWDWLRQZDVQRWGHWHUPLQHG



$OWHUQDWLYHGHILQLWLRQV

w

ly

On
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7KRPSVRQHWDO  GHILQHG³LQDFWLYH´DVVWHSVGD\LQDVWXG\RIPLGGOHDJHG




$PHULFDQZRPHQ2WKHUVKDYHXVHGWKLVFXWSRLQWWRR *UDIIHWDO/DUDHWDO ZLWK



/DUDDQGFROOHDJXHV  ODEHOOLQJLWDV³VHGHQWDU\´7XGRU/RFNHHWDO D GHILQHG



VWHSVGD\DV³LQDFWLYH´LQDQ$XVWUDOLDQVDPSOHZLWKDUHODWLYHO\KLJKPHDQVWHSVGD\7KLV

 

VDPHVWHSVGD\FXWSRLQWKDVEHHQODEHOOHG³VHGHQWDU\´ %DUEDW$UWLJDVHWDO DQGDOVR
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³VHGHQWDU\WRORZDFWLYH´ ,QRXHHWDOE ,QDQLQWHUYHQWLRQVWXG\FRQGXFWHGLQD&DQDGLDQ

 

VDPSOHZLWK7\SHGLDEHWHV7XGRU/RFNHHWDO E GHILQHG³LQVXIILFLHQWO\DFWLYH´DV

 

VWHSVGD\IRUUHFUXLWPHQWSXUSRVHVEDVHGRQDSUHYLRXVFURVVVHFWLRQDOVWXG\RILQGLYLGXDOV



ZLWK7\SHGLDEHWHVZKHUHWKLVOHYHODSSUR[LPDWHGWKHWKSHUFHQWLOHRIGLVWULEXWLRQ 7XGRU



/RFNHHWDO 2NDHWDO  GHILQHG³LQVXIILFLHQWO\DFWLYH´DVVWHSVGD\ PHQ 



DQGVWHSVGD\ ZRPHQ EDVHGRQQRWDWWDLQLQJD-DSDQHVHQDWLRQDOSK\VLFDODFWLYLW\



REMHFWLYHDSSOLHGVSHFLILFDOO\WRROGHUDGXOWV\HDUVRIDJH)LQDOO\DQXPEHURIRWKHU



-DSDQHVHUHVHDUFKHUVKDYHGHILQHG³VHGHQWDU\´DVVWHSVGD\ ,QRXHHWDOD



,VKLNDZD7DNDWDHWDO3DUNHWDO 'LIIHUHQFHVLQH[DFWVWHSVGD\YDOXHVXVHGDQG

 

DVVRFLDWHGWHUPLQRORJ\UHIOHFWHDUOLHUWKLQNLQJDQGRUDQHHGWRDFFRPPRGDWHVWXG\VSHFLILFDQG

 

XQLTXHVDPSOHGLVWULEXWLRQSDUDPHWHUV7KHYDULDWLRQLQWHUPLQRORJ\EHWZHHQRULJLQDOUHVHDUFK

 

VWXGLHVDQGUHYLHZDUWLFOHVUHODWLQJWRZKDWUHODWLYHO\ORZGDLO\VWHSYDOXHVPHDQOHQGVVXSSRUWDV



WRZK\WKHSUHVHQWUHYLHZLVVRLPSRUWDQW

w

ie

ev

rR



Fo

7KHUHDUHZHDNQHVVHVWRXVLQJVWHSVGD\DVDVWHSGHILQHGVHGHQWDU\OLIHVW\OH

 

On

 

LQGH[)LUVWDQGIRUHPRVWWKHHYLGHQFHVXSSRUWLQJLWXVHKDVODUJHO\EHHQGHULYHGDVDUHVXOWRID

 

³VHOIIXOILOOLQJSURSKHF\´)RUH[DPSOHWKHGHPRJUDSKLFUHVXOWVUHSRUWHGE\6LVVRQHWDO  

 

ZRXOGQRWOLNHO\KDYHFKDQJHGLIDOWHUQDWLYHFXWSRLQWVRIRUVWHSVGD\KDGEHHQ

 

FRQVLGHUHG)XUWKHUWKHGHWULPHQWDOHIIHFWVRIWDNLQJHYHQIHZHUVWHSVGD\ HJ

 

VWHSVGD\ DUHHPHUJLQJ .QXGVHQHWDOLQSUHVV.URJK0DGVHQHWDO2OVHQHWDO 





6LQFHVWHSVGD\KDVEHHQWKHPRVWFRPPRQFDQGLGDWHIRUDVWHSGHILQHGVHGHQWDU\





OLIHVW\OHLQGH[SUHVHQWHGWRGDWHKRZHYHULWJHWVUHLQIRUFHGVLPSO\E\UHSHWLWLRQ:LGHVSUHDG





XVHDQGUHSHWLWLRQDUHQRWHYLGHQFHRIYHUDFLW\$OWHUQDWLYHWKUHVKROGVPLJKWEHPRUHYDOLGEXW





KDYHQRWEHHQXVHGH[WHQVLYHO\DQGDUHWKHUHIRUHODFNLQJFRQILUPDWLRQ$FUHDWLYHDQDO\VLV

ly
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ZRXOGDWWHPSWWRLGHQWLI\DVSHFLILFVWHSVGD\YDOXHDVVRFLDWHGZLWKVHOHFWGLVHDVHFRQGLWLRQVRU

 

VSHFLILFKHDOWKSDUDPHWHUV7KLVLVDFKDOOHQJLQJSXUVXLWKRZHYHUVLQFHK\SRWKHWLFDOO\

 

UHODWLYHO\ DQGLQFUHPHQWDOO\ ORZHUYDOXHVZLOODOZD\VEHDVVRFLDWHGZLWKLQFUHDVLQJO\QHJDWLYH

 

UHVXOWVDQGUHODWLYHO\ DQGLQFUHPHQWDOO\ KLJKHUYDOXHVZLOOEHDVVRFLDWHGZLWKLQFUHDVLQJO\

 

SRVLWLYHUHVXOWV0RUHRYHUUHODWHGFKDQJHVLQVRPHKHDOWKSDUDPHWHUVPD\PHGLDWHRUPRGLI\

 

FKDQJHVLQRWKHUKHDOWKSDUDPHWHUV LHZDLVWFLUFXPIHUHQFHDQGLQVXOLQVHQVLWLYLW\RUEORRG





OLSLGV :KHUHWKHOLQHLVGUDZQEHFRPHVVRPHZKDWVXEMHFWLYHDJDLQVWWKLVLQGLVWLQFWEDFNJURXQG





WKHUHDUHOLNHO\WREHVDPSOHVZLWKHYHQORZHUVWHSVGD\YDOXHVWKDQDQ\LGHQWLILHGFXWSRLQW2Q





WKHRWKHUKDQGWKHXVHIXOQHVVRIDQ\LQGH[LVFRPSURPLVHGLILWLVWRRORZLILWLVVRORZWKDWIHZ





SHRSOHDUHDIIHFWHGE\LWWKHQLWVSXEOLFKHDOWKUHOHYDQFHLVOLPLWHG)RUH[DPSOH86GDWD

rR

Fo

 

VXJJHVWWKDWDSSUR[LPDWHO\RQO\RIWKHSRSXODWLRQWDNHVWHSVGD\ 7XGRU/RFNHHW

 

DOD DQGZHFRXOGRQO\DVVXPHWKLVSHUFHQWDJHZRXOGEHPXFKORZHULQRWKHUPRUHDFWLYH

 

SRSXODWLRQV8OWLPDWHO\YDOLGDWLRQZLWKORQJLWXGLQDOGDWDZLWKYDULRXVKHDOWKRXWFRPHPHDVXUHV

 

LVZDUUDQWHG:KLOHLWPD\FRQWLQXHWREHGHEDWHGDQGGHVSLWHLWVVLPSOLVWLFRULJLQVWKH

 

FRQVLVWHQWXVHRIDVWDQGDUGL]HGGHILQLWLRQRIDVHGHQWDU\OLIHVW\OHLQGH[DVVWHSVGD\

 

ZRXOGIDFLOLWDWHFRPSDULVRQVEHWZHHQVWXGLHVDQGSRSXODWLRQJURXSV





5HOHYDQFHIRUFKLOGUHQDGROHVFHQWV





1+$1(6DFFHOHURPHWHUGDWDLQGLFDWHWKDWGXULQJWKHPRQLWRUHGGD\86FKLOGUHQDQG





DGROHVFHQWV \HDUVRIDJH VSHQGRQDYHUDJHDSSUR[LPDWHO\KRXUVDW]HURVWHSVPLQ QRQ





PRYHPHQW KRXUVGD\EHWZHHQVWHSVPLQPLQGD\DWVWHSVPLQPLQGD\DW

w

ie

VWHSVPLQPLQGD\DWVWHSVPLQDQGPLQGD\DWFDGHQFHVVWHSVPLQ
%DUUHLUDHWDOLQSUHVVD +RZHYHUXQOLNHWKHJURZLQJHYLGHQFHWRVXSSRUWDQDGXOWVWHS

 
 

ly

On

 

ev
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LQGH[IRUFKLOGUHQDQGRUDGROHVFHQWV7KRXJKWKHVWHSEDVHGSHGLDWULFOLWHUDWXUHLVTXLWH

 

FRQVLVWHQWZLWKUHJDUGWR ER\VDFFUXLQJPRUHVWHSVGD\WKDQJLUOV &UDLJHWDO7XGRU

 

/RFNHHWDOF  VWHSVGD\GHFOLQLQJIURPFKLOGKRRGWRDGROHVFHQFH %HHWVHWDOD





&UDLJHWDO DQG WKHLQYHUVHUHODWLRQVKLSEHWZHHQVWHSVGD\DQGERG\FRPSRVLWLRQ









'XQFDQHWDO0F&RUPDFNHWDOE7XGRU/RFNHHWDOF7XGRU/RFNHHWDO
F DQGEHWZHHQVWHSVGD\DQGDHURELFILWQHVV /H0DVXULHUDQG&RUELQ/XEDQVHWDO

 

 LQFKLOGUHQDQGDGROHVFHQWVWKHPDMRULW\RIWKHJHQHUDOSHGLDWULFSK\VLFDODFWLYLW\OLWHUDWXUH



LVFRQFHUQHGZLWKDVVHVVPHQWRIFRPSOLDQFHZLWKLQWHQVLW\EDVHGJXLGHOLQHVRUPHHWLQJVSHFLILF



SK\VLFDODFWLYLW\WDUJHWVRWKHUWKDQDQ\QXPEHURIVWHSVGD\+RZHYHUWKHIRFXVRQ³KRZPDQ\



VWHSVGD\DUHHQRXJK"´LQFKLOGUHQDGROHVFHQWV 7XGRU/RFNHHWDOI KDVUHFHQWO\GULYHQ



WKHSXUVXLWRIDVWHSVGD\WUDQVODWLRQRIDFFXPXODWLQJDWOHDVWPLQXWHVRIGDLO\093$DQ



DFFHSWHGWLPHDQGLQWHQVLW\EDVHGSXEOLFKHDOWKUHFRPPHQGDWLRQ -DQVVHQDQG/HEODQF 

ie

ev

rR

Fo

8VLQJDFFHOHURPHWHUGDWDIURPWKH&DQDGLDQ+HDOWK0HDVXUHV6XUYH\&ROOH\HWDO



w

 UHFHQWO\SURSRVHGWKDWVWHSVGD\EHXVHGDVWKLVWDUJHWIRUFKLOGUHQDQG

 
 

DGROHVFHQWV6LQFHWKH6HGHQWDU\%HKDYLRXU5HVHDUFK1HWZRUN  KDVUHFRPPHQGHGWKDW

 

MRXUQDOHGLWRUVDQGUHYLHZHUVUHTXLUHWKDW³DXWKRUVXVHWKHWHUP³LQDFWLYH´WRGHVFULEHWKRVHZKR

 

DUHSHUIRUPLQJLQVXIILFLHQWDPRXQWVRI093$ LHQRWPHHWLQJVSHFLILHGSK\VLFDODFWLYLW\



JXLGHOLQHV ´WKHLPSOLFDWLRQRIWKHUHVHDUFKFRQGXFWHGE\&ROOH\HWDO  LVWKDWFKLOGUHQ



DQGDGROHVFHQWVZKRWDNHVWHSVGD\DUHSK\VLFDOO\LQDFWLYH7KLVLVRQO\DVLQJOH



H[DPSOHDQGZKHWKHURUQRWLWZDVWKHVHDXWKRUV¶LQWHQWZHEHOLHYHLWPRUHSUXGHQWWRPRYH



EH\RQGDVLPSOHGLFKRWRPRXVFODVVLILFDWLRQRIDFWLYHYVLQDFWLYH:HVXJJHVWLQVWHDGWKDWWKHUH



LVDORZHUYDOXH VLPLODUWRWKDWSUHVHQWHGLQ)LJXUHEXWPRUHUHOHYDQWWRDFKLOGDGROHVFHQW



SRSXODWLRQ SHUKDSVEDVHGRQDORZOHYHOSHUFHQWLOHRIGLVWULEXWLRQRUWLHGWRDGHOHWHULRXVKHDOWK

ly

On
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SDUDPHWHURUDFRPELQDWLRQRIWKHVHWKDWZRXOGEHPRUHXVHIXOIRULGHQWLI\LQJWKRVHZKRDUH

 

PRVWOLNHO\WREHSXWWLQJWKHLUKHDOWKDWULVNDVDUHVXOWRIWKHLUEHKDYLRXU

 

(PHUJLQJUHVHDUFKRQWKHSRSXODWLRQGLVWULEXWLRQRIVWHSVGD\DPRQJFKLOGUHQDQG

 

DGROHVFHQWVFRXOGLQIRUPDSHUFHQWLOHEDVHGGHILQLWLRQRIWKHLQGH[:LWKRXWTXHVWLRQWKHODUJHVW



SRSXODWLRQVWXG\LVWKHRQJRLQJQDWLRQDOO\UHSUHVHQWDWLYH&DQDGLDQ3K\VLFDO$FWLYLW\/HYHOV



DPRQJ&KLOGUHQDQG<RXWKVWXG\ &$13/$<  &UDLJHWDOLQSUHVV&UDLJHWDO ZKLFK



KDVEHHQFROOHFWLQJSHGRPHWHUGDWDRQDERXWFKLOGUHQDQQXDOO\VLQFH%DVHGRQ



WKHFULWHULRQRIDVWHSVGD\FXWSRLQWDWWKHORZHVWWKSHUFHQWLOHRIWKHGLVWULEXWLRQ HTXLYDOHQW



WRDPHDQYDOXHVPLQXVRQHVWDQGDUGGHYLDWLRQ GHULYHGIURPER\VDQGJLUOV

rR

Fo



&UDLJHWDOLQSUHVV ³WDNLQJWRRIHZVWHSV´PD\EHGHILQHGDVWDNLQJVWHSVGD\DPRQJ

 

ER\V\HDUVVWHSVGD\DPRQJER\V\HDUVVWHSVGD\DPRQJJLUOV

 

\HDUVDQGVWHSVGD\DPRQJJLUOV\HDUV$SSO\LQJWKLVGLVWULEXWLRQEDVHGFULWHULRQ

 

WRSXEOLVKHGGDWDIURPDVPDOOHUQDWLRQDO86VWXG\ 7XGRU/RFNHHWDOD DVVRFLDWHG

 

SHGRPHWHUHTXLYDOHQWVWHSEDVHGYDOXHVDUHDQGVWHSVGD\DPRQJER\VDQG



\HDUVUHVSHFWLYHO\DQGDQGVWHSVGD\DPRQJJLUOVDQG\HDUV



UHVSHFWLYHO\6XFKGLVWULEXWLRQEDVHGFXWSRLQWVGHULYHGIURPSRSXODWLRQOHYHOGDWDUHIOHFW



FXUUHQWSK\VLFDODFWLYLW\SDWWHUQVRIWKHVSHFLILHGSRSXODWLRQZKLFKPD\DOVREHDVVRFLDWHGZLWK



ORZHUWKDQLGHDOKHDOWKPHDVXUHVZLWKLQWKDWSRSXODWLRQ)RUH[DPSOHZHNQRZWKDWSK\VLFDO



ILWQHVVRIFKLOGUHQDQG\RXWKKDVGHFOLQHGRYHUWLPHLQ&DQDGD &UDLJHWDO ZKLOHREHVLW\



OHYHOVKDYHLQFUHDVHG -DQVVHQHWDO-DQVVHQHWDO $VWHSGHILQHGVHGHQWDU\OLIHVW\OH

 

LQGH[GHULYHGIURPQRUPDWLYHGLVWULEXWLRQVRIRWKHUSRSXODWLRQVHQJDJLQJLQPRUHWUDGLWLRQDO

 

OLIHVW\OHVUHIOHFWLYHRIORZHUUDWHVRIREHVLW\ VXFKDVWKH1RUWK$PHULFDQ$PLVK %DVVHWW-UHWDO

 

 ZRXOGSURYLGHVXEVWDQWLDOO\GLIIHUHQWYDOXHV7KHDERYHFXWSRLQWVGHILQHGRQQDWLRQDO

w

ie
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SRSXODWLRQGDWD ERWK&DQDGDDQGWKH86 ZRXOGLGHQWLI\RXWOLHUVDSSOLHGWRDQ$PLVK



SRSXODWLRQ PHDQPLQXVWKUHHVWDQGDUGGHYLDWLRQV DQGVWHSVGD\IRUER\VDQG



\HDUVUHVSHFWLYHO\DQGDQGVWHSVGD\IRUJLUOV\HDUV ZKHUHDVWKHPHDQ



PLQXVRQHVWDQGDUGGHYLDWLRQFULWHULRQIRUHVWDEOLVKLQJDQ$PLVKVWHSGHILQHGVHGHQWDU\OLIHVW\OH



LQGH[ DQGVWHSVGD\IRUER\VDQG\HDUVDQGDQG



VWHSVGD\IRUJLUOVDQG\HDUV H[FHHGVWKHDYHUDJHGDLO\VWHSVRI1RUWK$PHULFDQ



FKLOGUHQ7KHYDULDWLRQDPRQJSRSXODWLRQVLOOXPLQDWHVWKHSUREOHPZLWKGLVWULEXWLRQEDVHG

 

WKUHVKROGVDQGXQGHUVFRUHVWKHQHHGWRGHILQHDVWDQGDUGL]HGLQGH[EDVHGRQKHDOWKUHODWHG

 

RXWFRPHV

rR

Fo

$QHDUO\VXJJHVWLRQ 7XGRU/RFNHHWDOE WKDWYDOXHVRIDQG

 

ev

 

VWHSVGD\FRXOGEHXVHGWRLGHQWLI\VHGHQWDU\OLIHVW\OHIRUVFKRRODJHGER\VDQGJLUOV \HDUV 



UHVSHFWLYHO\ZDVORRVHO\EDVHGRQ%0,UHIHUHQFHGDQFKRUV 7XGRU/RFNHHWDOF DQG



PRGHOHGDIWHUDSURSRVHGDGXOWJUDGXDWHGVWHSLQGH[ 7XGRU/RFNHDQG%DVVHWW 7KLVLV



FRQVLVWHQWZLWKDPRUHUHFHQWILQGLQJIURP&$13/$<ZKHUHWKHRGGVRIREHVLW\GHFUHDVHGIRU



HYHU\VWHSLQFUHDVHLQVWHSVGD\VRWKDWER\V \HDUV WDNLQJURXJKO\VWHSVGD\



DQGJLUOVWDNLQJDERXWVWHSVGD\ZHUHPRUHOLNHO\WREHREHVHWKDQWKHDYHUDJHER\



PHDQ VWHSVGD\IRU\HDUROGVDQGVWHSVGD\IRU\HDUROGV DQGJLUO

 

PHDQ VWHSVGD\IRU\HDUROGVDQGIRU\HDUROGV FRQWUROOLQJIRU

w

ly

On

 

ie
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WHOHYLVLRQYLHZLQJWLPH 7XGRU/RFNHHWDOF 
$SSO\LQJWKHVHVH[VSHFLILFFXWSRLQWV LHDQGIRUER\VDQGJLUOV

 




UHVSHFWLYHO\ WRFKLOGUHQ¶VDQGDGROHVFHQWV¶GDWDFROOHFWHGDVSDUWRI1+$1(6

 

DFFHOHURPHWHUPRQLWRULQJ7XGRU/RFNHHWDO D UHSRUWHGWKDWDVPDQ\DVRI86ER\V

 

DQGDOPRVWRIJLUOVPD\EHFRQVLGHUHG³VHGHQWDU\´ZKHQWKHDFFHOHURPHWHUGDWDZHUH
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DGMXVWHGWRFRPHPRUHLQOLQHZLWKH[SHFWHGVWHSYDOXHVIURPSHGRPHWU\7KHDSSURSULDWHQHVVRI

 

DVH[VSHFLILFGHILQLWLRQPD\EHGHEDWHG:KHQERWKER\VDQGJLUOVZHUHHYDOXDWHGUHODWLYHWRD

 

VWDQGDUGFXW±SRLQWRIVWHSVGD\LQWKH&DQDGLDQ&$13/$<SHGRPHWHUVXUYHLOODQFHGDWD

 

RIFKLOGUHQDQGDGROHVFHQWV&UDLJHWDO  UHSRUWHGWKDWDSSUR[LPDWHO\RIER\V





DQGRIJLUOVZHUHFRQVLGHUHG³ORZDFWLYH´DQGRIERWKER\VDQGJLUOVWRRN





VWHSVGD\DQGZHUHFRQVLGHUHG³VHGHQWDU\´$OWKRXJKQRWVSHFLILFDOO\ORRNLQJWRH[DPLQHWKH





XVHIXOQHVVRIWKHVHSRWHQWLDOPDUNHUVRIDSK\VLFDOO\LQDFWLYHOLIHVW\OH.DPEDVHWDO  GLG





GHPRQVWUDWHWKDWSUHVFKRRODJHGFKLOGUHQZKRDFFXPXODWHGDSSUR[LPDWHO\VWHSVGD\

Fo

GLVFHUQHGIURPDILJXUH ZHUHDOVRFDWHJRUL]HGZLWKLQWKHORZHVWTXDUWLOHRIPRWRUSURILFLHQF\

 

rR

 

$OWKRXJKVWHSVGD\KDVEHHQPRUHIUHTXHQWO\UHSHDWHGLQWKHSHGLDWULFOLWHUDWXUHDWWKLV

 

WLPHDVDSRWHQWLDOORZHQGFDQGLGDWHXQOLNHWKHDGXOWGDWDWKHSDXFLW\RIWKHDGGLWLRQDOHYLGHQFH

 

RQWKLVWRSLFGRHVQRWDOORZXVWRFRQFOXVLYHO\LGHQWLI\DPLQLPXPYDOXHRIVWHSVGD\WRLQIRUPD

 

FOHDUHYLGHQFHEDVHGFKLOGDGROHVFHQWVSHFLILFVWHSGHILQHGVHGHQWDU\OLIHVW\OHLQGH[DWWKLVWLPH

 

:HDQWLFLSDWHWKDWWKLVZLOOLPSURYHDVWKLVJDSLVUHFRJQL]HGDQGWKHUHVHDUFKSURFHVVLQHYLWDEO\





XQIROGV





/LPLWDWLRQV









VHGHQWDU\OLIHVW\OHLQGH[WKDWPXVWEHDFNQRZOHGJHG)LUVWDYDULHW\RIVWHSFRXQWLQJGHYLFHVDUH

 

DYDLODEOHIRUXVHDPRQJUHVHDUFKHUVSUDFWLWLRQHUVDQGWKHJHQHUDOSXEOLF(DFKRQHRIWKHVHXVHU

 

JURXSVKDVGLIIHUHQWEXWRYHUODSSLQJQHHGVDQGLWZRXOGEHEHVWLIDQ\XQLWRIPHDVXUHPHQWFRXOG

 

EHVLPSO\WUDQVODWHGDWDOOOHYHOV+RZHYHULWKDVEHFRPHLQFUHDVLQJO\DSSDUHQWWKDWWKHUHDUH

 

GLIIHUHQFHVLQKRZWKHVHYDULRXVREMHFWLYHPRQLWRUVGHWHFWDQGSUHVHQWD³VWHS´ &URXWHUHWDO

 

)HLWRHWDO/H0DVXULHUDQG7XGRU/RFNH/H0DVXULHUHWDO 7KLVLVQRW

w

ie

ev

ly
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OLPLWHGMXVWWRVWHSFRXQWLQJHVWLPDWHVRIWLPHVSHQWLQVHGHQWDU\EHKDYLRXUVDQGDWDQ\LQWHQVLW\





RISK\VLFDODFWLYLW\DUHDOVRYDULDEOHEHWZHHQGLIIHUHQWW\SHVRILQVWUXPHQWDWLRQWKDWDWWHPSWWR





FDSWXUHVXFKGDWD 7XGRU/RFNH 3HUKDSVHYHQPRUHFRQFHUQLQJWKHUHLVHYLGHQFHWKDW





GLIIHUHQWJHQHUDWLRQVRILQVWUXPHQWDWLRQDUHLQFRQVLVWHQWO\VHQVLWLYH 5RWKQH\HWDO $V



ZLWKDOOPHDVXUHVDWUDGHRIIH[LVWVEHWZHHQVHQVLWLYLW\DQGVSHFLILFLW\LQFUHDVLQJVHQVLWLYLW\WR



FDSWXUHYHU\ORZIRUFHPRYHPHQWVLQDQDWWHPSWWREHPD[LPDOO\LQFOXVLYHOHDGVWRLQFUHDVHG



FDSWXUHRI³HUURQHRXVVWHSV´ /H0DVXULHUDQG7XGRU/RFNH DQGYLFHYHUVD

Fo

7REHFOHDUWKHRULJLQDOJUDGXDWHGVWHSLQGH[ZDVSUHVHQWHGLQDQDUWLFOHWKDWVSHFLILFDOO\



rR



VWDWHGLQWKHWLWOH³3UHOLPLQDU\SHGRPHWHULQGLFHVIRUSXEOLFKHDOWK´ 7XGRU/RFNHDQG%DVVHWW



 7KDWDUWLFOHLQFOXGHGWKHSURSRVHGYDOXHVIRU ZKDWZDVNQRZQDWWKHWLPHDV D



³VHGHQWDU\OLIHVW\OHLQGH[´ZKLFKLWVHOIZDVRULJLQDOO\IRUPXODWHGEDVHGRQSHGRPHWHUPHDVXUHV



7XGRU/RFNHHWDO 0RVWRIWKHUHVHDUFK RXWRIVWXGLHV SUHVHQWHGLQ7DEOHKDV

ie

ev



EHHQFROOHFWHGZLWKSHGRPHWHUV)XUWKHURIWKHUHPDLQLQJVWXGLHVUHSUHVHQWHGLQWKHWDEOH



WKDWXVHGDFFHOHURPHWHUVWRFROOHFWWKHVWHSGDWDDFWXDOO\DGMXVWHGWKHRXWSXWWREHPRUH

w

On

 

WUDQVODWDEOHLQWHUPVRIZKDWPLJKWEHH[SHFWHGXVLQJSHGRPHWU\EHIRUHDSSO\LQJWKHSHGRPHWHU



EDVHGLQGH[WRWKHGDWD 6LVVRQHWDO 6LQFHSHGRPHWHUVDUHOHVVH[SHQVLYHDQGWKHUHIRUH



PRUHDFFHVVLEOHDQGIHDVLEOHIRUXVHLQSUDFWLFDODSSOLFDWLRQVLQFOXGLQJZLGHVSUHDGDGRSWLRQE\



WKHJHQHUDOSXEOLFLWLVUHDVRQDEOHWRSURYLGHLQGH[YDOXHVWRJXLGHWKHLUXVHDWWKLVOHYHO



3K\VLFDODFWLYLW\UHFRPPHQGDWLRQVH[SUHVVHGLQWHUPVRIVWHSVGD\SURGXFHGE\YDULRXV



JRYHUQPHQWDODQGKHDOWKRUJDQL]DWLRQVDURXQGWKHZRUOG 7XGRU/RFNHHWDOK DUH



XOWLPDWHO\LQWHQGHGIRUSXEOLFFRQVXPSWLRQDQGWKHUHIRUHKDYHEHHQORJLFDOO\GHVLJQHGIRUXVHUV

 

RIVXFKORZFRVWDQGDFFHVVLEOHWHFKQRORJLHV3URGXFLQJFXWSRLQWVDQGRWKHULQGLFHVWKDWDUH

 

RQO\WREHXVHGE\RWKHUUHVHDUFKHUVZLWKDFFHVVWRHQKDQFHGWHFKQRORJLFDOSUHFLVLRQPD\EH

ly
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QHFHVVDU\WRDGGUHVVVSHFLILFUHVHDUFKTXHVWLRQVEXWPD\XOWLPDWHO\KDYHOLWWOHDSSOLFDWLRQWRWKH

 

UHDOZRUOGFRQGLWLRQRXWVLGHRIWKHODERUDWRU\



$OWKRXJKPDQ\DFFHOHURPHWHUVKDYHHYROYHGWRLQFOXGHVWHSEDVHGRXWSXWVLQDGGLWLRQWR



WKHLUPRUHWUDGLWLRQDODFWLYLW\FRXQWRXWSXWVZHDFNQRZOHGJHWKDWWKHVHVLPLODUO\QDPHGRXWSXWV



DUHQRWOLNHO\WREHRQWKHH[DFWVDPHVFDOHDVWKDWFDSWXUHGE\ORZHUWHFKQRORJ\SHGRPHWHUV



7KHUHIRUHUHVHDUFKHUVVKRXOGFDXWLRXVO\FRPSDUHDQGLQWHUSUHWDQ\VWHSVGD\YDOXHRUDSSO\DQ\



LQGH[WRGDWDFROOHFWHGXVLQJGLIIHUHQWW\SHVRILQVWUXPHQWDWLRQ7KLVVSHFLILFDOO\PHDQVLWPD\



EHMXVWDVGHEDWDEOHWRFDVWDQDFFHOHURPHWHUJHQHUDWHGVWHSVGD\HVWLPDWHDVDQXQDGMXVWHG

 

LQGH[IRUSHGRPHWHUXVHUVDVLWLVWRLQWHUSUHWDFFHOHURPHWHUGHWHUPLQHGVWHSVGD\XVLQJDQLQGH[

 

RULJLQDOO\LQWHQGHGWRLQWHUSUHWSHGRPHWHUGDWD)RUH[DPSOHRQHRIWKHVWXGLHVOLVWHGLQ7DEOH

 

XVHGDQDQNOHZRUQ6WHS:DWFK$FWLYLW\0RQLWRUWRPRQLWRUVWHSVGD\LQDQROGHUDGXOWVDPSOH

 

PHDQDJHDSSUR[LPDWHO\\HDUV  &DYDQDXJKHWDO 7KLVLQVWUXPHQWLVNQRZQWREH



KLJKO\VHQVLWLYHWRORZIRUFHDFFHOHUDWLRQVDQGGHWHFWVPRUHGDLO\VWHSVLQIUHHOLYLQJ



WKDQFRPPRQO\XVHGSHGRPHWHUV .DUDEXOXWHWDO 3HUKDSVXQDZDUHRIWKHLPSOLFDWLRQVRI



WKLVGLIIHUHQFHLQLQVWUXPHQWVHQVLWLYLW\&DYDQDXJKHWDO  DSSOLHGWKHSHGRPHWHUEDVHG



JUDGXDWHGVWHSLQGH[ 7XGRU/RFNHDQG%DVVHWW WRLQWHUSUHWWKHLUGDWDZLWKRXWDQ\IRUPRI



DGMXVWPHQW$VDUHVXOWWKH\FRQFOXGHGWKDWRQO\RIWKLVDJHGVDPSOHWRRN



VWHSVGD\DQGDWOHDVWZHUH³KLJKO\DFWLYH´WKDWLVDFFXPXODWLQJRYHUVWHSVGD\

 

'LUHFWO\ DQGLQDSSURSULDWHO\ FRPSDUHGWR86QDWLRQDOHVWLPDWHV ZKHUHDYHUDJHYDOXHVZHUH

 

FORVHUWRVWHSVGD\DQGFRPSDUDEOHFDWHJRULHVZHUHDQGUHVSHFWLYHO\ FROOHFWHG

 

ZLWKDQDFFHOHURPHWHUEXWDGMXVWHGWREHPRUHLQOLQHZLWKDSHGRPHWHUEDVHGVFDOH 6LVVRQHWDO

 

 WKLVVPDOOHUVDPSOHFRXOGEHGHVFULEHGDVXQLTXHO\DFWLYHIRUWKHLUDJH+RZHYHULWLV



PRUHOLNHO\WKDWGLIIHUHQFHVLQLQVWUXPHQWDWLRQH[SODLQWKHUHPDUNDEOHILQGLQJ

w

ie

ev

rR

Fo

ly
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,WLVZRUWKUHSHDWLQJWKDWVWHSFRXQWLQJGHYLFHVDUHQRZZLGHO\DYDLODEOHLQDQXPEHURI



GLIIHUHQWFRPPHUFLDOO\DYDLODEOHIRUPDWVLQFOXGLQJWKRVHZRUQDWWKHZDLVWRQWKHDUPDWWKH



ZULVWRQWKHDQNOHLQDSRFNHWDVDSLHFHRIMHZHOU\DVDQHDUSLHFHLQFHOOSKRQHVHWF7KHLU



PHDVXUHPHQWPHFKDQLVPVDUHSDWHQWSURWHFWHGWKH\FKDQJHDQGEHFRPHREVROHWHDQGLWKDV



EHFRPHFOHDUWKDWVLPLODUO\QDPHGRXWSXWVGRQRWQHFHVVDULO\FDSWXUHWKHVDPHEHKDYLRXU

 

EHWZHHQLQVWUXPHQWV 7XGRU/RFNH ,QGXVWU\VWDQGDUGVKDYHKHOSHGWRPDNHDPEXODWRU\

 

PRQLWRULQJPRUHXQLIRUPLQ-DSDQ &URXWHUHWDO KRZHYHUWKLVLVQRWWKHFDVHHOVHZKHUH

 

$OWKRXJKLWLVODPHQWDEOHLWPD\EHWKDWLQVWUXPHQWVSHFLILFLQGH[YDOXHVZLOOEHQHFHVVDU\7KLV

 

LVDOUHDG\NQRZQWREHWKHFDVHIRUDSSOLFDWLRQRIDFFHOHURPHWHUDFWLYLW\FRXQWFXWSRLQWV



0HWKRGVRIDGMXVWPHQWDUHVRUHO\QHHGHGWRDLGWUDQVODWLRQDQGFRPSDULVRQEHWZHHQLQVWUXPHQWV



'HVSLWHWKHVHLQFRQYHQLHQWWUXWKVZHPXVWEHFDUHIXOQRWWR³WKURZWKHEDE\RXWZLWKWKH



EDWKZDWHU´6WLOODQ\YDOXHRIIHUHGDVDJHQHULFVWHSGHILQHGVHGHQWDU\OLIHVW\OHLQGH[PXVWEH



WUHDWHGDVD³KHXULVWLF´ LHJXLGLQJ YDOXHWKDWPXVWDOVREHWKRXJKWIXOO\DSSOLHGDQG



FRPPXQLFDWHGNHHSLQJLQPLQGWKHHQGXVHU

w

ie

ev

rR

Fo

On

$QRWKHUOLPLWDWLRQDOVRUHODWHGWRLQVWUXPHQWDWLRQDQGPHDVXUHPHQWLVWKHFRQFHUQIRU


 

RSWLPDODPRXQWVRIZHDULQJWLPH,QVWUXPHQWVZLWKWLPHVWDPSLQJWHFKQRORJ\ W\SLFDOO\

 

DFFHOHURPHWHUW\SHGHYLFHV SURYLGHUHVHDUFKHUVZLWKDGGLWLRQDOLQIRUPDWLRQWKDWFDQEH

 

SURFHVVHGDQGXVHGWRGHWHUPLQHZHDUWLPHDQGOLPLWGDWDTXHULHVWRWKHEHVWTXDOLW\GDWDXVLQJ

 

XVHUGHILQHGFULWHULD+RZHYHUDQXPEHURIUHVHDUFKHUV &KRLHWDO0DVVHHWDO



7XGRU/RFNHHWDOE KDYHVKRZQWKDWLWLVWKHHVWLPDWHRIWLPHVSHQWLQVHGHQWDU\EHKDYLRXU



WKDWLVPRVWDIIHFWHGE\SUHPDWXUHUHPRYDORIDFFHOHURPHWHUVWKHLPSDFWRQGHWHFWHGPRYHPHQW



IRUH[DPSOHVWHSVGD\LVOHVVSURIRXQG 6FKPLGWHWDO7XGRU/RFNHHWDOE 



1HYHUWKHOHVVUHVHDUFKHUVUHPDLQYHU\FRJQL]DQWRIWKLVSRWHQWLDOWKUHDWWRYDOLGLW\DQGDGGUHVVLQJ

ly
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LWLVRIWHQDIRUHPRVWFRQVLGHUDWLRQ)URPWKHSUDFWLWLRQHU¶VSRLQWRIYLHZKRZHYHUDQG



HVSHFLDOO\IURPWKDWRIWKHJHQHUDOSXEOLFWKHSRWHQWLDOLPSDFWRIZHDUWLPHRQDQHVWLPDWHRI

 

VWHSVGD\LVQRWOLNHO\WREHDVPXFKRIDFRQFHUQ6FKPLGWHWDO  KDYHGHPRQVWUDWHGWKDW

 

DGMXVWPHQWVIRUZHDUWLPHGLGQRWDOWHUFRUUHODWLRQVEHWZHHQSHGRPHWHUVWHSVGD\DQG

 

FDUGLRYDVFXODUULVNIDFWRUV)XUWKHUDZHDOWKRIKHDOWKUHODWHGVWHSGDWDKDVEHHQDFFXPXODWHGWR



GDWHSULPDULO\XVLQJSHGRPHWHUVWKDWKDYHQRWKDGWLPHVWDPSLQJWHFKQRORJ\DQGWKH



FRQVLVWHQF\DQGUREXVWQHVVRIWKHILQGLQJVKDYHEHHQFOHDU 7XGRU/RFNHHWDOI7XGRU



/RFNHHWDOJ7XGRU/RFNHHWDOK 3HUKDSVPRVWFRPSHOOLQJPHWDDQDO\VHV %UDYDWD



HWDO.DQJHWDO5LFKDUGVRQHWDO RISHGRPHWHUEDVHGEHKDYLRXU



LQWHUYHQWLRQVGHPRQVWUDWHFRQVLVWHQWVWDWLVWLFDOO\DQGFOLQLFDOO\VLJQLILFDQWFKDQJHV LH



DSSUR[LPDWHO\WRVWHSVGD\ LQDPEXODWRU\DFWLYLW\DQGUHODWHGLPSURYHPHQWLQ



KHDOWKRXWFRPHVXVLQJWKLVVLPSOHWHFKQRORJ\ZLWKRXWDQ\FRQVLGHUDWLRQRIZHDULQJWLPH

ie

ev

rR

Fo

)LQDOO\DQGDVPHQWLRQHGHDUOLHUQRWDOOKXPDQPRYHPHQWLVUHSUHVHQWHGE\DPHDVXUHRI



w



GDLO\VWHSVWDNHQ6WHSFRXQWLQJGHYLFHVGRQRWFKDUDFWHUL]HQRQDPEXODWRU\DFWLYLWLHV HJ



ZHLJKWWUDLQLQJELF\FOLQJVZLPPLQJVNDWHERDUGLQJUROOHUEODGLQJKRFNH\NLWHVXUILQJ ZHOO



0LOOHUHWDO +RZHYHULWLVFOHDUWKDWDPEXODWRU\EHKDYLRXUVDQGVSHFLILFDOO\ZDONLQJ

ly

On
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DUHIXQGDPHQWDOWREDVLFKXPDQPRELOLW\DFURVVDOOGRPDLQVRIGDLO\OLIHLQFOXGLQJH[HUFLVH



UHFUHDWLRQZRUNFKRUHVVKRSSLQJVRFLDOLQWHUDFWLRQVDQGFXOWXUDOH[FKDQJHV $LQVZRUWKHWDO



7XGRU/RFNHDQG+DP )XUWKHUDOWKRXJKVWHSVGD\H[SODLQVRIWKH



YDULDELOLW\LQ093$ 7XGRU/RFNHHWDOD DQGWDNLQJVWHSVGD\LVDVVRFLDWHGZLWK



DSSUR[LPDWHO\PLQXWHV QRWQHFHVVDULO\FRQVHFXWLYH RI093$ 7XGRU/RFNHHWDOD D



PHDVXUHRIWRWDOVWHSVWDNHQLQDGD\LVQRWDGLUHFWLQGLFDWLRQRISK\VLFDODFWLYLW\LQWHQVLW\D



GRPLQDQWSUHFHSWRISXEOLFKHDOWKJXLGHOLQHV 3K\VLFDO$FWLYLW\*XLGHOLQHV$GYLVRU\&RPPLWWHH
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7UHPEOD\HWDOE 1RQHWKHOHVVVWHSFRXQWLQJGHYLFHVHVSHFLDOO\WKRVHDFFHVVLEOHWR



WKHJHQHUDOSXEOLFDUHLPSRUWDQWKHDOWKEHKDYLRXUWRROV 7XGRU/RFNHDQG/XWHV 7KHLU



XWLOLW\LVOLPLWHGKRZHYHUZLWKRXWSURYLVLRQRIHYLGHQFHEDVHGDSSOLFDEOHDQGUHDVRQDEOHLQGH[



YDOXHVWRKHOSJXLGHDQGLQWHUSUHWWKHLURXWSXW



&RQFOXVLRQV
$JURZLQJQXPEHURIVWXGLHVKDYHXVHGWKHVWHSVGD\FXWSRLQWWRFDWHJRUL]H



Fo



LQGLYLGXDOVDV³VHGHQWDU\´ 0F.HUFKHUHWDO6FKPLGWHWDO RU³LQDFWLYH´ &DYDQDXJK



HWDO+LUYHQVDORHWDO VLQFHLWZDVILUVWSURSRVHG 7XGRU/RFNHHWDO DQG



VXEVHTXHQWO\LQFOXGHGLQDPRUHIXOO\H[SDQGHGJUDGXDWHGVWHSLQGH[ 7XGRU/RFNHDQG%DVVHWW

rR



7XGRU/RFNHHWDOE 7KHSURILOHRILQGLYLGXDOVPRUHOLNHO\WREHWDNLQJ



VWHSVGD\LQFOXGHVKDYLQJDUHODWLYHO\ORZHUKRXVHKROGLQFRPHDQGEHLQJIHPDOHROGHU$IULFDQ



$PHULFDQYHUVXV(XURSHDQ$PHULFDQHWKQLFLW\DFXUUHQWYHUVXVQHYHUVPRNHUDQGRUOLYLQJZLWK



FKURQLFGLVHDVHDQGRUGLVDELOLW\ LQFOXGLQJPRUELGREHVLW\ $OWKRXJKWKHIDOOZLQWHUVHDVRQLQ

w

ie

ev



WKH1RUWKHUQKHPLVSKHUHDSSHDUVWRGLVFRXUDJHWDNLQJ!VWHSVGD\OLWWOHHOVHLVNQRZQ



DERXWKRZRWKHUFRQWH[WXDOIDFWRUVIRVWHUVXFKORZOHYHOVRIVWHSGHILQHGSK\VLFDODFWLYLW\



$GYHUVHPHDVXUHVRIERG\FRPSRVLWLRQKDYHEHHQFRQVLVWHQWO\DVVRFLDWHGZLWKWDNLQJ



VWHSVGD\LQDUDQJHRISRSXODWLRQVDPSOHV,QGLFDWRUVRIFDUGLRPHWDEROLFULVNDQGVSHFLILFDOO\



PHWDEROLFV\QGURPHKDYHDOVREHHQDVVRFLDWHGZLWKWDNLQJVWHSVGD\8VLQJ



VWHSVGD\WRLGHQWLI\DQGUHFUXLWSK\VLFDOO\LQDFWLYHDQGRUVHGHQWDU\LQGLYLGXDOVWRLQWHUYHQWLRQV

ly

On
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IRFXVHGRQLQFUHDVLQJSK\VLFDODFWLYLW\DQGRUUHGXFLQJVHGHQWDU\EHKDYLRXUVVHHPVWREHD



SUXGHQWDSSURDFKWRPD[LPL]LQJSRWHQWLDOIRUHIIHFWLQDSRSXODWLRQPRVWDWQHHGEXWWKLV



DSSURDFKKDVQRW\HWEHHQV\VWHPDWLFDOO\DGRSWHG,QWHUYHQWLRQVKDYHW\SLFDOO\IRFXVHGRQ

 

DWWDLQLQJDVLQJXODUDQGORIW\JRDO HJVWHSVGD\  %UDYDWDHWDO DQGQRW


http://mc.manuscriptcentral.com/apnm-pubs

Page 37 of 122

Applied Physiology, Nutrition, and Metabolism




QHFHVVDULO\RQVKLIWLQJLQGLYLGXDOVZKRWDNHUHODWLYHO\IHZVWHSVGD\WRWKHQH[WLPPHGLDWHO\



KLJKHUFDWHJRULHV HJ³ORZDFWLYH´GHILQHGDVVWHSVGD\RU³VRPHZKDWDFWLYH´



GHILQHGDVVWHSVGD\ 7XGRU/RFNHDQG%DVVHWW7XGRU/RFNHHWDOE 



6KRUWWHUPLQWHUYHQWLRQVWRUHGXFHVWHSGHILQHGSK\VLFDODFWLYLW\WRYDOXHVVWHSVGD\



FRQGXFWHGZLWKVPDOOVDPSOHVRI\RXQJKHDOWK\DQGDFWLYHLQGLYLGXDOVKDYHVKRZQGUDPDWLF



DGYHUVHHIIHFWVRQDQXPEHURIKHDOWKSDUDPHWHUV&RQVLVWHQWLPSOHPHQWDWLRQRIDVWDQGDUGL]HG

 

VWHSVGD\GHILQLWLRQIRUDVHGHQWDU\OLIHVW\OHLQGH[ZRXOGIDFLOLWDWHFRPSDULVRQVEHWZHHQVWXGLHV

 

DQGJURXSVKRZHYHUXQLTXHVDPSOHGLVWULEXWLRQV LHJHQHUDOO\DFWLYHRUJHQHUDOO\ORZDFWLYH 

 

PD\UHTXLUHWROHUDQFHIRUDGHJUHHRIIOH[LELOLW\LQFOXGLQJVHJPHQWLQJWKHVWHSVGD\

 

FDWHJRU\LQWR³EDVDODFWLYLW\´ VWHSVGD\ DQG³OLPLWHGDFWLYLW\´ VWHSVGD\ 



7XGRU/RFNHHWDOD $VWDQGDUGL]HGGHILQLWLRQZRXOGEHXVHIXOIRUVFUHHQLQJUHFUXLWLQJ

ev

rR

Fo



DQGWUDFNLQJSXUSRVHVDVZHOO$OWKRXJKDGGLWLRQDOUHVHDUFKLVQHHGHGWRIXUWKHULOOXPLQDWHWKH



DSSURSULDWHQHVVRIXVLQJVWHSVGD\DVDVWHSGHILQHGVHGHQWDU\OLIHVW\OHLQGH[HVSHFLDOO\



LWVDSSOLFDWLRQDFURVVGLIIHUHQWW\SHVRIREMHFWLYHPRQLWRULQJWHFKQRORJLHVLWFOHDUO\GHPRQVWUDWHV



PXOWLIRUPXWLOLW\IRUUHVHDUFKHUVSUDFWLWLRQHUVDQGSHUKDSVPRVWLPSRUWDQWO\FRPPXQLFDWLQJ



ZLWKWKHJHQHUDOSXEOLFDWWKLVWLPH7KHUHLVFXUUHQWO\OLWWOHHYLGHQFHWRDGYRFDWHDQ\VSHFLILF

 

YDOXHLQGLFDWLYHRIDVWHSGHILQHGVHGHQWDU\OLIHVW\OHLQGH[LQFKLOGUHQRUDGROHVFHQWV

 



 



 

$FNQRZOHGJHPHQWV:HZLVKWRDFNQRZOHGJHRXUFROOHDJXHVZKRVXSSRUWHGRXULQLWLDOLGHDV



DQGWKHUHYLHZHUVZKRKHOSHGWRVKDSHWKHILQDOSURGXFW





w

ie

ly

On
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5HIHUHQFHV



$EHO0+DQQRQ-0XOOLQHDX['DQG%HLJKOH$'HWHUPLQDWLRQRIVWHSUDWHWKUHVKROGV



FRUUHVSRQGLQJWRSK\VLFDODFWLYLW\FODVVLILFDWLRQVLQDGXOWV-3K\V$FW+HDOWK  
$LQVZRUWK%(+DVNHOO:/+HUUPDQQ6'0HFNHV1%DVVHWW'5-U7XGRU/RFNH&HWDO

 

&RPSHQGLXPRI3K\VLFDO$FWLYLWLHV$VHFRQGXSGDWHRIFRGHVDQG0(7YDOXHV0HG

 

6FL6SRUWV([HUF  

 

%DUEDW$UWLJDV63ORXIIH6'XSRQWJDQG6DQG$XEHUWLQ/HKHXGUH0,VIXQFWLRQDOFDSDFLW\

Fo

UHODWHGWRWKHGDLO\DPRXQWRIVWHSVLQSRVWPHQRSDXVDOZRPHQ"0HQRSDXVH  

 


%DUUHLUD79.DW]PDU]\N37-RKQVRQ:'DQG7XGRU/RFNH&LQSUHVVD&DGHQFHSDWWHUQVDQG

rR



SHDNFDGHQFHLQ86FKLOGUHQDQGDGROHVFHQWV1+$1(60HG6FL6SRUWV([HUF



%DUUHLUD797XGRU/RFNH&&KDPSDJQH&%UR\OHV67+DUVKD'.HQQHG\%0HWDOLQ

ev



SUHVVE&RPSDULVRQRI<$0$;SHGRPHWHUDQG*7;DFFHOHURPHWHUVWHSVGD\LQDIUHHOLYLQJ



VDPSOHRIRYHUZHLJKWDQGREHVHDGXOWV-3K\V$FW+HDOWK
%DVVHWW-U'5DQG-RKQ'8VHRISHGRPHWHUVDQGDFFHOHURPHWHUVLQFOLQLFDOSRSXODWLRQV

w



ie

YDOLGLW\DQGUHOLDELOLW\LVVXHV3K\V7KHU5HY  

 
 

On

%DVVHWW-U'57UHPEOD\06(VOLJHU':&RSHODQG-/%DUQHV-'DQG+XQWLQJWRQ*(

 

3K\VLFDODFWLYLW\DQGERG\PDVVLQGH[RIFKLOGUHQLQDQ2OG2UGHU$PLVKFRPPXQLW\0HG6FL

 

6SRUWV([HUF  



ly
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%HHWV0:%RUQVWHLQ'%HLJKOH$&DUGLQDO%-DQG0RUJDQ&)D3HGRPHWHUPHDVXUHG



SK\VLFDODFWLYLW\SDWWHUQVRI\RXWKDFRXQWU\UHYLHZ$P-3UHY0HG  



%HHWV0:$JLRYODVLWLV6)DKV&$5DQDGLYH60DQG)HUQKDOO%E$GMXVWLQJVWHSFRXQW
UHFRPPHQGDWLRQVIRUDQWKURSRPHWULFYDULDWLRQVLQOHJOHQJWK-6FL0HG6SRUW  




%HOO*-+DUEHU90XUUD\7&RXUQH\D.6DQG5RGJHUV:$FRPSDULVRQRIILWQHVV



WUDLQLQJWRDSHGRPHWHUEDVHGZDONLQJSURJUDPPDWFKHGIRUWRWDOHQHUJ\FRVW-3K\V$FW+HDOWK
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%HQQHWW**:ROLQ.<3XOHR(DQG(PPRQV.03HGRPHWHUGHWHUPLQHGSK\VLFDODFWLYLW\

 

DPRQJPXOWLHWKQLFORZLQFRPHKRXVLQJUHVLGHQWV0HG6FL6SRUWV([HUF  

 

%HQQHWW**0F1HLOO/+:ROLQ.<'XQFDQ'73XOHR(DQG(PPRQV.06DIHWR



ZDON"1HLJKERUKRRGVDIHW\DQGSK\VLFDODFWLYLW\DPRQJSXEOLFKRXVLQJUHVLGHQWV3/R60HG



  GLVFXVVLRQ



%UDGOH\-0.HQW/(OERUQ-6DQG2 1HLOO%0RWLRQVHQVRUVIRUPRQLWRULQJSK\VLFDO
DFWLYLW\LQF\VWLFILEURVLVZKDWLVWKHQH[WVWHS"3K\V7KHU5HY  




%UDYDWD'06PLWK6SDQJOHU&6XQGDUDP9*LHQJHU$//LQ1/HZLV5HWDO8VLQJ

Fo



SHGRPHWHUVWRLQFUHDVHSK\VLFDODFWLYLW\DQGLPSURYHKHDOWKDV\VWHPDWLFUHYLHZ-$0$

 

  

 

&DVSHUVHQ&-3RZHOO.(DQG&KULVWHQVRQ*03K\VLFDODFWLYLW\H[HUFLVHDQGSK\VLFDO





ie

&DYDQDXJK-7.RFKL1DQG6WHUJLRX11RQOLQHDUDQDO\VLVRIDPEXODWRU\DFWLYLW\SDWWHUQVLQ

w

FRPPXQLW\GZHOOLQJROGHUDGXOWV-*HURQWRO$%LRO6FL0HG6FL  




On

&KDQ&%5\DQ'$DQG7XGRU/RFNH&5HODWLRQVKLSEHWZHHQREMHFWLYHPHDVXUHVRISK\VLFDO
DFWLYLW\DQGZHDWKHUDORQJLWXGLQDOVWXG\,QW-%HKY1XWU3K\V$FW




ly

&KRL//LX=0DWWKHZV&(DQG%XFKRZVNL069DOLGDWLRQRIDFFHOHURPHWHUZHDUDQG
QRQZHDUWLPHFODVVLILFDWLRQDOJRULWKP0HG6FL6SRUWV([HUF  




&KRL6:/HH-+-DQJ<.DQG.LP-5$VVHVVPHQWRIDPEXODWRU\DFWLYLW\LQWKH5HSXEOLF
RI.RUHD1DY\VXEPDULQHFUHZ8QGHUVHD+\SHUE0HG  




&RKHQ753ORXUGH+DQG.RVNL.*$UH&DQDGLDQZRPHQDFKLHYLQJDILWSUHJQDQF\"$SLORW
VWXG\&DQ-3XEOLF+HDOWK  




ev

ILWQHVVGHILQLWLRQVDQGGLVWLQFWLRQVIRUKHDOWKUHODWHGUHVHDUFK3XEOLF+HDOWK5HS  

 



rR
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&ROOH\5&-DQVVHQ,DQG7UHPEOD\06'DLO\VWHSWDUJHWWRPHDVXUHDGKHUHQFHWRSK\VLFDO
DFWLYLW\JXLGHOLQHVLQFKLOGUHQ0HG6FL6SRUWV([HUF  
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&RRN,$OEHUWV0DQG/DPEHUW(95HODWLRQVKLSEHWZHHQDGLSRVLW\DQGSHGRPHWHUDVVHVVHG



DPEXODWRU\DFWLYLW\LQDGXOWUXUDO$IULFDQZRPHQ,QW-2EHV /RQG   



&RRN,$OEHUWV0DQG/DPEHUW(9D(IIHFWRIERG\PDVVDQGSK\VLFDODFWLYLW\YROXPHDQG
LQWHQVLW\RQSHGRPHWU\PHDVXUHGDFWLYLW\HQHUJ\H[SHQGLWXUHLQUXUDOEODFN6RXWK$IULFDQVLQWKH



/LPSRSR3URYLQFH6$-60  



&RRN,$OEHUWV0DQG/DPEHUW(9&RPSOLDQFHZLWKSK\VLFDODFWLYLW\JXLGHOLQHVLQUXUDO



EODFN6RXWK$IULFDQVLQWKH/LPSRSR3URYLQFHDQHQHUJ\H[SHQGLWXUHDSSURDFK%U-6SRUWV0HG



  



Fo

&RRN,$OEHUWV0%ULWV-6&KRPD65DQG0NKRQWR66E'HVFULSWLYHHSLGHPLRORJ\RI

rR

DPEXODWRU\DFWLYLW\LQUXUDOEODFN6RXWK$IULFDQV0HG6FL6SRUWV([HUF  




&UDLJ&/&DPHURQ&DQG7XGRU/RFNH&LQSUHVV&$13/$<SHGRPHWHUQRUPDWLYHUHIHUHQFHGDWD
IRUFKLOGUHQDQGDGROHVFHQWV0HG6FL6SRUWV([HUF

ev




&UDLJ&/&DPHURQ&*ULIILWKV-0DQG7XGRU/RFNH&'HVFULSWLYHHSLGHPLRORJ\RI\RXWK

ie

SHGRPHWHUGHWHUPLQHGSK\VLFDODFWLYLW\&$13/$<0HG6FL6SRUWV([HUF  




w

&UDLJ&/6KLHOGV0/HEODQF$*DQG7UHPEOD\067UHQGVLQDHURELFILWQHVVDPRQJ
&DQDGLDQVWR$SSO3K\VLRO1XWU0HWDE  




On

&URWHDX.$DQG5LFKHVRQ1$$PDWWHURIKHDOWK8VLQJSHGRPHWHUVWRLQFUHDVHWKHSK\VLFDO
DFWLYLW\RIROGHUDGXOWV$FWLYLWLHV$GDSWDWLRQDQG$JLQJ  




ly
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&URXWHU6(&ORZHUV.*DQG%DVVHWW'5-U$QRYHOPHWKRGIRUXVLQJDFFHOHURPHWHUGDWDWR
SUHGLFWHQHUJ\H[SHQGLWXUH-$SSO3K\VLRO  




&URXWHU6(6FKQHLGHU3/.DUDEXOXW0DQG%DVVHWW'5-U9DOLGLW\RIHOHFWURQLF



SHGRPHWHUVIRUPHDVXULQJVWHSVGLVWDQFHDQGHQHUJ\FRVW0HG6FL6SRUWV([HUF  







&6(3  &XWWLQJGRZQRQVLWWLQJGRZQWKHZRUOG VILUVWHYLGHQFHEDVHGVHGHQWDU\EHKDYLRXU
JXLGHOLQHVUHOHDVHG7RURQWR2QWDULR&DQDGLDQ6RFLHW\IRU([HUFLVH3K\VLRORJ\
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KWWSZZZFVHSFD&0)LOHV*XLGHOLQHV&6(36%*/DXQFK



1DWLRQDO5HOHDVH),1$/SGI
'DPVFKURGHU/-/XWHV/'*RRGULFK'(*LOORQ/DQG/RZHU\-&$VPDOOFKDQJH



DSSURDFKGHOLYHUHGYLDWHOHSKRQHSURPRWHVZHLJKWORVVLQYHWHUDQV5HVXOWVIURPWKH$63,5(9$



SLORWVWXG\3DWLHQW(GXF&RXQV  



'DVJXSWD.-RVHSK/3LORWH/6WUDFKDQ,6LJDO5-DQG&KDQ&'DLO\VWHSVDUHORZ\HDU



URXQGDQGGLSORZHULQIDOOZLQWHUILQGLQJVIURPDORQJLWXGLQDOGLDEHWHVFRKRUW&DUGLRYDVF



'LDEHWRO



Fo

'H&RFNHU.&DUGRQ*DQG'H%RXUGHDXGKXLM,3HGRPHWHUGHWHUPLQHGSK\VLFDODFWLYLW\DQG

rR

 

LWVFRPSDULVRQZLWKWKH,QWHUQDWLRQDO3K\VLFDO$FWLYLW\4XHVWLRQQDLUHLQDVDPSOHRI%HOJLDQ

 

DGXOWV5HV4([HUF6SRUW  

ev

 

'H&RFNHU.$'H%RXUGHDXGKXLM,0%URZQ:-DQG&DUGRQ*07KHHIIHFWRID

 

SHGRPHWHUEDVHGSK\VLFDODFWLYLW\LQWHUYHQWLRQRQVLWWLQJWLPH3UHY0HG  



ie

'H*UHHI.'HIRUFKH%7XGRU/RFNH&DQG'H%RXUGHDXGKXLM,$FRJQLWLYHEHKDYLRXUDO

w



SHGRPHWHUEDVHGJURXSLQWHUYHQWLRQRQSK\VLFDODFWLYLW\DQGVHGHQWDU\EHKDYLRXULQLQGLYLGXDOV



ZLWKW\SHGLDEHWHV+HDOWK(GXF5HV  



On

'H*UHHI.3'HIRUFKH%,5XLJH-%%RXFNDHUW--7XGRU/RFNH&(.DXIPDQ-0HWDO



7KHHIIHFWVRIDSHGRPHWHUEDVHGEHKDYLRUDOPRGLILFDWLRQSURJUDPZLWKWHOHSKRQHVXSSRUW



RQSK\VLFDODFWLYLW\DQGVHGHQWDU\EHKDYLRULQW\SHGLDEHWHVSDWLHQWV3DWLHQW(GXF&RXQV

 

  

 

ly
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'H3HZ=1RYRWQ\3DQG%HQ]R5LQSUHVV+RZPDQ\VWHSVDUHHQJRXWKWRDRYLGVHYHUHSK\VLFDO
LQDFWLYLW\LQSDWLHQWVZLWKFKURQLREVWUXFWLYHSXOPRQDU\GLVHDVH"5HVSLURORJ\

 
 

'XQFDQ-6+RSNLQV:*6FKRILHOG*DQG'XQFDQ(.(IIHFWVRIZHDWKHURQSHGRPHWHU
GHWHUPLQHGSK\VLFDODFWLYLW\LQFKLOGUHQ0HG6FL6SRUWV([HUF  
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GHWHUPLQHGSK\VLFDODFWLYLW\ERG\PDVVLQGH[DQGOHDQERG\PDVVLQGH[LQFKLOGUHQ,QW-3HGLDWU



2EHV  



'XUX2.6DUNLVLDQ&$/HQJ0DQG0DQJLRQH&06LVWHUVLQPRWLRQDUDQGRPL]HG



FRQWUROOHGWULDORIDIDLWKEDVHGSK\VLFDODFWLYLW\LQWHUYHQWLRQ-$P*HULDWU6RF  

 



 

'Z\HU7+RVPHU'+RVPHU79HQQ$-%OL]]DUG&/*UDQJHU5+HWDO7KHLQYHUVH

 

UHODWLRQVKLSEHWZHHQQXPEHURIVWHSVSHUGD\DQGREHVLW\LQDSRSXODWLRQEDVHGVDPSOHWKH

 

$XV'LDEVWXG\,QW-2EHV /RQG   

rR



Fo

'Z\HU73RQVRQE\$/8NRXPXQQH2&3H]LF$9HQQ$'XQVWDQ'HWDO$VVRFLDWLRQ



RIFKDQJHLQGDLO\VWHSFRXQWRYHUILYH\HDUVZLWKLQVXOLQVHQVLWLYLW\DQGDGLSRVLW\SRSXODWLRQ



EDVHGFRKRUWVWXG\%0-F



ev

(UQHUVVRQ$1\VWURP)+DQG/LQGVWURP7D/RQJWHUPLQFUHDVHRIIDWPDVVDIWHUDIRXUZHHN

ie



LQWHUYHQWLRQZLWKIDVWIRRGEDVHGK\SHUDOLPHQWDWLRQDQGOLPLWDWLRQRISK\VLFDODFWLYLW\1XWU



0HWDE /RQG 

 

w

(UQHUVVRQ$/LQGVWURP71\VWURP)+DQG)ULVPDQ*+E<RXQJKHDOWK\LQGLYLGXDOV

On

 

GHYHORSODFNRIHQHUJ\ZKHQDGRSWLQJDQREHVLW\SURYRNLQJEHKDYLRXUIRUZHHNVD

 

SKHQRPHQRORJLFDODQDO\VLV6FDQG-&DULQJ6FL  

 

ly
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'XQFDQ0-1HYLOO$:RRGILHOG/DQG$O1DNHHE<7KHUHODWLRQVKLSEHWZHHQSHGRPHWHU

(UQHUVVRQ$)ULVPDQ*+6HSD)URVWHOO$1\VWURP)+DQG/LQGVWURP7F$QREHVLW\



SURYRNLQJEHKDYLRXUQHJDWLYHO\LQIOXHQFHV\RXQJQRUPDOZHLJKWVXEMHFWV KHDOWKUHODWHGTXDOLW\



RIOLIHDQGFDXVHVGHSUHVVLYHV\PSWRPV(DW%HKDY  



)$2:+2818  +XPDQHQHUJ\UHTXLUHPHQWV5HSRUWRID-RLQW)$2:+2818([SHUW
&RQVXOWDWLRQ5RPH)RRGDQG$JULFXOWXUH2UJDQL]DWLRQRIWKH8QLWHG1DWLRQV




)HLWR<%DVVHWW'5DQG7KRPSVRQ'/(YDOXDWLRQRIDFWLYLW\PRQLWRUVLQFRQWUROOHGDQGIUHH
OLYLQJHQYLURQPHQWV0HG6FL6SRUWV([HUF  
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*DUEHU&(%OLVVPHU%'HVFKHQHV05)UDQNOLQ%$/DPRQWH0-/HH,0HWDO

 

4XDQWLW\DQGTXDOLW\RIH[HUFLVHIRUGHYHORSLQJDQGPDLQWDLQLQJFDUGLRUHVSLUDWRU\

 

PXVFXORVNHOHWDODQGQHXURPRWRUILWQHVVLQDSSDUHQWO\KHDOWK\DGXOWVJXLGDQFHIRUSUHVFULELQJ

 

H[HUFLVH0HG6FL6SRUWV([HUF  
*DUGQHU$:5LWWL'LDV50.KXUDQD$DQG3DUNHU'('DLO\DPEXODWRU\DFWLYLW\



PRQLWRULQJLQSDWLHQWVZLWKSHULSKHUDODUWHU\GLVHDVH3K\V7KHU5HY  



*LOVRQ1'3XLJ5LEHUD$0F.HQQD-%URZQ:-%XUWRQ1:DQG&RRNH&%'R



ZDONLQJVWUDWHJLHVWRLQFUHDVHSK\VLFDODFWLYLW\UHGXFHUHSRUWHGVLWWLQJLQZRUNSODFHVD



UDQGRPL]HGFRQWUROWULDO,QW-%HKDY1XWU3K\V$FW

rR



Fo

*UDII6.$OYHV%&7RVFDQL0.DQG6SULW]HU30%HQHILWVRISHGRPHWHUPHDVXUHG

 

KDELWXDOSK\VLFDODFWLYLW\LQKHDOWK\ZRPHQ$SSO3K\VLRO1XWU0HWDE  

 

+DPLOWRQ07+DPLOWRQ'*DQG=GHULF7:5ROHRIORZHQHUJ\H[SHQGLWXUHDQGVLWWLQJLQ

ev

REHVLW\PHWDEROLFV\QGURPHW\SHGLDEHWHVDQGFDUGLRYDVFXODUGLVHDVH'LDEHWHV  

 





w



ie

+HDO\*1&ODUN%.:LQNOHU($*DUGLQHU3$%URZQ:-DQG0DWWKHZV&(



0HDVXUHPHQWRIDGXOWV VHGHQWDU\WLPHLQSRSXODWLRQEDVHGVWXGLHV$P-3UHY0HG  







On

+HDO\*1'XQVWDQ':6DOPRQ-&HULQ(6KDZ-(=LPPHW3=HWDO2EMHFWLYHO\

ly
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PHDVXUHGOLJKWLQWHQVLW\SK\VLFDODFWLYLW\LVLQGHSHQGHQWO\DVVRFLDWHGZLWKKSODVPDJOXFRVH



'LDEHWHV&DUH  



+HDO\*1:LMQGDHOH.'XQVWDQ':6KDZ-(6DOPRQ-=LPPHW3=HWDO2EMHFWLYHO\



PHDVXUHGVHGHQWDU\WLPHSK\VLFDODFWLYLW\DQGPHWDEROLFULVNWKH$XVWUDOLDQ'LDEHWHV2EHVLW\



DQG/LIHVW\OH6WXG\ $XV'LDE 'LDEHWHV&DUH  



+LOJHQNDPS7,5HLV'YDQ:LMFN5DQG(YHQKXLV+03K\VLFDODFWLYLW\OHYHOVLQROGHU
DGXOWVZLWKLQWHOOHFWXDOGLVDELOLWLHVDUHH[WUHPHO\ORZ5HV'HY'LVDELO  
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+LUYHQVDOR07HODPD56FKPLGW0'7DPPHOLQ7+<DQJ;0DJQXVVHQ&*HWDO



'DLO\VWHSVDPRQJ)LQQLVKDGXOWV9DULDWLRQE\DJHVH[DQGVRFLRHFRQRPLFSRVLWLRQ6FDQG-



3XEOLF+HDOWK  



+RUQEXFNOH/0%DVVHWW'5-UDQG7KRPSVRQ'/3HGRPHWHUGHWHUPLQHGZDONLQJDQG



ERG\FRPSRVLWLRQYDULDEOHVLQ$IULFDQ$PHULFDQZRPHQ0HG6FL6SRUWV([HUF  





,QRXH62K\D<7XGRU/RFNH&7DQDND6<RVKLLNH1DQG6KLPRPLWVX7D7LPHWUHQGV



IRUVWHSGHWHUPLQHGSK\VLFDODFWLYLW\DPRQJ-DSDQHVHDGXOWV0HG6FL6SRUWV([HUF  





rR



Fo

,QRXH6<XPLNR22GDJLUL<7DNDPL\D76XLMR..DPDGD0HWDOE6RFLRGHPRJUDSKLF



GHWHUPLQDQWVRISHGRPHWHUGHWHUPLQHGSK\VLFDODFWLYLW\DPRQJ-DSDQHVHDGXOWV$P-3UHY0HG



  



ev

,VKLNDZD7DNDWD.7DQDND+1DQEX.DQG2KWD7%HQHILFLDOHIIHFWRISK\VLFDODFWLYLW\RQ

ie



EORRGSUHVVXUHDQGEORRGJOXFRVHDPRQJ-DSDQHVHPDOHZRUNHUV'LDEHWHV5HV&OLQ3UDFW



  



On

-DNLFLF-0'DYLV..*DUFLD'29HUED6DQG3HOOHJULQL&2EMHFWLYHPRQLWRULQJRI
SK\VLFDODFWLYLW\LQRYHUZHLJKWDQGREHVHSRSXODWLRQV3K\V7KHU5HY  




w

-DQVVHQ,DQG/HEODQF$*6\VWHPDWLFUHYLHZRIWKHKHDOWKEHQHILWVRISK\VLFDODFWLYLW\DQG

ly
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ILWQHVVLQVFKRRODJHGFKLOGUHQDQG\RXWK,QW-%HKDY1XWU3K\V$FW  













DEGRPLQDOREHVLW\LQ&DQDGLDQDGROHVFHQWVDQGDGXOWVWR2EHV5HY  















-DQVVHQ,6KLHOGV0&UDLJ&/DQG7UHPEOD\063UHYDOHQFHDQGVHFXODUFKDQJHVLQ

-DQVVHQ,6KLHOGV0&UDLJ&/DQG7UHPEOD\06&KDQJHVLQWKHREHVLW\SKHQRW\SHZLWKLQ
&DQDGLDQFKLOGUHQDQGDGXOWVWR2EHVLW\ 6LOYHU6SULQJ   
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-HQQHUVMR3/XGYLJVVRQ-/DQQH71\VWURP)+(UQHUXGK-DQG2VWJUHQ&-LQSUHVV









3HGRPHWHUGHWHUPLQHGSK\VLFDODFWLYLW\LVOLQNHGWRORZV\VWHPLFLQIODPPDWLRQDQGORZDUWHULDO





VWLIIQHVVLQ7\SHGLDEHWHV'LDEHW0HG





-LDQJ+4LDQ;/L0/\QQ+)DQ<+H)HWDO&DQSK\VLFDODFWLYLW\UHGXFHH[FHVVLYH

  

JHVWDWLRQDOZHLJKWJDLQ")LQGLQJVIURPD&KLQHVHXUEDQSUHJQDQWZRPHQFRKRUWVWXG\,QW-

 

%HKDY1XWU3K\V$FW

 

-X6:LOEXU-/HH(DQG0LOOHU$/LIHVW\OHSK\VLFDODFWLYLW\EHKDYLRURI.RUHDQ$PHULFDQ
GU\FOHDQHUFRXSOHV3XEOLF+HDOWK1XUV  

 
 

Fo

.DPEDV$0LFKDORSRXORX0)DWRXURV,*&KULVWRIRULGLV&0DQWKRX(*LDQQDNLGRX'HWDO

rR

 

7KHUHODWLRQVKLSEHWZHHQPRWRUSURILFLHQF\DQGSHGRPHWHUGHWHUPLQHGSK\VLFDODFWLYLW\LQ

 

\RXQJFKLOGUHQ3HGLDWU([HUF6FL  

  

.DQJ00DUVKDOO6-%DUUHLUD79DQG/HH-2(IIHFWRISHGRPHWHUEDVHGSK\VLFDODFWLYLW\

ev

LQWHUYHQWLRQVDPHWDDQDO\VLV5HV4([HUF6SRUW  

  
  

ie

.DUDEXOXW0&URXWHU6(DQG%DVVHWW'5-U&RPSDULVRQRIWZRZDLVWPRXQWHGDQGWZR

w

DQNOHPRXQWHGHOHFWURQLFSHGRPHWHUV(XU-$SSO3K\VLRO  

  
 

.DW]PDU]\N373K\VLFDODFWLYLW\VHGHQWDU\EHKDYLRUDQGKHDOWKSDUDGLJPSDUDO\VLVRUSDUDGLJP
VKLIW"'LDEHWHV  

 
 

ly

.DW]PDU]\N37&KXUFK76&UDLJ&/DQG%RXFKDUG&6LWWLQJWLPHDQGPRUWDOLW\IURPDOO
FDXVHVFDUGLRYDVFXODUGLVHDVHDQGFDQFHU0HG6FL6SRUWV([HUF  

 
 

.HPSHU.$DQG:HOVK563K\VLFDODFWLYLW\EHKDYLRUVRIVWXGHQWVRIDUXUDOKLVWRULFDOO\EODFN
FROOHJH-$P&ROO+HDOWK  

 
  

On
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.LQJ:&%UDFK-6%HOOH6.LOOLQJVZRUWK5)HQWRQ0DQG.ULVND$07KHUHODWLRQVKLS

  

EHWZHHQFRQYHQLHQFHRIGHVWLQDWLRQVDQGZDONLQJOHYHOVLQROGHUZRPHQ$P-+HDOWK3URPRW
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LQLQVXOLQVHQVLWLYLW\SUHFHGHFKDQJHVLQERG\FRPSRVLWLRQGXULQJGD\VRIVWHSUHGXFWLRQ

 

FRPELQHGZLWKRYHUIHHGLQJLQKHDOWK\\RXQJPHQ-$SSO3K\VLRO

 

.RQGR./HH-6.DZDNXER..DWDRND<$VDPL<0RUL.HWDO$VVRFLDWLRQEHWZHHQ

 

GDLO\SK\VLFDODFWLYLW\DQGQHLJKERUKRRGHQYLURQPHQWV(QYLURQPHQWDO+HDOWK$QG3UHYHQWLYH

 

0HGLFLQH  

 

.R]H\.HDGOH6/LEHUWLQH$/\GHQ.6WDXGHQPD\HU-DQG)UHHGVRQ369DOLGDWLRQRI

  

ZHDUDEOHPRQLWRUVIRUDVVHVVLQJVHGHQWDU\EHKDYLRU0HG6FL6SRUWV([HUF  

  

Fo

.R]R-6DOOLV-)&RQZD\7/.HUU-&DLQ.6DHOHQV%(HWDOLQSUHVV6HGHQWDU\EHKDYLRUV

rR

RIDGXOWVLQUHODWLRQWRUHLJKERUKRRGZDONDELOLW\DQGLQFRPH+HDOWK3V\FKRO

  
  

.URJK0DGVHQ57K\IDXOW-3%URKROP&0RUWHQVHQ2+2OVHQ5+0RXQLHU5HWDO

 

$ZNUHGXFWLRQRIDPEXODWRU\DFWLYLW\DWWHQXDWHVSHULSKHUDOLQVXOLQVHQVLWLYLW\-$SSO3K\VLRO

 

  

ie

 

ev

.UXPP(0'HVVLHX[2/$QGUHZV3DQG7KRPSVRQ'/7KHUHODWLRQVKLSEHWZHHQGDLO\

w

 

VWHSVDQGERG\FRPSRVLWLRQLQSRVWPHQRSDXVDOZRPHQ-:RPHQV+HDOWK  

 

.XPS'6DQG%RRWK):D6XVWDLQHGULVHLQWULDF\OJO\FHUROV\QWKHVLVDQGLQFUHDVHGHSLGLG\PDO

 

IDWPDVVZKHQUDWVFHDVHYROXQWDU\ZKHHOUXQQLQJ7KH-RXUQDORI3K\VLRORJ\ 3W 

  

On

.XPS'6DQG%RRWK):E$OWHUDWLRQVLQLQVXOLQUHFHSWRUVLJQDOOLQJLQWKHUDWHSLWURFKOHDULV

ly
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.QXGVHQ6++DQVHQ/63HGHUVHQ0'HMJDDUG7+DQVHQ-+DOO*9HWDOLQSUHVV&KDQJHV

PXVFOHXSRQFHVVDWLRQRIYROXQWDU\H[HUFLVH7KH-RXUQDORI3K\VLRORJ\ 3W 

  
  

.XPS'6/D\H0-DQG%RRWK):,QFUHDVHGPLWRFKRQGULDOJO\FHUROSKRVSKDWH

  

DF\OWUDQVIHUDVHSURWHLQDQGHQ]\PHDFWLYLW\LQUDWHSLGLG\PDOIDWXSRQFHVVDWLRQRIZKHHOUXQQLQJ

 

$P-3K\VLRO(QGRFULQRO0HWDE  (

 

/DUD6&DVDQRYD*DQG6SULW]HU30,QIOXHQFHRIKDELWXDOSK\VLFDODFWLYLW\RQERG\

 

FRPSRVLWLRQIDWGLVWULEXWLRQDQGPHWDEROLFYDULDEOHVLQHDUO\SRVWPHQRSDXVDOZRPHQUHFHLYLQJ

 

KRUPRQDOWKHUDS\(XU-2EVWHW*\QHFRO5HSURG%LRO  
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/D\H0-7K\IDXOW-36WXPS&6DQG%RRWK):,QDFWLYLW\LQGXFHVLQFUHDVHVLQDEGRPLQDO
IDW-$SSO3K\VLRO  

 
  

/H0DVXULHU*&DQG7XGRU/RFNH&&RPSDULVRQRISHGRPHWHUDQGDFFHOHURPHWHUDFFXUDF\
XQGHUFRQWUROOHGFRQGLWLRQV0HG6FL6SRUWV([HUF  

  

/H0DVXULHU*&DQG&RUELQ&%6WHSFRXQWVDPRQJPLGGOHVFKRROVWXGHQWVYDU\ZLWKDHURELF
ILWQHVVOHYHO5HV4([HUF6SRUW  

  
 

/H0DVXULHU*&/HH60DQG7XGRU/RFNH&0RWLRQVHQVRUDFFXUDF\XQGHUFRQWUROOHGDQG
IUHHOLYLQJFRQGLWLRQV0HG6FL6SRUWV([HUF  

 
 

Fo

/HYLQH-$6FKOHXVQHU6-DQG-HQVHQ0'(QHUJ\H[SHQGLWXUHRIQRQH[HUFLVHDFWLYLW\$P-

rR

&OLQ1XWU  

 
 

/XEDQV'50RUJDQ3-&DOOLVWHU5DQG&ROOLQV&(7KHUHODWLRQVKLSEHWZHHQSHGRPHWHU

 

VWHSFRXQWVDQGHVWLPDWHG920D[DVGHWHUPLQHGE\DVXEPD[LPDOILWQHVVWHVWLQDGROHVFHQWV

  

3HGLDWU([HUF6FL  

ie

  

ev

/XWHV/'DQG6WHLQEDXJK(.7KHRUHWLFDOPRGHOVIRUSHGRPHWHUXVHLQSK\VLFDODFWLYLW\

w

LQWHUYHQWLRQV3K\V7KHU5HY  

  




0DUDNL0,$JJHORSRXORX1&KULVWRGRXORX1$QDVWDVLRX&$7RXWRX]D03DQDJLRWDNRV'%





HWDO/LIHVW\OHLQWHUYHQWLRQOHDGLQJWRPRGHUDWHZHLJKWORVVQRUPDOL]HVSRVWSUDQGLDO





WULDF\OJO\FHUROHPLDGHVSLWHSHUVLVWLQJREHVLW\2EHVLW\ 6LOYHU6SULQJ   









7UDQVODWLQJSK\VLFDODFWLYLW\UHFRPPHQGDWLRQVLQWRDSHGRPHWHUEDVHGVWHSJRDOVWHSVLQ





PLQXWHV$P-3UHY0HG  









$FFHOHURPHWHUGDWDUHGXFWLRQDFRPSDULVRQRIIRXUUHGXFWLRQDOJRULWKPVRQVHOHFWRXWFRPH





YDULDEOHV0HG6FL6SRUWV([HUF 6XSSO 6

ly

On
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0DUVKDOO6-/HY\667XGRU/RFNH&(.RONKRUVW)::RRWHQ.0-L0HWDO

0DVVH/&)XHPPHOHU%)$QGHUVRQ&%0DWWKHZV&(7URVW6*&DWHOOLHU'-HWDO
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0DWWKHZV&(&KHQ.<)UHHGVRQ36%XFKRZVNL06%HHFK%03DWH55HWDO





















VWXG\RIWKHLQGLYLGXDOVRFLDODQGEXLOWHQYLURQPHQWDOFRUUHODWHVRISHGRPHWHUEDVHGSK\VLFDO





DFWLYLW\DPRQJHOHPHQWDU\VFKRROFKLOGUHQ,QW-%HKDY1XWU3K\V$FW





0F&RUPDFN*55XWKHUIRUG-*LOHV&RUWL%7XGRU/RFNH&DQG%XOO)E%0,UHIHUHQFHG





FXWSRLQWVIRUUHFRPPHQGHGGDLO\SHGRPHWHUGHWHUPLQHGVWHSVLQ$XVWUDOLDQFKLOGUHQDQG









0F.HUFKHU&06FKPLGW0'6DQGHUVRQ.$3DWWRQ*&'Z\HU7DQG9HQQ$-





3K\VLFDODFWLYLW\DQGGHSUHVVLRQLQ\RXQJDGXOWV$P-3UHY0HG  









DQGVHOIUHSRUWHGSK\VLFDODFWLYLW\DQGERG\FRPSRVLWLRQYDULDEOHVLQFROOHJHDJHGPHQDQG





ZRPHQ-$P&ROO+HDOWK  









3DWWHUQVRIREMHFWLYHO\PHDVXUHGSK\VLFDODFWLYLW\LQWKH8QLWHG6WDWHV0HG6FL6SRUWV([HUF





  









SK\VLFDODFWLYLW\LPSDLUVJO\FHPLFFRQWUROLQKHDOWK\YROXQWHHUV0HG6FL6SRUWV([HUF





  









$PRXQWRIWLPHVSHQWLQVHGHQWDU\EHKDYLRUVLQWKH8QLWHG6WDWHV$P-(SLGHPLRO
  
0F&RUPDFN*5*LOHV&RUWL%7LPSHULR$:RRG*DQG9LOODQXHYD.D$FURVVVHFWLRQDO

Fo

DGROHVFHQWV5HV4([HUF6SRUW  

rR

0HVWHN0/3ODLVDQFH(DQG*UDQGMHDQ37KHUHODWLRQVKLSEHWZHHQSHGRPHWHUGHWHUPLQHG

w

ie

ev

0HW]JHU-6&DWHOOLHU'-(YHQVRQ.57UHXWK065RVDPRQG:'DQG6LHJD5L]$0

ly

0LNXV&52EHUOLQ'-/LEOD-/7D\ORU$0%RRWK):DQG7K\IDXOW-3/RZHULQJ

0LOOHU5%URZQ:DQG7XGRU/RFNH&%XWZKDWDERXWVZLPPLQJDQGF\FOLQJ"+RZWR FRXQW 
QRQDPEXODWRU\DFWLYLW\ZKHQXVLQJSHGRPHWHUVWRDVVHVVSK\VLFDODFWLYLW\-3K\V$FW+HDOWK
  

 
 

On
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0LWVXL7%DUDMLPD7.DQDFKL0DQG6KLPDRND.'DLO\ZDONLQJDFWLYLW\DPRQJPDOHRIILFH
ZRUNHUVLQDUXUDOWRZQLQQRUWKHUQ-DSDQ-3K\VLRO$QWKURSRO  
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0LWVXL76KLPDRND.7VX]XNX6.DMLRND7DQG6DNDNLEDUD+3HGRPHWHUGHWHUPLQHG
SK\VLFDODFWLYLW\DQGLQGLFDWRUVRIKHDOWKLQ-DSDQHVHDGXOWV-3K\VLRO$QWKURSRO  

 













 

0RWO5:DQG6DQGURII%02EMHFWLYHPRQLWRULQJRISK\VLFDODFWLYLW\EHKDYLRULQPXOWLSOH
VFOHURVLV3K\V7KHU5HY  
0R\0/'DQLODFN9$:HVWRQ1$DQG*DUVKLFN(LQSUHVV'DLO\VWHSFRXQWVLQD86FRKRUW
ZLWK&23'5HVSLU0HG
0XVWR$-DFREV.1DVK0'HO5RVVL*DQG3HUU\$7KHHIIHFWVRIDQLQFUHPHQWDO



DSSURDFKWRVWHSVGD\RQPHWDEROLFV\QGURPHFRPSRQHQWVLQVHGHQWDU\RYHUZHLJKW



ZRPHQ-3K\V$FW+HDOWK  

rR



Fo

1DDO)'DQG,PSHOOL]]HUL)0+RZDFWLYHDUHSDWLHQWVXQGHUJRLQJWRWDOMRLQWDUWKURSODVW\"$
V\VWHPDWLFUHYLHZ&OLQ2UWKRS5HODW5HV  




2ND.DQG6KLEDWD$'HWHUPLQDQWVRIPHHWLQJWKHSXEOLFKHDOWKUHFRPPHQGDWLRQVIRUSK\VLFDO

ev

DFWLYLW\DPRQJFRPPXQLW\GZHOOLQJHOGHUO\-DSDQHVH&XUUHQW$JLQJ6FLHQFH  


 

ie

2OVHQ5+.URJK0DGVHQ57KRPVHQ&%RRWK):DQG3HGHUVHQ%.0HWDEROLF

w

UHVSRQVHVWRUHGXFHGGDLO\VWHSVLQKHDOWK\QRQH[HUFLVLQJPHQ-$0$  

 
 

2ZHQ1/HVOLH(6DOPRQ-DQG)RWKHULQJKDP0-(QYLURQPHQWDOGHWHUPLQDQWVRISK\VLFDO

On

DFWLYLW\DQGVHGHQWDU\EHKDYLRU([HUF6SRUW6FL5HY  

 


2ZHQ1+HDO\*10DWWKHZV&(DQG'XQVWDQ':7RRPXFKVLWWLQJWKHSRSXODWLRQ

ly
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KHDOWKVFLHQFHRIVHGHQWDU\EHKDYLRU([HUF6SRUW6FL5HY  




2ZHQ16XJL\DPD7(DNLQ((*DUGLQHU3$7UHPEOD\06DQG6DOOLV-)$GXOWV 



VHGHQWDU\EHKDYLRUGHWHUPLQDQWVDQGLQWHUYHQWLRQV$P-3UHY0HG  



3DQWRQ/%.XVKQLFN05.LQJVOH\-'0RIIDWW5-+D\PHV(0DQG7RROH7



3HGRPHWHUPHDVXUHPHQWRISK\VLFDODFWLYLW\DQGFKURQLFGLVHDVHULVNIDFWRUVRIREHVHORZHU

 

VRFLRHFRQRPLFVWDWXV$IULFDQ$PHULFDQZRPHQ-3K\V$FW+HDOWK  
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3DUN+7RJR):DWDQDEH(<DVXQDJD$3DUN66KHSKDUG5-HWDO5HODWLRQVKLSRIERQH

 

KHDOWKWR\HDUORQJSK\VLFDODFWLYLW\LQROGHU-DSDQHVHDGXOWVFURVVVHFWLRQDOGDWDIURPWKH

 

1DNDQRMR6WXG\2VWHRSRURV,QW  



3DWH552 1HLOO-5DQG/REHOR)7KHHYROYLQJGHILQLWLRQRIVHGHQWDU\([HUF6SRUW6FL
5HY  



3D\Q73IHLIIHU.$+XWWR%9HQD-(/D0RQWH0-%ODLU61HWDO'DLO\VWHSVLQ



PLGOLIHDQGROGHUDGXOWVUHODWLRQVKLSZLWKGHPRJUDSKLFVHOIUDWHGKHDOWKDQGVHOIUHSRUWHG



SK\VLFDODFWLYLW\5HV4([HUF6SRUW  



Fo

3K\VLFDO$FWLYLW\*XLGHOLQHV$GYLVRU\&RPPLWWHH  3K\VLFDO$FWLYLW\*XLGHOLQHV5HSRUW

rR

 

:DVKLQJWRQ'&86'HSDUWPHQWRI+HDOWKDQG+XPDQ6HUYLFHV

 

KWWSZZZKHDOWKJRYSDJXLGHOLQHVUHSRUWSGI&RPPLWWHH5HSRUWSGI

 

ev

5LFKDUGVRQ&52EMHFWLYHPRQLWRULQJDQGDXWRPDWHGFRDFKLQJDSRZHUIXOFRPELQDWLRQLQ
SK\VLFDODFWLYLW\LQWHUYHQWLRQV3K\V7KHU5HY  

 


ie

5LFKDUGVRQ&51HZWRQ7/$EUDKDP--6HQ$-LPER0DQG6ZDUW]$0$PHWD

w

DQDO\VLVRISHGRPHWHUEDVHGZDONLQJLQWHUYHQWLRQVDQGZHLJKWORVV$QQ)DP0HG  




5RJHUV/42EMHFWLYHPRQLWRULQJRISK\VLFDODFWLYLW\DIWHUDFDQFHUGLDJQRVLVFKDOOHQJHVDQG

On

RSSRUWXQLWLHVIRUHQKDQFLQJFDQFHUFRQWURO3K\V7KHU5HY  




5RWKQH\03$SNHU*$6RQJ<DQG&KHQ.<&RPSDULQJWKHSHUIRUPDQFHRIWKUHH

ly
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JHQHUDWLRQVRI$FWL*UDSKDFFHOHURPHWHUV-$SSO3K\VLRO  


 

5RZH'$:HON*-+HLO'30DKDU07.HPEOH&'&DODEUR0$HWDO6WULGHUDWH

 

UHFRPPHQGDWLRQVIRUPRGHUDWHLQWHQVLW\ZDONLQJ0HG6FL6SRUWV([HUF  

 

6FKPLGW0'%OL]]DUG&/9HQQ$-&RFKUDQH-$DQG'Z\HU73UDFWLFDOFRQVLGHUDWLRQV

 

ZKHQXVLQJSHGRPHWHUVWRDVVHVVSK\VLFDODFWLYLW\LQSRSXODWLRQVWXGLHVOHVVRQVIURPWKH%XUQLH



7DNH+HDUW6WXG\5HV4([HUF6SRUW  



6FKPLGW0'&OHODQG9-6KDZ.'Z\HU7DQG9HQQ$-&DUGLRPHWDEROLFULVNLQ
\RXQJHUDQGROGHUDGXOWVDFURVVDQLQGH[RIDPEXODWRU\DFWLYLW\$P-3UHY0HG  





http://mc.manuscriptcentral.com/apnm-pubs

Page 51 of 122

Applied Physiology, Nutrition, and Metabolism
 





6HGHQWDU\%HKDYLRXU5HVHDUFK1HWZRUN6WDQGDUGL]HGXVHRIWKHWHUPVVHGHQWDU\DQGVHGHQWDU\
EHKDYLRXUV$SSO3K\VLRO1XWU0HWDE




6KHSKDUG5-DQG$R\DJL<2EMHFWLYHPRQLWRULQJRISK\VLFDODFWLYLW\LQROGHUDGXOWVFOLQLFDO
DQGSUDFWLFDOLPSOLFDWLRQV3K\V7KHU5HY  

 

6LJPXQGRYD'(O$QVDUL:DQG6LJPXQG(1HLJKERXUKRRGHQYLURQPHQWFRUUHODWHVRI

 

SK\VLFDODFWLYLW\DVWXG\RIHLJKW&]HFKUHJLRQDOWRZQV,QW-(QYLURQ5HV3XEOLF+HDOWK

 

  



6LVVRQ6%&DPKL607XGRU/RFNH&-RKQVRQ:'DQG.DW]PDU]\N37&KDUDFWHULVWLFV

Fo



RIVWHSGHILQHGSK\VLFDODFWLYLW\FDWHJRULHVLQ86$GXOWV$P-+HDOWK3URPRW  



6LVVRQ6%&DPKL60&KXUFK767XGRU/RFNH&-RKQVRQ:'DQG.DW]PDU]\N37



$FFHOHURPHWHUGHWHUPLQHGVWHSVGD\DQGPHWDEROLFV\QGURPH$P-3UHY0HG  
6SHQFH-&DQG/HH5(7RZDUGDFRPSUHKHQVLYHPRGHORISK\VLFDODFWLYLW\3V\FK6SRUW
([HUF



ie

 

6XJL\DPD76DOPRQ-'XQVWDQ':%DXPDQ$(DQG2ZHQ11HLJKERUKRRGZDONDELOLW\

w

DQG79YLHZLQJWLPHDPRQJ$XVWUDOLDQDGXOWV$P-3UHY0HG  

 
 

6ZDUW]$06WUDWK6-%DVVHWW'50RRUH-%5HGZLQH%$*URHU0HWDO,QFUHDVLQJ

On



GDLO\ZDONLQJLPSURYHVJOXFRVHWROHUDQFHLQRYHUZHLJKWZRPHQ3UHY0HG  



 

ly

7HPSOH9$2EMHFWLYHO\PHDVXUHGSK\VLFDODFWLYLW\RISHRSOHZLWKLQWHOOHFWXDOGLVDELOLW\
SDUWLFLSDWLRQDQGFRQWH[WXDOLQIOXHQFHV3K\V7KHU5HY  

 
 

ev



rR
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7KRPSVRQ'/5DNRZ-DQG3HUGXH605HODWLRQVKLSEHWZHHQDFFXPXODWHGZDONLQJDQG

 

ERG\FRPSRVLWLRQLQPLGGOHDJHGZRPHQ0HG6FL6SRUWV([HUF  

 

7K\IDXOW-3DQG.URJK0DGVHQ50HWDEROLFGLVUXSWLRQVLQGXFHGE\UHGXFHGDPEXODWRU\
DFWLYLW\LQIUHHOLYLQJKXPDQV-$SSO3K\VLRO  

 

7LPSHULR$6DOPRQ-%DOO.WH9HOGH6-%UXJ-DQG&UDZIRUG'1HLJKERUKRRG









FKDUDFWHULVWLFVDQG79YLHZLQJLQ\RXWKQRWKLQJWRGREXWZDWFK79"-6FL0HG6SRUW
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7UHPEOD\06&ROOH\5&6DXQGHUV7-+HDO\*1DQG2ZHQ13K\VLRORJLFDODQGKHDOWK
LPSOLFDWLRQVRIDVHGHQWDU\OLIHVW\OH$SSO3K\VLRO1XWU0HWDE  

 

7UHPEOD\06/HEODQF$*-DQVVHQ,.KR0(+LFNV$0XUXPHWV.HWDOD&DQDGLDQ

 

VHGHQWDU\EHKDYLRXUJXLGHOLQHVIRUFKLOGUHQDQG\RXWK$SSO3K\VLRO1XWU0HWDE  

 



 

7UHPEOD\06:DUEXUWRQ'(-DQVVHQ,3DWHUVRQ'+/DWLPHU$(5KRGHV5(HWDOE
1HZ&DQDGLDQSK\VLFDODFWLYLW\JXLGHOLQHV$SSO3K\VLRO1XWU0HWDE  

 

7UHPEOD\06/HEODQF$*&DUVRQ9&KRTXHWWH/&RQQRU*RUEHU6'LOOPDQ&HWDO









&DQDGLDQVHGHQWDU\EHKDYLRXUJXLGHOLQHVIRUWKHHDUO\\HDUV DJHG\HDUV $SSO3K\VLRO1XWU





0HWDE  





rR

Fo

7XGRU/RFNH&$VKRUWOLVWDERXWZKDW,GRDQGGRQ WNQRZDERXWREMHFWLYHPRQLWRULQJRI
SK\VLFDODFWLYLW\&XUU6SRUWV0HG5HS  

ev

 
 

7XGRU/RFNH&DQG%DVVHWW'5-U+RZPDQ\VWHSVGD\DUHHQRXJK"3UHOLPLQDU\SHGRPHWHU

ie

LQGLFHVIRUSXEOLFKHDOWK6SRUWV0HG  

 
 

w

7XGRU/RFNH&DQG+DP6$:DONLQJEHKDYLRUVUHSRUWHGLQWKH$PHULFDQ7LPH8VH6XUYH\
-3K\V$FW+HDOWK  

 
 














7XGRU/RFNH&DQG/XWHV/:K\GRSHGRPHWHUVZRUN"$UHIOHFWLRQXSRQWKHIDFWRUVUHODWHGWR
VXFFHVVIXOO\LQFUHDVLQJSK\VLFDODFWLYLW\6SRUWV0HG  

ly



7XGRU/RFNH&-RKQVRQ:'DQG.DW]PDU]\N37D$FFHOHURPHWHUGHWHUPLQHGVWHSVSHUGD\
LQ86DGXOWV0HG6FL6SRUWV([HUF  
7XGRU/RFNH&:DVKLQJWRQ7/DQG+DUW7/E([SHFWHGYDOXHVIRUVWHSVGD\LQVSHFLDO
SRSXODWLRQV3UHY0HG  

 
 

On
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7XGRU/RFNH&-RKQVRQ:'DQG.DW]PDU]\N37D$FFHOHURPHWHUGHWHUPLQHGVWHSVGD\LQ
86FKLOGUHQDQG\RXWK0HG6FL6SRUWV([HUF  
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7XGRU/RFNH&-RKQVRQ:'DQG.DW]PDU]\N37D5HODWLRQVKLSEHWZHHQDFFHOHURPHWHU

 

GHWHUPLQHGVWHSVGD\DQGRWKHUDFFHOHURPHWHURXWSXWVLQ86DGXOWV-3K\V$FW+HDOWK

 















7XGRU/RFNH&-RKQVRQ:'DQG.DW]PDU]\N37E86SRSXODWLRQSURILOHRIWLPHVWDPSHG
DFFHOHURPHWHURXWSXWVLPSDFWRIZHDUWLPH-3K\V$FW+HDOWK
7XGRU/RFNH&&DPKL60DQG7URLDQR53$FDWDORJRIUXOHVYDULDEOHVDQGGHILQLWLRQV

 

DSSOLHGWRDFFHOHURPHWHUGDWDLQWKH1DWLRQDO+HDOWKDQG1XWULWLRQ([DPLQDWLRQ6XUYH\



3UHY&KURQLF'LV(



Fo

7XGRU/RFNH&*LOHV&RUWL%.QXLPDQ0DQG0F&RUPDFN*D7UDFNLQJRISHGRPHWHU

rR



GHWHUPLQHGSK\VLFDODFWLYLW\LQDGXOWVZKRUHORFDWHUHVXOWVIURP5(6,'(,QW-%HKDY1XWU3K\V



$FW



7XGRU/RFNH&+DWDQR<3DQJUD]L53DQG.DQJ0E5HYLVLWLQJ+RZPDQ\VWHSVDUH

ev

HQRXJK"0HG6FL6SRUWV([HUF 6XSSO 6


 

ie

7XGRU/RFNH&%UDVKHDU00-RKQVRQ:'DQG.DW]PDU]\N37E$FFHOHURPHWHUSURILOHV

w

 

RISK\VLFDODFWLYLW\DQGLQDFWLYLW\LQQRUPDOZHLJKWRYHUZHLJKWDQGREHVH86PHQDQGZRPHQ

 

,QW-%HKDY1XWU3K\V$FW  

 

On

7XGRU/RFNH&&UDLJ&/&DPHURQ&DQG*ULIILWKV-0F&DQDGLDQFKLOGUHQ VDQG\RXWK V



SHGRPHWHUGHWHUPLQHGVWHSVGD\SDUHQWUHSRUWHG79ZDWFKLQJWLPHDQGRYHUZHLJKWREHVLW\WKH



&$13/$<6XUYHLOODQFH6WXG\,QW-%HKDY1XWU3K\V$FW



ly
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7XGRU/RFNH&6LVVRQ6%&ROORYD7/HH60DQG6ZDQ3'3HGRPHWHUGHWHUPLQHGVWHS



FRXQWJXLGHOLQHVIRUFODVVLI\LQJZDONLQJLQWHQVLW\LQD\RXQJRVWHQVLEO\KHDOWK\SRSXODWLRQ&DQ-



$SSO3K\VLRO  



7XGRU/RFNH&0F&ODLQ--+DUW7/6LVVRQ6%DQG:DVKLQJWRQ7/F([SHFWHGYDOXHV
IRUSHGRPHWHUGHWHUPLQHGSK\VLFDODFWLYLW\LQ\RXWK5HV4([HUF6SRUW  

 
 

7XGRU/RFNH&/HRQDUGL&-RKQVRQ:'.DW]PDU]\N37DQG&KXUFK76G
$FFHOHURPHWHUVWHSVGD\WUDQVODWLRQRIPRGHUDWHWRYLJRURXVDFWLYLW\3UHY0HG
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7KHUHODWLRQVKLSEHWZHHQSHGRPHWHUGHWHUPLQHGDPEXODWRU\DFWLYLW\DQGERG\FRPSRVLWLRQ



YDULDEOHV,QW-2EHV5HODW0HWDE'LVRUG  



7XGRU/RFNH&%HOO5&0\HUV$0+DUULV6%/DX]RQ1DQG5RGJHU1:3HGRPHWHU



GHWHUPLQHGDPEXODWRU\DFWLYLW\LQLQGLYLGXDOVZLWKW\SHGLDEHWHV'LDEHWHV5HV&OLQ3UDFW



  



7XGRU/RFNH&+DP6$0DFHUD&$$LQVZRUWK%(.LUWODQG.$5HLV-3HWDOD

 

'HVFULSWLYHHSLGHPLRORJ\RISHGRPHWHUGHWHUPLQHGSK\VLFDODFWLYLW\0HG6FL6SRUWV([HUF

 

  

rR

 

Fo

7XGRU/RFNH&%HOO5&0\HUV$0+DUULV6%(FFOHVWRQH1$/DX]RQ1HWDOE

 

&RQWUROOHGRXWFRPHHYDOXDWLRQRIWKH)LUVW6WHS3URJUDPDGDLO\SK\VLFDODFWLYLW\LQWHUYHQWLRQ



IRULQGLYLGXDOVZLWKW\SH,,GLDEHWHV,QW-2EHV5HODW0HWDE'LVRUG  



7XGRU/RFNH&&DPKL60/HRQDUGL&-RKQVRQ:'.DW]PDU]\N37(DUQHVW&3HWDO

ie

ev

H3DWWHUQVRIDGXOWVVWHSSLQJFDGHQFHLQWKH1+$1(63UHY0HG




w

7XGRU/RFNH&3DQJUD]L53&RUELQ&%5XWKHUIRUG:-9LQFHQW6'5DXVWRUS$HWDO



F%0,UHIHUHQFHGVWDQGDUGVIRUUHFRPPHQGHGSHGRPHWHUGHWHUPLQHGVWHSVGD\LQFKLOGUHQ



3UHY0HG  

 

ly

7XGRU/RFNH&%DVVHWW'56ZDUW]$06WUDWK6-3DUU%%5HLV-3HWDOG$
SUHOLPLQDU\VWXG\RIRQH\HDURISHGRPHWHUVHOIPRQLWRULQJ$QQ%HKDY0HG  

 
 

7XGRU/RFNH&&UDLJ&/%HHWV0:%HOWRQ6&DUGRQ*0'XQFDQ6HWDOI+RZ
PDQ\VWHSVGD\DUHHQRXJK")RUFKLOGUHQDQGDGROHVFHQWV,QW-%HKDY1XWU3K\V$FW

 


On
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7XGRU/RFNH&$LQVZRUWK%(:KLWW0&7KRPSVRQ5:$GG\&/DQG-RQHV'$

7XGRU/RFNH&&UDLJ&/$R\DJL<%HOO5&&URWHDX.$'H%RXUGHDXGKXLM,HWDOJ



+RZPDQ\VWHSVGD\DUHHQRXJK")RUROGHUDGXOWVDQGVSHFLDOSRSXODWLRQV,QW-%HKDY1XWU3K\V



$FW



7XGRU/RFNH&&UDLJ&/%URZQ:-&OHPHV6$'H&RFNHU.*LOHV&RUWL%HWDOK
+RZPDQ\VWHSVGD\DUHHQRXJK")RUDGXOWV,QW-%HKDY1XWU3K\V$FW
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7XOO\0$DQG7XGRU/RFNH&3K\VLFDODFWLYLW\PRQLWRUVFOLQLFDODQGUHVHDUFKDSSOLFDWLRQV
3K\V7KHU5HY  

 

9DQ'\FN''HIRUFKH%&DUGRQ*DQG'H%RXUGHDXGKXLM,1HLJKERXUKRRGZDONDELOLW\DQG

 

LWVSDUWLFXODULPSRUWDQFHIRUDGXOWVZLWKDSUHIHUHQFHIRUSDVVLYHWUDQVSRUW+HDOWK3ODFH

 

  



YDQ6ORWHQ776DYHOEHUJ++'XLPHO3HHWHUV,*0HLMHU.+HQU\506WHKRXZHU&'HWDO



3HULSKHUDOQHXURSDWK\GHFUHDVHGPXVFOHVWUHQJWKDQGREHVLW\DUHVWURQJO\DVVRFLDWHGZLWK



ZDONLQJLQSHUVRQVZLWKW\SHGLDEHWHVZLWKRXWPDQLIHVWPRELOLW\OLPLWDWLRQV'LDEHWHV5HV&OLQ



3UDFW  

rR



Fo

9DQKHFNH7()UDQNOLQ%$=DOHVLQ.&6DQJDO5%GH-RQJ$7$JUDZDO9HWDO



&DUGLRUHVSLUDWRU\ILWQHVVDQGREVWUXFWLYHVOHHSDSQHDV\QGURPHLQPRUELGO\REHVHSDWLHQWV&KHVW

 

  

 

ev

9LOODQRYD13DVTXL)%XU]DFFKLQL6)RUODQL*0DQLQL56XSSLQL$HWDO$SK\VLFDO

ie

 

DFWLYLW\SURJUDPWRUHLQIRUFHZHLJKWPDLQWHQDQFHIROORZLQJDEHKDYLRUSURJUDPLQ



RYHUZHLJKWREHVHVXEMHFWV,QW-2EHV /RQG   

w



 

:DVFKNL%.LUVWHQ$+RO]20XOOHU.&0H\HU7:DW]+HWDO3K\VLFDODFWLYLW\LVWKH

On

 

VWURQJHVWSUHGLFWRURIDOOFDXVHPRUWDOLW\LQSDWLHQWVZLWK&23'DSURVSHFWLYHFRKRUWVWXG\

 

&KHVW  

 

:HQHU5(DQG(YDQV*:$PRUQLQJVVWUROOOHYHOVRISK\VLFDODFWLYLW\LQFDUDQGPDVVWUDQVLW
FRPPXWLQJ(QYLURQ%HKDY  

 
 

ly
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:RQJ6/&ROOH\5&RQQRU*RUEHU6DQG7UHPEOD\0$FWLFDODFFHOHURPHWHUVHGHQWDU\
DFWLYLW\WKUHVKROGVIRUDGXOWV-3K\V$FW+HDOWK  

















<DQJ./HH<6DQG&KDVHQV(52XWFRPHVRIKHDOWKFDUHSURYLGHUV UHFRPPHQGDWLRQVIRU

 

KHDOWK\OLIHVW\OHDPRQJ86DGXOWVZLWKSUHGLDEHWHV0HWDE6\QGU5HODW'LVRUG  

:\DWW+53HWHUV-&5HHG*:%DUU\0DQG+LOO-2$&RORUDGRVWDWHZLGHVXUYH\RI
ZDONLQJDQGLWVUHODWLRQWRH[FHVVLYHZHLJKW0HG6FL6SRUWV([HUF  
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DQGKDELWXDOSK\VLFDODFWLYLW\RIROGHU-DSDQHVHWKH1DNDQRMRVWXG\-$JLQJ3K\VLFDO$FW

 

  

 

=RHOOQHU-&RQQHOO&3RZHUV$$YLV:LOOLDPV$<DGULFN.DQG%RJOH0/'RHVDVL[

 

PRQWKSHGRPHWHULQWHUYHQWLRQLPSURYHSK\VLFDODFWLYLW\DQGKHDOWKDPRQJYXOQHUDEOH$IULFDQ





$PHULFDQV"$IHDVLELOLW\VWXG\-3K\V$FW+HDOWK  











w

ie

ev

rR

Fo
ly

On
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<DVXQDJD$7RJR):DWDQDEH(3DUN+3DUN66KHSKDUG5-HWDO6H[DJHVHDVRQ
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)LJXUH&DSWLRQV

w

ie

ev

rR

Fo
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)LJXUH6WHS'HILQHG6HGHQWDU\/LIHVW\OH,QGH[IRU$GXOWV

ly

On
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Fo







PHQZRPHQ\HDUVRIDJH&RORUDGR
VWDWHZLGHUHSUHVHQWDWLYHVDPSOH






:\DWW  

86$



0RQLWRULQJ)UDPH

ly



GD\V

<DPD[6:

GD\V

SDUWLFLSDQWVZRUH1/

'LJL:DONHU6:

On

/LIHVW\OHV

SDUWLFLSDQWVZRUH1HZ



:RPHQ

0HQ






















VWHSVGD\

GD\V

<DPD[6:
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86$



$PHULFDQYROXQWHHUV

+RUQEXFNOH  

ZRPHQ\HDUVRIDJHVHOILGHQWLILHG$IULFDQ

iew



86$

ev

VXUYH\RI6XPWHU&RXQW\6RXWK&DUROLQD

rR

PHQZRPHQ\HDUVRIDJHSRSXODWLRQEDVHG



E 

7XGRU/RFNH

<HDU



6WHS&RXQWHU 

&RXQWU\

6DPSOH'HVFULSWLRQ

3HUFHQWWDNLQJ

5HIHUHQFH

7DEOH6WXGLHVWKDWKDYHLQFOXGHGDVSHFLILFUHSRUWRISHUFHQWRIDGXOWVWDNLQJVWHSVGD\
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PHQZRPHQ\HDUVRIDJHRYHUZHLJKWREHVH <DPD[',*,6SRUW
SDUWLFLSDQWVZKRKDGMXVWFRPSOHWHGDEHKDYLRXUDOZHLJKW
ORVVSURJUDPDQGZHUHEHJLQQLQJDSK\VLFDODFWLYLW\

9LOODQRYD  

,WDO\



PHQZRPHQWR\HDUVRIDJHUDQGRP
VDPSOHGUDZQIURPSXEOLFUHFRUGRIILFH


REHVH$IULFDQ$PHULFDQZRPHQ\HDUVRIDJH
0HGLFDLGUHFLSLHQWV

ZRPHQFRQYHQLHQFHVDPSOHRIUXUDOEODFN6RXWK
$IULFDQV\HDUVRIDJH

'H&RFNHU  

%HOJLXP



3DQWRQ  

86$



&RRN  

6RXWK$IULFD







<DPD['LJLZDONHU6:





GD\V

,QVWUXPHQWV6:



ly
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GD\V

<DPD['LJL:DONHU6:



GD\V

<DPD['LJLZDONHU6:



GD\V

On

LQWHUYHQWLRQ



ev

rR

iew





Fo

LQFRPHKRXVLQJUHVLGHQWV

86$

GD\V

PHQZRPHQ\HDUVRIDJHPXOWLHWKQLFORZ

<DPD[6:
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LQWHUYHQWLRQ

SRVW

LQWHUYHQWLRQ

SUH

DWEDVHOLQH







PHGLFDOFKHFNXSDWSXEOLFKHDOWKFHQWHU
PHQZRPHQ\HDUVRIDJHDPEXODWRU\

-DSDQ

3D\Q  

PHQZRPHQWR\HDUVRIDJHSDUWLFLSDWLQJ
LQWKH&KLOGKRRG'HWHUPLQDQWVRI+HDOWKVWXG\ &'$+6 


PHQZRPHQWR\HDUVRIDJHSDUWLFLSDWLQJ
LQWKH7DVPDQLDQ2OGHU$GXOW&RKRUWVWXG\ 72$&6 



6FKPLGW  

$XVWUDOLD













LQDORQJLWXGLQDOVWXG\

$XVWUDOLD

GD\V

<DPD['LJLZDONHU6:

GD\V

ly
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72$&6 

2PURQ+-GD\V



GD\V &'$+6 

<DPD[6:
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:RPHQ

0HQ



:RPHQ

0HQ

72$&6 

:RPHQ

0HQ



&'$+6 

:RPHQ

0HQ

:RPHQ

0HQ



<DPD['LJL:DONHU6: 

GD\V

GD\V

On

PHQZRPHQWR\HDUVRIDJHSDUWLFLSDWLQJ

iew

FRPPXQLW\VDPSOHZLWKRXWFRJQLWLYHLPSDLUPHQW

ev

rR

0F.HUFKHU  

86$

PHQZRPHQWR\HDUVRIDJHUHFUXLWHGGXULQJ <$0$6$(0

0LWVXL  

Fo

XQLYHUVLW\

86$

6:

VDPSOHRIVWXGHQWVIURPDODUJHSXEOLFVRXWKHDVWHUQ

 

1HZ/LIHVW\OHV'LJL:DONHU

PHQZRPHQWR\HDUVRIDJHFRQYHQLHQFH

0HVWHN
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PHQZRPHQ\HDUVRIDJHFRQYHQLHQFH
VDPSOHUHFUXLWHGIURPUXUDOKRXVHKROGVLQ/LPSRSR
SURYLQFH6RXWK$IULFD


&RRN E 

6RXWK$IULFD
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GD\V

DVPDOOVRXWKHUQUXUDO+LVWRULFDOO\%ODFN&ROOHJH +%& 





ly

On


VWXGHQWVDSSUR[LPDWHO\\HDUVRIDJHUHFUXLWHGDW <DPD['LJLZDONHU6:

ev
GD\V

6:

86$

.HPSHU  

GD\V





iew

1HZ/LIHVW\OHV1/

SUHQDWDOFODVVHV

&DQDGD

rR

SUHJQDQWZRPHQ\HDUVRIDJHUHFUXLWHGIURP

&RKHQ  

1HZ/LIHVW\OHV'LJL:DONHU



GD\V





Fo



0RXQW/DNH7HUUDFH:$ 

0HGLFDO&HQWHU 'XNH8QLYHUVLW\0HGLFDO&HQWUH1&



SHULRG

RYHUDZHHN

WR





:RPHQ

0HQ







:RPHQ

2UWKR&DUH,QQRYDWLRQV

GZHOOLQJROGHUDGXOWVUHFUXLWHGIURP9HWHUDQV$IIDLUV

86$

0HQ

6WHS:DWFKDFWLYLW\PRQLWRU

PHQZRPHQ\HDUVRIDJH&RPPXQLW\
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&DYDQDXJK  
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PHQZRPHQWR\HDURIDJHIROORZXS
FRKRUWIURP7KH&DUGLRYDVFXODU5LVNLQ<RXQJ)LQQV

+LUYHQVDOR  

)LQODQG

$PHULFDQFRXSOHVZKRRZQGU\FOHDQHUVLQ&KLFDJR

86$

On



$WOHDVWGD\V
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VDPSOHRIROGHUDGXOWVZLWKLQWHOOHFWXDOGLVDELOLWLHV

7KH1HWKHUODQGV

ly

GD\V

1HZ/LIHVW\OHV1/

VHOHFWHGIURPDFURVVUHJLRQDOWRZQV

<DPD['LJLZDONHU6:

+LOJHQNDPS   PHQZRPHQ\HDUVRIDJHSRSXODWLRQEDVHG

&]HFK5HSXEOLF

6LJPXQGRYD   PHQZRPHQ\HDUVRIDJHUDQGRPO\

PHQZRPHQDSSUR[LPDWHO\\HDUVRIDJH.RUHDQ 1HZ/LIHVW\OHV1/

-X  
GD\V

VWXG\

GD\V

+-5( 

2PURQ:DONLQJ6W\OH2QH

PRQWKV



ev

rR

iew

+ROODQGDOH0LVVLVVLSSL



Fo

SDUWLFLSDQWVLQDFRPPXQLW\EDVHGLQWHUYHQWLRQLQ

86$

&RQWLQXRXVUHFRUGLQJIRU

PHQZRPHQ\HDUVRIDJH$IULFDQ$PHULFDQ <DPD[6:

=RHOOQHU  
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:RPHQ

0HQ



:RPHQ

0HQ





DWEDVHOLQH
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PHQZRPHQ\HDUVRIDJHQDWLRQDOO\
UHSUHVHQWDWLYHDGXOWVDPSOHRIWKH86


PHQZRPHQ\HDUVRIDJHZLWK7\SH
GLDEHWHV






6LVVRQ  

86$





-HQQHUVMR LQSUHVV 

6ZHGHQ









DGMXVWHGWRDSSUR[LPDWH





ly





GD\V

.HHS:DONLQJ/6

<DPD[6:

GD\V

On

SHGRPHWHUVFDOLQJ























:RPHQ

0HQ



/DVWWULPHVWHUV



UGWULPHVWHU



QGWULPHVWHU
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rR
iew

$FWL*UDSK$0GDWD





ev





Fo

SUHJQDQWZRPHQFRKRUW

&KLQD

GD\V

SUHJQDQWZRPHQ\HDUVRIDJHSDUWLFLSDQWVLQD 2PURQ+-
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Abstract

 

Step counting (using pedometers or accelerometers) is widely accepted by researchers,



practitioners, and the general public. Given mounting evidence of the link between low steps/day



and time spent in sedentary behaviours, how few steps/day some populations actually perform



and the growing interest in the potentially deleterious effects of excessive sedentary behaviours



on health, an emerging question is: “how many steps/day are too few?” This review examines the



utility, appropriateness, and limitations of using a re-occurring candidate for a step-defined



sedentary lifestyle index: < 5,000 steps/day. Adults taking < 5,000 steps/day are more likely to

 

have a lower household income, and be female, older, African American versus European

 

American ethnicity, a current versus never smoker, and/or be living with chronic disease and/or

 

disability. Little is known about how contextual factors (e.g., built environment) foster such low

 

levels of step-defined physical activity. Unfavorable indicators of body composition and



cardiometabolic risk have been consistently associated with taking < 5,000 steps/day. The acute



transition (3-14 days) of healthy active young people from higher (>10,000) to lower daily step



counts (<5,000 or as low as 1,500) induces reduced insulin sensitivity, glycemic control,



increased adiposity and other negative changes in health parameters. Although few alternative



values have been considered, the continued use of < 5,000 steps/day as a step-defined sedentary



lifestyle index for adults is appropriate for researchers, practitioners, and communicating with

 

the general public. There is little evidence to advocate any specific value indicative of a step-

 

defined sedentary lifestyle index in children/adolescents.

 

Keywords: Physical activity, Physical Inactivity, Exercise, Walking, Ambulation, Sitting,

 

Pedometer, Accelerometer
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Introduction



Step counting (using pedometers or accelerometers) is widely accepted by researchers,



practitioners, and the general public alike for assessing, tracking, and communicating physical



activity doses. For example, researchers recently reported 5-year changes in body mass index



(BMI), waist-to-hip-ratio, and insulin sensitivity related to 1,000 step incremental changes in



step-defined physical activity (Dwyer et al. 2011); a practice-based journal published a unique

 

collection of articles largely focused on step counting applications in a variety of special

 

populations (Bassett Jr and John 2010; Bradley et al. 2010; Gardner et al. 2010; Jakicic et al.

 

2010; Lutes and Steinbaugh 2010; Motl and Sandroff 2010; Richardson 2010; Rogers 2010;

 

Shephard and Aoyagi 2010; Temple 2010; Tully and Tudor-Locke 2010); and



government/agency/professional organizations from around the world have published different



step-based recommendations (Tudor-Locke et al. 2011h). This widespread adoption and practice



of step counting provides a unique opportunity for bridging research to clinical practice and



ultimately to real-world application since it allows a range of users to communicate using the



same metric that captures an objective measure of ambulatory activity accumulated throughout



the day. To further facilitate this communication, the purpose of this review is to present the

 

rationale, utility, appropriateness, and limitations of a “step-defined sedentary lifestyle index.”

 

The content reflects our collective understanding of the ever increasing scope and nature of the

 

step-based literature; specific articles are cited to support arguments and offer examples.
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accumulated during sedentary behaviours (Tudor-Locke et al. 2009a; Wong et al. 2011) and



relatively more steps/min are accumulated during increasingly intense ambulatory activity (Abel



et al. 2011; Beets et al. 2010b; Marshall et al. 2009; Rowe et al. 2011; Tudor-Locke et al. 2005),

 

with the highest rates of accumulation occurring during performance of moderate-to-vigorous

 

physical activity (MVPA) (Abel et al. 2011; Beets et al. 2010b; Marshall et al. 2009; Rowe et al.

 

2011; Tudor-Locke et al. 2005). The relationship between accelerometer-determined activity



counts/day and steps/day is strong (r2=0.87) (Tudor-Locke et al. 2011a). Steps/day explains



approximately 62% (women) to 67% (men) of the daily variability in time spent in MVPA



(Tudor-Locke et al. 2011a). Further, attaining approximately 7,000-8,000 steps/day is a



reasonable approximation of also obtaining at least 30 minutes/day of MVPA (or at least 150



minutes/week) (Tudor-Locke et al. 2011d). Attainment of at least 7,000 steps/day is listed



amongst the most recent evidence-based exercise recommendations issued by the American



College of Sport Medicine (Garber et al. 2011).
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Low step counts also imply that individuals have spent more time in sedentary behaviour.



This approach to inferring time spent in sedentary behaviour from a relative lack of movement is



the same concept used in accelerometry; a relatively low accelerometer activity count/min (e.g. <



100) is typically used to define time spent in sedentary behaviours (Matthews et al. 2008). On a



daily basis, participants who took < 5,000 steps/day in the accelerometer monitoring component



of the 2005-2006 National Health and Nutrition Examination Survey (NHANES) averaged 522



to 577 minutes/day in sedentary behaviours, compared to 348 to 412 minutes/day in those who



took  10,000 steps/day, translating to a 2.75 to 2.9 hours/day difference in sedentary behaviours
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associated with these different categories of step-defined physical activity (Tudor-Locke et al.



2011a). Twenty-five percent of the variability in time (i.e., minutes) spent in daily sedentary



behaviours as collected in these NHANES data is explained by a simple count of steps/day



(Tudor-Locke et al. 2011a). Although this explanatory power might appear to be low in contrast



to the stark differences in time estimates presented above, it is important to clarify that a single



minute of “sedentary activity” (defined by Wong et al. (2011) as a minute where zero steps are



taken, which they considered the “criterion measure” of this classification), is a missed



opportunity to accumulate any number of steps taken between 1 and 120+ steps/minute (Tudor-



Locke et al. 2011e).

rR

It may be more meaningful to look beyond cross-sectional associations and examine the



ev



effects of changes in steps/day on time spent in sedentary behaviours. Gilson et al. (2009) did not



show changes in self-reported sitting time at work with pedometer-enabled walking strategies,



however, the intervention was confined only to working hours (which may have limited success)



and the method of assessing time was not likely sensitive to potential real changes in behaviour.
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De Cocker et al. (2008) evaluated changes in self-reported sitting time by participants engaged in

 

a pedometer-based community intervention focused on increasing steps/day. In 254 participants

 

who increased their steps/day, an increase of 2,840 steps/day was associated with a self-reported

 

decrease of 18 min/day in sitting time (both changes were statistically significant). De Greef et

 

al. (2010) documented an increase of 2,502 steps/day in 20 individuals with Type 2 diabetes as a

 

result of a pedometer-based intervention that also produced a > 1 hour decrease in accelerometer-





determined sedentary behaviour (again, both changes were statistically significant). In another





pedometer-based intervention study of 92 individuals with Type 2 diabetes, De Greef et al.





(2011) reported significant increases of 2,744 steps/day and decreases in accelerometer-
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determined sedentary behaviour of 23 min/day. Finally, Mikus et al. (2012) recruited young adult



volunteers who habitually took > 10,000 steps/day and instructed them to temporarily reduce



their activity to < 5,000 steps/day based on self-monitored pedometer feedback. Concurrent



accelerometer monitoring during this transition captured an average 2.5 hour increase in sitting



time (from 593 minutes/day to 745 minutes/day). Although the difference was not statistically



significant (the sample size of 12 participants was not powered to evaluate this specific



outcome), few would suggest that a 2.5 hour/day increase in sitting time is an unremarkable

 

change. Combining the results from the studies using objective monitoring, one would expect an

 

increase of 2,500 steps/day to be associated with a 37-45 min/day reduction in sedentary

 

behaviour.
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Recently a series of papers have explored the concept or question “how many steps are



w



enough?” in terms of a step-based translation of current public health physical activity guidelines



(Tudor-Locke et al. 2011f; Tudor-Locke et al. 2011g; Tudor-Locke et al. 2011h), which have



historically focused on engagement in activities that are of at least moderate intensity. Although



recent U.S public health guidelines continue to emphasize the benefits of time spent in MVPA,

 

they also acknowledge that some activity is better than none (regardless of any intensity

 

criterion), even while encouraging that more is better (Physical Activity Guidelines Advisory

 

Committee 2008). Canadian Physical Activity Guidelines produced by the Canadian Society of

 

Exercise Physiology (CSEP) (Tremblay et al. 2011b) focus on the health benefits of MVPA,



however, they also state that for adults and older adults “who are physically inactive, doing



amounts below the recommended levels can provide some health benefits.” At the same time,
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interest continues to grow in the independent and potentially deleterious health effects of



excessive time spent in sedentary behaviours (Katzmarzyk 2010; Katzmarzyk et al. 2009).



CSEP’s recent release of Sedentary Behaviour Guidelines for children and adolescents advocate



sitting less (Tremblay et al. 2011a; Tremblay et al. 2012). The accompanying CSEP-endorsed

 

press release clearly interpreted this as an opportunity to move more: “the majority of sedentary

 

time can be replaced with light intensity activity and this can be done in a variety of ways”

 

(CSEP 2011). Given that steps/day explains a large part of time spent in light and moderate

 

intensity activities (Tudor-Locke et al. 2011a), and that there is an inverse relationship between



accumulation of daily steps and time spent in sedentary behaviours, it has been suggested that



asking “how many steps are too few?” may be a more relevant public health question, especially



given mounting evidence of just how little physical activity some populations actually perform



(Tudor-Locke et al. 2011h).
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Tudor-Locke and colleagues (2001) first suggested that taking < 5,000 steps/day might be



w



a useful metric indicative of a “sedentary lifestyle index.” In that study they examined the

 

distribution of BMI-defined weight status categories across step-defined physical activity in

 

approximately 100 adults. They observed that individuals taking < 5,000 steps/day were more

 

frequently classified as obese compared to all other BMI-defined weight status categories.

 

Subsequently, Tudor-Locke and Bassett (2004) used 5,000 steps/day as the anchor for their



proposed graduated step index that included < 5,000 (labeled “sedentary”), 5,000-7,499 (“low



active”), 7,500-9,999 (“somewhat active”), 10,000-12,499 (“active”), and 12,500+ (“highly



active”) steps/day. Using < 5,000 steps/day as an “sedentary lifestyle” indicator was repeated



again in 2008 (Tudor-Locke et al. 2008b). In 2009, Tudor-Locke et al. (2009a) suggested
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additional categories below this very broad category capped by 5,000 steps/day labeled as “basal



activity” (<2,500 steps/day) and “limited activity” (2,500-4,999 steps/day).

 



 



 

When the term “sedentary lifestyle index” was first proposed (Tudor-Locke et al. 2001),

 

it was appropriate given where the state of knowledge was at that time. The sedentary behaviour



research field has grown substantially and rapidly since then and the explosion of work focused



on this low-end of the movement spectrum has inevitably led to debate around terminology.



Specifically, recent calls for standardized use of terms “sedentary” and “sedentary behaviours”



(Sedentary Behaviour Research Network 2012) have added complexity to the idea of using any



number of steps/day to define a “sedentary lifestyle index.” What follows is the case to retain



the original terminology applied to a step-based index.
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Caspersen, Powell, and Christenson (1985) first clarified the terms “physical activity”

 

(“any bodily movement produced by the skeletal muscles that results in energy expenditure”)

 

and “exercise” (“a subset of physical activity that is planned, structured, and repetitive and has as



a final or intermediate objective the improvement or maintenance of physical fitness”). In 2000,
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Owen et al. called for a shift in traditional approaches to studying exercise and sport and

 

introduced the concept of studying sedentary behaviour as distinct from physical activity. They

 

defined sedentary behaviours in terms of “low levels of energy expenditure,” specifically those

 

activities that expend energy at 1.0 to 1.5 metabolic equivalent units (METs); one MET being the

 

energy cost of resting quietly, or 3.5 mL of oxygen uptake per kg body weight per minute. Pate,

 

O’Neill, and Lobelo echoed this MET-based definition of sedentary behaviour in 2008.



Hamilton, Hamilton, and Zderic (2007) pushed to recognize that the study of “acute and chronic
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physiological effects of sedentary behaviors” included the study of “nonexercise activity





deficiency”. Thus, these pioneering researchers recognized that the effects of sedentary





behaviour might extend beyond its impact only on energy expenditure, and included in their

 

definition a focus on relative lack of movement (which they termed “nonexercise activity” or,

 

elsewhere in the manuscript, as “nonexercise physical activity.”) 

 

Tremblay et al. assembled terms they believed important to describing and measuring

 

sedentary behaviour in their 2010 publication. They defined “sedentary” as “characterized by

 

little physical movement and low energy expenditure.” Further, “sedentarism” was defined as

 

“extended engagement in behaviours characterized by minimal movement, low energy





expenditure, and rest.” To be clear, both definitions recognized the relative lack of physical





movement associated with sedentary behaviours. In contrast with the broader definition of





“physical activity” advocated by Caspersen, Powell, and Christenson (1985), Tremblay et al.





(2010) specifically defined “physical activity” as "activities of at least moderate intensity.” In

w

ie
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rR

Fo

 

addition, these authors defined “physically active” as “meeting established guidelines for

 

physical activity (usually reflected in achieving a threshold number of minutes of moderate to

 

vigorous physical activity per day).” They also clarified “physical inactivity” as “the absence of

 

physical activity: usually reflected as the amount or proportion of time not engaged in physical

 

activity of some predetermined intensity.” Since they had defined “physically active” in terms of

 

MVPA attainment, it follows that the subsequently listed definition of “physical inactivity” also





referred to this specific intensity. The authors specifically argued against using the term





sedentary to confer “the absence of MVPA.” Owen et al. (2010) also stated: “it is our contention





that sedentary behaviour is not simply the absence of moderate-to-vigorous physical activity.”
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(Healy et al. 2007; Healy et al. 2008) and concluded:

 

“As logically would be expected, sedentary time and light-intensity activity time were

 

highly negatively correlated (r = -0.96): more time spent in light-intensity activity is

 

associated with less time spent sedentary. This suggests that it may be a feasible approach

 

to promote light intensity activities as a way of ameliorating the deleterious health

 

consequences of sedentary time. Our evidence suggests that having a positive light





intensity/sedentary time balance (that is; spending more time in light-intensity than





sedentary time) is desirable, since light-intensity activity has an inverse linear





relationship with a number of cardio-metabolic biomarkers.”

ev

rR

Fo

Although the term “sedentary time” has been used interchangeably with “sitting” (Healy

 

ie



et al. 2011), examples of postures that expend < 1.5 METs include lying down/reclining and



standing still (e.g., standing quietly, standing in line, Compendium Code 07040) in addition to



seated postures (Ainsworth et al. 2011). There are a number of original references catalogued in



the 2011 Compendium on-line resources (located at



https://sites.google.com/site/compendiumofphysicalactivities/) reporting that standing



behaviours expend < 1.5 METs; two recent examples include Levine, Schleusner, and Jensen

 

(2000) (average 1.1 METs) and Crouter, Clowers, and Bassett (2006) (average 1.19 METs).

 

More recently, however, Owen et al. (2011) explicitly defined sedentary behaviours as “sitting

 

without being otherwise active.” Researchers expressly interested in sitting behaviours are able

 

to more precisely assess such postures using inclinometers (Kozey-Keadle et al. 2011).
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Sedentary behaviour has also been defined by relatively low accumulation of



accelerometer-determined activity counts/min. Specifically, Matthews et al. (2008) wrote about



defining sedentary behaviour in their well-known U.S.-based descriptive epidemiology paper:



“Activity counts recorded while sitting and working at a desk are very low ( 50 counts/minute),



and counts recorded while driving an automobile are typically below 100 counts/min



(unpublished observations).” Since that time 100 counts/min has been routinely used to define

 

sedentary behaviours from accelerometer data (Tudor-Locke et al. 2012). Crouter, Clowers, and

 

Bassett (2006) reported that standing averaged 13.4 activity counts/min and filing averaged 59.8

 

activity counts/min, so it is apparent that these types of activities would also be classified as

 

“sedentary behaviours” by this activity count/min definition. Regardless, the use of the terms



“sedentary behaviours” and “sedentary time” attempt to capture time allocation to specific types



of behaviours (at any particular point in time or accumulated over a specified period of time),



and defined by relatively low rates of energy expenditure, posture, or relatively low accumulated



activity counts/min.
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Since time spent in such behaviours appears to be ubiquitously high in population-level



data (Matthews et al. 2008), an index is needed to help classify what is potentially excessive in

 

terms of habitual daily behaviour (i.e., an index of lifestyle in contrast to a measured behaviour

 

captured at any particular point in time or accumulated duration of time). For example, a joint

 

report (2001) of the Food and Agriculture Organization of the United Nations (FAO), the World

 

Health Organization (WHO), and the United Nations University (UNU) uses the ratio of total



energy expenditure to basal metabolic rate to estimate “physical activity level” or PAL, and then



defines “sedentary or light activity lifestyle” as a PAL of 1.40-1.69 (the lower end of the range



implies a sedentary lifestyle and the upper end implies a light activity lifestyle). Since direct

ly

Appl. Physiol. Nutr. Metab. Downloaded from www.nrcresearchpress.com by 173.22.39.44 on 11/24/12
For personal use only.





http://mc.manuscriptcentral.com/apnm-pubs

Page 77 of 122

Applied Physiology, Nutrition, and Metabolism




measures of energy expenditure are less accessible to many practitioners and the general public,



it is rational to attempt to provide a reasonable lifestyle index using more available



instrumentation, for example, step counting devices. Specifically, objectively determined PAL

 

(using multisensory armband accelerometer technology) is the strongest individual level

 

predictor of all-cause mortality in patients with chronic obstructive pulmonary disease (COPD)

 

(Waschki et al. 2011), and < 4,580 steps/day has been identified as the best cut-point for

 

predicting a “sedentary” PAL of < 1.40 in this population (DePew et al. in press). Just as METs



is to PAL (i.e., metabolic cost of behaviours captured at any particular point in time vs. lifestyle



indicators of energy expenditure), steps/min is to steps/day. A cadence of 100 steps/min has



been consistently associated with an absolutely definition of moderate intensity (i.e., 3 METs)



(Abel et al. 2011; Beets et al. 2010b; Marshall et al. 2009; Rowe et al. 2011; Tudor-Locke et al.



2005) and zero steps/min is considered to be the “criterion measure” of “sedentary activity”



(Wong et al. 2011). A low level of PAL is indicative of a sedentary lifestyle (FAO/WHO/UNU

 

2001), and a low level of steps/day should likewise be interpreted as a sedentary lifestyle if some

 

degree of consistency is to be maintained. Although we considered alternative terminology, the

 

continued use of “sedentary lifestyle index” applied to a low level step-defined threshold is

 

harmonious with the use of the term “sedentary lifestyle” defined by relatively low levels of



daily energy expenditure as previously established by the FAO, WHO, and UNU. Further, as will



be presented in the following sections, it has already been consistently applied in a growing



number of studies and to re-label it now would only add to the confusion.
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To ease communication, we offer a simple schematic (Figure 1) to graphically present the




combined application of these various definitions in defense of a “step-defined sedentary



lifestyle index.” Since we have demonstrated that NHANES participants who accumulate 7,000
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to 8,000 steps/day meet MVPA guidelines (Tudor-Locke et al. 2011d), we have set the

 

“physically active lifestyle” threshold at 7,500 steps/day. This is also congruent with an

 

international review of steps/day values associated with attainment of public health



recommendations of time in MVPA (Tudor-Locke et al. 2011h). Since the FAO, WHO, and



 

UNU (2001) consider a “light activity lifestyle” to be relatively more active than a “sedentary

 

lifestyle,” and others have persuasively argued that the term “inactive” should be specifically

 

reserved for non-attainment of MVPA recommendations (Owen et al. 2010; Tremblay et al.

 

2010) (indeed, a letter has been written urging journal editors and reviewers to oversee this

 

appropriate use (Sedentary Behaviour Research Network 2012)), we therefore consider “physical

 

inactivity” to refer to the spectrum of behaviour below the MVPA recommendation and have





assigned the term “low active lifestyle” (terminology selected in keeping with previous





recommendations (Tudor-Locke and Bassett 2004; Tudor-Locke et al. 2008b)) to fall





immediately below this MVPA-associated threshold (i.e., 5,000 to 7,499 steps/day), but above





the “sedentary lifestyle” (i.e., < 5,000 steps/day). Finally, since preceding and esteemed
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researchers have 1) recognized that the study of sedentary behaviours includes “nonexercise

 

activity deficiency” (Hamilton et al. 2007), 2) acknowledged that more time in “light-intensity

 

activity” is strongly associated with less time in sedentary behaviours,(Healy et al. 2007; Healy

 

et al. 2008; Owen et al. 2010) and, 3) characterized “sedentarism” (Tremblay et al. 2010) by

 

minimal movement and low energy expenditure, we remain resolute in identifying a steps/day

 

value that could be used as a “sedentary lifestyle index.” An “index” is considered to be a guide,





an indicator, a sign, or a pointer. We wish to emphasize that this is a “step-defined sedentary





lifestyle index.” In much the same way, others have offered a “PAL-defined sedentary lifestyle





index” (FAO/WHO/UNU 2001). In the future, still others may offer a “posture-defined sedentary
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lifestyle index,” etc. Finally, we believe that the use of “sedentary lifestyle” does not detract

 

from the continued use of “sedentary behaviour” to define behaviours captured at any particular

 

point in time (or the accumulation of time spent in such behaviours), and defined by a relative

 

lack of energy expenditure, a seated posture, or relatively low accumulated activity counts/min.

 

ǡǡθͻǡͶͶͶȀ

 



Semantics aside, the purpose of this review is not only to present the rationale, but to also

 

Fo





examine and update the utility, appropriateness, and limitations of using the originally proposed





cut-point of < 5,000 steps/day as a step-defined sedentary lifestyle index. The need for this





selective focus is evident from the simple fact that there are few other contenders at this time, as





will be presented in more detail below. The remainder of the article is organized into the

 

following sections, categorized according to emergent themes identified in the step-based

 

literature: 1) studies reporting sample proportions taking < 5,000 steps/day; 2) characteristics of

 

people taking < 5,000 steps/day; 3) contextual factors that can limit accumulation of step-defined

 

physical activity to values of < 5,000 steps/day; 4) health risks associated with taking < 5,000

 

steps/day; 5) health effects of increasing physical activity levels from < 5,000 steps/day to >

 

5,000 steps/day; 6) health effects of reducing physical activity levels to < 5,000 steps/day; 7)





alternative step-based definitions for a sedentary lifestyle index, 8) relevance for





children/adolescents, and 9) limitations to this approach. Throughout, we distinguish





terminology used in original research studies in quotations (e.g., “sedentary”).
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Prevalence of taking < 5,000 steps/day
The descriptive epidemiology of various steps/day cut-points has been previously



compiled (Tudor-Locke et al. 2011h), but is re-assembled, updated, and extended here to focus



on 25 studies that included a specific report of the proportion of the study sample taking < 5,000



steps/day (Table 1). Only one (with the largest most inclusive sample reported) of the related



Cook and colleagues’ papers (Cook et al. 2010a; Cook et al. 2011; Cook et al. 2010b) of rural



Black South Africans taking < 5,000 steps/day is presented in the table. Proportions classified by

 

this step-defined sedentary lifestyle index ranged from 2% in a small sample of male university

 

students in the U.S. (Mestek et al. 2008) and < 5% in a male South African sample (Cook et al.

 

2010b) and also in a Czech Republic sample (Sigmundova et al. 2011) to 56% in a U.S. sample

 

of multi-ethnic low-income housing residents 18 to 70+ years of age (Bennett et al. 2006)), 71%



in a small sample of African American Medicaid recipients aged 31-63 years (Panton et al.



2007), and 76% in overweight/obese individuals recruited to a physical activity intervention to



promote weight maintenance following a behavioural and weight loss program (Villanova et al.



2006). Since at least eight analyses of the 2005-2006 National Health and Nutrition Examination



Survey (NHANES) accelerometer step data (adjusted to come more in line with a pedometer



scaling) have also focused on < 5,000 steps/day as at least one studied step-based cut-point

 

(Sisson et al. 2012; Sisson et al. 2010; Tudor-Locke et al. 2009a; Tudor-Locke et al. 2011a;

 

Tudor-Locke et al. 2011b; Tudor-Locke et al. 2010b; Tudor-Locke et al. 2011d; Yang et al.

 

2011), the table only includes the study with the most inclusive (i.e., largest) sample from the

 

original data source that also specifically reported the weighted proportion classified as taking <



5,000 steps/day (Sisson et al. 2012). Accordingly, this nationally representative adult sample



indicated that 36.1 % of U.S. adults took <5,000 steps/day. In a separate analysis of these
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NHANES data, it appears that approximately 17% of the U.S. population takes < 2,500 steps/day



(considered indicative of “basal activity”) (Tudor-Locke et al. 2009a).
Not included in this table are two studies that reported number of days < 5,000 steps/day



in monitored samples. Analyses performed on 8,197 person-days of data collected over a year-

 

long study of 23 participants from two southern U.S. universities (Tudor-Locke et al. 2004d).

 

indicated that 15.9% of all person-days were < 5,000 steps/day while the sample mean was

 

10,082 ± 3,319 steps/day. Only a single individual’s values from this small and ostensibly

 

healthy sample averaged < 5,000 steps/day over the course of the year. Finally, Barreira et al. (in



press-b) collected 93 person-days of pedometer-determined data from 23 overweight/obese



individuals. The sample average was 8,025 ± 3,967 steps/day and 25% of all person-days were



<5,000 steps/day.



Characteristics of people taking < 5,000 steps/day
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Sisson et al. (2012) reported that U.S. adults taking < 5,000 steps/day were more likely to



On



have a relatively lower household income and be female, older, African American versus

 

European American ethnicity, and a current versus never smoker. Hornbuckle et al. (2005) also

 

reported significant age differences between those taking < 5,000 steps/day (relatively older) and

 

those taking  7,500 steps/day (relatively younger). The lowest reported mean pedometer-

 

determined physical activity reported in a review of expected values for older adults was 2,015



steps/day in a sample of 85+ year olds (Croteau and Richeson 2005). More recently, a value of



12,727 ± 9387 steps/week (translating to 1,818 steps/day) was reported for a sample of older



African American women (73.3 ± 9.6 years) engaged in a faith-based intervention (Duru et al.



2010). A review of cross-sectional studies of individuals living with heart and vascular diseases,
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chronic obstructive pulmonary disease (COPD), dialysis, arthritis, joint replacement,



fibromyalgia, and physical disability indicate that all average < 5,000 steps/day (Tudor-Locke et

 

al. 2009b). Recent additions to this body of research indicate that patients with COPD average

 

3,826 (DePew et al. in press) to 5,680 steps/day (Moy et al. in press), those with diabetes

 

(without mobility limitations) average 6,429 steps/day (van Sloten et al. 2011), and those

 

undergoing total joint arthroplasty average 6,721 steps/day (Naal and Impellizzeri 2010). Even in



these samples showing average values somewhat greater than 5,000 steps/day, lower values were



associated with compromised health-related outcomes (Moy et al. in press; van Sloten et al.



2011).

rR
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In a recent review of pedometer-based physical activity interventions for older adults (age




65+) (Tudor-Locke et al. 2011g), 10/12 studies identified reported baseline values < 5,000



steps/day, and only 3 of those studies with samples averaging < 5,000 steps/day at baseline were

 

able to elicit a level of increase that put the average over 5,000 steps/day post-intervention.

 

Pedometer-based intervention studies conducted with special populations were included in the

 

same review (Tudor-Locke et al. 2011g). Baseline values were < 5,000 steps/day for 2/9





cancer/cancer survivor studies identified, 1/3 COPD studies, 0/2 coronary heart disease and

 

related disorder studies, 4/15 diabetes and related disorder studies, and 3/3 joint and muscle

 

disorder studies. It appears that not all of these interventions were focused on recruiting

 

physically inactive individuals, at least as defined by taking < 5,000 steps/day at baseline.

 

Finally, morbidly obese individuals have been shown to take, on average, < 5,000
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steps/day (Damschroder et al. 2010; Duru et al. 2010; Maraki et al. 2011). For instance,

 

Vanhecke et al. (2008) reported that 10 morbidly obese (BMI = 53.6 ±11.7) individuals averaged



3,763 ± 2,223 steps/day.
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Contextual factors related to < 5,000 steps/day









Contextual factors that shape sedentary behaviour and physical inactivity include social,





natural, or built environments, and organizational or situational factors (Spence and Lee 2003).

 

The built environment is associated with sedentary behaviour in both children (Timperio et al.

 

2012) and adults (Kozo et al. in press; Sugiyama et al. 2007). Lower steps/day are also

 

associated with inaccessible and/or a lack of destinations in children (McCormack et al. 2011a),

 

adults (Kondo et al. 2009) and older adults (King et al. 2003). A negative perception of

 

neighbourhood environment is associated with lower steps/day in older adults (Oka and Shibata

 

2012). Further, mode of transport influences steps/day: Wener and Evans (2007) reported that





car commuters took 30% fewer steps/day than those who commuted by train. Van Dyck et al.





(2009) showed that residents of low walkable neighbourhoods took fewer steps/day and also





walked less frequently for transportation in their neighbourhood. As well, Bennett et al. (2007)





reported that steps/day were positively associated with perceived night-time safety; thus, those
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with the greatest safety concerns also took the lowest steps/day. Despite these accumulating

 

reports, few studies have directly examined the effects of these contextual factors on taking <

 

5,000 steps/day. Perhaps most illuminating, however, is a study examining differences in

 

pedometer-determined physical activity of a submarine crew when free-living and stationed on

 

land vs. deployed to sea and engaged in structured tasks conducted in a confined and crowded

 

space; 109 crew members from two submarines averaged approximately 7,000 steps/day while





stationed on land and this was reduced to approximately 2,000 steps/day when deployed (Choi et





al. 2010).
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The weather (e.g., ambient temperature, rainfall) is another contextual factor related to
pedometer-determined physical activity (Chan et al. 2006; Duncan et al. 2008). Specifically,
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Dasgupta et al. (2010) demonstrated that average step-defined physical activity dips to < 5,000

 

steps/day in fall/winter in individuals with Type 2 diabetes living in Montreal, Canada. Similarly,

 

daily steps in a sample of older adults (aged 75-83 years) decreased below 5,000 steps/day

 

during the winter months of December and January in Japan (Yasunaga et al. 2008). In another

 

study, male office workers in rural Japan walked fewer steps/day in the winter compared with the

 

summer, and this dropped below 5,000 steps/day on non-working days (Mitsui et al. 2010).





Health risks associated with taking < 5,000 steps/day









rR

Fo

As indicated previously, Tudor-Locke and colleagues (2001) first reported that U.S.
individuals taking less than approximately 5,000 steps/day (representing the 25th percentile for

ev

 

distribution of steps/day in that particular sample) had a significantly higher BMI than those



categorized into two higher step-defined physical activity categories (between 25th and 75th



percentiles and above 75th percentile). Cook et al. (2008) also reported the increased risk of BMI-



defined obesity for South African individuals taking < 5,000 steps/day compared to all other



levels of step-defined physical activity. Higher BMIs in those taking < 5,000 steps/day have also



been reported by Mitsui et al. (2008) studying a Japanese sample, Wyatt et al. (2005) in a



Colorado-based sample, Hornbuckle et al. (2005) in African American women, and Krumm et al.

 

(2006) in a post-menopausal sample. Similarly, the odds of experiencing excessive gestational

 

weight gain were higher in pregnant Chinese women taking < 5,000 steps/day (defined as

 

“sedentary”) than active women (> 10,000 steps/day) in the 2nd trimester and “somewhat active”

 

women (7,500-10,000 steps/day) in the 3rd trimester (Jiang et al. 2012). Similar findings have



been reported for percent body fat (Hornbuckle et al. 2005; Tudor-Locke et al. 2001) and waist



circumference (Dwyer et al. 2007; Hornbuckle et al. 2005).
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Schmidt et al. (2009) reported that, with the exception of younger men, individuals taking



< 5,000 steps/day had a substantially higher prevalence of cardiometabolic risk factors (including



metabolic syndrome and 3+ elevated risk factors such as waist circumference, systolic blood



pressure, and fasting glucose, triglyceride, and HDL cholesterol values) than those taking higher

 

steps/day. Sisson et al. (2010) also showed that each higher category of step-defined physical

 

activity showed lower odds of having metabolic syndrome compared to the category defined by

 

taking < 5,000 steps/day. For example, the odds were 40% lower for individuals taking 5,000-

 

9,999 steps/day and 72% lower for those taking  10,000 steps/day compared to those taking <



5,000 steps/day. Recently, Jennersjo et al. (in press) reported that individuals with Type 2



diabetes who took < 5,000 steps/day had higher BMI, waist circumference, C-reactive protein,



interleukin-6, and pulse wave velocity than those who took  10,000 steps/day.
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Finally, McKercher et al. (2009) reported a 50% higher prevalence of depression



ie



associated with taking < 5,000 steps/day compared to taking  7,500 steps/day in women, and



taking  12,500 steps/day in men.

 

Effects of increasing from < 5,000 steps/day to > 5,000

 

steps/day
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Interventions designed to move people from taking < 5,000 steps/day to relatively higher

 
 

values have demonstrated positive health outcomes. Swartz et al. (2003) reported improved



glucose tolerance with an 8 week pedometer-based walking program in 18 postmenopausal



women who averaged 4,491 ± 2,269 steps/day at baseline and ended up averaging 9,213 ± 362



steps/day. Participants in a 12-week worksite pedometer program who increased their daily steps



from 4,244 ± 899 to 9,889 ± 1609 experienced significant decreases in body weight, BMI, and



http://mc.manuscriptcentral.com/apnm-pubs

Applied Physiology, Nutrition, and Metabolism

Page 86 of 122
 



resting heart rate relative to a no-change comparison group (Musto et al. 2010). A non-



significant increase from 4,471 ± 2,315 steps/day to 5,257 ± 2,355 steps/day among 14 obese

 

middle-aged veterans was associated with a significant weight loss (-3.8 ± 3.6 kg) in a lifestyle

 

coaching intervention that included nutritional goals, so the relative contribution of the change in

 

steps/day to the weight change is unknown (Damschroder et al. 2010). Villanova et al. (2006)

 

reported that 76% of 200 overweight/obese participants in a 9-month behaviour program took <



5,000 steps/day at baseline and only 16% were below this value at the end of the program; the



probability of increased amount of weight loss was enhanced with increased steps/day. As far as



we are aware, no other interventions have expressly recruited participants who take < 5,000



steps/day at baseline and studied the effects of attaining at least this cut-point or beyond.
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Bell and colleagues (2010) compared the effectiveness of a walking program with a



fitness training group and control group among “sedentary” (< 5,500 steps/day) individuals

 

ranging in age from 20 to 65 years. At the end of a 6-month period, the walking group had

 

achieved 9,221 ± 1,429 steps/day with the ultimate goal of averaging 10,000 steps/day. Though

 

changes were observed in several health-related variables for all groups (even the control group)

 

at the end of the intervention, the authors concluded the greatest reductions in body mass, waist



circumference, and waist-to-hip ratio occurred in the two activity groups.
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Finally, achieving a steps/day value > 5,000 steps/day may not be completely necessary



to reap at least some health benefits in those who take < 2,500 steps/day (considered indicative



of “basal activity”(Tudor-Locke et al. 2009a)). Duru et al. (2010) studied obese African



American women who increased their physical activity by 1,411 steps/day from a baseline value



of 1,818 steps/day as a result of a multicomponent faith-based intervention (a pedometer was

 

used for measurement and as part of weekly pedometer competitions during the intervention, but
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pedometer readings were never revealed to participants). This modest improvement over

 

seemingly very low initial baseline values was associated with a significant decrease in systolic



blood pressure but no changes in body weight or diastolic blood pressure compared to a control



 

group.

 

Effects of reducing to < 5,000 steps/day
Thyfault and Krogh-Madsen (2011) reviewed a number of recent studies that examined

 

Fo

 

the health effects of recruiting relatively healthy and active subjects and temporarily transitioning

 

them to very low values of steps/day. These and a few recent additions are described briefly here.

rR

Seminal animal studies from Dr. Frank Booth’s laboratory showed that transitioning

 

ev





rodents from naturally high daily activity (access to running wheels) to low activity (locking





running wheels) induced fast and dramatic changes in body composition, insulin sensitivity, and





tissue metabolism, suggesting that the conversion to inactivity brought about by an abrupt





removal of opportunity for activity triggers potentially harmful metabolic changes in a short
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period of time (Kump and Booth 2005a; Kump and Booth 2005b; Kump et al. 2006; Laye et al.

 

2007). These rodent studies prompted another group led by Dr. Bente Pedersen to determine if

 

transitioning young, active, but non-exercising men to a lower daily ambulatory activity would

 

result in similar results. In the first study, Olsen et al. (2008) examined metabolic responses in 8

 

young men whose step-defined physical activity was reduced from a mean value of 6,203

 

steps/day to 1,394 steps/day for 22 days. Plasma insulin area under the curve (AUC), assessed by





oral glucose tolerance test, increased significantly from 757 pmol/L/3h to 1,352 pmol/L/3h after





3 weeks of reduced step activity. Olsen et al. (2008) also reported a second study conducted with





10 healthy young men transitioned from a mean activity level of 10,501±808 steps/day to
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1,344±33 steps/day for two weeks. Plasma insulin AUC increased significantly from 599

 

pmol/L/3h to 942 pmol/L/3h. In addition, plasma C-peptide AUC increased significantly from

 

4,310 pmol/L/3h to 5,795 pmol/L/3h. These results suggested that it took a greater insulin

 

response to dispose of blood glucose during postprandial conditions, due to reduced insulin

 

sensitivity in skeletal muscle. The 2-week intervention was also associated with a 7% increase in

 

intra-abdominal fat mass with no change in total fat mass, and a decrease in both total fat-free

 

mass and BMI. Krogh-Madsen et al. (2010) analysed additional data collected from this same





sample of 10 men and confirmed that there was indeed reduced insulin sensitivity in skeletal





muscle (17% reduction in glucose infusion rate during a hyperinsulinemic-euglycemic clamp)





and reduced activation of insulin signalling in biopsied skeletal muscle samples. Moreover, they





reported a 7% decline in VO2 max, and a 0.5 kg decrease in leg lean mass following a 2-week

 

decrease of about 9,000-10,000 steps/day. Although the decrease to < 1,500 steps/day is much

 

lower than 5,000 steps/day, this study shows that reducing daily ambulatory activity to such very

 

low levels causes dramatic changes in health indices known to powerfully influence risk for

 

morbidity and mortality.
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The same research group has performed follow-up studies to determine if reducing daily
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steps from >10,000 to <1,500 combined with a higher calorie diet (+50% kcal ) would induce





greater changes in insulin sensitivity and body composition (Knudsen et al. in press). They also





performed OGTTs and measured body fat, visceral adiposity, and body mass at baseline and 3, 7





and 14 days after the transition to reduced steps/day to determine if a change in insulin

 

sensitivity occurred before or after significant changes in adiposity and body weight. Insulin



sensitivity, derived from an index of the glucose and insulin responses to the OGTT, was



significantly reduced by 37% after only 3 days of inactivity, and occurred prior to significant
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increases in body mass and adiposity (both whole body and visceral) that trended up at days 3



and 7 but were not significantly greater than baseline until day 14, at which time visceral



adiposity had increased by 49% above baseline. Importantly, this study confirmed earlier



findings that an acute transition to very low daily steps induces significant changes in insulin

 

sensitivity and adiposity. Another interesting outcome of this study was that measures were

 

again collected 16 days after the two weeks of inactivity to determine if a return to the subject’s

 

normal daily step count returned measured variables to baseline levels. Interestingly, despite

 

insulin sensitivity returning to normal, both body mass and body fat were still elevated (visceral



adiposity was not assessed) suggesting that acute periods of inactivity may lead to an incremental



increase in adiposity and body mass over time.
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Reduced skeletal muscle insulin sensitivity plays a fundamental role in impaired



postprandial glycemic control. An increased postprandial glucose response is both a risk factor



for the development of Type 2 diabetes and an independent risk factor for cardiovascular disease



in people with and without Type 2 diabetes. A study conducted by Mikus et al. (2012)

 

transitioned healthy, active individuals who were obtaining >10,000 steps/day to <5,000

 

steps/day for only 3 days to determine if this abrupt and temporary change in daily physical

 

activity would modify postprandial and overall glycemic control as measured by continuous

 

glucose monitors, devices that measure blood glucose minute-by-minute during free-living



conditions. The study found that only 3 days of reduced activity led to significant increases in



average glucose excursions following meals. Moreover, daily measures of glucose control



including maximal and minimal glucose levels, and the duration of time above a high threshold



of euglycemia were also significantly altered. In summary, these findings suggest that taking



even temporary transitions to < 5,000 steps/day dramatically alters glycemic control and may
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play a fundamental role in the increased risk for diabetes and other metabolic diseases witnessed

 

in people who chronically take < 5,000 steps/day.
Another research group has recently examined the combined effects of inactivity and

 

overeating on body composition and mental health. Ernersson et al. (2010a; 2010b; 2010c)

 

reported that young healthy individuals who adopted obesity-provoking behaviours for 4 weeks



that included doubled energy intake (primarily from fast food) and taking < 5,000 steps/day



increased their body weight (Ernersson et al. 2010a; Ernersson et al. 2010c), increased both fat



free mass and fat mass (Ernersson et al. 2010a), decreased their health-related quality of life



(Ernersson et al. 2010c), and reported developing a lack of energy (related to emotional life,



relations and life habits) (Ernersson et al. 2010b). One year after this brief intervention, the body



weight increase remained higher relative to a control group (Ernersson et al. 2010a). In addition,

 

fat free mass was unchanged relative to baseline, but the increase in fat mass remained

 

(Ernersson et al. 2010a). This study again suggests that acute periods of inactivity and dietary

 

excess may lead to an incremental increase in body mass that is then sustained over time. The

 

relative contribution of the decreases in step-defined physical activity compared to the energy



intake hyper-alimentation was not determined.



Alternative definitions
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Thompson et al. (2004) defined “inactive” as < 6,000 steps/day in a study of middle-aged




American women. Others have used this cut-point too (Graff et al. 2012; Lara et al. 2010) with



Lara and colleagues (2010) labelling it as “sedentary.” Tudor-Locke et al. (2008a) defined <



7,500 steps/day as “inactive” in an Australian sample with a relatively high mean steps/day. This

 

same steps/day cut-point has been labelled “sedentary” (Barbat-Artigas et al. 2012) and also
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“sedentary to low active” (Inoue et al. 2011b). In an intervention study conducted in a Canadian

 

sample with Type 2 diabetes, Tudor-Locke et al. (2004b) defined “insufficiently active” as <

 

8,800 steps/day for recruitment purposes based on a previous cross-sectional study of individuals



with Type 2 diabetes where this level approximated the 75th percentile of distribution (Tudor-



Locke et al. 2002). Oka et al. (2012) defined “insufficiently active” as < 6,700 steps/day (men)



and < 5,900 steps/day (women) based on not attaining a Japanese national physical activity



objective applied specifically to older adults  70 years of age. Finally, a number of other



Japanese researchers have defined “sedentary” as < 4,000 steps/day (Inoue et al. 2011a;



Ishikawa-Takata et al. 2010; Park et al. 2007). Differences in exact steps/day values used and

 

associated terminology reflect earlier thinking and/or a need to accommodate study specific and

 

unique sample distribution parameters. The variation in terminology between original research

 

studies and review articles relating to what relatively low daily step values mean lends support as



to why the present review is so important.
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There are weaknesses to using < 5,000 steps/day as a step-defined sedentary lifestyle

 

On

 

index. First and foremost, the evidence supporting it use has largely been derived as a result of a

 

“self-fulfilling prophecy.” For example, the demographic results reported by Sisson et al. (2012)

 

would not likely have changed if alternative cut-points of 4,000 or 6,000 steps/day had been

 

considered. Further, the detrimental effects of taking even fewer steps/day (e.g., < 1,500

 

steps/day) are emerging (Knudsen et al. in press; Krogh-Madsen et al. 2010; Olsen et al. 2008).





Since < 5,000 steps/day has been the most common candidate for a step-defined sedentary





lifestyle index presented to date, however, it gets reinforced simply by repetition. Widespread





use and repetition are not evidence of veracity. Alternative thresholds might be more valid, but





have not been used extensively, and are therefore lacking confirmation.A creative analysis
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would attempt to identify a specific steps/day value associated with select disease conditions or

 

specific health parameters. This is a challenging pursuit however, since, hypothetically,

 

relatively (and incrementally) lower values will always be associated with increasingly negative

 

results and relatively (and incrementally) higher values will be associated with increasingly

 

positive results. Moreover, related changes in some health parameters may mediate or modify

 

changes in other health parameters (i.e., waist circumference and insulin sensitivity or blood





lipids). Where the line is drawn becomes somewhat subjective against this indistinct background;





there are likely to be samples with even lower steps/day values than any identified cut-point. On





the other hand, the usefulness of any index is compromised if it is too low; if it is so low that few





people are affected by it, then its public health relevance is limited. For example, U.S. data

rR
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suggest that approximately only 17% of the population take < 2,500 steps/day (Tudor-Locke et

 

al. 2009a), and we could only assume this percentage would be much lower in other, more active

 

populations. Ultimately, validation with longitudinal data with various health outcome measures

 

is warranted. While it may continue to be debated, and despite its simplistic origins, the

 

consistent use of a standardized definition of a sedentary lifestyle index as < 5,000 steps/day

 

would facilitate comparisons between studies and population groups.





Relevance for children/adolescents





NHANES accelerometer data indicate that, during the monitored day, U.S. children and





adolescents (6-19 years of age) spend on average approximately 4 hours at zero steps/min (non-





movement), 8.9 hours/day between 1-59 steps/min, 22 min/day at 60-79 steps/min, 13 min/day at
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80-99 steps/min, 9 min/day at 100-119 steps/min, and 3 min/day at cadences  120 steps/min

 

(Barreira et al. in press-a). However, unlike the growing evidence to support an adult step-

 

defined sedentary lifestyle index, there are relatively few pertinent studies to inform a similar
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index for children and/or adolescents. Though the step-based pediatric literature is quite

 

consistent with regard to:1) boys accruing more steps/day than girls (Craig et al. 2010; Tudor-

 

Locke et al. 2009c), 2) steps/day declining from childhood to adolescence (Beets et al. 2010a;





Craig et al. 2010), and 3) the inverse relationship between steps/day and body composition





(Duncan et al. 2010; McCormack et al. 2011b; Tudor-Locke et al. 2011c; Tudor-Locke et al.





2004c), and between steps/day and aerobic fitness (Le Masurier and Corbin 2006; Lubans et al.

 

2008) in children and adolescents, the majority of the general pediatric physical activity literature



is concerned with assessment of compliance with intensity-based guidelines or meeting specific



physical activity targets other than any number of steps/day. However, the focus on “how many



steps/day are enough?” in children/adolescents (Tudor-Locke et al. 2011f) has recently driven



the pursuit of a steps/day translation of accumulating at least 60 minutes of daily MVPA, an



accepted time-and-intensity based public health recommendation (Janssen and Leblanc 2010).
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Using accelerometer data from the Canadian Health Measures Survey, Colley et al.



w

 

(2012) recently proposed that 12,000 steps/day be used as this target for children and

 

adolescents. Since the Sedentary Behaviour Research Network (2012) has recommended that

 

journal editors and reviewers require that “authors use the term “inactive” to describe those who

 

are performing insufficient amounts of MVPA (i.e. not meeting specified physical activity



guidelines)”, the implication of the research conducted by Colley et al. (2012) is that children



and adolescents who take < 12,000 steps/day are physically inactive. This is only a single



example, and whether or not it was these authors’ intent, we believe it more prudent to move



beyond a simple dichotomous classification of active vs. inactive. We suggest instead that there



is a lower value (similar to that presented in Figure 1 but more relevant to a child/adolescent



population), perhaps based on a low-level percentile of distribution, or tied to a deleterious health
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parameter, or a combination of these, that would be more useful for identifying those who are

 

most likely to be putting their health at risk as a result of their behaviour.

 

Emerging research on the population distribution of steps/day among children and

 

adolescents could inform a percentile-based definition of the index. Without question, the largest



population study is the ongoing nationally representative Canadian Physical Activity Levels



among Children and Youth study (CANPLAY) (Craig et al. in press; Craig et al. 2010), which



has been collecting pedometer data on about 6,000 children annually since 2005-2006. Based on



the criterion of a steps/day cut-point at the lowest 15th percentile of the distribution (equivalent



to a mean values minus one standard deviation) derived from 17,314 boys and 16,913 girls



(Craig et al. in press), “taking too few steps” may be defined as taking < 8,448 steps/day among

 

boys 5-13 years, < 6,336 steps/day among boys 14-19 years, < 7,761 steps/day among girls 5-13

 

years, and < 5,867 steps/day among girls 14-19 years. Applying this distribution-based criterion

 

to published data from a smaller national U.S. study (Tudor-Locke et al. 2010a), associated

 

pedometer-equivalent step-based values are < 6,040 and 3,695 steps/day among boys 6-13 and



14-19 years, respectively, and < 4,855 and 2,850 steps/day among girls 6-13 and 14-19 years,



respectively. Such distribution-based cut-points derived from population level data reflect



current physical activity patterns of the specified population, which may also be associated with



lower than ideal health measures within that population. For example, we know that physical



fitness of children and youth has declined overtime in Canada (Craig et al. 2012) while obesity



levels have increased (Janssen et al. 2011; Janssen et al. 2012). A step-defined sedentary lifestyle

 

index derived from normative distributions of other populations engaging in more traditional

 

lifestyles reflective of lower rates of obesity (such as the North American Amish (Bassett Jr et al.

 

2007)) would provide substantially different values. The above cut-points defined on national
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population data (both Canada and the U.S.) would identify outliers applied to an Amish



population (mean minus three standard deviations = 6,385 and 5,450 steps/day for boys 6-12 and



13-18 years respectively and 7,250 and 3,155 steps/day for girls 6-18 years) whereas the mean



minus one standard deviation criterion for establishing an Amish step-defined sedentary lifestyle



index (<13,410 and 13,770 steps/day for boys 12 and 13-18 years and <11,840 and 9,165



steps/day for girls 6-12 and 13-18 years) exceeds the average daily steps of North American



children. The variation among populations illuminates the problem with distribution-based

 

thresholds and underscores the need to define a standardized index based on health-related

 

outcomes.

rR

Fo

An early suggestion (Tudor-Locke et al. 2008b) that values of < 10,000 and < 7,000

 

ev

 

steps/day could be used to identify sedentary lifestyle for school-aged boys and girls (6-12 years)



respectively, was loosely based on BMI-referenced anchors (Tudor-Locke et al. 2004c) and



modeled after a proposed adult graduated step index (Tudor-Locke and Bassett 2004). This is



consistent with a more recent finding from CANPLAY where the odds of obesity decreased for



every 3,000 step increase in steps/day so that boys (5-13 years) taking roughly 10,000 steps/day



and girls taking about 8,000 steps/day were 19% more likely to be obese than the average boy



(mean = 12,813 steps/day for 5-9 year olds and 12,845 steps/day for 10-13 year olds) and girl

 

(mean = 11738 steps/day for 5-9 year olds and 11,265 for 10-13 year olds), controlling for

 

television viewing time (Tudor-Locke et al. 2011c).
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Applying these sex-specific cut-points (i.e., < 10,000 and < 7,000 for boys and girls

 




respectively) to 2,610 children’s and adolescents’ data collected as part of NHANES

 

accelerometer monitoring, Tudor-Locke et al. (2010a) reported that as many as 42% of U.S. boys

 

and almost 21% of girls may be considered “sedentary” when the accelerometer data were
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adjusted to come more in line with expected step values from pedometry. The appropriateness of

 

a sex-specific definition may be debated. When both boys and girls were evaluated relative to a

 

standard cut–point of 7,000 steps/day in the Canadian CANPLAY pedometer surveillance data

 

of 19,789 children and adolescents, Craig et al. (2010) reported that approximately 25% of boys





and 33% of girls were considered “low active” and 6% of both boys and girls took < 5,000





steps/day and were considered “sedentary.” Although not specifically looking to examine the





usefulness of these potential markers of a physically inactive lifestyle, Kambas et al. (2012) did





demonstrate that preschool-aged children who accumulated approximately < 7,000 steps/day

Fo

 

(discerned from a figure) were also categorized within the lowest quartile of motor proficiency.

 

Although <7,000 steps/day has been more frequently repeated in the pediatric literature at this

 

time as a potential low end candidate, unlike the adult data, the paucity of the additional evidence

 

on this topic does not allow us to conclusively identify a minimum value of steps/day to inform a

 

clear evidence-based child/adolescent-specific step-defined sedentary lifestyle index at this time.

 

We anticipate that this will improve as this gap is recognized and the research process inevitably





unfolds.





Limitations









sedentary lifestyle index that must be acknowledged. First, a variety of step-counting devices are

 

available for use among researchers, practitioners, and the general public. Each one of these user

 

groups has different but overlapping needs and it would be best if any unit of measurement could

 

be simply translated at all levels. However, it has become increasingly apparent that there are

 

differences in how these various objective monitors detect and present a “step” (Crouter et al.

 

2003; Feito et al. 2012; Le Masurier and Tudor-Locke 2003; Le Masurier et al. 2004). This is not
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There are a number of limitations to this approach of using a step-based definition as a
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limited just to step counting; estimates of time spent in sedentary behaviours and at any intensity





of physical activity are also variable between different types of instrumentation that attempt to





capture such data (Tudor-Locke 2010). Perhaps even more concerning, there is evidence that





different generations of instrumentation are inconsistently sensitive (Rothney et al. 2008). As



with all measures, a trade-off exists between sensitivity and specificity; increasing sensitivity to



capture very low force movements in an attempt to be maximally inclusive leads to increased



capture of “erroneous steps” (Le Masurier and Tudor-Locke 2003) and vice versa.

Fo

To be clear, the original graduated step index was presented in an article that specifically



rR



stated in the title: “Preliminary pedometer indices for public health” (Tudor-Locke and Bassett



2004). That article included the proposed values for (what was known at the time as) a



“sedentary lifestyle index,” which itself was originally formulated based on pedometer measures

ev



(Tudor-Locke et al. 2001). Most of the research (23 out of 25 studies) presented in Table 1 has



been collected with pedometers. Further, 1 of the 2 remaining studies represented in the table



that used accelerometers to collect the step data actually adjusted the output to be more

w

ie

On

 

translatable in terms of what might be expected using pedometry before applying the pedometer-



based index to the data (Sisson et al. 2012). Since pedometers are less expensive, and therefore



more accessible and feasible for use in practical applications, including widespread adoption by



the general public, it is reasonable to provide index values to guide their use at this level.



Physical activity recommendations expressed in terms of steps/day produced by various



governmental and health organizations around the world (Tudor-Locke et al. 2011h) are



ultimately intended for public consumption, and therefore have been logically designed for users

 

of such low-cost and accessible technologies. Producing cut-points and other indices that are

 

only to be used by other researchers with access to enhanced technological precision may be

ly
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necessary to address specific research questions, but may ultimately have little application to the

 

real-world condition outside of the laboratory.



Although many accelerometers have evolved to include step-based outputs in addition to



their more traditional activity count outputs, we acknowledge that these similarly named outputs



are not likely to be on the exact same scale as that captured by lower technology pedometers.



Therefore, researchers should cautiously compare and interpret any steps/day value or apply any



index to data collected using different types of instrumentation. This specifically means it may



be just as debatable to cast an accelerometer-generated steps/day estimate as an un-adjusted

 

index for pedometer users, as it is to interpret accelerometer-determined steps/day using an index

 

originally intended to interpret pedometer data. For example, one of the studies listed in Table 1

 

used an ankle-worn StepWatch Activity Monitor to monitor steps/day in an older adult sample

 

(mean age approximately 80 years) (Cavanaugh et al. 2010). This instrument is known to be



highly sensitive to low force accelerations and detects 11-15% more daily steps in free-living



than commonly used pedometers (Karabulut et al. 2005). Perhaps unaware of the implications of



this difference in instrument sensitivity, Cavanaugh et al. (2010) applied the pedometer-based



graduated step index (Tudor-Locke and Bassett 2004) to interpret their data without any form of



adjustment. As a result, they concluded that only 26% of this aged sample took < 5,000



steps/day, and at least 29% were “highly active,” that is, accumulating over 10,000 steps/day.

 

Directly (and inappropriately) compared to U.S. national estimates (where average values were

 

closer to 6,500 steps/day and comparable categories were 36% and 16%, respectively) collected

 

with an accelerometer but adjusted to be more in line with a pedometer-based scale (Sisson et al.

 

2012), this smaller sample could be described as uniquely active for their age. However, it is



more likely that differences in instrumentation explain the remarkable finding.
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It is worth repeating that step counting devices are now widely available in a number of



different commercially available formats including those worn at the waist, on the arm, at the



wrist, on the ankle, in a pocket, as a piece of jewelry, as an ear piece, in cell phones, etc. Their



measurement mechanisms are patent-protected, they change and become obsolete, and it has



become clear that similarly named outputs do not necessarily capture the same behaviour

 

between instruments (Tudor-Locke 2010). Industry standards have helped to make ambulatory

 

monitoring more uniform in Japan (Crouter et al. 2003), however this is not the case elsewhere.

 

Although it is lamentable, it may be that instrument-specific index values will be necessary. This

 

is already known to be the case for application of accelerometer activity count cut-points.



Methods of adjustment are sorely needed to aid translation and comparison between instruments.



Despite these inconvenient truths, we must be careful not to “throw the baby out with the



bathwater.” Still, any value offered as a generic step-defined sedentary lifestyle index must be



treated as a “heuristic” (i.e., guiding) value that must also be thoughtfully applied and



communicated, keeping in mind the end user.
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Another limitation also related to instrumentation and measurement is the concern for


 

optimal amounts of wearing time. Instruments with time-stamping technology (typically

 

accelerometer-type devices) provide researchers with additional information that can be

 

processed and used to determine wear time and limit data queries to the best quality data using

 

user-defined criteria. However, a number of researchers (Choi et al. 2011; Masse et al. 2005;



Tudor-Locke et al. 2011b) have shown that it is the estimate of time spent in sedentary behaviour



that is most affected by premature removal of accelerometers; the impact on detected movement,



for example, steps/day is less profound (Schmidt et al. 2007; Tudor-Locke et al. 2011b).



Nevertheless, researchers remain very cognizant of this potential threat to validity and addressing
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it is often a foremost consideration. From the practitioner’s point of view, however, and



especially from that of the general public, the potential impact of wear time on an estimate of

 

steps/day is not likely to be as much of a concern; Schmidt et al. (2007) have demonstrated that

 

adjustments for wear time did not alter correlations between pedometer steps/day and

 

cardiovascular risk factors. Further, a wealth of health-related step data has been accumulated to



date primarily using pedometers that have not had time-stamping technology, and the



consistency and robustness of the findings have been clear (Tudor-Locke et al. 2011f; Tudor-



Locke et al. 2011g; Tudor-Locke et al. 2011h). Perhaps most compelling, meta-analyses (Bravata



et al. 2007; Kang et al. 2009; Richardson et al. 2008) of pedometer-based behaviour



interventions demonstrate consistent statistically and clinically significant changes (i.e.,



approximately 2,000 to 2,500 steps/day) in ambulatory activity and related improvement in



health outcomes using this simple technology, without any consideration of wearing time.
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Finally, and as mentioned earlier, not all human movement is represented by a measure of



w



daily steps taken. Step-counting devices do not characterize non-ambulatory activities (e.g.,



weight training, bicycling, swimming, skateboarding, roller blading, hockey, kite surfing) well



(Miller et al. 2006). However, it is clear that ambulatory behaviours, and specifically walking,
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are fundamental to basic human mobility across all domains of daily life, including exercise,



recreation, work, chores, shopping, social interactions, and cultural exchanges (Ainsworth et al.



2011; Tudor-Locke and Ham 2008). Further, although steps/day explains 61-67% of the



variability in MVPA (Tudor-Locke et al. 2011a), and taking 5,000 steps/day is associated with



approximately 10 minutes (not necessarily consecutive) of MVPA (Tudor-Locke et al. 2011a), a



measure of total steps taken in a day is not a direct indication of physical activity intensity, a



dominant precept of public health guidelines (Physical Activity Guidelines Advisory Committee
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2008; Tremblay et al. 2011b). Nonetheless, step-counting devices, especially those accessible to



the general public, are important health behaviour tools (Tudor-Locke and Lutes 2009). Their



utility is limited, however, without provision of evidence-based, applicable, and reasonable index



values to help guide and interpret their output.



Conclusions
A growing number of studies have used the < 5,000 steps/day cut-point to categorize



Fo



individuals as “sedentary”(McKercher et al. 2009; Schmidt et al. 2009) or “inactive”(Cavanaugh



et al. 2010; Hirvensalo et al. 2011) since it was first proposed (Tudor-Locke et al. 2001) and



subsequently included in a more fully expanded graduated step index (Tudor-Locke and Bassett

rR



2004; Tudor-Locke et al. 2008b). The profile of individuals more likely to be taking < 5,000



steps/day includes having a relatively lower household income and being female, older, African



American versus European American ethnicity, a current versus never smoker and/or living with



chronic disease and/or disability (including morbid obesity). Although the fall/winter season in

w
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the Northern hemisphere appears to discourage taking > 5,000 steps/day, little else is known



about how other contextual factors foster such low levels of step-defined physical activity.



Adverse measures of body composition have been consistently associated with taking < 5,000



steps/day in a range of population samples. Indicators of cardiometabolic risk, and specifically



metabolic syndrome, have also been associated with taking < 5,000 steps/day. Using < 5,000



steps/day to identify and recruit physically inactive and/or sedentary individuals to interventions
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focused on increasing physical activity and/or reducing sedentary behaviours seems to be a



prudent approach to maximizing potential for effect in a population most at need, but this



approach has not yet been systematically adopted. Interventions have typically focused on

 

attaining a singular and lofty goal (e.g., 10,000 steps/day) (Bravata et al. 2007) and not
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necessarily on shifting individuals who take relatively few steps/day to the next immediately



higher categories (e.g., “low active” defined as 5,000-7,500 steps/day or “somewhat active”



defined as 7,500-9,999 steps/day (Tudor-Locke and Bassett 2004; Tudor-Locke et al. 2008b)).



Short term interventions to reduce step-defined physical activity to values < 5,000 steps/day



conducted with small samples of young, healthy, and active individuals have shown dramatic



adverse effects on a number of health parameters. Consistent implementation of a standardized

 

steps/day definition for a sedentary lifestyle index would facilitate comparisons between studies

 

and groups; however, unique sample distributions (i.e., generally active, or generally low active)

 

may require tolerance for a degree of flexibility, including segmenting the < 5,000 steps/day

 

category into “basal activity” (<2,500 steps/day) and “limited activity” (2,500- 4,999 steps/day)



(Tudor-Locke et al. 2009a). A standardized definition would be useful for screening, recruiting,



and tracking purposes as well. Although additional research is needed to further illuminate the



appropriateness of using < 5,000 steps/day as a step-defined sedentary lifestyle index, especially



its application across different types of objective monitoring technologies, it clearly demonstrates



multiform utility for researchers, practitioners, and perhaps most importantly, communicating



with the general public at this time. There is currently little evidence to advocate any specific

 

value indicative of a step-defined sedentary lifestyle index in children or adolescents.
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