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ABSTRAC T 

THE EFFECT OF CALOR I C  RE STRICT I ON AND EXERC I SE ON P LASMA 

L I P I D  AND L I P OPROTEIN CONCENTRAT I ON 

BY JEF FRE Y J .  ZACHW I E JA 

The independent and comb i ned e f fe ct s  o f  e x e rc i s e  t ra i n ing and 

c a l o r i c  re s t r i c t i on on t he p l a s ma concent ration of l ip i d  and 

l ipop r ote i n  wa s s t ud i e d. Th i rt y - t wo fema l e  vo lunt e e r s  we r e  

a s s i gn e d  t o  o n e  o f  t h r e e  t r e atmen t g r oups; e x e r c i s e  on l y ,  

d i e t  on l y  o r  d i e t  p l u s  exe r c ise . The e x e r c i s e  on l y  g r oup 

part i c ipat e d  i n a wa l k / j og p r ogram t h r e e  da y s  p e r  we e k . F o r  

30 t o  45 minut e s  t he s e  individua l s  e it h e r  wa l ke d  o r  jogged at 

a int e n sity whi ch e l i c i t e d  a h e a r t  rat e that wa s 70% o f  t he 

ma x h e a rt rat e re s e rve. The d i e t  on l y  group p a r t i c ipat e d  in 

a behav i o r  mod i f i cat i on we i ght l o s s program whi ch r e s t r i ct e d  

cal o r i c  intake t o  1200 k ca l s  p e r  day. The comb i n e d  diet and 

exe r c i s e  g r oup p art i c ipat e d  i n  both of the above p r o g r ams . 

On l y  38% o f  t h e  o f  t h e  in i t i a l  32 s ub j e ct s  fu l l y comp l e t e d  

t h e  1 2  w e e k  stu d y . T h e  d i e t  a n d  d i e t  p l u s  e x e r c i s e  

t re at ment s e l i c it ed the g reat e s t  (p < 0 . 05 ) amount o f  we i ght 

lo s s . We i ght l o ss f o r  t he s e  two group s ave ra ged 7 . 3 and 4.4 

kgs r e s p e ct i ve l y. The amount o f  fat w e i ght i n  the s e  t wo 

group s wa s a l s o  sign i f i c ant l y  r e duce d (p < 0 .  05) ,  wh i l e  no 

change wa s obse r v e d  i n l ean body ma s s  f o r  any of t h e  

t r eatment g r oup s. Max imal oxygen c onsumpt i on (L / m i n) wa s 



on l y  i n c re a s e d i n  t he e x e r c i s e on l y  gr oup . T h i s g r oup 

demon s t r at e d  an 11% i n c re a s e  f r o m  p r e t r e atment va l ue s . 

Howeve r , when oxygen consumpt i on was expre s s e d  p e r  k i l o gram 

o f  body we i ght , s i gn i f i cant ( p  < 0 . 0 5 )  incre a s e s  in maximal 

oxygen c o n s umpt i o n  were o b s e rve i n  a l l t h r e e  t r e atment 

group s . The e f fe ct s  o f  exerc i s e ,  c a l o r i c re s t r i ct i on , o r  a 

comb i nat i o n  o f  t he s e t wo t re atment s on t he b l o o d  l i p i d  

pro fi le were minima l . N o  change s in  the pl asma concent rat i on 

o f  cho l e st e r o l , t r i gl yce r i de ,  h i gh den s i t y  l ipoprote i n ,  and 

l ow de n s i t y  l i p o p r o t e i n f r om p r e t r e a t ment va l u e s we re 

ob s e rved . I n  con c lu s i on ,  exerc i s e  ( 7 0 %  max HR re s e rve ) and 

we i ght l o s s  ( 12 0 0  k c a l  I day ) i n depende n t l y  and c omb i n e d  

produced change s in body we ight and max ima l aerob i c  capacity . 

However ,  the s e  three t reatment s were not su f f i c ient enough to 

pr oduce change s i n  t he b l o o d  l ip i d  p r o f i l e s  of  1 2  fema le 

vo lunt eers . 
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CHAPTER 1 

INTRODUCT ION 

Evi dence from ep idemi o l o g i c a l  st udy ha s reve a l ed that 

e l evat ed t o t a l  b l o o d ch o l e s t e r o l  l eve l s  a r e  p o s i t i ve l y 

a s s o c i at e d  w i t h  an i n c re a s e d  r i s k  o f  deve l op i ng c o ronary 

artery di sease ( CAD ) ( 4 , 8 2 , 1 2 6 ) . Of  re cent interest ha s been 

the s t udy o f  t he cho l e s t e r o l  c o n t e nt in t he va r i o u s  

l ipoprot e i n  c a rr i e r s . C l i n i c a l  s t ud i e s  have demon s t rated 

that e l evat ed l eve l s  of  high den s i t y  l ipoprot e i n  cho l e s t e r o l  

( HD L -C )  a r e  i n depe ndent l y  and inve r s e l y  re l at e d  t o  t he 

deve l opment o f  CAD ( 4 1 , 9 1 , 1 0 6 ) . In addit i on ,  e l evated leve l s  

o f  l ow de n s i t y  l i poprot e i n  cho l e s t e r o l  ( LD L- C )  h ave been 

strongly re lated t o  the deve l opment of CAD ( 6 8 ) . 

Exerci se t rain ing pre s cr ibed for hea lthy non- s ympt omat ic 

( for CAD ) i ndividu a l s  s eems t o  have the great e st e f fe ct on 

the f r a ct i on s  o f  cho l e s t e r o l  cont a i ne d  in HDL and LDL . 

Speci fi c attent i on i s  usual ly devot ed t o  HDL-C becau s e  o f  i t s  

inve r s e  re l at i o n  t o  CAD . Although c ro s s - s e ct i on a l  s t udi e s  

surveying phy s i ca l l y  act ive indivi dua l s  r out ine ly demon st rate 

e l evat ed HD L - C  l eve l s  when compared t o  i n a ct i ve cont ro l s  

( 1,3 0 , 4 4 , 4 6 , 4 8 , 5 2 , 9 3 , 1 1 8 ) , l ongitudi nal s t udi e s  have y i e lded 

con f l i ct i ng re s u l t s . Some s t u di e s  have demon s t r at e d  an 

1 
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inc r e a s e  i n H D L - C  i n r e s p o n s e  t o  e x e r c i s e  t r a i n i n g  

(53 , 7 1 , 100 , 107 , 111 , 132 , 135) ; whe re a s , o t h e r s  have ind i c a t e d  

no change ( 15 , 34 , 59 , 125 , 128) o r  a de c r e a s e  (2) in HDL l e ve l s. 

Exp e r iment a l  de s igns devot e d  t o  s t udy ing t he r e spon s e  o f  

HDL t o  e x e r c i s e  t r a i n i n g  can b e  d i s t u rb e d  b y  a numb e r o f  

d i f fe rent f a ct o r s. Gende r and r a c e  o f  t he sub j ect s , a lcoh o l  

int ak e , a n d  s mok i n g  h a b i t s ,  h a v e  a l l  b e e n p r e v i o u s l y  

ident i f i e d  t o  have independent e f f e ct s on HDL-C concent rat i on 

( 12 3) . We i g h t  l o s s  w i t h  a s s o c i a t e d  c h a n g e s i n b o dy 

compo s it i on may be one o f  the mo s t  common con f ounding f act o r s  

when st udy ing the e f f e ct s  o f  a part i cu l a r  t ra in i n g  p r o g r am o n  

l ipop r o t e in cho l e s t e r o l  cont e nt. At t e mpt s have b e e n  made to 

study t he e f f e ct of e xe r c i s e  t ra in i n g  on the b l o o d  l i p i d  

pro f i l e  b y  a dmin i s t e r in g  c onvent iona l we i ght l o s s  t re at ment s 

(16, 134 , 139) , a s  we l l  a s  ma i nt a i n i n g  b o dy we i ght du r i n g  a 

s p ec i f i e d  e xe r c i s e  t r a i n i n g  p e r i o d  ( 9 5 )  . Wh i l e  t h e  

int ent i o n s  o f  t he s e  p a rt i cu l a r  me thods a r e  goo d ,  i t i s hard 

to m ake comp a r i s on s  among t he s e  s t u di e s  becau s e  of t h e  s in g l e  

group de s i gn. A mor e  a cc u r at e unde r s t anding o f  t he re lat i ve 

cont r i b u t i on s  o f  w e i gh t  l o s s an d / o r  e x e r c i s e  t o  t h e  

a lte rat i o n s  i n  t he b l ood l ip i d  p ro f i l e  ma y b e  b e s t  obt a ined 

through mu lt ip l e  gr oup de s i gn s. I n  t h i s manne r ,  s eparat e and 

comb ined t r e atment s o f  e x e r c i s e and d i e t  can be comp a r e d  t o  

each othe r a s  we l l  a s  a cont r o l  group. 
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Purpose of the Study 

The pu rpo s e  o f  t h i s  study was t o  u s e  a mu l t ip l e  group 

design in an a t t empt t o  add t o  t h e  c u r r e nt k n o w l e dge 

con ce rning t he e f fe ct s  o f  we i ght l o s s  and exe r c i s e  on s e rum 

lipid value s i n c l udi ng; p l a sma cho l e s t e r o l ,  t r i gl y c e r i de s ,  

HDL chole stero l , and LDL chole stero l . 

Nul l  Hypothe s i s 

There i s  no di f ference i n  change s o f  ab s o lut e  body 

weight and bl ood l ip i d  va lue s inc luding; p l a sma cho l e s t e ro l ,  

t rigl y c e r i de s , HDL cho l e s t e r o l ,  and LDL cho l e s t e r o l  between 

three t re atment group s in respon s e  to var i o u s  man ipu l at i o n s  

of diet and exerc i s e . 

Limitat ions 

The f o l l owing l im i t at i on s  have been p l a ced upon thi s  

study . Subje ct adherence t o  the study wa s qu ite l ow,  a s  on ly 

38% o f  the o rig i n a l  subje ct p o o l  a c t u a l l y  comp l e t e d  a l l  

pha s e s  o f  the study . Secondl y ,  b l o od l ipid measu rement s we re 

per formed in a c l i n i ca l  l aborat o ry . Unde r the s e  condit i on s , 

r a r e l y  a r e  a t t empt s made t o  c o n t r o l  f o r  i nt r a s ubje c t  

variatio n . L a s t l y ,  b o dy c omp o s i t i o n  me a s u rement s we re 

obt ai n e d  vi a the s k i n f o l d  t e c h n i q u e  as equipme n t  f o r  

hydrostat i c  we ighing was not ava i l able t o  the inve stigator . 
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Definit ions 

Apoprot e in 

The p r ot e i n  mo i et y  o f  a mo l e cu l e  o r  comp l e x, a s  o f  a 

lipoprotein . 

Biopsy 

The surgi cal  remova l and examinat i on o f  t i s sue from the 

body . 

Cat abol i sm 

Any de st ruct ive proce s s  by whi ch comp l e x  s ub s t ance s are 

conve rted int o more s imple compounds . 

Chole stero l  

A pe a r l y  fat l i ke s t e r o i d  a l coho l . I t  i s  s ynthe s i z e d  by 

the l ive r and ab s o rbed from the diet . As we l l  as be ing 

a pre cu r s o r  for t he s ynthe s i s  o f  s t e r o i d  h o rmon e s  and 

b i l e  ac ids it const itut e s  a l arge part o f  the atheroma 

found in arterie s . 

Cofactor 

An e lement or principle with whi ch anothe r mu st unite in 

orde r  to funct i on . 
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Electrophoresis 

The movement o f  charged part i c l e s  su spended i n  a l iqu i d  

on va r i ou s  me d i a  unde r t he i n f l u e n c e  o f  an app l i e d  

elect r i cal  field . 

Endogenous 

Produced wi thin an organ i sm .  

Enzyme 

A prot e in c apab l e  o f  great l y  a c ce l e rat i n g  a chemi c a l  

react i on o f  a subst ance f o r  which it i s  speci fied . 

Exogenous 

Originat ing out s i de o f  an organ i sm .  

Esteri fy 

T o  comb i ne w i t h  an a l c oh o l w i t h  e l im i n at i o n  o f  a 

mo lecule o f  water, forming an e ster . 

Heparin 

A s ub s t an c e  p r e s ent in many t i s s u e s, e spe c i a l l y  t he 

l ive r and l un g s , wh i ch h a s  powe r fu l  a n t i c o a g u l ent 

propert ies . 
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High Den sity Liopoprotein CHDL> 

A p l a sma l ipoprot e i n  cont a i n ing h i gh l eve l s  o f  prot e i n, 

l i t t l e  t r i g l y ce r i de ,  mode rate leve l s  o f  pho spho l ip i d, 

and re l at ive l y  l ow leve l s  o f  cho l e stero l . 

Hydrolysis 

A cleavage of a compound by the addit i on o f  water . 

Insulin 

A majo r fue l regu l at ing ho rmone s e creted i nt o  the b l ood 

in r e s p on s e  t o  a r i s e  i n  the c o n cent rat i on o f  b l o od 

gluco s e . 

Inte rmedi ate Dens ity Lipoprotein CIDL) 

A p l a sma l ipoprot e i n  c o nt a i n i n g  a l ow p e r cent age o f  

t r i g l y ce ride, h i gh l eve l s  o f  cho l e st e ro l , and mode rate 

leve l s  of pho spho l ipid and protein . 

Low Density Lipoprotein CLDL) 

A p l a sma l ipoprot e i n  cont a i n i ng a l ow p e r cent age o f  

t r i g l y ce r i de, h i gh l eve l s  o f  cho l e st e ro l , and mode rat e  

leve l s  o f  pho spho l ipid and prot ein . 
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Moiety 

A part o f, a s  in a port i on o f  a mo lecule . 

Phospholipid 

Any l ip i d  that cont a i n s  pho spho ru s . They are the major 

l ipids in the ce l l  membrane . 

Postabsorbt ive 

Pert aining t o  a fa sted st ate . 

Receptor 

A mo l e cu l e  on the s u r f a c e  o r  w i t h i n  t he ce l l  t hat 

recogn i z e s  and binds with speci fic mo lecu l e s . 

Triglyceride 

A neut ral fat that i s  u s ua l l y  the s t o r age form o f  l ipid 

in  animal s .  

Ult racent rifugat i on 

Subje ct i o n o f  a mat e r i a l  t o  an  ex c e e d i n g l y  h i gh 

cent r i fugal fo rce whi ch wi l l  separate and s e diment the 

mo lecules  o f  a subst ance. 
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Very Low Dens ity Lipoprot e in (VLDL) 

A p l a sma l ip oprot e in cont a i n ing h i gh c oncent rat i on s  o f  

t r i g l y c e r i de ,  mode r a t e  concent rat i o n s  o f  pho spho l ip i d  

and cholestero l , and l it t l e  prote in . 



CHAP TER 2 

REVIEW OF RELATED L I TERATURE 

The r e l at i on s h ip b e t w e e n  c a r d i o va s cu l a r  d i s e a s e  r i s k  

fact o r s  a n d  t h e  o c c u r r e n c e  o f  t h i s d i s e a s e  h a s  b e en we l l  

estab l i shed ( 1 0 4 ) The re fore , i n o rde r t o  de c re a s e  t he r i s k  

o f  deve l op in g  co rona ry a rt e ry d i s e a s e  (CAD) , i t  i s  import ant 

to keep s u ch f a ct o r s  unde r c ont r o l. Our in c re a s in g  knowl e dge 

con c e rn i n g  t he d i s e a s e  p r o c e s s  h a s l e d  t o  w i de s p r e a d  

awarene s s  o f  the pat hophy s i o l o g i c a l  e f f e c t s o f  cho l e s t e ro l  

cont a ined w i t h i n  ce rt a in l ipop rot e in ca r r i e r mo l e cu l e s. Even 

though in fo rmat i on p e rt a i n i ng to t he s e l ipoprot e i n s  i n  t e rms 

of the i r  s ynthe s i s , cat ab o l i sm ,  and r e gu l at o r y  me chan i sms i s 

in i t s  in f an c y ,  t he knowl e dge we have obt a i n e d  t hu s  f a r  has 

allowed us t o  b e g in e f fe ct ive management o f  the CAD p r o c e s s . 

The majo r  p u rp o s e  o f  t h i s  chapt e r  i s t o  r e v i e w  t h e  

e f f e ct s o f  va r i o u s  f o rms o f  e xe r c i s e  a n d  we i ght l o s s  on t he 

pla sma concent rat ion o f  l ip i ds and l ipop r ot e i n s .  Mu ch o f  t h e  

informat i on t o  b e  p r e s ent e d  ha s b e e n  obt a in e d  f rom s t u d i e s 

wh i ch have ut i l i z ed h e a l t hy ( f re e  f rom CAD) ma l e  and fema l e  

s ubje ct s b e t we e n  t h e  age s o f  2 0 a n d  6 0 . Sp e c i f i c  att ent i on 

wi l l  b e  d i r e c t e d  t o wa r d  c h a n g e s i n p l a s ma c h o l e s t e r o l , 

t r ig l y c e r i de , and the cho l e s t e r o l  cont a in e d  w i t h i n h i gh and 

9 
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low density lipoprotein. The mechanisms by which these 

changes occur and the effects that various enviormental and 

habitual factors have on these changes will also be 

discussed. 

In order fully understand the effects that chronic 

exercise training can have on plasma lipid and lipoprotein 

concentration, a basic understanding of lipoprotein 

metabolism is needed. Therefore, the first section of this 

paper has been dedicated to outlining the basic mechanisms 

behind lipoprotein formation, breakdown, and use. The 

information presented in this section was obtained from an 

essay prepared by Howard A .  Eder, 1983 (29 ) . 

The major 

transport lipids 

Lipoprotein Metabolism 

function of a plasma lipoprotein is to 

so that they may be used for cellular 

metabolism. Plasma lipoproteins have been divided into 5 

ma j or categories based on either their electrophoretic 

motility or their gravitational density in response to 

u ltracentifugation. The categorie s  are as follow s ; 

chylomicrons, very low density lipoprotein (VLDL) , 

interme d iate d ensity lipoprotein ( IDL), low density 

lipoprotein (LDL), and high density lipoprotein (HDL) each of 

which contain various proportions of cholesterol (both free 
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and esterified), triglyceride, phospholipid, and apoprotein. 

A number of different apoproteins have been identified 

and classified in terms of their protein constituents. The 

apoproteins add to the stability of the lipoprotein molecule 

as well as possessing physiological value. Physiologically, 

they are involved in receptor mediated processes and act as 

co factors for enzyme mediated lipoprotein metabolism. Table 

I lists the major apoproteins which have been identified. 

A schematic diagram of lipoprotein metabolism is 

presented in figure I. Triglyceride and cholesterol can 

either be exogenously induced into the body through dietary 

intake, or endogenously produced by the body. Dietary 

triglyceride and cholesterol enter the blood stream in the 

form of chylomicrons. The major constituents of these 

chylomicron molecules are, triglyceride, esterified 

cholesterol, and apoprotein . Since chylomicrons are to large 

to pass through the capillary endothelium they are broken 

down partially in circulation. The enzyme lipoprotein lipase 

(LPL) hydrolyzes the triglyceride contained within the 

chylomicron molecule resulting in the passage of free fatty 

a cid (FFA) into near by extra- hepatic cells. The extra 

hepatic cells will use the FFA for either energy production 

(muscle cells) or energy storage (adipose tissue) . After the 

reduction of lipid content, the remaining chylomicron 



Appoprotein 

A-I 

A-II 

TABLE I 

Appoproteins and Their Function. 

Adapted from Dufaux et al. (2 8) 

Lipoprotein Found In Function 

HDL Cofactor of LCAT. 

HDL Binding of phospholipid. 

12 

B Chylornicrons, LDL, VLDL Binding to cell receptor. 

C-I Chylornicrons Cofactor of adipose tissue 

LPL. 

C-II Chylornicrons Cofactor of adipose tissue 

LPL. 

C-III Chylornicrons, VLDL Unknown. 

E VLDL Binding to cell receptor. 
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molecule (referred to as a chylomicron remnant) has decreased 

in size considerably. This size reduction has left the 

chylomicron remnant with an excess of surface components 

(mainly apoprotein) . These excess surface components are 

eventually released and later incorporated into HDL. The 

chylomicron remnant is then removed from circulation by the 

liver . In the liver the chylomicron remnants are broken down 

into amino acid and free cholesterol. Some of the free 

cholesterol is re-esterified and released as a constituent of 

VLDL while other portions are converted to bile acids. Free 

cho lesterol and bile acid s have two fates. Either they are 

transported to the inte s tine where they are eventually 

reabsorbed or they are lost through the feces. 

Hepatic VLDL contains triglyceride, chole sterol, and 

apoprotein. As with the chylomicrons, VLDL is reduced of its 

l ip id content by LPL, converting it into s maller IDL 

mo lecules. IDL is either cleared from the blood stream by 

the l iver or it is rapidly converted to LDL. During each 

step of this reduction process excess surface components are 

released and incorporated into HDL. 

In normal individuals LDL transports a large majority 

(about 2/3) of the total plasm chole sterol. LDL is most 

o ften removed from the circulation by extrahepatic tissue 

through a receptor mediated process. In particular, cells 
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undergo ing rapid growth or repair are targeted. The 

cho lesterol content of these cells is largely determined by 

uptake, production, and removal rates. A large percentage of 

the removal rate is dependent upon HDL mass and activity. 

HDL activity is regulated by the enzyme Lecinthin-cholesterol 

acyl trans ferase (LCAT) . LCAT facilitates the transfer of 

cho lesterol from the extrahepatic t issue onto HDL. 

Cholesterol rich HDL then makes its way back to the liver. 

The protective action of HDL is based on this process. 

Increases in LCAT activity as a result of exercise training 

may be one reason why increased HDL mass is observed in 

endurance athletes. This and other possible mechanisms will 

be d iscussed in greater detail later in this chapter. 

Exercise and Blood Lipids 

Because of the strong relationship between high levels 

o f  plasma cholesterol and CAD (4,82,126), and the observation 

that more physically active individuals had lower plasma 

cholesterol levels (56, 88), early studies concentrated on 

changes in plasma cholesterol and triglyceride in response to 

endurance training. Even though during this time methods for 

quant ificat ion of the lipoprotein transport molecules were 

ava ilab le (37), it was not until the mid 1 970's that these 

techniques were incorporated into this type of study. Today, 

the significance of these lipoprotein transport molecules to 
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the management of the CAD process is well established. We 

now know that little or no change in plasma cholesterol 

concentration as a result of endurance exercise can be 

accompanied by significant changes in the distribution of 

this lipid among its lipoprotein carriers (49) . 

Plasma Cholesterol 

Over the years, cross-sectional study has been a popular 

method for determining the relationship between exercise 

training and plasma concentrations of cholesterol. When 

compared to inactive individuals, those who perform endurance 

exercise have exhibited similar or only slightly lower 

cholesterol values (1, 44, 46, 62, 78, 87). However, there are 

some reports which have demonstrated cholesterol values for 

endurance trained individuals as being significantly lower 

than those for age matched controls (11,27,47,137). 

Individuals who primarily take part in weight training have 

also been studied. These reports have indicated that weight 

trained individuals have similar (9,17) or slightly higher 

(19, 30) cholesterol values than inactive controls. This 

occurrence may be related to similarities in aerobic fitness, 

body fat percentage, and diet between weight lifters and the 

controls (9). 

To better define a possible relationship between plasma 

cholesterol values and aerobic fitness, some investigators 
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have reported on the association between exercise test 

performance and plasma cholesterol values. Shane (113) 

studied 877 USAF flying personnel and obtained a significant 

inverse correlation (from zero correlation) between maximal 

oxygen consumption and plasma cholesterol values. Similarly, 

Cooper et al. (20) using fitness classifications (ie. very 

poor, good, excellent) derived from treadmill performance 

times reported that of the nearly 3000 men tested, those 

achieving " excellent " status had significantly lower 

cholesterol values than those classified as " very poor " .  

Although these results may demonstrate a relationship between 

exercise capacity and cholesterol values, there is some 

evidence to suggest that such a relationship does not exist. 

Through the Tecumseh community health study (Michigan), 

Montoye et al. ( 92) performed treadmill tests on 910 males 

and females and found no relationship between maximal oxygen 

consumption (L/min) and total cholesterol values when age, 

weight, and skinfolds were removed by multiple regression. 

A dditional studies controlled in the same manner have 

reported similar findings (96,116,138) . 

Because of the very nature of cross-sectional design, it 

is difficult to infer direct cause and effect relationships 

between exercise performance and/or participation and plasma 

cholesterol values. Longitudinal designs which can account 
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for the methodological problems of cros s - section design have 

been used (12,34,73,58,89,101,105,112). However, information 

obtained from these s tudies has als o  produced conflicting 

results. In some cases the effects of endurance training 

(11-24 weeks )  has produced a reduction in cholesterol values 

(73, 101), but more often than not report s of no change in 

response to an exercise training program have been elicited 

(12, 34,58,89,105,112). Differences in length of training 

program, adherence, intens ity of exerci se, and mode of 

activity may have all contributed to the conflicting results. 

Consideration mu s t  al s o  be given to chole s terol a s s ay 

methodology, initial blood lipid values ,  weight los s, and the 

time interval between the la s t  training period and the 

drawing of blood. These circumstances are also of particular 

importance when considering changes in lipoprotein fractions. 

This topic will receive additional attention later in this 

chapter. 

Plasma Triglycerides 

Cross- sectional studies investigating the relationship 

between endurance training and pla sma triglyceride values 

have also been completed. These studies have found endurance 

training to be con s i stently a s s ociated with lower plasma 

triglyceride values (44,46,78,87,137). This relationship has 

been documented for males a s  well as females ,  with females 
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exh ibit ing a more pronounced decrement (137). In addition, 

Wood et al. (137) have also reported that endurance training 

can prevent the age related increase in plasma triglyceride 

values. In th is part icular study, cross- sectional data 

obtained from female runners over a 20 year span demonstrated 

an age related increase in plasma triglycerides of about 12 

mg% . On the other hand, the control group over the same 20 

year span demonstrated about a 2 0 mg% increase in plasma 

triglycerides. Many bel ieve that the triglyceride values 

exhib ited by endurance athletes are representative of the 

type of activities performed (44, 46, 78). However, others 

believe that these findings may be totally independent of the 

physical activity performed and are more related to the 

increased leanness of such individuals (121) . 

Studies incorporating an exercise training program have 

been able to consistently lower plasma tr iglyceride 

concentration from· pre- training values (12,58,71,111). 

However, throughout the course of these investigations this 

in formation has not been produced w ithout reservation. Some 

interesting quest ions concerning the acute and chron ic 

e ffects of exercise on plasma triglyceride concentration have 

arisen. Bananno and Lies (12) observed the effects of a 12 

week exercise program (3 x per week 40- 50 minutes) on plasma 

lip id concentrat ion (cholesterol and triglycerides) . After 

the completion of the exercise program two blood samples were 
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drawn, one 24 hours and another 96 hours after the last bout 

of exercise. The 24 hour blood sample revealed a 23% 

de c rease in plasma triglycerides. This value was 

significantly lower than the pre-exercise value. The 96 hour 

blood sample revealed a return of the plasma triglyceride 

content back to the baseline value. A similar relationship 

was demonstrated by Holloszy et al. (58). Follow-up testing 

after a 6 month training period revealed a 42% increase from 

post exercise plasma triglyceride values after 5- 6 days of 

inactivity. Results from both of these studies suggest that 

the acute effect of the last bout of exercise must be a 

strong consideration when trying to determine a relationship 

between plasma triglyceride values and the effects of chronic 

exercise. 

The acute effect of exercise on plasma triglyceride 

values is highly dependent upon the pre-exercise values for 

this blood lipid. Initially low levels of plasma 

triglyceride will not show a significant decrease in response 

to a moderate bout of exercise (25, 26) . In order for a 

change to occur, the exercise session must be substantially 

longer in duration (> 6 hrs) and high in intensity (> 85 % 

V0 2 max) (18, 70) . In contrast to this observation, 

hypertriglyceridemic individuals demonstrate an immediate 

lowering in plasma triglyceride concentration in response to 
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a mode r at e  bout o f  e xe r c i s e . Thi s o c c u r s  whether o r  not 

cal o r i c  b a l a n c e  i s  ma i nt a i ne d  or i n c r e a s e d  du r i ng t he 

exerc i s e  pe r i o d  (43) . Howeve r , within 48 t o  7 2  hou r s  o f  the 

last  bout o f  e x e r c i s e , the t r i g l y ce r i de l eve l s  o f  t he s e  

indivi dua l s  wi l l  begin t o  retu rn t o  b a s e l ine value s . Thi s 

may exp l a i n the var i at i on i n  the dat a p re s ent e d  by both 

Bonn onano and L i e s  ( 1 2 )  and Ho l l o s z y  et a l . (58) a s  t he 

sub j e ct s  in both o f  the s e  stud i e s  had ba s e l ine t r i g l y c e r i de 

value s  i n  e x ce s s  o f  2 0 0  mg% . I n  c o n c l u s i on , it s eems a s  

though init i a l  l eve l s  o f  p l a sma t r i gl yceride and the durat i on 

and inten s i t y  o f  the e x e r c i s e  p l ay a b i g  r o l e  i n  the acute 

and/or chroni c  e ffect s  of exe rci se on p l a sma t r i glyce r i de . 

Low Dens it� Lip i oprotein Cho l e sterol 

LPL is the ma j o r t ransport part i c l e  f o r  cho l e s t e r o l  in 

circu l at i on . I n  fact , st rong corre l at i on s  have been obt a ined 

between t ot a l  ch o l e s t e r o l  and p l a sma l eve l s  of LDL - C  (2 9) . 

The e ffect s o f  endurance exerci se on LDL-C are qu ite o ften o f  

smal l magn i t u de , a l t h o u gh s eve r a l  i nve s t i g at i o n s  h ave 

pr odu c e d  e v i de n c e  in s upp o rt o f  s i gn i f i c ant l y  de c r e a s e d  

level s i n  e n du r a n c e  t r a i n e d  i n di v i du a l s . S u c h  c r o s s -

sect i on a l  s t u di e s  have i n d i c a t e d  b o t h  ma l e  and fema l e  

endurance at h l et e s , in  a ddi t i on t o  r e c r e at i on a l  j o gge r s , 

have l owe r LDL-C l eve l s  when mat ched with s e dent ary cont rol s  

(47,87,136,137) . A s  i s  t yp i c a l  for thi s t ype o f  study , equal 
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or highe r value s f o r  LD L - C  c on cent rat i o n s  have a l s o  been 

rep ort ed for endu r ance pe r fo rme r s  when comp a r e d  wit h  age 

mat ched c o nt r o l s  ( 1 ,  9 3 ,  9 7 ) . C r o s s - s e c t i o n a l  s t u di e s 

utiliz ing we i ght t r a ined at hlet e s  have a l s o  been p e r fo rmed . 

No di fference s in LDL-C concent rat i on s  between the s e  athl et e s  

and sedent ary cont r o l s  have been obt ained ( 8 , 3 0 ) . 

Longitudinal t raining studie s whi ch have l asted fo r 8 to  

15 weeks and have incorpo rated endu rance type exe rci s e  3 to  4 

times per week at 6 0  t o  85% max imum heart rate have been ab le 

to produce de crea s e s  in p l a sma LDL-C leve l s  ( 1 5 , 6 3 , 1 0 0 ) . The 

magnitude o f  t he s e  de cre a s e s  has  been around 8 t o  1 2 % ,  with 

the amount of exerc i s e  pe r fo rmed being negat ive l y  corre l ated 

with p l a sma LDL - C  l eve l s  ( 1 3 5 ) . As was n o t e d  with p l a sma 

chole s t e r o l  va l ue s ,  i f  L D L - C  i s  e l evat e d  b e y o n d  what i s  

conside r e d  n o rma l , de c re a s e s i n  re s p o n s e  t o  a t r aining 

program are more l ike ly t o  occur . 

Mo s t  o f  the prev i o u s  i n f o rmation pre s en t e d  on p l a sma 

LDL-C has come from studie s whi ch have emphas ized change s in 

othe r lip i d  paramet e r s . The re are ve ry few ,  i f  any st udi e s  

which have s e t  out t o  det e rmine t he e f fect s o f  exe r c i s e on 

plasma LD L - C  e x c l u sive l y . I t  wou l d  s e em lik e l y  that more 

st udie s would be c on cerned with change s i n  p l a sma LDL -C in 

light of it s s t r ong re l ationship with CAD man i fe s t at i on . 

Howeve r ,  t he incre a s e d  re spons ivene s s  o f  HDL - C  t o  exerci s e  
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make s th i s  l ipoprot e i n  f r a ct i on a mo re worthwh i l e  pur s u i t . 

U l t imat e l y , i t  s e ems that the di s t r ibut i on o f  cho l e s t e r o l  

about LD L - C  a n d  HD L - C  i s  what det e rm i n e s CAD p o t e nt i a l . 

Evidence from c r o s s - s e ct i on a l  and l on g i t u d i n a l  s t udy h a s  

sugge sted that exer c i s e  i s  mo re l ik e l y  t o  produce s igni fi cant 

change s in HDL-C whi l e LDL-C rema i n s  const ant . The oppo s it e  

effect r a r e l y  o ccur s . Although a n  i n c re a s e  in  HDL - C  w i t h  a 

concom i t ant de cre a s e  in LD L - C  wou l d  be opt ima l , the ve ry 

mechani sms whereby exerci se produce s it s e f fe ct decre a s e s  the 

lik e l ihood that a s i gn i fi cant comb inat i on e f fe ct can o c cur . 

The s e  s t at ement s a r e  b a s e d  o n  e v i de n c e  obt a i n e d  f r o m  

in divi du a l s wh o e xh i b i t  n e i t he r  hype rt r i g l y ce r i demi a o r  

hypercho lesterolemi a . 

Plasma High Dens ity Lipoprotein Chol este ro l 

One o f  the prop o s e d  met abo l i c  funct i on s  o f  p l a sma HDL-C 

is  to t r an sport cho l e st e r o l  away from the pe r iphe r a l  t i s sue s 

and back t o  the l ive r whe re it can be cat abo l i s e d . I n  l i ght 

of t h i s a ct i on ,  t h e  c o n cept that HD L m i ght a ct a s  a 

prot e c t i ve a g e n t  aga i n s t  CAD h a s  g a i n e d  s upp o rt f r om 

epidemi o l o g i c a l  s t u di e s  wh i ch have det e rm i n e d  an i nve r s e  

rel at i o n s h i p  b e t we e n  HD L - C  a n d  t he o c cu r r e n c e  o f  CAD 

(41, 91, 106). I n  addit i on ,  the c o n c ept t h at e xe r c i s e  may 

pro du ce a s ub s t ant i a l  i n c r e a s e  in HD L - C  h a s  r e c i eved 

cons iderable attent i on . 

D at a  from c r o s s - s e ct i on a l  s t u dy have reve a l e d  that 
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individuals who t ake part i n  endurance t ype act ivit i e s  o ften 

poss e s s  highe r l eve l s  of HDL-C than tho s e  individu a l s  who do 

not . For examp l e , ma l e  endu rance athletes ( 1 , 4 4 , 4 6 , 4 8 , 5 2 ) , 

female endurance at hl ete s ( 9 3), female swimme r s  ( 1 1 8 ) , and 

male speed skat e r s  ( 3 0 )  have a l l  been demon s t r at e d  to have 

elevat ed HD L-C l eve l s . Al tho ugh s ome s t u d i e s  comp a r ing 

endurance t r a i n e d  indivi du a l s to  s e dent a r y  c o nt r o l s have 

report ed no di f fe re n c e  betwe e n  t he s e  t o  g r oup s ( 1 9 ,  5 0) , 

init i a l  l ow leve l s  o f  p l a sma cho l e s t e ro l may have contr ibut ed 

to the s e  f indings . C l a r k s o n  et a l . ( 1 9 ) rep o rt e d  that the 

endu rance t r a i n e d  i n d i v i du a l s  in the i r  s t u dy had p l a sma 

cho l est er o l  l eve l s  that we re s i gn i f i c ant l y  l owe r than t ho s e  

of t h e  c o n t r o l . As a r e s u l t , even t hough the endurance 

athl et e s  and the cont ro l s  d i d  not di f fe r  in  ab s o lut e HD L-C 

leve ls , a great e r  pe rcent age of the t ot a l  p l a sma cho l e st e r o l  

wa s c a r r ied by HD L i n  t h e  endu r ance p e r f o rme r s . C r o s s -

sect i on a l  dat a c o l l e cted on tho s e  individu a l s  who p r ima r i l y  

take part i n  we i ght t ra i n i ng have di f fered l i t t l e  from dat a 

co l l e ct e d  on s e de nt a r y  c o nt r o l s  ( 3 0 ,  9 4 ) . B i o chemic a l  

exp l anat i o n s  for  the simi l a r i t i e s  i n  HD L - C  l eve ls between 

these two group s  are not re adi ly appa rent . D i f ferences in 

nutr i t ion , mu s c l e  adapt at i o n  to thi s s pe c i f i c f o rm o f  

exerc i se ,  and c i rcu l at i ng l eve l s  o f  ho rmone s  may a l l  be 

pos s ible exp lanat i ons . 
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S ome i nve s t i gat o r s  have repo rt e d  a do s e  r e sp o n s e  

relat i on s h i p  between HD L - C  a n d  t he di s t an c e  r u n  pe r week 

(40, 48, 78, 107' 108, 131). Un fo rtunat e l y ,  the s e  studi e s  have 

not been able t o  come up with c on s i s t ent dat a rega rding an 

upper and l owe r t hre sho l d  o f  a ct ivi t y  wh i ch "t u rn s  on" or 

"turn s o f f" a change i n  p l a sma HD L - C . Howeve r ,  a l l  have 

reported po s i t ive corre l at i on s  ( i e . +. 26 - +. 55) between HDL

C and mi l e s  run pe r week . 

A l arge numb e r  o f  s t ud i e s  have c o n c ent r a t e d  on the 

effect s o f  regu l a r  endurance exerc i s e  on p l a sma HDL- C . As a 

re sult i t  h a s  been i n c re a s i ng l y  d i f f i cu l t  t o  de du ce the 

amount of act ivity nece s s ary to produce s i gn i fi cant change s . 

Evidence concerning the int en s i t y  needed t o  produce change s 

in plasma HDL - C  has sugge sted that endurance exe r c i s e  at 75% 

to 85% max HR i s  su f f i c i ent (15, 111). The amount and t ype o f  

act ivit y  needed a lthough a mo re popu l a r  inqu i ry i s  n o t  we l l  

defined . Comb inat i on s  o f  wa l k i ng ,  j ogging , and c a l i sthen i c s  

3 t o  4 t i me s p e r  we e k  f o r  8 t o  1 7 wee k s  ha s p r o du c e d  

s igni f i c ant i n c re a s e s  i n  HD L - C  con cent rat i on (80). S ome 

believe that runn ing or j o gg i ng 8 to 12 mi l e s  p e r  we ek i s  

nee ded i f  s i gn i f i c an t  s t r i de s  a r e  t o  b e  m a de t ow a r d  

in cre a s i n g  HD L - C  c o n cent r at i on s  (108, 131, 135). H oweve r ,  

higher thre sho lds have a l s o  been report e d  ranging from 35 t o  

45 mi l e s  pe r week (78, 107). Part o f  the re as on why Rot k i s et 
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al. ( 1 0 7 ) and L e ht onen e t  a l . ( 7 8 )  have repo rt e d  s u ch h i gh 

thre s ho l d  p o i n t s i s  t h e  t yp e  o f  s ub j e ct u s e d . I n  b o t h  o f  

these s t ud i e s  fema l e s  w i t h  i n i t i a l l y  h i gh l e ve l s  o f  HDL-C ( i e  

> 55 mg% ) we r e  u s e d . T h i s  p o i n t  i s  p a r t i c u l a r l y  we l l  

illu st rat e d  i n  t h e  s t u dy o f  Goodyea r  e t  a l . ( 4 0 ) . I n  t h i s 

study fema l e  s ub j e ct s  who we r e  a l r e a dy runn i n g  2 0 - 25 mi l e s  

per wee k  i n c r e a s e d  t h e r e  we e k l y  runn i n g  mi l e ag e  b y  4 mi l e s  

pe r week for 8 we e k s . At t h e  end o f  the e ight we e k  t r e atment 

period t he s ub j e c t s we r e  ave r a g i n g  62 m i l e s  p e r  we e k . An 

inc re a s e  in H D L  o f  2 9% ( f rom 5 7 mg I dl t o  7 6 mg I d l ) wa s 

obse rve d f r om p r e - p r o g r am va lu e s . The s e  dat a  s u gge s t  t hat 

subst ant i a l  i n c re a s e s  in HD L can be obt a in e d  i n  a re lat i ve l y  

sho rt t ime p e r i od ,  howeve r ,  t he t yp e  o f  t r a i n in g  wh i ch wa s 

requ i r e d  t o  p r odu c e  t h i s change ma y b e  t ot a l l y u n r ea l i s t i c  

for the ave rage he a l t h  con s c iou s individua l .  

Lit t l e  i n f o rmat ion ha s b e e n  obt a i n e d  on the po s s ib i l it y  on 

a upp e r  l imit t h r e s ho l d  f o r  "t u r n i n g  o f f" i n c r e a s e s  in HDL -C 

concent rat i o n s . H a r t u n g  e t  a l . ( 4 8 )  s t u d i e d  t wo groups o f  

ma rat hon runne r s  who we r e  phy s i o l o g i ca l l y s im i l a r . Whe r e a s  

both gr oup s h a d  s i gn i f i c ant l y  h i ghe r HD L -C va l u e s t han t he 

a ve r a g e  p o p u l a t i o n , o n e  g r o u p h a d  a h i g h e r  H D L -C 

concent rat i o n  t han the o t h e r . Whe n  c ompa r i ng int e n s ity and 

durat i on o f  t he t yp i c a l  wo rk out p at t e r n s  s p e c i f i c  t o  e a ch 

group , i t  wa s ob s e rved t hat t he l owe r HD L -C g r oup ran more 

m ile s at a s omewhat f a s t e r  p a c e . H a r t u n g  e t  a l . ( 48 )  
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conclude d that there i s  fo r s ome individual s  a t h re shold o f  

intensity where little change occurs . 

Well cont rolled longitudinal t ra i n ing studi e s  have been 

able to produce s i gn i f i cant ch ange s i n  HDL - C  c oncent rat i ons  

from p r e - e x e r c i s e  valu e s  (53, 71, 100, 107' 111, 132, 135). 

Howeve r ,  t he s e  t yp e s  o f  i nt e rvent i on p r o g r am s  h ave n o t  

e s c ape d c o n fl i ct i n g  r e s u l t s .  S o me s t u d i e s  h a ve n o t  

demon s t rat e d  a change in HD L - C  l evel s  (15,34,5 9,125,128), 

while othe r s  have even shown a de crease in HDL - C  l evels (2) . 

Exerc i s e  t r a in i ng s t udi e s  u s ing a we i ght li ft ing regime are 

beginn i ng to t ake a di f fe rent angle . T radit i onally , we i ght 

lift e r s  who ut ili z e  high re s i st ance /low repet i t i on work out s 

have been studied . Re s u l t s have indi cat ed that HDL - C  levels 

betwe en t he s e  at hlet e s  and s e dent a r y  c on t r ol s  a re n ot 

si gn i f i c a n t l y  d i f f e r e n t  (8, 9 ,  30). Re c e n t l y , s o me 

inve s t i gat o r s  have been int erested in the e ffect s o f  a we ight 

l i ft i ng p r o g r am ut i l i z ing low re s i s t an ce / h i gh repet i t i on . 

Result s from the s e  studi e s  have indi cat e d  that thi s t ype o f  

re si s t ance t r a i n i ng i s  c ap ab l e  o f  p r o du c i n g  HD L - C  l evel s 

comp a r able t o  t h o s e  o f  endu rance athle t e s  (38,60,61,66). 

Further work in thi s area i s  nece s s ary in o rde r t o  det e rmine 

whether the s e  re s ult s are a chr on i c  e f fe ct o f  t he e x e r c i s e ,  

or whether t he s e  change s a re at t r ibut able t o  the last  acut e 

bout o f  exerc i s e . 
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A l a rge number o f  studi e s  have l o oked at the e f fe ct s  o f  

exer c i s e  o n  t he p l a sma l ipoprot e i n s . P revi ou s l y  ment i oned 

studi e s  (1,15,30,34,44,46,48,52,53,59,71,93,100,107,111,128) 

only repre s ent a sma l l  pe rcent age o f  the va st amount o f  work 

that ha s been comp l et e d . Incon s i stenc i e s  in the rep o rt s o f  

these studi e s  may s t em from s eve r a l  fact o r s , s ome o f  wh i ch 

have been p r evi ou s l y  di s cu s s e d . I n i t i a l  l eve l s  o f  b l o o d  

lipids , HDL-C in part i cu l a r , c a n  great l y  e f fe ct t h e  exe r c i s e  

response re l at i on ship . Ba s e l ine l eve l s  o f  l ow cho l e st e r o l  and 

high HDL - C  have s hown l itt l e  change in re spon s e  t o  exe r c i s e  

of incre a s ing inten s ity and du rat i on (34,59,93,128). Othe r  

fact o r s  k n o wn t o  i n f l u e n c e  HD L - C  c o n c e n t r at i o n s  a r e 

labo rat o ry p r o ce du re s , s e a s on a l  change s ,  we i ght l o s s ,  and 

per s o n a l h ab i t s  i n c l u d i n g  c i g a r e t t e  s m o k i n g ,  a l c o h o l 

con sumpt i on , and o r a l c ont r acept ive u s e  (120,123). Fa ilure 

to fact or out o r  cont ro l  the s e  vari ab l e s  when det ermining the 

ef fect s o f  e x e r c i s e  o n  p l a s ma o f  HD L - C  i n c re a s e s  t he 

di ffi cult y o f  dat a interpret at i on .  

Mechani sms o f  Exerc i s e  Induced HDL-C and Triglyceride Change 

Endurance t r a ining improve s  one s cap a c i t y  t o  do wo rk . 

Increased cardi ac output , and a more e f fi c i ent ut i l i z at i on o f  

oxygen by the mu s c l e  c e l l s ,  r e s u l t i n g  in an i n c r e a s e d  

abi l ity t o  ut i l i z e  fat fo r energy product i o n ,  a re o ft en c ited 
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a s  the m a i n  f a ct o r s  a s s o c i at e d  w i t h  t he a dapt at i o n t o  

exerci s e  (57). Along w i t h  an i n c r e a s e d  abil i t y  t o  ut ili z e  

fat ty a c i d  f o r  the p r o duct i on o f  e n e rgy (57), e n du r ance 

t r ained athle t e s  have al s o  been cha r a ct e r i z e d as  h aving 

dif ferent lipid p r o f ile s when c omp a r e d  to age and we i ght 

mat ched c ont rols (49) . Two o f  the mo st s t r i k ing fe atures a re 

dec re a s e d  level s o f  pla sma t r i glyce r i de and elevat i on s  in 

HDL-C (49). Decre a s ed levels o f  adipo s it y  o ft en accompany a 

highly t r ained st at e . At least in part , thi s obs e rvat i on has 

been sugge s t e d  to a c c ount for  the de c r e a s e d  t r i gly c e ride 

cont ent and i n c re a s e d  HD L - C  con cent r a t i o n s  in endu r ance 

athlet e s  (121). I n  fact , s i gn i fi cant negat ive c o r relat i on s  

have b e e n  obt a i ned between pe rcent body f at a n d  HD L - C ,  a s  

well as p o s it ive co relat i ons between t r i glyce ride c ontent and 

pe rcent b o dy fat ( 93) . Howeve r ,  i n  l i ght o f  t h e  a cut e 

change s i n  l ipoprot e in concent r at i on wh i ch can o ccur du r ing 

moderat e and intense bout s o f  exe r c i s e  (54), a dapt at i on s  in 

lipoprote in met aboli sm mu st als o  be con s i de red . Although the 

biochemi c al change s i n  l ipoprot e i n met ab ol i sm wh i ch c ome 

about a s  a re s ult o f  an exe r c i s e  t r a i n ing p r o g r am are not 

well unde r s t o od ,  there i s  sufficient evidence to sugge st that 

the act ivi t i e s  o f  L ipoprot e i n  l ip a s e  ( LP L )  and L e c i t hi n 

chole s t e r ol acylt r an s fe r a s e  ( LCAT ) pla y  an imp o rt ant r ole 

( 2 8) • D e c re a s ed p r o duct i on o f  hep a t i c  t r i glyce r i de i n  
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respon s e  t o  e xe r c i s e  t r a i n i ng s h o uld al s o  be  c o n s i de red 

(114), howeve r it will not be di s cu s sed in depth during thi s 

review . 

Enzymat i c  Regulat i on o f  Decre ased T riglyce ride Content 

I n  h i s e s s a y ,  E dn e r  (2 9) s t a t e s  t h a t  LP L i s  

predominat ely found on the sur face o f  endothili al cells . In  

part i cular , LPL is  he avily concent r at ed on the endo t h ili al 

cells wh i ch compr i s e  t he wall s o f  c ap illa r i e s  clo s e s t  in 

cont act with s kele t al mu s cle and adipo s e  t i s sue . The main 

me tabol i c  funct i on of LPL is to i n i t i at e  the c at aboli sm o f  

the t r i glyce r i de found i n  VLD L and chylomi c r o n s . When LPL 

come s in cont act with thi s t r i glyce ride , FFA and glycerol are 

released int o c i r culat i on from the s e  mole cule s .  LP L act ivity 

can be me asured in humans t hrough adipo se and s kelet al mu s cle 

ti s s ue b i op s y s  (49). LP L a ct ivi t y  can al s o  be me a s u red in 

plasma a ft e r in j e ct i on o f  hepa r i n  (4 9) . Hepa r i n  i n i t i at e s  

the relea s e  o f  bound LP L from the capillary t i s sue . 

When compared with sedent ary cont rols , male and female 

endu rance athle t e s  have exhib i t ed i n c re a s ed amount s o f  LPL 

a ct ivity in both skelet al mus cle and adip o s e  t i s sue . Nikkila 

et al . ( 97) repo rt ed t hat male di s t ance runn e r s  had 1. 7 x 

h i gh e r  s k ele t al mu s cle LP L a c t i v i t y  t h a n  n o n - runn e r s . 

Simila r r e s ult s we re als o  obt a ined f o r  the female runne r s . 

Adipo s e  t i s sue LP L act ivi t y  was als o  h i ghe r in both male and 

female runne r s . LPL act ivi t y  in the runners  wa s 2. 5 and 1. 6 
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x greater than control LP L activity respectively. It was 

concluded that endurance training was associated with the 

adaptive increase of LP L in both adipose and skeletal muscle 

tissue. 

Distribution of skeletal muscle LPL seems to be highly 

dependent upon the fiber type of a particular muscle. It has 

been demonstrated that slow twitch muscle fibers possess a 

greater percentage of LP L than do fast twitch muscle fibers 

( 13, 8 1 ) . However, studies have indicated that exercise 

training can produce increased LPL activity in both fast 

twitch and slow twitch muscle fibers (13) . Since the early 

1970's, there has been an interest in determining the fiber 

type of elite athle�es in order to better understand the 

mechanisms behind their tremendous success. Generally, 

endurance athletes have been shown to possess a greater 

percentage of slow twitch muscle fibers (22), whereas the 

speed or power athlete possesses a greater percentage of fast 

twitch muscle fibers (21) . This type of information could 

possibly complicate the results of cross- sectional studies 

which have commonly shown an increased skeletal muscle LP L 

activity in endurance trained athletes. 

Despite the selection bias which might occur when 

utilizing a cross-sectional design, exercise training studies 

have supported the idea that skeletal muscle and adipose 
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tissue LPL activity can be increased in both men and rats 

(13,100). Peltonen et al. (100) demonstrated that after a 15 

week training program post heparin plasma LPL activity 

increased by 33%, while adipose tissue LPL increased by 56%. 

A large majority of the change occurred within the first 

several weeks of the training period. This finding may 

suggest that certain tissue LPL possess the ability to adapt 

quickly to acute bouts of exercise. 

If LPL is vulnerable to acute bouts of exercise, then 

the extent to which lipoprotein bound triglyceride can 

contribute to the fat oxidation process during this activity 

should be considered. It has been shown that shorter bouts 

of submaximal exercise and even marathons have not 

significantly lowered the concentration of plasma 

triglyceride in participating athletes (26,54,62). The only 

exception has been extreme bouts of exercise lasting in 

excess of 6 hours (18,70). Likewise, LPL activity has only 

been shown to increase significantly in response to long 

duration exercise (6 9,83 ) . Some believe that the stability 

of triglyceride during the shorter bouts of exercise is do to 

an increase in the use of plasma triglyceride with a 

concomitant increase in the production of triglyceride by the 

liver. Although it takes a substantially longer time for 

muscle LPL to respond to an acute bout of exercise, adipose 
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tissue LP L activity may increase after the first hour of 

exercise (83). This could increase the plasma concentration 

of FFA and thus an increase in the uptake of FFA by the 

liver. As a result, there would be an increase in the 

product ion of liopoprotein bound triglyceride and no net 

effect would be observed on the plasma triglycer ide 

concentration (49). However, it seems unlikely that there is 

a ctually an increased lipoprotein bound triglycer ide 

production during exercise. It has been shown in rats that 

the uptake of FFA by the liver does not increase during 

exercise beyond the clearance which is observed during rest 

( 6 7) • Therefore, it seems fair to assume that lipoprotein 

bound triglyceride plays a very minor role in the process of 

energy production during exercise bouts lasting up to 6 

hours. Under these conditions most of the energy which is 

supplied by the oxidation of fats comes in the form of 

circulating FFA. A small percentage is also derived from the 

muscle's store of triglyceride (51). 

During extended bouts of exercise the muscle not only 

be comes depleted of its stores glycogen (10), but also 

experiences decreases in its storage of triglyceride (33). 

If repeated bouts of exercise are performed the triglyceride 

content of the muscle can remain low. Al though the 

consequences of th is reaction are not as severe as those 
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observed in glycogen depletion, the need to replenish the 

triglyceride store of the muscle is necessary. This may be 

one reason why endurance athletes are observed as having 

lower resting plasma triglyceride values than matched 

sedentary controls ( 4 4 ,  4 6 ,  78, 87, 137). It has been 

hypothesized that the increase in skeletal muscle L P L  

activity in the trained state enables the muscle to more 

readily uptake circulating triglyceride in order to replenish 

its stores. This increased clearance due to the increased 

uptake by the muscle has been previously reported ( 85) . 

Ad ditional support has come from studies which have 

demonstrated an increased glycerol-3-phosphate synthesis in 

skeletal muscle and adipose tissue of endurance trained rats 

(5 ). The adaptation of adipose tissue L P L  also seems 

beneficial in that it helps replenish the fat stores (which 

have also been used for oxidation in the muscle) by breaking 

down circulating plasma triglyceride (5) . 

The mechanisms whereby exercise training increases the 

activity of LP L have not been well defined. Although there 

are several hypotheses, this review will only be concerned 

with the roles of insulin and caloric balance. 

Endurance trained individuals have been known to exhibit 

a blunted insulin response to a glucose load (77,110,111). 

This has the net effect of maintaining and in some instances 

increasing glucose tolerance while also decreasing the 
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insulin response to similar glucose loads. It is not known 

whether this is a result of an increased number of insulin 

receptors in the muscle and adipose tissue, or to an 

increased responsiveness of the receptors that are already 

there (74) . However, there seems to be a substantial amount 

of evidence in support of an increased sensitivity due to an 

increase in the number of insulin receptors. An increased 

number of insulin binding sites on the cell membranes of 

erethrocytes and adipose tissue in the human (77) and animal 

(23) models produce evidence in support of this theory. 

However, it is not clear whether changes in insulin binding 

to blood cells and adipose tissue parallel insulin binding to 

muscle tissue. This change, if present, may be one 

explanation for the increase observed in LPL activity of 

endurance trained individuals. It has been previously 

demonstrated that LPL in the adipose tissue is very sensitive 

to insulin (35). Endurance training results in tremendous 

increases in caloric expenditure. Therefore, in order to 

maintain body weight endurance athletes have to increase 

their caloric intake substantially. This alone may be enough 

to increase the activity of LPL. Jacobs et al. ( 65) have 

shown that a carbohydrate rich diet increased muscle LPL 

activity by 82% after these muscles had been significantly 

depleted of their glycogen stores as a result of an intense 
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exercise bout. 

Enzymatic Regulation of HDL-C Increases 

Earlier in this chapter, it was reported that increased 

levels of HDL-C have been demonstrated in those individuals 

who w e r e  d e s c r i b e s  a s  v e r y  p h y s i c a l l y  a c t i v e  

( 1, 44, 46, 48, 52, 93), and i n  those who had successfully 

completed an exercise training program (53,71,100,107,111). 

Although the precise mechanism (s) whereby HDL-C increases in 

response to endurance training has/have not been determined, 

there is sufficient evidence mounting in support of increases 

in the activity of certain key enzymes involved in the 

metabolism of lipoproteins. 

Previous studies have reported a close relationship 

between the metabolism of plasma triglycerides and HDL-C 

(2,41,91). This has been supported through the strong 

negative correlations which have been obtained between this 

blood lipid and lipoprotein fraction (41,91). The primary 

ro le of LPL is to hydrolyze the triglyceride found in 

chylomicrons and VLDL. The surface components (apoprotein, 

phospholipid) which are eventually released as a consequence 

of this reaction are later incorporated into HDL. It would 

seem logical that the increases in the activity of LPL which 

so often accompanies the trained state ( 13, 97, 10 0) would 

increase the breakdown rate of chylomicron and VLDL molecules 
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thus leading to an increase in HDL mass. A significant 

positive correlation between adipose tissue LPL activity and 

HDL-C concentration has been suggested as evidence in support 

of this hypothesis (97). 

A second enzymatic explanation lies within the activity 

of LCAT. LCAT is mainly involved in the transfer of 

unesterified cholesterol onto the HDL molecule. There is 

both direct and indirect evidence to support increased LCAT 

activity in the trained state. Endurance trained individuals 

(86) and those taking part in a controlled endurance training 

program ( 84) have been known to exhibit increased LCAT 

a ctivity. In the study of Marniemi et al. (86) LCAT was 

correlated highly with increases in HDL-C. A large majority 

(� 9 0 % )  of the protein contained within HDL is made up of 

apoprotein A I  and A I I, with A I  being identified as an 

essential activator of the LCA T  enzyme (75). Since 

apoprotein AI has also been shown to increase in response to 

an endurance training program (71,122), it is possible that 

the activity of LCAT is increased through this occurrence. 

Weight Reduction and Lipoproteins 

Individuals who demonstrate an increased capacity to 

perform exer c ise exh ibit rather d i s t i nguishab le 

characteristics. Among the most common are; elevated maximal 
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oxygen consumption, increased cardiac output, a decreased 

body fat percentage, and a favorable blood lipid profile 

including increased HDL - C ,  and decreases i n  plasma 

tr iglycerides, cholesterol, and LDL - C . Much of the 

information previously presented in this review has 

concentrated on the blood lipid profile, in particular, how 

it is effected by an exercising lifestyle, and the mechanisms 

behind these changes. Although there is a substantial amount 

of evidence to suggest that a favorable blood lipid profile 

is common in endurance athletes because of the exercise they 

perform (1,44,46,48,52,53,71,93,100,107,lll,118,132,135), 

decreased percentages of body fat and body weight have been 

known to effect the blood lipid profile in a similar fashion 

(121) . 

Moderate obesity has been generally associated with 

decreased levels of HDL - C ,  and increased levels of 

triglyceride and LDL - C  (43, 98)' predisposing these 

ind ividuals to an increased risk of developing CAD . It is 

commonly accepted that weight reduction will eliminate such 

unfavorable blood lipid profiles. However, the studies 

completed on this topic have yielded conflicting results. 

Although weight reduction has consistently demonstrated 

decreased levels of triglyceride (98), the effects of weight 

loss on LDL-C and HDL-C have been to increase (76,11 9), 

de crease (6, 16, 127, 129)' and to produce no change 
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(45, 134, 139). 

Ef fects of Weight Loss on Plasma Triglyceride 

Moderate obesity is known to cause an elevation in 

plasma triglyceride slightly above what would be considered 

normal. The proposed mechanism behind this reaction is an 

increase in the production of VLVL triglyceride. Moderately 

obese indi victuals tend to exhibit a peripheral tissue 

resistance to insulin. As a result , increases in insulin 

secretion are needed to promote similar glucose uptakes. 

This excess insulin is believed to act on the liver in such a 

way that the liver begins to increase its production of VLDL 

tr iglyceride ( 98) . In some cases of gross obesity , 

triglyceride values can be extremely high as a result of the 

above mechanism (7 9,98) . In other situations , plasma 

triglyceride values can be extremely high as a result of 

genetic abnormalities leading to an increased production and 

decreased clearance of plasma triglyceride (2 9) . Upon the 

implementation of a weight reduction program plasma levels of 

triglyceride begin to reduce and remain in a reduced state as 

long as the weight reduction is maintained (98). This may be 

the result of a decreased peripheral tissue resistance to 

in sulin resulting in a decreased VLDL trigly ceride 

production. An increase in triglyceride clearance due to a 

greater activity of LPL is also a possibility , however this 
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occurrence only seems likely when the reduction in body 

weight has been stabilized (139) . 

E ffects of Weight Loss on LDL-C 

Increased levels of LDL-C in the obese state are 

generally associated with the increased VLDL production. 

Several previous studies determining the relationship between 

LD L -C and weight loss have reported conflicting results 

(16, 76, 98,127,134,139). For example, Wolf and Grundy. (134) 

reported that there was no change in LDL-C levels after a 

weight reduction program consisting of reduced caloric intake 

in a mixed (males and females) group of subjects. Bronwell et 

al. ( 16) reported that both men and women involved in a 

moderate weight reduction program exhibited signif icant 

decreases in LDL-C. Olefesky et al. ( 98) reported a 21% 

decrease in total cholesterol in 36 patients after a weight 

reduction program, however no reports were made on any of the 

lipoprotein fractions. Finally, Z immerman et al. (139) 

reported an initial decrease in plasma LDL-C during periods 

of weight reduction, however after cessation of weight loss, 

and during a period of body weight maintenance, LDL-C levels 

rebounded to initial values. 

Why have these conflicting results been obtained ? 

F irst, Not every study controlled dietary intake in the same 

manner. Some reduced caloric intake as well as altering the 
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percent of carbohydrates, fats, protein, and cholesterol 

ingested (76, 134) . Others just limited the caloric intake 

(16, 127). In some of the cited studies, blood samples may 

have been drawn when the subjects were still in a negative 

caloric balance. This effect of active weight loss on LDL-C 

levels is best represented in those studies which have 

presented information on the time course of LDL-C change in 

response to a caloric restriction program (134, 13 9). In 

addition, the weight reductions in some of the previously 

mentioned studies may not have been great enough to produce 

any rebound effect. It does seem very likely that these two 

situations are important considerations, especially when 

dealing with those individuals who are only moderately obese. 

As Wolf and Grundy (134 ) explained, weight reduction may not 

alter LDL -C to any significant degree. Rather, weight 

reduction may produce a decreased flux (input to and 

clearance from peripheral tissues) of LDL-C thus lessening 

the risk for CAD development. 

E f fe ct s  o f  Weiqht Loss on HDL-C 

Because of HDL-C' s negative association with the 

deve lopment of CAD, much emphasis is placed on its 

a lterations through various forms of therapy. Exercise 

training and weight reduction are two of the most common 

interventions, with the former being previously discussed. 

Initially it was reported that weight reduction decreased the 
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levels of HDL- C ( 1 6,1 27), but more recent evidence tends to 

indicate increases in HDL- C can be achieved through weight 

loss (109, 1 1 9, 1 34, 139). 

Because HDL - C  has been negatively correlated with 

triglycerides, it is logical to assume that during periods of 

weight reduction HDL - C  will increase as plasma triglyceride 

decreases. However, several studies have not been able to 

show this relationship. Thompson et al. (127) measured 

lipoprotein values in 1 5  obese women before and after a 10 

week weight reduction program. Post-treatment values of HDL

C were determined to be significantly lower than the baseline 

va lue by 10%. Similarly, Beneke and Timson (6) observed a 

24% decrease in plasma HDL - C values after a 1 2  week 

behavior/nutriti onal we ight loss treatment. Both of these 

studies accounted for the reduction in HDL - C through 

significant decreases in total plasma cholesterol of 1 0  and 

12% respectively. 

Increased levels of HDL- C as a result of weight 

reduction are not commonly reported during the acute phases 

of weight loss. Rather, increases in HDL - C  are more commonly 

observed when a stabilized reduced weight has been obtained 

( 1 0 9, 1 1 9, 1 34, 1 3 9). Zimmerman et al. ( 1 3 9) observed that 

after 7 weeks of dieting, HDL- C levels did not change 

significantly in 7 obese women. However, 3 months after the 
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weight reduction program, a significant increase in HDL-C 

from 39. 2 mg% to 46. 1 mg% was observed while these 

individuals were maintaining a reduced body weight. Similar 

results have been reported by Wolf and Grundy (134) and 

S chwartz et al. (109). Information concerning the effect of 

a stabilized reduced body weight may account for some of the 

discrepancies of earlier studies. In fact, a closer look at 

the data of Thompson et al. (127) reveals a rebounding of 

plasma HDL-C levels slightly beyond the pre-treatment value 8 

months after the post-treatment blood sample. Body weight at 

this time was not significantly different 

treatment value indicating a stability 

reduction obtained some months ago. 

from the post

in the weight 

Al though there seems to be strong support for an 

increase in HDL - C  concentration and a decrease in 

tr iglyceride concentration after obtaining a reduced 

stabilized body weight, these results should still be 

interpreted with caution. Many variables which are not 

always easy to control can effect plasma levels of lipids and 

l ipoproteins. Strict dietary control in regards to the 

percent distribution of carbohydrate, fat, and protein is not 

a lways feasible. Furthermore, personal habits such as 

alcoholic intake and activity levels are not always reported 

accurately by the subject population. Lastly, the initial 
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values of both body weight and the plasma concentration of 

lip ids and lipoproteins will effect the outcome to some 

degree. Higher initial values tend to respond more 

positively, while lower initial values most often remain low. 

Nonetheless, there seems to be some positive evidence in 

support of caloric restriction as a practical intervention 

therapy which could theoretically be beneficial to the 

prevention of CAD. 

Summary 

The blood lipid profile is a valuable tool for those 

individuals involved in the management of the CAD process. 

Research has indicated that the distribution of cholesterol 

among the different lipoprotein fractions carries great 

predictive value. In particular, the cholesterol contained 

within HDL has been negatively associated with CAD, while the 

cholesterol contained within LDL has been positively 

associated w ith CAD. Attempts have been made through d iet 

and exercise to increase HDL-C and concomitantly decrease 

LDL-C. Although the results have not always been conclusive, 

the independent effects of diet and exercise have been to 

increase HDL-C while either slightly reducing or maintaining 

LDL-C levels. Future efforts should be d irected toward 

studying a possible summation effect of d iet and exercise on 
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these two plasma lipoproteins. 



CHAP TER 3 

METHODOLOGY 

De s cription s of the s ubject s ,  treatment group s ,  

evaluation techniques used, and the methods of data analysis 

are all contained within this chapter . 

Sub j ect s 

Thirty-two females ranging in age from 1 8  to 3 5  years 

volunteered to participate in this s tudy . In order to 

qualify, each had to be at lea s t  1 5  pounds overweight 

according to the Fogarty height weight chart (Appendix A) 

( 1 4 )  • Prior to participation in the program, the s ubjects 

were required to complete a health his tory ques tionnaire 

(Appendix B) . T he information obtained from the 

questionnaire revealed that these individuals led a sedentary 

life s tyle and were free from heart dis ea s e, diabete s ,  

hyperten s ion, and hyperlipidemia . Although none were 

currently smoking, two had quit within the las t  year, and no 

one reported a cons umption of more than 2 alcoholic beverages 

in one week . To further document the initial condition of 

the se individual s heart rhythm s trips and res ting blood 

pres sures were obtained and evaluated by qualified personnel . 

Each pers on was informed in the nature of the study, the 

4 6  
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possible risks involved, and signed an informed consent 

(Appendix C) . The initial physical characteristics of the 

sub j ects are presented in table I I . 

Treatment Groups 

Prior to the initial testing, the subj ects were randomly 

assigned to one of three groups ; diet only, exercise only, or 

d iet and exercise. The diet treatment consisted of 

participation in a behavior modification weight loss program 

wh ich limited caloric intake to 1200 calories per day. 

S ub j ects in this group were not encouraged to perform regular 

physical activity. The exercise group performed 30 to 45 

minutes of aerobic activity (walking/jogging) 3 times per 

week and maintained normal dietary intake. The diet and 

exercise group was active in both the exercise sessions and 

the diet program. The effects of these treatment programs 

were evaluated after 12 weeks of participation. 

Methods of Evaluat ion 

Evaluations of weight, height, body composition, aerobic 

capac i ty, and blood lipid content (total cholesterol, 

triglycerides, HDL-C, and LDL-C) were performed prior to, and 

a fter the completion of the 12 week treatment period. On the 

day of each aerobic capacity test, the subjects reported to 

the Human Performance Lab in the postabsorptive state. Upon 
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TABLE II 

Physical Characteristics of the Subjects (N = 32). 

Variable Measured Mean SE Range 

Age (yrs) 30. 6 ± 0. 65 18. 0 - 35. 0 

Weight (kgs) 79. 7 ± 2. 8 56. 8 - 119. 8 

Height (cm) 164. 9 ± 1. 2 153. 0 - 182. 0 

BMI (wt/ht2 * 1000) 2. 92 ± 0. 10 2. 24 - 4. 23 

Percent Body Fat 31. 8 ± 0. 93 20. 2 - 40. 1 

Pounds Overweight 47. 2 ± 5. 1 15. 0- 136. 0 
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arrival, the sub j ects were seated in a comfortable position 

for severa l minutes. Next, a resting blood pressure and 

heart rate were obtained. The resting blood pressure was 

determined by using a standard sphygmomanometer, and resting 

heart rate was obtained via palpation of the radial artery. 

Total body weight was measured to the nearest 0. 01 kg while 

standing on a platform balance wearing only shorts and a t

shirt. Height was determined to the nearest 0. 1 cm using a 

standard ruler device. 

Maximal aerobic capacity (defined as peak V 02) was 

assessed by measuring oxygen consumpti on during a treadmill 

(Quinton 65) graded exer c i se t est. The treadmill protocol 

that was used was specifically designed for the population 

tested based on the recommendations of Beneke et al. (7) . 

This treadmill protocol is displayed in figure I I. Oxygen 

consumption was measured usi ng an open circuit spirometry 

system. Exp i red a i r  was sampled every 15 seconds for 

fractional components of oxygen (Applied Electrochemistry 

analyzer S-3A) and carbon dioxide (Applied E lectrochemistry 

anal yzer CD- 3A) . Ventilation was measured by a Rayfield 

gasmeter (model RAM 9200) which was modified to provide an 

Apple I Ie computer with i nformation for each 0. 1 liters of 

air ventilated. The Apple computer also obtained information 

of 02 and C02 fractions and by way of a Prowriter Dot Matrix 
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F IGURE II 

Graded Exercise Test Protocol 

Stage # Time (mins) Speed % Grade 

1 0 - 3 3. 5 mph 0 

2 3 - 5 4. 0 mph 0 

3 5 - 7 5. 5 mph 0 

4 7 - 9 6. 0 mph 0 

5 9 - 11 6. 0 mph 4 

6 1 1  - 13 6. 0 mph 6 

7 1 3  - 15 6. 0 mph 8 
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pr int e r  di s p l a ye d  va lue s f o r  VE , V02 (re l at i ve and ab s o l ut e) , 

C 02 , and RER . H e a r t  rat e wa s mon i t o r e d  b y  t he u s e  o f  a 

s i ngle l ead s ys t e m  (e l e ct r ode s p l a c e d  in a mod i f ied Vl and V5 

p o s i t i on) conn e c t e d  t o  a r a d i o t e l eme t ry un i t . A nume r i c a l  

va l u e  f o r  h e a rt r a t e  and a rhythm s t r ip we re d i s p l a y e d  b y  a 

dif ibu lat o r  un i t  (Phy s i o cont ro l ,  L i fepack 6 )  . 

B o d y  c o mp o s i t i o n  wa s e s t imat e d  u s i n g  t he s k i n fo l d 

t e chn i qu e . Lange s k i n f o l d  c a l ipe r s  we r e  u s e d t o  det e rmine 

s k i n f o l d  t h i ckne s s  and t h e  e quat i on of Ja ck s on e t  a l . ( 6 4 ) 

wa s u s e d  t o  det e rmine body den s it y . The S i r i  ( 1 1 5 )  e quat i on 

wa s u s e d  t o  c a l cu l a t e  pe r c e n t  b o dy fat , and l e a n  b o dy ma s s  

wa s obt a i n e d  b y  s ub t r a c t i n g  f a t  we i ght f r o m  t ot a l  b o d y  

we i ght . 

On t h e  mo rn i n g  o f  t h e  b l oo d  s amp l i n g  t h e  s ub j e c t s  

report e d  t o  t he l ab i n  a f a s t e d  ( 1 2 - 1 6 h r s) , we l l  r e s t e d  

s t a t e . Wh i l e i n  a s e a t e d  p o s i t i o n  t w o  5 m l  ve n o u s  b l ood 

s amp l e s  we r e  drawn f r om the ant e c ub i t a l  ve in b y  a r e g i s t e r ed 

P h l ab o t o m i s t . D e t e rm i n a t i o n s  f o r  t o t a l  c h o l e s t e r o l , 

t r i g l yc e r i de s ,  and the fract i on s  o f  cho l e s t e r o l  cont a i n e d  in 

HDL and LD L we r e  made b y  I l l i no i s  Me di ca l L ab o r at o r i e s  I NC . , 

Cha r l e s t on ,  I l l ino i s . 

C l i n i c  we r e  f o l l owed . 

The p r o c e du re s  o f  t he L ip i d s  Re s e a r ch 

I n  add i t i on t o  t h e  s pe c i f i e d  b l o o d  

l i p i d  a n a l y s i s , a H e mo g r a m  wa s a l s o  p e r f o rme d . T h i s  

i n f o rmat i on a l l owed f o r  t h e  c o r r e ct i on o f  b l ood l ip i d va lu e s  

ba s e d  o n  f l u ct u at i on s  in p l a sma vo lume . 
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Ae robi c Condi tioning Program 

The aerobic conditioning program was conducted in 

conjunction with the Eastern Illinois University Adult 

Fitness program and involved walking and/or jogging 3 times 

per week for 30 to 45 minutes per session. The mode of 

a ctivity was selected on the basis of a predetermined 

exercise intensity. Each subject was instructed to exercise 

at a heart rate which was 70% of the heart rate reserve (0. 70 

x (max HR - rest HR) + rest HR) obtained during the aerobic 

capacity test. Intensity was monitored by taking occasional 

1 0  second heart rates at either the radial or carotid artery. 

Typical warm up and cool down procedures were encouraged, and 

all subjects were required to record each exercise session in 

terms of duration (minutes), and intensity in a centralized 

log book (Appendix D) . A record of additional activities 

performed ( ie. cycling, aerobic dance) was also kept. 

Caloric Restriction P rogram 

Subjects undergoing diet treatment were required to meet 

one night a week for 45 to 60 minutes. Although the diet 

group and the diet and exercise group followed the same diet 

program, these two groups met on separate evenings to promote 

group unity. Each of the meetings was conducted by a group 

leader and had a specific focus. The first part of the 
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meeting was set aside for weigh-in and general discussion. 

The second part of the meeting was dedicated to evaluating 

progress and 

reinforcement. 

set aside for 

offering encouragement and positive 

The third and final part of the meeting was 

presentation of a behavioral / nutritional 

lesson. These lessons were obtained from a diet program 

which has been successfully used in research and as a 

community based weight loss program. Eating Slim (99), is a 

behavior modification program which emphasizes eating as a 

chain of events including planning, purchasing, storing, 

preparing, serving, eating, and post-meal cleanup. Lesson 

presentations centered around taking steps to modify this 

chain of events in order to prevent overeating. 

During the week, the subjects kept daily records of the 

type, amount, and caloric value of the food consumed. 

Caloric intake was to be restricted to 1200 calories per day. 

Each subject was provided with a calorie counter booklet and 

weekly food record sheets (Appendix E) so that accurate 

information could be kept. The weekly food record sheets 

were routinely reviewed so that adherence to the dietary 

program could be evaluated. Records of weekly weight loss 

were also kept on a weight graph (Appendix F) . This allowed 

the subjects to observe their progress toward a specific 

goal. 
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Stati st i cal Analy s i s  

Mean differences pertaining to the measurements made 

before and after the treatment period were treated for 

statistical significance with a one way analysis of varience. 

When a significant F ratio was observed, specific group 

differences were determined by way of a Fisher's PL SD post 

hoc test. The alpha level for statistical significance was 

set at 0 . 0 5 .  



CHAP TER 4 

ANALYS I S  OF THE DATA 

The purp o s e  o f  t h i s s t udy wa s t o  e xamin e  t he e f fe ct s  o f  

programs o f  d i e t  and/ o r  e xe r c i s e  on c e rt a i n he a l t h  r e l a t e d  

va riab l e s .  Ae rob i c  f i t ne s s ,  b ody c omp o s i t ion ,  a n d  t h e  p l a sma 

c oncent rat ion o f  cho l e s t e r o l , t r i g l y c e r ide , H D L - C , and LD L - C  

we re e va l uat e d  b e fore a n d  a ft e r  a 12  we e k  t re at ment p e r i od . 

Re s u l t s p e rt a i n i ng t o  t he va r i ou s t re a t ment e f fe ct s  a n d  a 

di s cu s s i on o f  why c e r t a i n  paramet e r s  we re changed and othe r s  

rema ined un chan ged wi l l  be pre s e nt e d  i n t h i s  chapt e r . 

Sub ject Adherence 

For va r i ou s r e a s o n s  ( i e . t ime con f l i c t s ,  i l lne s s , fam i l y  

re spon s ib i l it i e s) , s eve r a l  o f  t he i n i t i a l  vo l unt e e r s  h a d  t o  

withdraw f rom t he s t udy p r i o r  t o  t he t h i r d  me e t i n g  t ime o f  

the i r  s p e c i f i e d  g roup . Alt hough t h i s s i t u a t i o n  c r e a t e d  an 

unfavorab l e  reduct i on in group s i z e ,  s e ve r a l  of the dropout s 

agre ed t o  b e c ome pa rt o f  a c on t r o l  g roup . The cont r o l  g roup 

wa s in s t ru ct e d  not t o  a l t e r  d i e t a r y  i n t a k e  and t o  r e f r a i n 

f rom a n y  s o r t  o f  r e gu l a r  phy s i c a l  a c t i v i t y . B e f o r e  t he 

c omp l e t ion o f  the 1 2  we ek t reatment pe r i od part i c ipat i on had 

5 5  
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declined to 38% of the original subject pool, leaving 1 2  

individuals who fully completed their specified treatment and 

all of the physiological testing. The initial physical 

characteristics of these subjects plus the control group (N = 

4 ) are presented in table III. 

Attendance for those individuals who were involved in 

the exercise only program was excellent. On the average, 

these subjects attended 90% of the supervised exercise 

s essions and trained at a mean intensity of 77% of the max 

heart rate reserve. In contrast, attendance for the exercise 

portion of the diet plus exercise treatment was not as good. 

These individuals attended 6 8% of the supervised exercise 

s essions and trained at a mean intensity of 67% of the max 

heart rate reserve. Official records of attendance for the 

diet treatment group meetings were not kept. However, if a 

subjective evaluation was to be given, attendance by the diet 

and diet plus exercise groups would be classified as " good " 

and "fair " respectively. 

Body Weight and Body Compo sition Change 

Absolute and percentage changes in body weight due to 

the diet (D) and diet plus exercise (DE) treatments are 

presented in figures I I I  and IV. In an attempt to maintain a 

positive morale within the exercise (E) and control (C) 
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TABLE III 

Phy s i ca l  Cha racter i st i cs of the Sub j e ct s  (N = 1 6 )  

Var i able Measured Me an SE Range 

Age ( y rs )  3 1 . 4  ± 0 . 5 7 2 7  - 3 5  

We ight ( kgs ) 7 7 . 2  ± 4 . 1  5 6 . 8  1 1 9 . 8  

He ight ( cm )  1 6 4 . 1  ± 1 . 5 1 5 3 . 0  - 1 7 5 . 3  

BMI ( wt /ht 2 * 1 0 0 0 )  2 . 8 9 ± 0 . 1 5 2 . 2 4 - 4 . 2 3 
. 

Percent Body Fat 3 1 . 6 ± 1 . 4  2 0 . 2  - 4 0 . 1  

P ounds Overwe ight 4 7 . 0  ± 8 . 4  1 8 . 0  - 1 3 5 . 0  
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groups, weekly weight loss rec ords of this kind were not 

kept. B ody weight and body c omposition values prior to, and 

after the 1 2  weeks of treatment are presented for all groups 

in table IV . Initially, there was little difference in body 

weight and b ody c ompositi on between the f our gr oups . 

However, after the 1 2  week treatment period the D and DE 

group showed a signifi cantly greater (p < 0 .  0 5 )  weight 

reduction when c ompared to the E and C groups. Significant 

reductions in fat weight (p < 0 . 0 5 )  acc ounted for a portion 

of the total weight lost in the D and DE groups when compared 

to the c ontrols . This difference for the DE group did not 

approach significance when c ompared to the exercise group . 

However, the reduction in fat weight displayed by the D group 

was significantly greater (p < 0 . 0 5 )  than any reduction in 

fat weight exhibited by the exer c ise g r oup . At 

posttreatment, the c ontrol group displayed a 1 3 % increase in 

fat weight from the pretreatment value . This increase may 

have acc ounted for the significant difference in fat weight 

between the C group and the E group posttreatment . 

were no significant changes in lean body mass. 

Maxima l Aerobic Capacity Change 

There 

Changes in maximal aerobic capacity are presented in 

table V. When c ompared to the D and C groups, the E group 
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TABLE IV 

Mean ± SE Change s in Body We ight ( BW) , F at We i ght ( FW) , and 

Lean Body Mas s  ( LBM) According to T reatment Group Be fo re and 

After 1 2  Weeks o f  Treatment . 

Var i able 

BW ( kgs ) 

FW ( kgs ) 

LBM ( kgs ) 

Group 

E 

D 

DE 

c 

E 

D 

DE 

c 

E 

D 

DE 

c 

Be fore 

7 8 . 1  ± 1 4 . 2  

7 7 . 3  ± 7 . 1  

6 9 . 5  ± 4 . 0  

8 3 . 7  ± 6 . 6 

2 3 . 6  ± 8 . 2  

2 7 . 8  ± 3 . 7  

2 0 . 6  ± 2 . 3  

2 8 . 3  ± 3 . 0  

5 4 . 5  ± 6 . 4  

4 9 . 5  ± 3 . 6  

4 9 . 0 ± 2 . 4  

55 . 4  ± 4 . 1  

Aft e r  1 2  wks 

7 7 . 7  ± 1 4 . 6  

7 0 . 0  ± 6 . 2  

6 5 . 1  ± 2 . 2  

8 4 . 7  ± 7 . 1  

2 3 . 0  ± 7 . 7  

2 2 . 4  ± 3 . 8  

1 8 . 4  ± 1 . 4  

3 1 . 9 ± 4 .  4 

5 4 . 7  ± 7 . 6  

4 7 . 6  ± 2 . 3  

4 6 . 2  ± 1 . 8  

5 2 . 9  ± 3 . 3  

p < .  0 5  

D > E , C 

DE > E , C 

E > C 

D > E , C 

DE > C 

N S  
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TABLE V 

Mean ± SE For V02 max ( l /min and ml / kg/min ) Acco rding t o  

T reatment Group Be fore and After 1 2  Weeks o f  T reatment . 

Var i able Group Be fore After 12 wks p < .  0 5  

V02 max 

( l /min ) 

E 2 . 4 6 ± 0 . 1 7 2 . 7 3 ± 0 . 2 1 E > D , C 

D 2 . 4 6 ± 0 . 1 6 2 . 4 6 ± 0 . 1 7 

DE 2 . 4 5 ± 0 . 1 1 2 . 5 1 ± 0 . 1 0 

c 2 . 6 6 ± 0 . 0 9 2 . 5 6 ± 0 . 1 3 

V0 2 max 

(ml / kg/min ) 

E 3 3 . 1 5 ± 3 . 7  3 7 . 7 5 ± 4 . 8  E > c 

D 3 2 . 1 0 ± 1 . 3  3 5 . 3 8 ± 1 .  7 D > c 

DE 3 5 . 1 9 ± 1 . 1  3 8 . 5 5 ± 1 .  8 DE > c 

c 3 2 . 1 8 ± 1 .  6 3 0 . 6 6  ± 1 .  9 
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s i gn i f i c ant l y  incre a s e d  ( p  < 0 . 0 5 )  t he i r  ab s o l ut e  ( L /m i n )  

aerob i c  capacity b y  1 1 % .  Thi s di fference was not s i gni fi cant 

when compared to the change in ab s o lute aerob i c  c ap a c i t y  o f  

the D E  group . When expre s s ed in re l at ive t e rms , s i gn i fi cant 

incre a s e s  ( p  < 0 . 0 5 )  in V02 max ( ml / kg /min ) can be noted for 

the E ,  D ,  and DE g r o up s  when comp a r e d  t o  t he cont r o l . 

Howeve r , any di f fe rence s obs e rved between the E ,  D ,  and DE 

groups were not s i gni fi cant . 

P lasma Lipid and Lipoprote i n  Change 

Me an value s for cho l e s t e ro l , t r i g l y ce r i de s ,  HDL - C ,  and 

LDL - C  are p re s ented in t ab l e s  VI  and V I I respect ive l y . I t  

c a n  be s e en in t ab l e  VI  t h at both p l a sma cho l e st e r o l  and 

t r i gl y ce r i de in a l l  group s  rema ined unchanged as a re s u l t  o f  

the 1 2  week t re atment p e r i o d . T ab l e  VI I indi c at e s  s imi l a r  

findings as  both HDL-C and LDL-C rema ined const ant . Li kewi se 

the percent o f  cholesterol carried by HDL remained unchanged . 

D i s cu s s i on 

There are three ways in whi ch t o  l o s e  we i ght ; de cre a s e  

c a l o r i c  i n t a k e  ( d i e t ) , i n c r e a s e  c a l o r i c  e xp e n d i t u r e 

( e xe r c i s e ) ,  o r  a comb inat i on o f  the two . I n  t he p re s ent 

st udy , the e f fe c t i vene s s  o f  t he s e  t h r e e  t r e atment s w a s  

eva l u a t e d . The r e s u l t s o f  t h i s  s t udy a r e  gen e r a l l y in  
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TABLE VI 

Mean ± SE Value s For Tot a l  Cho lesterol (mg/dl ) and 

Triglyceride s  According to Group Be fore and After 1 2  Weeks o f  

Treatment . 

Var i able Group 

Cho l e sterol E 

(mg / dl ) D 

Triglyce ride 

(mg / dl ) 

DE 

c 

E 

D 

DE 

c 

Be fore 

1 8 9  ± 1 0 . 0  

2 0 0  ± 1 9 . 9 

2 0 4  ± 1 4 . 2  

2 0 9 ± 1 9 . 2  

7 4  ± 1 0 . 4  

8 8  ± 1 8 . 7  

7 9  ± 5 . 7  

9 2  ± 2 0 . 0  

After 1 2  wks 

1 8 5  ± 6 . 4  

2 0 1  ± 1 3 . 7  

1 8 3  ± 1 9 . 6  

2 0 8  ± 1 5 . 4  

6 7  ± 0 . 7 5 

8 8  ± 1 3 . 3  

6 1  ± 5 . 9  

9 1  ± 5 . 5  

p < . 0 5 

NS 

NS 
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TABLE VI I 

Mean ± SE Values for the Ma j o r  Lipoprot ein F ract i ons ( HDL and 

LDL )  and the Percent o f  Cho l e sterol Carried by HDL According 

to Group Be fore and After 12 Weeks o f  Treatment . 

Vari able 

HDL (mg/dl ) 

LDL (mg / dl ) 

% HDL 

Group 

E 

D 

DE 

c 

E 

D 

DE 

c 

E 

D 

DE 

c 

Be fore 

53 ± 3 . 8  

4 9  ± 5 . 1  

4 9  ± 2 . 1  

4 9  ± 2 . 8  

1 2 1  ± 9 . 6  

1 3 3  ± 1 4 . 8  

1 3 8  ± 1 2 . 7 

1 4 1  ± 1 3 . 2  

0 . 2 8  ± . 0 3 

0 . 2 4  ± . 0 2  

0 . 2 4 ± . 0 2 

0 . 2 4 ± . 0 2 

Aft e r  1 2  wks 

6 0  ± 4 . 2  

4 9  ± 3 . 7  

4 8  ± 5 . 8  

5 9  ± 4 . 0  

1 1 2  ± 2 . 8  

1 3 4  ± 1 0 . 1  

1 2 4  ± 1 6 . 3 

1 2 9 ± 1 0 . 0  

0 . 3 2 ± . 0 1 

0 . 2 5 ± . 0 2  

0 . 2 7 ± . 0 2 

0 . 2 9  ± . 0 2 

p < . 0 5 

NS 

NS 

NS 
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agre ement with tho s e  o f  We l tman e t  a l . ( 1 2 9 )  demo n s t r at ing 

that diet a l one , and a combinat i on of diet and exerc i s e  are 

the mo s t  bene f i c i a l  i n  t e rms o f  ab s o lute we i ght l o s s . The 

on l y  di f fe rence between the fo rme r  s tudy and thi s study , i s  

that thi s study was not ab l e  t o  demon s t rat e a di f fe rence in 

we i ght reduct i on between the D and DE group s . In  cont rast to 

the s e  findings , Z ut i and Go l ding ( 1 4 0 )  rep o r t e d  t h at even 

though s i gn i fi cant we ight reduct i on s  we re achieve d ,  the re was 

no di fference in the magn itude of we i ght l o s s  betwe en a diet , 

exer c i s e , and a comb inat i on gr oup . Howeve r ,  i n  thi s st udy 

equ a l  c a l o r i c  de f i cit s o f  5 0 0  c a l o r i e s  p e r  day we re c r e at e d  

for e a ch gr oup by ad j u st ing t he c a l o r i c  e xpendi t u re and 

int ake wh i ch wa s n e ce s s a ry to ma i nt a i n  a p a rt i cu l a r b o dy 

we ight over a 2 4  day peri od . 

I t  ha s been previ ous l y  rep o rt e d  that exerc i s e  a l one i s  

c a p ab l e  o f  p r o du c i n g  s i gn i f i c a n t  w e i ght r e du c t i o n s  

( 4 2 ,  7 9 ,  9 0 ,  1 0 3 ,  1 3 3 ) . T he s e  s t u d i e s  have i n d i c a t e d  that 

exe r c i s e  requ i ring a 3 0 0  k c a l  ene rgy expendi t u re at l e a st 3 

days per we ek i s  t he t hre s h o l d  for s u ch we i ght reduct i on s . 

The re s u l t s from t h i s s t u dy di f fe r  f r om t h i s concept and 

s upp o rt the v i ews o f  o t h e r s  wh i ch have i n d i c at e d  that 

exe r c i s e a l o n e  is  n o t  a s u f f i c i e nt we i ght l o s s  me t h o d  

( 3 6 ,  4 5 ,  1 0 2 ,  1 2 9 )  . Al though di f fe rence s in t ype , intens it y ,  

and f r e qu e n c y  o f  t r a i n i n g  ut i l i z e d b y  t he s e  studi e s  may 
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a c count f o r  t he di f fe r ent r e s u lt s obt a in e d ,  c o n s i de r at i on 

mu s t  a l s o  be g i ven t o  an i n c re a s e  o r  l a ck o f  i n c r e a s e  in 

ca l o r i c  int ake whi ch may o r  may not o c cur in re spon s e  to an 

e x e r c i s e  t r a i n i ng p r o gram . I n  t h e  p r e s ent s t udy i t  i s  

di f f i cu l t  det e rm i n e  wh i c h ,  i f  any , o f  t he s e  c on di t i o n s  

i n f l u en c e d  t he l a ck o f  we i ght redu ct i on i n  the e xe r c i s e  

group . N o  attempt s were made t o  do cument c a l o r i c  int ake , nor 

wa s t h e r e  s u f f i c i ent e x e r c i s e  dat a r e c o rded t o  det e rmine 

cal o r i c  expenditure per exerci se ses s i on . 

The addit i on o f  exerc i se t o  a program o f  mi l d  c a l o r i c  

re s t r i ct i on i s  thought t o  produ ced t he b e s t  re s u l t s in body 

c omp o s i t i o n  change s wh i ch a re a s s o c i at e d  w i t h  we i ght l o s s  

( 4 )  . Thi s comb inat i on promote s  t he l o s s  o f  fat we i ght whi l e 

l e an body ma s s  rema ins  const ant o r  in s ome c a s e s  incre a s e s . 

In contrast , m i l d  ca l o r i c  re st r i ct ion al one can re sult in an 

un f avo r ab l e  redu ct i on o f  fat f r e e  t i s s ue i n  addi t i on t o  

decre a s e s  i n  adip o s e  t i s sue ( 3 9 , 4 5 , 1 4 0 ) . I n  a study by Hagan 

et al . ( 4 5 ) , fema l e s  who had an init i a l  ene rgy intake o f  1 7 2 3  

k c a l s / day reduced t he i r  ca l o r i c  int ake t o  1 2 0 0  k ca l s / day . 

Aft e r  a 1 2  week t re atment pe r i od the s e  sub j e ct s  we re ab l e  t o  

obt a i n  a n  8 %  r e duct i on in t o t a l  b o dy we i ght . E i ght - n ine 

p e r cent of the t ot a l  we i ght reduct i o n  wa s a c c ount e d  for 

through l o s s e s  of fat we i ght , whi l e the othe r 1 1 %  wa s due to 

a l o s s  in l e an body ma s s . S imi l ar l y ,  Zut i and Go lding ( 1 4 0 )  

reported a 2 1 % de c re a s e  i n  l e an body we i ght a s  a re s u l t  o f  
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5 0 0  k c a l s / day d i e t a r y  re s t r i ct i on . Howeve r ,  in t h i s  s ame 

study when regu l a r  exerc i s e  wa s pe r f o rmed a l ong with c a l o r i c  

re st r i ct i on a favo rab l e  redu ct i on o f  body f a t  was a ch i eved 

a l ong with a s l i ght i n c r e a s e s  in l e an b o dy ma s s . I n  t he 

pre s ent s t u dy s i gn i f i c ant de c re a s e s  i n  fat we i ght we re 

ob s e rved i n  both t he D and DE g r o up . Al ong w i t h  t he s e  

decre a s e s  no s i gn i fi cant di f ference in l e an body ma s s  between 

the group s  wa s ob served . Although , the t endency wa s fo r lean 

body ma s s  t o  de cre a s e  in the D and DE groups whi l e  rema ining 

con st ant in the exe r c i s e  group . Thi s wou l d  s e em t o  sugge st 

that t he amount and int en s i t y  of  e x e r c i s e  pe r f o rmed by the 

comb i n at i on group wa s not s u f f i c i ent t o  maint a i n  l ean body 

mas s . 

I t  i s  we l l  do cument ed in ma l e s  ( 3 6 , 9 0 , 1 0 2 , 1 0 3 )  and in 

fema l e s  ( 3 1 ,  7 2 ,  1 1 7 )  t hat e x e r c i s e  t r a i n i n g  i n c re a s e s  the 

capa c i t y  o f  t h e  c a rdi o r e s p i rat o r y  s y s t em t o  r e s po n d  t o  

maxima l work . Much o f  thi s change i s  dependent upon t he 

frequency , intens it y ,  and durat i on o f  the exerc i s e  pe rformed . 

Tho s e  s t u d i e s  wh i ch have imp l ement e d  an a e r ob i c  t r a i n i n g  

program cons i st ing o f  3 t o  5 days /wk ( 2 4 , 3 6 , 1 0 3 ) , 3 0  t o  4 5  

minut e s  in durat i on ( 3 1 , 9 0 , 1 0 3 ) , and a t  a n  inten s i t y  ranging 

from 8 0  t o  9 0 %  o f  m a x i mum he a rt r at e  ( 9 0 , 1 0 2 )  h ave 

demonst rat ed the great e st change s in maximum aerob i c  power . 

I n  t he p re s ent st udy , the E group t r a i ne d  at a me an 
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int en s i t y  whi ch was 7 7 %  o f  the max he art rate re s e rve , whi l e  

t h e  D E  g roup t r a ined a t  a me an i nt en s ity o f  6 7 %  o f  t h e  max 

he art rate r e s e rve . S i gn i fi c ant incre a s e s  in ab s o lute V02 

max we re on l y  ob s e rved in the E group when compared t o  D and 

C .  When the gains in ab s o lute aerob i c  c apacity we re c ompared 

for the E and DE groups , the di f fe rence wa s not s i gn i fi cant . 

L i kewi s e  t he r e  were n o  di f fe renc e s  between DE and D and C .  

Thi s out c ome can be ma i n l y  at t r ibut ed t o  the inten s i t y  o f  

exe rc i s e  pe r f o rmed . P r evi o u s  report s o n  the improvement in 

V02 max a s s o c i ated with moderat e l y  inten s e  t ra i n ing in women 

have rep o rt e d  i n c re a s e s  o f  a r ound 1 2 %  ( 3 1 , 7 2 ) . T h i s i s  

con s i st ent with the 1 1 %  incre a s e  exhibited by the E group in 

the pre sent s tudy . I n  oppo s i t i on t o  the s e  findings , Smith et 

al . ( 1 1 7 )  reported only a 6% incre ase in V02 max in 1 0  fema le 

sub j e ct s  who t rained at a mean inten s it y  of 7 3 %  of the i r  max 

he a r t  r a t e . 

s i gn i f i c ant . 

T h e  m a g n i t ude o f  t h i s c h a n g e  wa s  n o t  

Howeve r ,  t he aut ho r s  att r i buted t h i s l ack o f  

i n c r e a s e  t o  i n i t i a l l y  h i gh va l u e s i n  V0 2 m a x . The i r  

pret r a i n i n g  mean wa s 4 2 . 3 ml / kg / m i n , whe r e  fa i r l y  act ive 

women had been previ ous l y  reported as having o x ygen upt ake s 

whi ch range between 3 7  and 3 9  ml / kg /mim ( 55 )  . The pret raining 

me an i n  the pre s ent was we l l  b e l ow ( 3 3 . 1 5 ml / kg / mi n )  thi s 

range , thu s  mu ch o f  the l ack o f  incre a s e , e spe c i a l l y  in the 

DE group , can be att ributed to the l ow inten s i t y  o f  exerci se . 
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S ome have rep o rt e d  t h at we i ght l o s s  can de c r e a s e  

ab s o lute ( L / min ) V02 max whi l e re l at ive ( ml / kg/min ) V02 max 

rema i n s  c on s t ant ( 1 3 0 )  . Othe r s  have i ndi c at e d  the we i ght 

l o s s  w i l l  have the e f fe ct o f  k e e p i n g  ab s o l ut e  V0 2 max 

const ant , wh i l e incre a s ing re l at ive V02 max ( 4 5 ) . I n  the 

pre sent s tudy , the D and DE group s  di d not show a s igni fi cant 

i n c re a s e s  i n  ab s o l ut e V0 2 max i n  c omp a r i s on t o  any other 

group . Howeve r ,  when o xygen c o n s umpt i on was  e xpre s s ed in 

re l at ive t e rms , both the D and DE gr oup s had s i gn i f i c ant ly 

i n c r e a s e d  t h e i r  o x yg e n  c o n s umpt i o n s  ab ove t h at o f  t he 

cont ro l . I n  the c a s e  o f  the DE group , s ome o f  thi s incre a s e  

may have b e en t he re s u l t  o f  a n  i mp r oved cardi o re sp i r at o ry 

funct i on . Howeve r ,  it i s  unl ikely that any c ardi orespi rat o ry 

impr ovement was  at t a i ned by t he D g r oup , a s  t h e y  d i d  n ot 

part i c ipat e in any regu l ar phy s i ca l  act ivit y . The ob s e rved 

incre a s e  in re l at ive oxygen consumpt i on for the D group i s  a 

re sult o f  the amount o f  we i ght that was l os t  over the 1 2  week 

t re atment period . There fore , when s i gn i fi cant we ight change s 

have o c cu r r e d  ove r a pe r i o d o f  t ime , e x p r e s s i n g  o x y gen 

con sumpt i on in abs o lut e  t e rms wi l l  give a bett e r  i ndi c at i on 

o f  the actual improvement in cardi o re spirat o ry funct i on . 

P revi ous repo rt s concerning the e f fe ct s o f  diet and o r  

exe rc i s e  o n  the p l a sma concent rat ion o f  l ip i d  and l ipoprote in 

have y i e l ded con f l i ct i n g  re s u l t s . S e ve r a l  aut h o r s  have 
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sugge s t ed that exerc i s e  t ra ining can i ndependent l y  de c r e a s e  

t r i g l y ce r i de s  and LD L - C  a n d  i n c re a s e  HD L - C  ( 2 8 ) . Othe r s  

be l i eve t h a t  t he a s s o c i a t e d  we i ght l o s s  wh i ch o ft e n 

accompan i e s  the t r a ined s t at e  s i gn i fi c ant l y  a l t e r s  the b l o od 

l ip i d  p r o fi l e  ( 1 2 1 )  . We i ght l o s s  through diet ing a l one has 

p r o du c e d  reduct i on s  in t r i g l y c e r i de ( 9 8 )  and LD L - C  ( 1 6 ) , 

whi l e  both an incre a s e  ( 1 3 4 , 1 3 9 )  and a redu ct ion ( 1 2 6 , 1 2 8 ) in 

HDL-C has been obs e rved . The pre s ent study and one s l i ke it 

( 4 5 , 1 1 9 , 1 2 9 )  a re un i que i n  that t hey are p a rt i cu l a r l y  we l l  

s u i t ed f o r  det e rmin ing the s ingu l a r  and addit ive e f fe ct s o f  

di et and exer c i s e  o n  t he bl ood l ip i d  p r o f i l e . Alt hough in 

each of the s e  studie s  a l l  three int e rvent i on moda l i t i e s  we re 

c o n t r o l l e d in a s i m i l a r  m a n n e r ,  c o n c l u s i v e  e v i de n c e  

concerning the s ingu l a r  and synergi st i c  e f fect s o f  diet and 

exerci se st i l l  remain insurmount able . 

S imi l a r  t o  t he re s u l t s reported by Hagan et a l . ( 4 5 ) , 

thi s study was not abl e  t o  provi de evi dence in s uppo rt o f  an 

incre a s e  o r  a de cre a s e  in any o f  the b l o o d  l ip i d  paramet e r s  

as a r e s u l t  o f  a part i cu l a r  t re atment . I n  cont r a s t  t o  the s e  

f i n d i n g s , We l t m a n  e t  a l . ( 1 2 9 )  r e p o rt e d  s i gn i f i c ant 

reduct i on s  in p l a sma cho l e st e r o l  for all group s , whi l e  LDL-C 

wa s de c r e a s e d  in t he DE and E group s  and HDL-C wa s de creased 

fo r the D group . S opoko et a l . ( 1 1 9 )  has p r ovided s ome o f  

the most encouraging re sult s repo rt ing that t rigl ycer ide s  and 

p l a sma cho l e s t e r o l  were s i gn i f i c ant l y  r e du c e d  in the DE 
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group .  I n  addi t i on t o  t h i s f i nding , HD L - C  s i gn i f i c ant ly 

incre a s ed i n  all  t hree t r eatment group s with t he change in 

the DE group repre s ent ing a summat i on o f  the s i ngul ar e ffect s 

o f  both diet and exerc i s e . A summary o f  a l l  four studi e s  i s  

pre s ented i n  t able VI I I . 

A ma j o r  l imitat i on in this  study was the sma l l  number o f  

sub j e ct s in e a ch group . C ombined with the var i at i on o f  the 

individu a l  t e s t  re sult s ,  the s e  two fact o r s  made it di f f i cult 

t o  obt ain s t at i st i cal  s i gn i fi cance between t re atment group s . 

However ,  thi s fact o r  shou ld not di s credit the result s o f  thi s 

study comp l et e l y ,  a s  previ ous studi e s  ut i l i z ing a much l a rger 

number o f  sub j e ct s  per group have prov i ded s im i l ar findings 

( 4 5 )  • 

Ove rwe ight indivi dual s gene ra l l y  exhibi t  incre a s e d  leve l s  

o f  t r i gl yce r i de and de c r e a s e d  l eve l s  o f  HDL - C . S ome be l i eve 

that t h i s i s  a r e s u l t  o f  a de c r e a s e d  p e r iphe r a l  i n s u l i n 

sen s it ivity whi ch eventu a l l y  l e ads t o  an i n c re a s e d  hepat i c  

p r o du c t i o n o f  VLD L  t r i g l y c e r i de ( 9 8 ) . A p re l i m i n a r y  

i n d i c a t i o n o f  de c r e a s e d  i n s u l i n  s e n s i t i v i t y  i s  a n  

elevat edb l o o d  glu c o s e  l eve l . T h e  sub j ect s who t o o k  p a rt i n  

thi s study exhibited ne ithe r  e l evat ed b l o od gluco s e  ( E : 8 6 . 3  

± 3 . 3  mg% , D :  8 5 . 3  ± 1 . 3  mg% , DE : 8 7 . 0  ± 3 . 9  mg% , C :  8 7 . 0  ± 

2 . 5  mg% )  o r  p l a sma t r i g l y ce r i de l eve l s .  T h i s finding i s  

con s i stent with previ ous obs e rvat i ons that have been made on 



TABLE V I I I  

The E f fect s o f  Ca l o r i c  Re s t r i ct ion and Exe r c i s e  on P l a sma L ip i ds 

No . of  Body We ight 

Aut hor ( re f ) Sub j ect s Durat ion ( kgs )  T r i  Cho l LDL HDL Group 

Hagan ( 4 5 ) 4 8  F 1 2  wk s - 0 . 6  - 2 7 + 5  + 1 2  - 3  E 

- 5 . 5 * - 6  - 1 2  - 6  - 4  D 

- 7 . 5 * - 3 7  - 1  + 1 1 - 5  DE 

- 0 . 8  + 6  + 9  + 1 0  - 3  c 

Sopoko ( 1 1 9 )  2 1  M 1 5  wks - 0 . 5  + 5  + 1 6  + 9 + 4 * E 

- 6 . 2 * +2 0 + 1 3 + 8  + 3 * D 

- 6 . 1 * - 7 1 - 7 *  - 1 2  + 1 1 * DE 

- 0 . 5  - 1  - 1  + 5  - 1  c 

We ltman ( 1 2 9 )  5 8  M 1 0  wks - 0 . 9  - - 1 8 *  - 1 4  + 5  E 

- 5 . 6 * - - 2 0 *  -2  - 9 * D 

- 5 . 4 * - - 3 0 *  - 1 9 * n c  D E  

- 0 . 3  - + 5  - 1  - 1  c 

Zachwie j a  1 6  F 1 2  wk s - 0 . 4  - 7 - 4  - 9 + 5 E 

- 7 . 3 * nc +1  + 1  n c  D 

- 4 . 4 * - 1 8  - 2 1 - 1 4 - 1  DE 

+ 1 . 0 +3  - 1  - 1 2  + 1 0  c 
..J 
w 

p < 0 . 0 5 = * 
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femal e s . F ema l e s  t end t o  have l owe r pl asma t riglyceride and 

higher HDL-C l eve l s  when compared to age mat ched ma l e s  ( 4 9 )  . 

I t  ha s been sugge sted that thi s i s  a re sult o f  the higher LPL 

act ivity wh i ch is o ft en found in fema l e s  ( 9 7 ) . I n it i a l l y 

h i gh HD L - C  l eve l s ,  and i n it i a l l y  l ow t r i gl y c e r i de va lue s ,  

have gene r a l l y  y i e l ded a sma l l  i n s i gn i f i c ant re spon s e  t o  

exerc i s e  ( 3 4 , 5 9 , 9 3 , 1 2 8 ) . I t  i s  interest ing t o  note that both 

S opoko and We ltman used he a lthy n on- a ct ive ove rwe i ght m a l e s  

in t he i r  s t udi e s . Thi s fact o r  may have a c c ount ed f o r  a 

numbe r o f  the observed change s . I n it i a l  va lues for HDL-C and 

t r i g l y ce r i de in the s t udy o f  S p o k o  et a l . ( 1 1 9 ) ranged 

betwe e n  3 7  mg% and 4 2  mg% a n d  1 1 2  mg % a n d  1 3 0  mg% 

re spect ive l y . Hagan et a l . ( 4 5 )  rep o r t e d  va l u e s  fo r HD L-C 

and t r i g l y ce r i de ranging from 4 9  mg% to 53 mg% and 83 mg% to 

1 2 3  mg% re spe ct ive l y . S imi l a r l y , we repo rted much h i gher 

i n i t i a l  HD L - C  l eve l s  ( 4 9  mg% t o  5 3  m g % ) and l o we r 

tri gl yceride va lues ( 7 4  mg% t o  92  mg% ) than did S opoko et a l . 

( 1 1 9 ) . Both thi s study and that o f  Hagan et a l . ( 4 5 )  u s ed 

fema l e s  f o r  sub j e ct s . Although in a l l  three studi e s  s imi l ar 

int en s i t i e s  o f  e x e r c i s e  we re u s e d ,  i t  s e ems l i ke l y  that 

becau s e  o f  the i n i t i a l  di f fe r e n c e  i n  b l o o d  l ip i d  va l u e s 

betwe e n  men and wome n ,  i n  women h i ghe r i n t en s i t i e s  o f  

exe r c i s e  may b e  requ i red t o  p r o du c e  change s i n  t he b l o od 

l ip i d  p r o f i l e . I n  fact , there i s  evidence t o  s ugge s t  that 
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j ogging 3 0  t o  6 0  mi l e s  per wee k  i s  the thre sho l d  o f  exerc i s e  

needed t o  p r odu c e  s i gn i f i cant change s i n  t h e  b l o o d  l i p i d  

pro f i l e  ( 4 0 , 7 8 , 1 0 8 ) . 

I n  thi s s tudy , we i ght l o s s  p r o duced thr ough d i et i ng 

a l one had n o  s i gn i f i c ant e f fe ct on t he l eve l s  o f  e i ther 

p l a sma t r i gl yce r i de o r  HDL-C . Thi s i s  in agreement with the 

re s u l t s  o f  Hagan et a l . ( 4 5 ) , but in oppo s it i on to t h o s e  o f  

We ltman et al . ( 1 2 9 )  who indi cated a de cre a s e  i n  HDL-C leve l s  

and S opoko e t  a l . ( 1 1 9 )  who indi c at ed a n  incre a s e  in HD L-C 

leve l s .  Previ ous studi e s  whi ch have demons t r at ed an increase 

in HDL-C in response t o  we i ght l o s s  have done so  only during 

a pe r i od body we i ght s t abi l i z at i on ( 1 1 9 , 1 3 4 , 1 3 9 ) . Z imme rman 

et a l . ( 1 3 9 )  f o l l owe d t he t i me c o u r s e  o f  HD L - C  and 

t r i gl yceride re spon se dur ing a 7 week period of  act ive we ight 

l o s s . During thi s t ime ,  t i g l yc e r i de s  de cre a s ed s t e adi l y  and 

rem a i ne d  redu c e d  s eve r a l  we e k s  a ft e r  the t e rm i n at i o n  o f  

act ive we i ght l o s s . On the othe r  hand , HDL-C concent rat i on s  

d i d  n ot di f fe r  s i gn i f i c ant l y  t hroughout a ct ive we i ght l o s s . 

Aft e r  a c t i ve we i ght l o s s  had s t ab i l i z e d ,  t h e r e  wa s an 

incre a s e  in HD L - C  ab ove the p ret re atment va lue s . I n  th i s  

study , t he negat ive a s s o c i at i on wh i ch i s  c ommo n  between 

pl a sma t r i glyceride and HDL-C was not evi dent during peri ods 

of act ive we i ght l o s s . Thu s , t he ob s e rved r e duct i on in 

t r i glyceride during act ive we i ght reduct i on mu st have been a 

re sult o f  a decre a s ed hepat i c  product i on o f  VLDL t r i glyceride 
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and not a consequence o f  increased LP L act ivity . A previous 

report has indicated t hat postheparin and adipo se t i s s ue LPL 

act i v i t y  i s  reduced du ring pe r iods o f  ca l o r i c  re st r i ct ion 

( 1 2 4 ) . Th i s  s upp o rt s t he i de a  o f  a de c r e a s e d  hepat i c  

produ ct ion o f  t r iglyce ride , a s  we l l  a s  j ust i fy ing the stat ic 

re spon s e  o f  HD L - C  ob s e rved by Z imme rman e t  a l . ( 1 3 9 ) . 

P r e s umab l y , when body we ight s t ab i l i z e s ,  a return o f  LPL 

act ivity back t o  o r  beyond pret reatment leve l s  w i l l  resu lt in 

the increase in HDL-C leve l s  wh ich have been a s s o ciat ed with 

a reduct i on in body we ight ( 1 1 9 , 1 3 4 , 1 3 9 ) . I n  the st udy o f  

S opok o e t  a l . ( 1 1 9 ) a pe r i od o f  we i ght s t ab i l i z at i on wa s 

e s t ab l i s hed be f o re the posttreatment ana lys i s  o f  plasma l ipid 

and l i pop r ot e i n . Th i s  may e xp l a i n why t h e y  ob s e rved 

i n c r e a s e s in HD L - C  and t h e p r e s e n t  s t u dy d i d  n o t . 

Furthe rmore , We ltman et a l . ( 1 2 9 ) and Hagan et a l . ( 4 5 )  a l s o  

neglected t o  de f ine periods o f  act ive we ight l o s s  and we ight 

stab i l i zat i on . 

Evidence for an increase in HD L-C leve l s  resu lt ing from 

independent programs o f  diet and exerc i s e  has been p r ovided 

( 5 3 , 7 1 , 1 0 0 , 1 0 7 , l l l , 1 1 9 , 1 3 4 , 1 3 9 ) . I n  pa rt i cu l ar , S opoko et 

a l . ( 1 1 9 ) ha s i l lust rat ed t h i s  phenomenon rather we l l . In 

addit i on t o  the s e  independent e f fect s ,  S opoko et a l . ( 1 1 9 ) 

demon st rated t hat a combinat i on o f  we i ght l o s s  and exer c i s e 

re su lted in the great e st change in HDL-C leve l s . Furthermo re ,  
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th i s  change rep r e s ent e d  a s ummat i o n  o f  t he i n depe ndent 

i n c r e a s e s  ob s e rved for both t he we i ght l o s s  and e xe r c i s e  

int e rvent i on s . Future studi e s  imp l ement ing a s imi l a r  de s i gn 

are needed in order t o  substant i ate such an e f fe ct . 



CHAPTER 5 

SUMMARY 

Th i rt y - t wo women vo lunt e e r e d  t o  p a rt i c ip a t e  in a 1 2  week 

we i ght l o s s s t udy . E a ch wa s a s s i g n e d  t o  one o f  3 g r oup s ; 

e x e r c i s e  o n l y , d i e t  on l y ,  a n d  d i e t  p lu s  e x e r c i s e . Aft e r  

background i n f o rmat ion had been obt a ined o n  t he s e  individu a l s  

v i a  a h e a l t h  h i s t o r y  qu e s t i onna i r e , i n i t i a l  t e s t s  o f  max imum 

a e r ob i c  capa c i t y , body compo s it i on ,  and b l ood l ip i d  ana l y s i s  

we r e  g iven . Tho s e  i n d i v i du a l s  who we r e  a s s i gn e d  t o  t he 

e xe r c i s e  g r oup met 3 t ime s p e r w e e k  t o  p a rt i c ip a t e i n  a 

p r o g r e s s i v e  wa l k / j o g p r og r am . T h e y w e r e  i n s t r u c t e d  t o  

e xe rc i s e  f o r  3 0  t o  4 5  minut e s  a t  a h e a r t  r a t e  wh i ch wa s 7 0 %  

o f  t h e  h e a r t  r a t e r e s e r ve obt a i n e d  du r i n g  t h e  a e r ob i c  

capa c it y  t e s t . Tho s e  individu a l s  a s s i gn e d  t o  t he d i e t  on l y  

group p a rt i c ipat e d  i n  a b e hav i o r a l / nut r i t i on a l we i ght l o s s 

p r o g ram . The s e  s ub j e c t s we r e  r e qu i r e d  t o  l im i t  c a l o r i c  

int ake t o  1 2 0 0  kca l s / da y ,  ma int a in da i l y  d i e t a r y  r e cords o f  

the amount , t ype , and ca l o r i c  va l u e  o f  t h e  food c on s ume d ,  and 

to at t en d  a we e k l y me e t ing . S ub j e ct s  a s s i gn e d  t o  t he diet 

p l u s  e xe r c i s e  g r o up p a rt i c i p a t e d  i n  b o t h  of the ab ove 

programs . F o r  var i ou s  r e a s o n s  s e ve ra l o f  the s ub j e ct s had t o  

wit hdraw f r om t h e  s t u dy b e f o r e  t h e  comp l e t i o n  o f  t he t h i rd 

wee k . S ome o f  t he s e  individua l s  a g re e d  t o  b e come part o f  a 

7 8  
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cont r o l  gr oup , wh i l e othe r s  rema ined c omp l et e l y  wit hdr awn 

from the st udy . By the end o f  the 1 2 th week , part i c ipat i on 

in the s tudy de c l ined t o  3 8 %  o f  t he o r i gi n a l  sub j e ct po o l . 

T h o s e  i n d i v i du a l s  who c o mp l et e d  t he fu l l  1 2  we e k s  o f  

t re a t me n t  we r e  p o s t  t e st e d  f o r ae r ob i c  cap a c i t y ,  b o dy 

comp o s i t i o n ,  and blood l ipid c ontent . 

Conclu s i on s  

B a s e d  on the re s u l t s o f  t h i s s t udy the fo l l owing 

conc lus i ons appear warranted; 

1 .  P rograms o f  d i et and d i et p l u s  e xe r c i s e  p r o du ce the 

greatest redu ct i on in abs o lute body we i ght . 

2 .  We i ght l o s s  achi eve d t h r ough d i e t  and d i e t  p l u s  

e x e r c i s e  r e s u l t s i n  a s ign i f i c ant r e du c t i o n  o f  fat 

we ight . 

3 .  Exe rc i se that i s  per formed 3 t ime s per week , 3 0  t o  4 5  

minut e s  in durat i on ,  and a t  7 0 %  o f  he art rate re s e rve , in 

the abs en ce o f  we i ght l o s s  wi l l  p r o duce a s i gn i fi c ant 

increase in abs o lute ( L /min ) V02 max . 

4 .  Du r i ng pe r i od s  o f  we i ght l o s s , i t  i s  bet t e r  t o  

expre s s  change s i n  oxygen consumpt i on i n  ab s o lut e ( L /mi n )  

t e rms , a s  a reduct i on in body we i ght c a n  fa l s e l y  e l evat e 

an oxygen c o n s umpt i o n  expre s s ed i n  r e l at ive (ml / kg /min ) 

t e rms . 
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5 .  Reduct i ons in body we ight and/ o r  incre a s e s  i n  ae rob i c  

fitne s s  achieved through c a l o r i c  re st r i ct i on and exe r c i s e  

t ra i ning ( 7 0 %  h e a r t  r a t e  re s e rve ) ove r a 1 2  we ek pe r i od 

do e s  n o t  p r o du c e  s i gn i f i c ant change s i n  t he p l a s ma 

c o n cent r at i on s  o f  cho l e s t e r o l ,  t r i g l y c e r i de ,  HD L - C  o r  

LDL-C . 

Recommendat i ons 

F o r  fut ure stud i e s  imp l ement ing a s imi l a r  de s i gn , the 

fo l l owing recommendat i on s  are made based on the re s u lt s and 

expe rience s gained from thi s study ; 

1 .  We i ght l o s s  r e c o rds s hou l d  be kept f o r  e x e r c i s e ,  

diet , diet plus exerc i s e , and cont r o l  groups a l i ke . 

2 . I n  addi t i on t o  p r e t r e at me nt and p o s t  t re atment 

me a s u r e m e n t s f o r  p l a s m a  l i p i d  a n d  l i p o p r o t e i n  

c o n c ent rat i on ,  b l o o d l ip i d  ana l y s e s  s h ou l d  a l s o  be 

pe r formed every other week for the durat i on of the study 

t o  veri fy the e f fect o f  act ive we ight l o s s  on HDL-C . 

3 .  P o s t t r e atment b l o od l ip i d  and l ipoprot e i n  ana l y s i s  

shou ld only be pe r fo rmed once reduct i on s  i n  body we i ght 

have stabi l i z ed .  

4 .  E ither adipo se t i s sue or heparin re leased l ipoprotein 

l ip a s e  ( LP L )  a ct ivi t y  shou l d  be me a su r e d  p r i o r  t o  the 

o n s e t  o f  t r e at m e n t , eve r y  o t h e r we e k  du r i n g  t he 
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t re atment , and po sttreatment t o  ve r i fy the re l at i on ship 

between LPL act ivity and HDL-C . 

5 .  F o l l ow-up dat a 4 ,  6 ,  and 8 mont h s  po st t re atment 

shou ld be obt ained on a l l  paramete r s  previou s l y  tested . 

6 .  At t empt s shou l d  be made t o  s t u dy change s i n  the 

di stribut i on of the di f fe rent apoprot e in const ituent s of 

HDL . 

7 .  Det a i l e d  di et ary i n f o rmat i on vi a a diet ary r e ca l l  

shou ld b e  obt a i ne d  o n  e ach sub j e ct p r i o r  t o  and a ft e r  

the speci fied t reatment per i od . 

8 .  I n  addi t i o n t o  e x e r c i s e  t ime and he a r t  r at e ,  

a c c u r a t e  r e c o rds p e rt a i n ing t o  the di s t an c e  c ove red 

du r i n g  a s i n g l e  e x e r c i s e  s e s s i o n s h o u l d  a l s o  be 

m a i n t a i ne d . W i t h  t h i s i n fo rmat i o n  we e k l y  c a l o r i c  

expenditure can be est imated . 

9 .  Exerc i s e  inten s i t i e s  greater than 7 0 %  o f  max he art 

rate re serve shou ld be pre s cribed . 

1 0 . B o t h  ma l e s  and fema l e s  s h o u l d  be u s e d  w i t h  

compari s on s  between the se two groups made . 
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1 97 ,  1 97 2 . 
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Act ivit i e s  Durning Endurance Training in Sedentary 

Men : Change s in High Den s it y  Lipoprotein Sub fract i on s  

and Compo s it i on . Met abo l i sm .  3 2 : 1 1 2 0 - 1 1 2 8 ,  1 9 8 3 . 

1 2 3 . Supe rko , R .  H . , Bachori k ,  P . S . ,  Wood,  P .  D .  High 

Dens ity Lipoprotein Cholesterol Measurement s .  A He lp 

or Hinderance in P ract i cal Medi cine ? J . A . M . A .  

2 5 6 : 2 7 1 4 - 2 7 1 7 ,  1 9 8 6 .  

1 2 4 . Task inen , M . , and Nikki l a ,  E .  A .  L ipoprotein Lipase o f  

Adipose T i s sue and Skeletal  Mus c l e  i n  Human Obe s ity : 

Re sponse t o  Gluco s e  and Semi Starvat ion . Met abol i sm .  

3 0 : 8 1 0 - 8 1 7 , 1 9 8 1 . 

1 2 5 . Thomas ,  T .  R . , Adeni ran , S . B . , and Etherridge , G .  L .  

E ffe ct s  o f  D i f ferent Running P rograms on V02 max , 

P ercent Fat , and P l asma Lipids . Can . J . .Appl . 
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Male and Fema le Runners . Ann . NY . Acad . Sci .  

3 0 1 : 7 4 8 - 7 6 3 ,  1 9 7 7 . 

1 3 8 . Z auner ,  C .  W . , and Swen s on ,  E .  W .  Phy s i c a l  Training 

and Phys i cal P e r formance in Re l at i on to Blood Lipid 

Leve l s  and Pu lmonary Funct i on . Am . Corr . The r . J .  

2 1 : 1 5 9- 1 65 ,  1 9 67 . 

1 3 9 . Z immerman , J . , Kau fmann , N .  A . , Fainaru , M . , E i s enberg , 
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APPEND I X  A 

F o g a r t y I n t e r n a t i o n a l C e n t e r  C o n f e r e n c e  o n  O b e s i t y  

Re commende d  We ight i n  Re l at i on t o  He i ght ( 1 4 ) . 

He i ght Men Women 

F e e t  I nche s Ave rage Range Ave rage Range 

4 1 0  . . . . . . . . . . . . . . . . . . 1 0 2  9 2 - 1 1 9  

4 1 1  . . . . . . . . . . . . . . . . . . 1 0 4  9 4 - 1 2 2  

5 0 . . . . . . . . . . . . . . . . . . 1 0 7  9 6- 1 2 5 

5 1 . . . . . . . . . . . . . . . . . . 1 1 0  9 9- 1 2 8  

5 2 1 2 3 1 1 2 - 1 4 1 1 1 3  1 0 2 - 1 3 1  

5 3 1 2 7  1 1 5 - 1 4 4  1 1 6  1 0 5 - 1 3 4  

5 4 1 3 0  1 1 8 - 1 4 8  1 2 0  1 0 8 - 1 3 8  

5 5 1 3 3  1 2 1 - 1 5 2  1 2 3  1 1 1 - 1 4 2  

5 6 1 3 6  1 2 4 - 1 5 6  1 2 8  1 1 4 - 1 4 6 

5 7 1 4 0  1 2 8 - 1 6 1  1 3 2  1 1 8 - 1 5 0  

5 8 1 4 5  1 3 2 - 1 6 6  1 3 6  1 2 2 - 1 5 4  

5 9 1 4 9  1 3 6 - 1 7 0  1 4 0  1 2 6- 1 5 8  

5 1 0  1 5 3  1 4 0 - 1 7 4  1 4 4  1 3 0 - 1 6 3 

5 1 1  1 5 8  1 4 4 - 1 7 9 1 4 8  1 3 4 - 1 6 8  

6 0 1 6 2 1 4 8 - 1 8 4  1 5 2  1 3 8 - 1 7 3  

6 1 1 6 6  1 5 2 - 1 8 9 . . . . . . . . . . . . . . . 

6 2 1 7 1  1 5 6 - 1 9 4  . . . . . . . . . . . . . . . 

6 3 1 7 6 1 6 0 - 1 9 9  . . . . . . . . . . . . . . . 

6 4 1 8 1  1 6 4 - 2 0 4  . . . . . . . . . . . . . . . 

He i ght w it h out shoe s ,  we i ght wit hout c l o t he s . Adapt e d  f rom 

t he t ab l e  o f  the Met rop o l i t an L i fe I n s u rance Co . 
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Que s t i onna i re 

P e r s onal I n f o rmat ion Date 

Name Age S . S .  # 

Addre s s  T e l ephone # (home ) 

(wo r k ) 

Occup at ion 

Dat e of B i rth ------
P lace o f  Emp l oyment 

P e r s on a l  P hy s i c i an Locat i on 

Medi ca l H i story - Have you eve r had,  o r  been told you have : 

High B lood P re s sure Ye s 

High Cho l e s t e r o l  . . . . . . . . . . . . . . . . . . . . . . . . . . . Ye s 

Any Heart T roub l e  . . . . . . . . . . . . . . . . . . . . . . . . . .  Ye s 

D i s ea s e  o f  t he Art e r i e s  . . . . . . . . . . . . . . . . . . . .  Ye s 

Rheumat i c  Feve r / Heart Murmu r . . . . . . . . . . . . . . .  Ye s 

Va r i co s e  Ve i n s  Ye s 

Emphys ema . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Ye s 

Bronchit i s Ye s 

Ast hma . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Ye s 

No 

No 

No 

No 

No 

No 

No 

No 

No 
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D i abetes  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Ye s  No 

Kidney D i sease . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Ye s No 

Arthrit i s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Ye s No 

Current We l l -Be ing - Have you recent ly experienced : 

Chest P a in / D i scomfort Ye s No 

Shortne s s  of Bre ath . . . • . . • . • . • • . . . . • . . • . • . .  Ye s No 

Indige s t i on . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Ye s No 

Blood in Urine • • . • . • . . . . . . . • . . . . . . . • . . . • . . .  Ye s No 

Frequent Headaches . • . • • . . . . . • . . . . . . . . . • . . • .  Ye s No 

St i f f  or P ainfu l  Jo int s Ye s No 

Orthopedi c P robl ems Ye s No 

Lowe r Back P ain . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Ye s No 

P lease l i st a l l  current medic at ions ( include b i rth cont ro l 

p i l l s ) 

1 0 3  

Medicat ion Beas on for t aking F o r  how l ong? 



1 0 4  

APPEND I X  B CONT INUED 

Li fe style 

Do  you current ly smoke ? Yes 

Much 

No I f  s o ,  what How 

Have you ever qu it smoking ? Yes No How l ong ago ? 

How much a l coho l i c  beve rage do you consume in one week ? 

Type : Bee r  ( #  o f  cans ) Wine # of Gl a s se s )  

Hard Liquor ( # of drink s ) 

Do  y ou t ake part in any sort o f  regular phy s i ca l  act ivit y ?  

I f  s o  what type ? 

bike , swim) 

How many t imes pe r week ? 

How much t ime per day ? 

Have you ever experienced che st di s comfort with exerci s e ?  

Yes No 
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APP END IX C 

EASTERN I L L INO I S  UN IVERS ITY HUMAN P ERFORMANCE LAB 

STATEMENT REGARD ING INVOLVEMENT IN A RE SEARCH P ROJECT 

WE I GHT LOS S STUDY : JANUARY 1 9 8 8  TO APR I L  1 9 8 8  

E f f e c t ive we ight l o s s ha s b e e n  a c h ie ve d  t hr ough seve r a l  

me chan i sms Amon g  t he mo s t  p opu l a r  have b e e n  man ipu lat i o n s  o f  

d i e t  a n d  e x e r c i s e  I n  a n  a t t e mp t  t o  p r o v i de a b e t t e r  

u n de r s t an d i n g  c o n c e rn i n g  t he c o n t r i b u t i o n  o f  t he s e  t wo 

i n t e rvent i on s , t h e  p re s e nt r e s e a r ch p r o j e ct i s  i s  b e i n g  

conduct e d . 

I nvo l vement i n t h i s p r o j e c t  w i l l  r e qu i re a c ommitment 

to a s pe c i f i e d  diet , e xe rc i s e ,  o r  c omb i n e d  d i e t  and e xe r c i s e  

p ro g r am f o r  approximat e l y  1 2  wee k s . I n  a dd i t i on t o  p r o g r am 

a dherence , i ndivi dua l s  w i l l  be a s k e d  t o  p a r t i c ipat e in t e s t s  

o f  c a r d i ova s cu la r  f i t n e s s ,  b l o o d  l ip i d  a n a l y s i s ,  a n d  b ody 

c o mp o s i t i o n  p r i o r  t o ,  a n d  i mme d i a t e l y  f o l l o w i n g  t he i r 

p r e s c r ib e d  t r e a t me nt . C a r d i o va s c u l a r  f i t n e s s  w i l l  b e  

eva l u at e d  v ia t he a dmin i s t rat ion o f  a g r a d e d  e x e r c i s e  t e s t 

g iven by qua l i f i e d  pe r s onne l  in t he E . I . U .  Human P e r fo rman ce 

Lab . Al l b l ood work inc luding drawing and an a l y s i s  w i l l  be 

done b y  I l l i no i s  Me d i c a l  L a b o r a t o r y  I N C . F i n a l l y ,  b o dy 

compo s it i on by way o f  t he s k in f o l d  t e chniqu e  wi l l  be a s s e s s e d  

in t he E . I . U .  Human P e r fo rmance Lab . 

Though t he p o s s ib le bene f i t s t hat accompany t h i s  pro j e ct 

a r e  qu i t e  e v i dent , t h e r e  a re c e r t a i n  r i s k s ,  p a rt i c u l a r l y  

t ho s e  wh i ch p a r a l l e l  e x e r c i s e  a n d  e x e r c i s e  t e s t i n g  wh i ch 

s ho u l d  be n ot e d . T h o s e  i n d i  v i ctu a l s  who p a rt a k e  i n  t h e  

a f f o rme n t i o n e d  a c t i v i t i e s  run t he r i s k  o f  s u s t a i n i n g  a n  

i n j u r y ,  h e a rt a t t a c k , s t r o k e , o r  o t h e r c a r d i o v a s c u l a r  

comp l i cat ions whi ch may in c lude death . 

At any t ime the p a rt i c ipant s are f r e e  t o  withdrawa l f rom 

t h i s  pro j e ct wit hout que s t i on i ng . Any dat a a s  a re su lt o f  an 

i n d i v i du a l s  p a r t i c i p at i o n i n t h i s  p r o j e ct w i l l  r e ma i n  

con f i dent i a l  a n d  be p re s ent e d  in a re s earch report in an 
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a n o n ymo u s  manne r .  T h o u gh qu e s t i o n n a i r e s  a n d  p e r s o n a l  

int e rviews may become part o f  t h i s s tudy , e ach part i c ip ant 

r e s e rve s t he r i ght t o  n ot answe r  t o  any spe c i f i c  i t ems o r  

que st ions . 

I have care fu l l y read the above s t at ement and have had 

the opportunity to ask que s t i on s  pe rt aining to the parameters 

of t h i s  study . By s i gning thi s document I do he reby freely 
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