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Changes in serum lipid and lipoprotein levels after exercises
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Abstract : Sompongse Chinayon. 1994. Changes in serum lipid and lipoprotein levels after
exercises. Thai J Hlth Resch 8 (2) : 111-119

Regular and appropriate exercise trainings are useful performance for physical fitness.
In adults, favorably altering blood lipid and lipoprotein profiles, as anti-risk factor of athero-
sclerosis, have been demonstrated. The results obtained from several studies indicate that
exercise can lower total serum cholesterol (TC) and low-density lipoprotein-cholesterol (LDL-C)
levels. As well, serum triglyceride concentration (TG) is decreased at during or at after sports
activities. Serum high-density lipoprotein-cholesterol (HDL-C) level is elevated. Furthermore,
the ratio of TC : HDL-C is low but apo A-I : apo A-II ratio is high resulting from an increase
in serum apo A-I concentration. The etiology of these changes is multifactorial, i.e., increased

energy requirements of working muscles, increased lipolysis in adipose tissue, skeletal muscle
and plasma TG-rich lipoproteins. Increased synthesis and decreased catabolism of HDL mass
occur in the liver. Especially, the high HDL 2 subfraction and apo A-I in plasma reflect the
enhancement of reverse cholesterol transport to remove the excess cholesterol from peripheral
tissues. However, in few studies, no effect of exercise on serum lipid profiles has been

observed. The cause of controversy may in part be due to type, intensity, duration and

frequency of exercise trainings; as well age, gender and body weight of the subjects.
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alsaantildvirwaii-naj wanaita:,111111:-.-anlYun77ZVLI7iiiii2J7::TIndoiaiNn-w

n311iljt1111111047:,'011ellIldilpitto:i7aTzlizhgu7uaao -sle7ai7oap-711v1jinduvau9153111104n751fiRlItlin

df1711471°77117111-41didraii911014111147PT i4117t1471,11)754f1H71141717 fnaanfi76a-inn°774iiiwynapuzA

libtrotaainasaas -m (TC) 110::THidato070ailtrlua'-milv--naina4fibt707-111-1174111170f171M1117111,111911

(LDL-C)	 (TG) and' Tal aii	 mv,.-liiiihIlTaiaainam ap:

7u7ardrilsihniiip-if1771,/111,17111,11J04 (HDL-C) 1-18170 -114,16177d3117::11114 TC:HDL-C OP7d4 d711

6777d1115:11'i7J apo A-I : apo A-II	 Iiit.41.111177L-17 apo A-I 0°411,1	 d-1111111a4171517ilit1111111d4

indlifilnamatin 76fitmoTw' anbilvd447u7ui Nam froliinnistiacaa-wa-a TG 77,datil ahat

110:;711113.',111rdibl di:1 n117111iiiill7745'7411dz:d0f777elfilt10-77100.17fl HDL 147-1.1 b11110117

17771iinit,7711 HDL 2 1117 apo A-1 7111311R	 thilV14117Iliinf11:.:11311f1771111t7787filda19105800017,a111

171adnii17111140711 (reverse cholesterol transport) 8d747769117,111N01777i111111?-171.1141111777111511/J111.104

7:,411d777711,71171,113M 7110f1771115n11111.1041iiO4111111147i7f1117 	 710 Atte,/ finv--mi 7?-run' 711701 11117N

v,-£1:--1707110:M) 1117lIanwaffnaann° 7 0-4n w	 alti	 tia,I ;il	 -ival-f1

: r115aat-i4161016 ; 	 ;	 ;

ni5aantilA'IniuliNn5:',vm9ianv,'u-ywnllanniva`6criwualvn5lailoluii4t-no '441,1114(r)on-15

njuutrtial5lutalrn5lailotimlaidithiivitith q 4)11141fitmu5lutta::51041u1-ittA)-)

iviuu, 2536) dlt,'It1/1111101111500fIfillflitlhfilla011itlIth116119151t1 cillVhlrf1111919104f11516AVIEJTI

V11111IiiNIT41if1409111011 gE141I719 (Assmann, 1982) tlf14111511N3J5t.'&111,49WU Olifltarfk91050a511J (TC)

19154,910156 (TG) itaz', low-density lipoprotein-cholesterol (LDL-C)	 1lan11510 4l1 c1ITIJ high-density

lipoprotein-cholesterol (HDL-C) (Assmann and Schulte, 1992; Manninen et a!., 1992)

iouithi4a414tnTnIn

TC (Despres et a!.,	 1990; Goodyear et al., 1990; Blumenthal

et al., 1991) LDL-C (Despres et a!., 1990; Goodyear et al., 1990; Shpilberg et a!., 1990; Stein et a!., 1990;

Stray-Gundersen et al., 1991) um; TG (Shpilberg et al., 1990; Stray-Gundersen et al., 1991; Wallace et al.,

1991; Caballero et a!., 1992) Dill	 HDL-C ciisItttali'9110411'14t1151.11A

NfilliirtAD01141,114 ,1 (atherosclerosis) il1E11164f1110Dflfi"441110 (Despres et a!., 1990; Goodyear et a!.,

1990; Hughes et al., 1990; Shpilberg et al., 1990; Stein et al., 1990; Cordova et al., 1991; Stray-Gundersen

et al., 1991; Wallace et a!., 1991; Caballero et a!., 1992; Davis et a!., 1992) lumitiimikzn-riti4fialt,

ctilihmatilaliminni5oontiiA',Inn
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111111.1A01-1111.1a4T;41.1 cRtlif110d191010A1111 (TC) U 1 LDL-C

rnm946-111131t-maow4ucgill TC ionni5aaniiiA"lniu Utififini511,11,6915-ini56-1Glifitammo5ofl

Dfllaflillf11 thilili3J1i11111511'11d101111110 b	 1;100114ilirMflIiillsilll (Simko et al., 1976) 0r445:41.14f3J

LDL-C	 11151:1111t11:1D0f1fil64f11tl1J111514144411411,13J1111 (Nagao et a!., 1988)	 IIM,Ilil'Ilijfl15d01115

very-low density lipoprotein (VLDL) 	 cis'411.1141aTtli cd56'wifirdAuurift4 LDL 114115Z114d1U1 11.104q111

0501111714 6̀05:::,41141D 011Vra100ii (lipolysis) 1104 TG 114514010.q01,1Tddi'1lli114116411115:111211f111

4i1411.111040413J1do (Shpilberg et al.,	 1990) 1,10010111,1 11151fl 'A014610 LDL-C	 11,1115ntrfiCi'911414

e 1-1	
.4'	 9)

t clfaM010	 1111110 (tissue fractional removal) 	 1410 10	 (Malinow et al., 1969) Dd1415f1A111 11510411.4i1

DlE1116'401500f1fil64D1E1 51t,'fo11.14T1.1 TC	 ti11141111.4011)10111`&111611filififiDTIODflfilA'lf1100

1114Vii171	 11Dtill5D0f1fil6lfllt111141fiiMill111f1Afl151.11A01111.1lalliA1114-105111.11illlil (Skinner et al., 1987;

Tsopanakis et al., 1989; Shpilberg et al., 1990; Cordova et al., 1991) Sphilberg itat fitla (1990) lAjoiult,

ni5lioaaslivqjmu lInivninFl lkilni5oonfi-44f110100f1151A1-15.'Elt,'011i11161M1510011115

1131-ii1J5:4114T11 LDL-C aoa4 (-lova)	 11111J1J51J1t1d HDL-C	 (+56%)

TC 5111/A441 (+7.6%) 1 Glitatilfillf115ilf11111104 Nagao 1W:,'D9.1:', (1988) 111.11115:414111

TC	 HDL-C 11111f1110DilfilA'101E1	 Dill Cordova 11w,t;fliur, (1991) 1114D1rmattud, 015000-

filA"lf11001 q ii11416olliminAutitnruolifiodt9-105014,1illnmlilAnittdal IoolkilINn5:;v1u9i05:41,

11d1MJ1 TC 14 IlDt;i1718411-1i1 1ri1ilill10larfIVI0I0aiiM1MJ1141f1Y0190 (Cholesterol pool) 0001 ti,1101

ltiliAll1flIt11114f1150DOT114115'14 (Paul, 1975)	 5ti1i1lf1150011fi -441110 bl f14151t11511i145:',6"11 LDL-C lu

11001141f11500f161A'1f110 hillt11511.1th114111.1d13J11111-1011 01qtr114flil 50 9J (Frey et al., 1990) 11151d1
,1 	 9	 .4

01£1illihAVITT1141C10150 6"91511115rWltiii11104	 LDL	 11,011DIE10 (Miller, 1984) 14011q1D111464315104114

diiiIJIDMV0.91050d114.11JStk1104ii11lt114A11170 DtlfilA'101t1 (Lavine et al., 1978; Leon eta!.,

1979; Bonetti et al., 1988; Thompson et a!., 1980; Hughes et a!., 1990; Blumenthal et al., 1991)
=I 1

5141141	 NnOlf11560116-16101trvam051:411VIJ TC 14i114046111115111d01-11111dAllalf15.11.111-11115

13J111/ua cili.,14.1i44010 5 -3111T41115thf11111191 1.15n1111

511,11,1 alq 111ff itani5flojimilnii19,a44q1,114-)t, 0114 11111510111410 1111i1111"114i1M19151

11150Dflfi -44111011M15,41.1i1f3J TC (Golberg and Elliot, 1987)

illIIIMOVIIIIJDAT:,`.41.1ifii1Jf110$111111-6CITt; (FFA) IIMAG1I11311failla (TG)

fl-1500fltilnluvillilii4n40144,164411,11i^i1141,1q1011414m;daartiotuallnivi

FFA li1J441 7.5 Oil r7145:',511.1 TG 111IN04 60% 41`11111111:(011W111t114illt1IIA'4015111i441,1f;13J151t011

(Ikawa, 1992)	 IlanThil	 FFA	 114f11,1i1D0f1 fil64f1101Jfillf1151A011115 81 iii111 (Shpilberg

et al., 1990) Ini-iuni5DonfilA'slniuttlimaiuvw 1bJflltl19f FFA

1104191nA" f411,11d0 (Paul, 1975) "M-15 FFA 1taliq 1f1015600dal0 (lipolysis) 1104 TG

11011411111d0	 ltD:.110514910156T1M1V1IJOEilikihtt101113:41 (Gollnick, 1977; Golberg and Elliot, 1987;

Dufaux et a!., 1982; Bonetti et a!., 1988; Shpilberg et a!., 1990) il lillt11114f115 lipolysis lutilattiorma

tpn5tiviimmailln catecholamines kill .111 -150011 g14049-10 111 -41 -313J1t110A (stress) i'lllilFfflifl1M1111
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' 911110,1i1 ,1111t1 (Bonetti et al., 1988)	 TG ill0E111,11dADLIDnUla1J1D19T,t;t1f1600dalti

IOWA-11%11 lipoprotein lipase (LPL) ii1111,111.1fillidalIt1011rIli11011,11,iftliaiMIDE11104f1A'13.11taliand0
A 

1 6111111 (Brewer et al., 1988) 6'411111tJ510411.„11/11.1"71 11111f111141111d411 DflfilA'41110 Oti141111f1 1Jf115
5V

Ii14114 (activity) 9104 LPL 1.174,14/1411,1129WA11A111,a101,1,a,n clfaA"lilf,114 (Nikkild et al., 1978; Lithell et a!.,

1979;1981; Assmann,	 1982; Wirth et a!., 1983; Tsopanakis, 1987) 1,101191111f1,15nli111115DOMilA'41118

FFA 1911419SaA.11111111Diit1111.1i6J1A11-1`66115:,q1'11i1DE11141/01r11,11 (Gollnick, 1977) `i'4111-11115

OfIfilS'4111tlati14111.11111Ti1141:4111,01d1J1 TG	 13151:',113111i1,1 FFA ii11164911raatia4 41i-1111n-15

VLDL 91"0 ,9	 LDL-C	 9I1M410 (Shpilberg et al., 1990) 1151E141141115
A .4 .	

TG Gl1	 itanfilflOtilhf151111A's1f1150011116',/f110 	 (Lopez et a!.,

1974; Thompson et al., 1980)	 TG	 (Altekruse and Wilmore, 1973;

Brownell et al., 1982; Nagao et al., 1988; Hughes et a!., 1990; Blumenthal et al.,	 1991)	 111 0i11,1111111,1

f11 11411411111f111111/11014411151,11i1 6i114	 (Bonetti et al.,	 1988; Tsopanakis et a!., 1989) 111041,901t111111A

f115D0f1fi1K4f1101111,11.15:A1 (Frey et al., 1990) d11119 6U04t1113J1191flvill9104Na11154111119T4f11') t1151t,'

TG lwroieln lif115r,Ur,naillansiloto411150011fl6 ,1111U 9i1`11

Tsopanakis	 (1989) 1411J'71 1141.fliiVili10 OfIfilA''lfIltli00111561Jif15011,114114 4 ISL. 915,41.1 TG
1	 9/

f1411114 2 If1L11511 11141111A'45:41111711.1 :U1 11114-1111111/Urlifit111114da 11,M.;t1A'1145:411d01,1t115D0f1filA'4fl10

tuamof115110aD4

Ild,'IlA'4111500116"4,9fIlt1 ItO4t1f101316A51f115tiOUrfaltl (catabolic rate) Ita:A4151f115"eill4 (synthetic

rate) TD4 TG 04164 (Thompson et a!., 1980) 1,10t1T1f1141th11111191{19i11110411159•1011r1140411041dA0ii

IlviDEIDi13.114 catecholamines 41 ,9141F101.1f11101,11111'fr)1111flil t10 11104t1f1f11500fItTalfllt141')06111,11011G114f114

11114 411E1DtilsrifiLliiii -114n5.1;uluni5tioun'ait, TG 1141 ,1S6'1111i1,Mifill FFA Donv„i n51-,11vrimloriiau

d1461,1 tIri1141111,91.9fdfl&11J11101111J1141f.11,114411121 	 VLDL 1J1111111

410 (Davis and Boogaerts, 1982; Dufaux et al., 1982) 5'2t.,'1.11/01f11J1 TG

D0f1filS'4111t1 lillith-lf1141"3011J0fl 	 (Bonetti	 et al.,	 1988)61115f1A13J115111,01115initilOilldilf1711

5,`,;911.1 TGOflfilS)f110 (Bonetti et a!., 1988; Tsopanakis et al., 1989)

DUA f1151,11' 3Jfl151414441141104illn105:11 -iiln15oonfi -mlnityntmn:;rm illvtrion-naluniviourralo

TG VidzroJlutdoll'uliciatm-,0S-anda IAE1111,111114t191101V14i1111091d4 `41tiJuni5doilitdik161,491510

91 e7lfll5tf191WidlttlU^lYi91ttG1ltt911^91E1Y1ll^e^1J9i2E1 (Bonetti et a!., 1988; Shpilberg et al., 1990; Blumenthal

et a!., 1991; Cordova et a!., 1991)

HDL-C

f114i11 00114161fIltallidli1915,41'11 ,3TIJ HDL-C 1,17.43J4'W (91'15104111f115i1fIlflill4414Z.11111-1

g101,141,191041.111t1113J1111k1) tal1iflalflY111114Jf1151111tilt1 TC f1; 911J11111114 1/11.111-1191AflAi.111.16,I gill 14 81115

filiADDIMfli141110 (Brewer et al., 1988) Nall'Oa0691511481110,911151,11911101iffill'aliNIT1T011,A11,489111,04

14114f115111905f15t1J1Yria091110	 HDL 1146' 0 OifilJ;11914

1:(1,1 Ifl	 "111fl151,i714 1J1115ii411151t14 (increased synthesis) ILM.:aon -mrhalt, (decreased catabolism) ilitcisaAhl

1,10111f11115117\13J1131,11i1,4T3J HDL LL 1 61111J11151,11A01,111,11"0191011S1191UM:rilM15:,'f101.1600410 (Bonetti
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et al., 1988; Nagao et al., 1988; Tsopanakis et al., 1989; Frey et al., 1990; Shpilberg et al., 1990; Blumenthal

et al., 1991; Cordova et al., 1991) Frey	 IM:,'f1111:: (1990) 111171 fit-11401010 flfi165f1ltli15:41.1915I1

HDL-C	 1140,110i111151,1"11J1J31J1ill'UO4 HDL 2b subfraction cif4105I0	 ultracentrifugation t1151fAil1

5,1,'QT11 HDL-C 114iii.'1.111 -)f111011W1 rali -11J6111111tia1691511115tiourram 	 TG 11111SDSUIT1,01a,`,`,' TG-rich

lipoproteins 11111051 11119i14 FFA 	 monoglyceride 1.401fl11414161419111 LPL 1111101,t101111,Ylaillf115

Vils11111J1f19111 (Nikkild et al., 1978; Assmann, 1982) D114 TWIND1A1.1191D4fillf11 0 Of1f116,1111EJil3J6111115

4GlD11115 115at9111 FFA ill lIfY113.1A'141^114f11411141110611 HDL-C (Shpilberg et al., 1990) ILD:',114i1111:111^111i1

5:;-'41J HDL-C 31f1113Jr71J`NI1461J11111A (intensity) 9104f1157ifl 0 011111A',If110 (Moore et al., 1983; Berg and

Keul, 1985) filVITUNM10,111150 0d1611110`0111105`4,'6v1111fllff1J10:1111115V1141114 1111ililf11511415:411 apo

A-I (Berg and Keul, 1985; Nagao et al., 1988; Cordova et al., 1991) 4141111-iilh;111ilifiVr -nal r11011`111fitll

9104 HDL ita.thtribinivviluivuoAuloni lecithin cholesterol acyl transferase (LCAT)

esterification 61104I0tflr0410500 (Brewer et al., 1988) ';411'10Vislta454 1.111159114hitltadlO 050aV111190A14

11J619T11 bsi fIli5Z.,'01511r445:;6111a101.11	 apo A-I it 1,T;11414 L1hiiioril11f1w91 11 11o19104ni500nfT115nluit0r,

maximum aerobic capacity (V0 2 max) k•30	 (Berg and Keul, 1985; Nagao et al., 1988; Blumenthal et al.,
„,

1991) f115flOillilltrithre)119151t1110,1f1151FIANIllthilAd17191110444AUf115	 fltilA'411101-4!	 1.10f1V1fliAN15i111

015t1N1J114111401ron HDL-C f115i(1111011115"N16051rll-l'UN TC : HDL-C 1,Mr.f1151A1J691512h111101

apo A-I : apo A-II 4'10 (Nagao et al., 1988) crilf1151C11J6111Vi11.16U04Ditilaillicd5a4,1411

1111151A111131J1ill HDL 2 fraction 1144 1J (Curry et al., 1976) fillii111117111910,1 A-I1	 di14 41f11-11115 ' 1' 1-1 '61 ft
,	 .4

15140111441,11J0q1
9
 14 HDL particles al WY114

3,
 111iNiff311f1151'11411,11104 hepatic triglyceride lipase (Ishikawa,

1982) 4 ,111J1A141 ,1111171i11 11194)1illi1113116 015ffdltli17 (hepatic catabolism) 11,z,'1115 reverse conversion 1101

HDL2b subfraction 1116014f41.1Lfill HDL 3 (Frey et al., 1990) A'Alf1411,1115614i11 1111 apo A-II Iii1J114?;114

lfit'f10119101 HDL2 I111110151i141119104	 hapatic triglyceride lipase 117n111 ;(1140 	 0 Lfil4N01115t9T1J1A1d1r11J1

HDL 2 i14 (Patsch et al., 1987) V15461-1`?1'111114/11 -1:',1104f1150 0111-116'11110`Vitrili15:1411 011I TIJ apo A-II

i101 (Nagao et al., 1988) 11.M,11111511711J0'9151i1114910,9 apo A-I : apo A-II (Frey et al., 1990; Blumenthal

et al., 1991) 3101115fifitilill rflillrfliwil 1115d011111C1110A141 ctill hepatic triglyceride lipase 4$441,c1111Nfl91f1

f115 01)416401U 1,111115:,'41J HDL-C 1140A1171114114 (Stefanick et al., 1987; Marniemi et al., 1980) 110f)
y	 y

T1fltitl11J1LY11J0tl9f1J9103 YVcold1J1 VLDL 	 91f431 TG IfiliVi114115,t1101.1ili filti4101010'111040111151J1ild HDL

4'10 ill OtL1111151fi/J60151 TG turnover li11411f1151,filTI AIfflrf1J1 VLDL iS4 4ijfWArJ141,11.1d4I0 01A1,11,11Pj
5V

LPL leltilvlal cdi cthhisfio LDL Udt,14141 ,11a6,V,1011-10	 TG 0fld4 1111111i111156;41

HDL 1411 HDL-C 11,d0OLCV1J41-1 (Assmann and Schulte,	 1992) 111115iitlIllig;112N1,1'il

1115DDflfi -440101111151111.1115.1;1111,11115 lipolysis ltudAaltirti It0nithil9n1 LPL 1,1111f1151(114114111fl`U414

NDT111111f1Af115iii1J TG turnover 0,anfl3J5t411VOlrf1J1 VLDL 95 ,11,1f115L1A01411.11Mi011] LIMA-11%1J

LPL 1aN&1P,Cdifil1 LDL 1,41?1:1 0/SaA'11.101111 0 111111,111,1'4'11 VLDL DOM 11flit,4016141(11111iii1J1n1J11-11 HDL

11-40 (Berg et al., 1983; Bonetti et al., 1988) 11151i11.1112"1111D1f(1J1 HDL-C I001PY11:411.1 subfraction

HDL2b-C 015"d0r116051fht,15t;11714 TC: HDL-C 111 LDL-C: HDL-C 11111i711,111ilflat apo A-I 015
44,

apo A-II Udn '17111f1169151V11145:11'714 apo A-I : A-II 1,111111fillttl j 04 61N10110 006'16401U
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	rj)140,191115:'A'lrer151a7Joulltiloluthotrl	 4,11i11111t1911"101'ith1111115nft1

1,W091091 (Miller and Miller, 1975; Bonetti et al., 1988; Nagao et al.,	 1988; Tsopanakis et a!., 1989;

Frey et al., 1990; Shpilberg et al., 1990; Blumenthal et al., 1991) aii4 11Naf115111111-14111-ilf11500fIfilf110

1111V1 -1111'5thVg aifil.11 HDL-C rtArnItrdal vriomwiTal (Brownell et al., 1982; Tsopanakis 1987; Blumenthal

et al., 1991) f1111111,91f19i141,1111t11 j 11511Jr111,114111-11,1011 11Vinfitill,lifitI1JIllif1154111-111411ti 1111111f1

9laln43A5t111115 513Jillli1011W,',5I:rnila11101f11500fIfilf110'")0 bi t11.15n11511111 Blumenthal

Itatfliln,' (1991) 510,111,1i11141,01a1J15:411	 HDL -C aoaltAfIllOtill gi5:411 apo A-1	 itaI,'69151rhuta4

apo A - I : apo A-II Iii1J41,106114911All	 11M11 -110161f1151`dthrk111.1fl4 61101eillA5I'Al011600 (HDL sub-
.4	 .4.s

populations) 91111
A
111911I141J,Itil,11115fl06915111151k1161-1q510910,111151r1911101`ifalliAlil5VIJI11,61IMIll00

,±4	 ,=;
woo vsrwrillid1114 HDL 2 particles 316051rillet104 apo A-1 : apo A-11 14frilii111111.1 HDL 3 particles

(Miller et al., 1981) 1-10fM11111-IND1115411111 61101 Kuusi	 (1982) ilef911 -il&151rilVI5r1d1,1 HDL2:

HDL 3 11711.1411V4,1111500fltilAvAIIIUDdll chirfl1111.1fildllilVill,1115:1101_1600 6U04	 HDL Ir191f115111Arth

trtfal 11,10111-1NM10,111150011filA'slfllt1;10NI11540111 6U01 Frey	 11,M,'flt-Ut (1990)	 11-1414010:iilli14

00f1f11Av1f110 17.1.4 01,1rin1401161.11141J010:111AVANfillitvi001141A'4111ElallitelJ0	 HDL2b -C

Gllfl J1 TIIIIriiinhnoutiouitAuutnin4 19i11ri 1ai3J1tuiihku1tmlolfAcIf01541fi3l911t 6V151i(11-11101
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