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The purpose oirhis study was to measure the inllucnce ofdiet, exercise, or bolh 
o n  hody composition and cardiorespiratory filncss in obcse womcn. Ninety- 
one obcse subjects were randomized into one 0 1 '  lour groups: die1 ( D )  (3.19- 
5.44 MJ or 1.300-1.300 kcallday), cxerc:ise ( E )  (five 45-min sessions al 78.5 + 
O ' A  maximu~n heart rare ). exercise and diet (ED),  and conrrols (C). Maxinlal 
aerobic power itnil body composition were ~neasured in all subjects before and 
afrer a 12-week dier inrervention period. Subjects in D and ED lost 7.8 + 0.7 and 
t i .  I 5 0 . 6  kg body mass. with no significant change fix E relative roc .  1,osses o i  
percent body fat and far mass were significantly greater in U and ED bur nor in E 
rclarivc to C .  The change in ~ 0 , m a x  was greater in EII and E but not D when 
c,o~np;~~-cd to C. Results indicatc rhar modcrarc aerobic exel-cise training during 
:I 17-week period has n o  discernible el ' tcrs on body composilion hut does 
~ I I I P ~ O V C  c:trdio~-espirarory fitness in dieting obcse womcn. 

k ' u ~  M'o/.(ls: aerobic condirioning. energy rcstriclion, niaxi~nal aerohic power. 
ovc~.wcighl. PI-evention. trcat~nent 

Although physical activity appears  to  be linked to the prevention o f  obesity,  
its role in the treatment of  obesity is still unclear (22, 30). Se~re ra l  recent meta-  
analyses and reviews have indicated that exercise alone without energy restriction 
causes  little change  i n  body mass  a tnong the obese.  while the  cotnbination o f  exer-  
cise and energy restriction has a minor  int luencc in accelerating body m a s s  loss o r  
countering t'at-i'rec mass  loss w h e n  cotnpared to energy restriction a lonc (3. 6.8.9, 
13. 13. 18. 22,  23. 25,  30). Honrever. these reviewers cautioned tliar most  studies 
lackecl appropriate control  g roups  (9, 18). the  number  ol 'suhjects w a s  often stnall 
(only  4';4 ol 's tudies used 100 sub.jects o r  more )  ( Is), arid the frecluency, duration,  
and intensity of exercise reziniens were  less than opti~iial ( 3 .  8, 18, 30).  Several  
studies failed to Iiicasure significant itnprovcmenrs in cardiorespiratory fitness by 
obesc subjects following exerc ise  training, indicating that tlie exercise program w a s  
probably 01' insufficient V O I U I I ~ ~  i t~ ld  intensity o r  t l i i l t  exercise adlicrence was  pool- 
( 2 .  1 7 . 2 7 . 2 9 ) .  

The :~uthorh arc with the Dcpiir-l~nent of ldcal[Ii. L,ei\ul-e. and Exerclsc Science. 
Appi~lachton Srarc l ln~vers~ry .  Roone. N(' 38(708. 



Although a combinatio~i of liiocleratc cnel-gy restriction (4.2-6.2 MJIday) ancl 
near-daily acti\.ity has bccn prescribed to treat obesity (4,  22). ~iiosl cun-cntly avail- 
able stuclics ha\.c usccl \.cry Ion, energy clictx (< I  .'I MJIday) (7.  12, 23. 25. 27. 2 0 ) .  
Feu, randomizctl. contl-ollccl studies lii~\!c been pilblislicd 011 tlic inllucnce ot'1notle1-- 
ate to \rigorous cxcrcise i11ic110r ~iioderate energy ~.est~.iciion or1 tlie body composirioli 
ancl c:~rcliorcspiratory t'itncss lc\.cIs ol'obcsc women (4. 10, 1 I ,  16.20). The purpose 
ot' this I 2-week. rando~nizcd. controlled stucly was to determine the intluence 01' 
rnoclcri~tc to \'igorous aerobic exercise (five 45-rnin brisk walking scssiolis per wcck 
;it 70-SO'i: n i a x i m ~ ~ ~ n  lic:~rt rare). energy restriction (1.2-5.1 MJ/di~\i). or- both on 
hotl\ coliiposition i~nd ca~.clior-cspi~-arol-y I'irncss in :I 1:11.gc :I-oup oi'ohcxc wonicn. 

Methods 

Obese female subjects urcre rccruitcd l'torn the surrounding coniniunity thl-ough 
ad\'ertisements accoscling to these selection cl.itel-ia: ( a )  bcr\vccn the ;~ges o f25  ;111d 
75 \!eal-s: ( b )  in good Iicnltli. with n o  known diseases including cliabetcs. ci~nccl-. or- 
heart disease: ( c )  a bocl! niass index between 25 and 65 kglm'; ( d )  not currcntlj'oli ;I 

I-educing clier 01- exel-cise program (less than thrcc liiodcratc to \,igorous aerobic 
s e s ~ i o ~ i s  ofgrei~tel- than 20 niin duration per week); (c:) \viIIi~ig tc) be randomized to 
any group and meet all requirenicnts of the study; (1) not usi~ig cigill-cttcs c~)r abusing 
;~lcoliol. Blood che11iist1-y panels (two separate tests) re\,calcd that all subjects were 
not-liioglycemic. 1ntc)rmcd consent was obtained l'ro~n e:~cli subject, a ~ i d  the experi- 
mental PI-ocedurex \yere appro\~ed by tlie institutioni~l ~-cvicu! hoard ot' Appalachian 
State Uni\.cl-slty. 

Research Design 

Ci~rilio~-cspiratol-1, t'itncsx ancl body composition wcl-c ~iici~sured in a11 si~bjc'c'tx l ~ c -  
1i)l-c and i~l'tcr :I 1 )-week exc~~cisc ;11ic1/o1~ energy rcstl-iction intervention period 
(4.10--5.44 Mllclay or 1,200-1.300 kcallday). ~ . i t l i  cliira analyzed using ;I 4 [obese 
contl-ol (C) .  exercise (El ,  diet (D) .  :inel exercise and diet (ED)  groups] X 2 (PI-c- ancl 
~~osrs tudy)  repeiltccl-ti~ei~sures design. Obese subjects were I-ando~nized to onc of tlie 
1'0u1- groirps. To conrrol fi l l-  subjects' expectationx, social sti~iiulation. and attention 
l'ro~ii tlic cscrcixe tlxining x t i ~ l ' f .  tlie ~ioncxcrcisc g ~ ~ o i ~ p s  ~iiet in thc s:ilne I'acility ;IS 

tlic ~v:ilking groups ;111d cng:~gccl in ~nild ci~lixthcnic excl.cises. 'I'lic study was con- 
( 1 ~ 1 ~ t ~ t l  ~.I-OIII I ~ I ~ C  . I ~ I I ~ L I ~ I I . Y  to April. 

Dul-ing 1.11~ week prior to and :lr tlie end ol'thc 12-\\,cck stud\/. weight. I~cight. 
l 3 j ~ j j - y  i!:~-Jj:x.. :!.!>A. ; ~ ~ : ~ : ~ ~ : ~ ? .  hc.!c!.y !::l[. \.422!:2 &p:.c:::;2.i.:;c2!. !I:.;{: c::&. :+;.k:jec:., \,A.L+~.,:J>.*. Llilll 

L 

:~nd  Iiciglir were clctcl-~iiincd usingapliysician's hi~liincc bcalii scale and stadiomercr, 
~-e\l'cctr\.cl!r. Weekly n,e~gli-ins wcl-e concluctccl on the xi~~iic day (Wccllic~cli~y) al1d 
t r  ~ i ic  ( 17 110011 I 1.01.;11 I obcse sul~ic'c'rx tluring the 12-week inrcl-\,critio~i. Suhjectx L \ , O I - ~  

liglir clotlii~ig ant1 no shoes 1i)1- hotly ~ii;~xs ~i ic ;~su~-c~i ic~i ts .  Body uii~ss i~ides  u.;~s 
~ I C I L ' I ~ I ~ ~ I I ~ C ~  t'ro111 lieiylit ;111cl weight. All s~~hjec t s  were tcstecl Sol- hod) colilposilio11 
using unclcr~/:~tc~- \\.ciyhi~ig ( 10). Kcsiclu:~l volu~ne was ~iie:~sur-eel by the nitrogen 
w;~sIiout ~ ~ x m d i ~ ~ ' c u x i n g  the Vmax 229[-V ~iictabolic ciu-t 1'1-oln the Sc~isorMcdics 
('orpol-atio~i (YoI-bi~ Lillcl:~. CA).  Maxiliiiil ael-obic powel- (VO,ni;~x) M':IS detcr- 
lllinccl utilizing tlic B1-11ce graded l i i :~xi~i i i i l  tr-c:~driiill p~.otocol ( 5 ) .  Oxygen i~ptitke 
; ~ r i t l  ~nc.t;~holic ~.cslx)~ixcs \s8crc 111caxul.ccl i~xilig tlic Mcd(31-aphics C'I'X Exprcs\ 



metabolic system ( Meclical Grapliics Corpot-iition. St. Pi111l. M N ) .  The MeciGl-apliies 
CPX metabolic systclii 1iieasurcs ~.cspit-i~tol-y gases o n  a breath-by-breath basis anci 
is ii \valid method ol':~ti;ilyzing ~iictabolic ancl rcspit.atory I'itnction at rest and di~ring 
exercise (28). An;~lyzcrs \+.el-e caliht.i~tcd itsing gases pro\,idcil by McdGraphics 
Corporation: The calibration gas cotitained 5%. CO,. 12% 0.. and balance N,.  The 
stilndill-d specification e,fen-or lor  the ~.ctct-ence ant1 cdib~ation iiis is +O. 10% ( ~ i d i c a l  
Gri~phics Cot-porntion. St. Paul. MN). Giises were c;llibr;lted prior to c;lch VO,mi~x test. 

Subjccts in the t\vo exercise yroi~ps ( E ii11ci ED) \+,ere ~ C C I L I ~ I - C C ~  to Walk five 
times a u w k .  35 mi11 per session. at 60-80(%3 ot' niasimit~ii Ileal-I rate ( MHR) for I 2 
weeks (60 total cxc~'cise sessions). Si~per\:ised sessions u,ct-c heIcl4days per week at 
iun indoor truck. \vInere dur;ltiotl, heart rate, and distiincc u;alkcd wcre measured and 
recorded, Subjects walked one session per week without sitper\~isio~i. Duration and 
i.r-l,t.c:<xit:i s.!:sxo::~ i.?& v,,c;:e g;:Lic!c;.;l{.!y i.:3c ~ e ; ; . s e ~ . C ~ x J C T i :  s',.5;..L+k:i ::i:c;i.it". - - ) - - % I  ".'.-.-.:.-P.".:. IIIIIII.>LSAI\~I~. . .;: ..- 

at 60-65% MHR during the first uceek to45 lnin at 70-8OC;/r MHK Weeks 3 tht-ough 
12. Exel-cisc 1lea1.1 rates wet-e ~iieasured with chest licilrt rate niotlitot-s (Polar CIC 
Inc.. Port W;~shinpton. N Y ) .  Subjects in the two ~lo~iw;~lki~ig 21-oups (C' and D) 
repoi.ted to tllc exercix facility 4 clays pa- week for 4.5 l i i i ~ i  oI'st~.etching and ~nilcl 
I-ange-of-tliotion calistlietlic exel-cises. The intent n,as to kccp heart riltcs bclou, I00 
beitts per minute while exposing C and D to tlie sanic stiif'l'ilttctition I-ecci\,ed bl. E 
and ED. 

Prior to the stucly. all subjects kept ;I 3-clay food record at'tcr receiving instriic- 
tions from the project clictitiatls. Obcse sut>jccts were placed on ; i - t .  19-5.34 MJIclay 
( 1.200-1 ..300 kcill) diet 1-01. 12 \vccks. The nlctlu n,as based 011 clietal-v exchange\ 
(tu.0 fruit. three \:esetuble. tu:o tnilk. six bl-cad. two I-:it. f'i\.e lean protein. and 0.42 
MJ or I00 kcal optional loads) ( 15 1. Subjects wcre instl-uctetl by the PI-oject dieti- 
tians on portion sizes. I.ooci escliangcs. and Ilo\+: to record clietary intake itsing adilily 
exchangechecklist. Compliance to tlic diet \+.as measu~-~d  by ra~ndo~n. weekly. 24-111- 
dietary recalls ( 1  1 per subjcct duri~ig the study) and weekly rc\,iew 01' the daily 
exchange checklist ( 15. 19). Nutrient intake l'ro111 tlie 3-clay food I-eco~-ds and 24-hl- 
clicti~l-!; rcc:ills wiis :isscs.ieil nsin? the co~nputct-ized clietary analysis system Foocl 
Pl.occ3sot- Plus. Vcl-sion 6.0 (ESHA "Kcseal-ch. Si~ittli. iiii) ( IS). Sitbjccts i n  the two 
diet ~ I - O L I ~ Y  illso ;ittendeel a weekly 45-~liin cliiss clitritig \vliich they receiveel aclcii- 
tto~iiil i ~ i s t ~ ~ u c t i o ~ ~  011 stucly PI-occc1i11-eh. \vcigIlt loss ~ ~ ~ - i t i c i p I ~ s .  11i1tt-it1011 gi~icleli~ie\. 
allti the i~nportat~ct' 01'cotnpli:incc to the clieti~t-y 1.egimc11. 

I l i l t i ~  wcl-c analyzed using a 4 ( C .  E. 11. ancl EI1 g r o i ~ ~ s )  X 2 (171-c- ancl poststi~dy titllc. 

lx'i~its) ~-epeatccl-iile:~..;i~~~es A N O V A .  When the C;roi~p X Ti~iie inter;~ction 17 \.aliic. 
\ ~ . ; I Y  5 .05 .  wc. usccl the [Iuncii~l nii~ltiplc co~npilrison test to collipi~~*e E. 11. and E D  
c.li;ingcx.; rel;iti\'c to cli:lngc in  C'. St:itistical signit'iciirlce \\.;I> set i ~ t  11 < .05. and 
viilucs are cxp-esscd :ls ~iic;~ti f .SF:. 

Results 

OI'th? 102 obese. Caiic:isi;i~i si~hicctx (4.3.2 + 0 . (7 ' / ;  hotly t'i11.44.9 +_ I . I years o1';lge) 
reel-uitccl toi- the stucly. ill1 hi11 I I c o~ i~p l i~c l  with tlic I - C S C ; I I - C ~  design. giving :I I'inal 
.;uhicct coilnl ot'0 I .  [ I L I I - ~ I I ~  the I2-~ .eck  sti1~1y. ?;i~l~jccts ill the ci~listtie~iics exet-cisc 
21-oi~ps ( C  and D )  were I-ccjui~-eel to :itte~icl 4S scssio~is: ;~ctuiil iittendancc was 84'k. 



~ i t h  makeup scssic.)ns iricrc:~sing this to 05'k. f (cart rates ciur-irlg the calisthenics 
exercise sessions ;~ \~er i~gcd  46 + 2 bc:~ts/niin. Sut?jccts in thc \ i , ; ~ l k i n l  g r o ~ ~ ~ ~ ~ ~ c r c  
r.cquired to attcritl48 scssiolis ;111(1 c~crc i sc  oiiCc 13cr \vcck on tllci~.o\vri tiliic (ti(.) to1;11 
sehhiorls ). Actual ntterid;irice :it the .;upe~-\:isc.il \i.iilhirlg \csiiont; \{.as $3! ' i . :  un\u~>cr- 
c.isccl:~~id 11i;ikeiip sessioris resulted i n  it11 o\,cr;~l I C)5c'( c~crc i sc  rec-orcl i lust 11ndt.r [tic 
coal of f i ve  walking szssioris per iveek ) .  F 2 0 1 1 0 \ i  ills the iriitial -3-u,zt.k pel-iocl ol' 
adaptatioti to  the walking prograni, subjects i l l  the kvalking groups n\.eri1setl-15 rliiri  

per s ~ ~ i i i . , ~ ~  31 a heart sate of 137 + 2 bcatslrlii~r (7S.5 k 0.5':'r ofrliiisirnum heii~t r:lte) 
ilncl u.alked an ;ivcr:igc of 4.33 + 0.08 km/scssion. ?'he :l\,cragc t'stimatecl gross 
encrgy expenditure during the tr;tining se.\sion\ u-;is 255 kciil/scssior~ ( 1 ,. Atten- 
tliincc bv thc suL3.jccts in the c?ncl-g r~'strictio~i ~ r o ~ r p ? ;  tlic \i ecklq c\,eisht rn;i~lngc- 
nlcnt cli~sscs u2;is 83% 1'01- the 12-ucck stuciv pesiocl. 

I,nergy intake dur-ins the stucly as assc\?;ccl by I I 1-anclon-I 2J-t1rdicr;ir-\. rcci~II~ 
13"' st"-jcct ;i\~craged 5.3 1 + 0 .  It, bl.t/day c 1 2 7 0  + 39 ki.al/d:i!; ) 1.01- 1) and EI). u.ir h 
pacent energy ;IS carbotiydri~te. kit. antl protein rncasurcti at 00.7 + 0.9''. 27.3 + 
0.7q?.;111d 10.1 +0.3C;/c. respccti\.cIv. Priortothc studq.. 7-day lbod recot-c1.; i11~1ic~:itt.d 
an intake oSX.63 k0.32 MJ/c.lii!; (2.065 + 76 kc;il/d;~y) and 7.88 20.35 hlJ/tlii\. ( I .XS3 
+ 8-1 kcul/day) I'or the groups randornizcd to D and ED. ancl C' iirld E. rc-.~pccri\,t.l~~. 

Subject chariicteristics are sirmni:iri~cil in Tiihlc I libr c i ~ ~ l i  gr.oup. The gr-o~rp\ 
clid ilot differ in  age. height. hod\, 1 1 1 i i ~ ~ .  hoil~ '  I I ) ; I S ~  illiIe\. or bloocl p~.cxsil~.c. Sub- 
JecIs rari~ecl in ilge froln 20  t o  70 years. I3ociy riiast; (3 I .4 to 1-49, I kg. i~rld heel\ I I ~ ; I \ . \  

iridux 2 . 0  to 01.7 kg/rn ' . Subjccts incluciccl both prcri~enop~iirsal and pctsr~iicrio-- 
p:iusiil \vorncn. Body co~npctsi t ion :inci cardior.cspiratory rcspotlscs clicl rlot di l.l.cr. 
hctwccrr the prc~lienopausal and posttner~oi~:i~~siil \i,otiierr i n  r~ \ l~or i sc  to t11c 12.- 
wcek intervention. In addition. all subjects were noriiiotcrisivc. ;ind neither. s!:stolic 
or. diastolic blood pressure dif.ercci hctwccn thc groups. 

Hod!, conlp~sition clati~ fi)~' prc:- :Inti posIstud\ mciisur-c~~lc>nts ;II-C ~ i \ , c r i  iri 

Tiible 2 .  Si21.1ific;int (:iroi~p X 'Titile i~it~rirctior~ .iti~tistic.\ \i~crc~ I i ~ ~ i r i c l  ti)r hoily II I ; IS>.  

t ~ ) c l ~  1Ti;IS.q ilkicx. pCl-CCIl[  bod^ Lit. [lit rlI;lsh, fdl-l.~ec lil;~s$. i l~ i ( . I  \i.;~~.\t/l.~ip ri111o. 
Suhjccts in L) and EI) lost 7.8 _+ 0.7 ;~ri(i S. I ? 0.6  kg bocl\ 111i11*\. with 110 .~I~riiI ' ic;~ri~ 














