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ini;ruciuct,Lon

ltecently, nun{}roßs l'r:¡$rts have no-becl ùl¡e assr¡cÍ;l.tion }:c-:twesn marked

ol'r:sity ancl hypo:r<ia, h¡r¡rercaì,,nia, nol..t¡c:vtiiaeml.a anc! río;trt heiart fai.lu:,e, fn

tìr-e; absence <lf ao¡.e"r*nt, intr{nsíc pulnrorr+rry cl:lsessr:. ï,lel.1ht loss has been

folløveicl by allev':LatÍon of i;hc.r deranfiefrlents in some eiìsee (Lrzrjrh), ,*na

tlii.s s.'vnrì¡'ome h¿rn been caLled the trl:Lckr'¡icklan i:j;rr1:,orrrerf b;y LT¡rr¡,-ell *t aI

(5),

irairly gc.:nt::ritl Íìllreerrtenù exj-sts tlr¿rt, üx: basíc ph).sjoLo¡lical clc¡fect Ln

tltr:scl otì-qe.s Ís alveoL.'rr þpove:ntj-la i;fon w*lich lr¡ads t,o hy¡:,oxia ¿¿rxì h-r¡t;erca-

t-.,r¡La foLlolred lr.y poh.ogtiraq:mía irncì. c¡ventual- cor Þul-rrr)nale. It h¿rs hcr:n sùl:-

:r;llrìterl i;hat, thc ¿¡lveoLa¡,þoovr:nt,i-1atùon lr obcsjty is cluc to;rn lnc¡oasecL

'¡¡ork of bre.athiryl (Zrr',¡7)t althou:lh evj-eience t,o suprorü ttris; has not l¡een

flrìl';1¡,' aO .

The ¡r.i-r'Þose of 'Lhis prper l"g; ù¿: rcnoï't, ütcasur"rjtíctrb$ rrf' Lil.] úx,,;.:.::en t;oçt

,.r1.'tù'il¿rLl¡ilt,,l ln ol-csjty ancl to l¡ttelrÐü to coyr,::lato the.:sc.; lieirs"iltï,oril(¡nts ¡¡:Ì_th

tire oc;cu rrr.jrìce oli h.yr;6yç;rt Ì;i.1,¡ tÍonr

l{et}rods

I.\fe:rt.l,y-fivi:! o].3sc j.ndj-Vj.rìua1ft, 1/r,olì.r lri¡.vs;ic::rl. c;ìi{.t:.;,rç:i:,¡:ï,j.sJt,ilrs ilrn

fiïì(r''¡Ít j.u T'¿thltl I., !¡r:7.'r: s i;u"díccl t 'L'l:it; r¡(;rÍit-.ì .'-l¡¡Ê: l,,i.ls; )-,.ó .;..eiì1'$l ttrc: ni(r.tn lv.j,rlht
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Ìra.s 113 k¡,i", rvi{ih meån liei¡1irbs ilrut Ì.r<x1y ¡;trface äïçáts of }li8 crûr ålrxl. ?.Lg i?

r€rsÏ)ecùJ.vþrf.1t. N:i-¡o y¡91',11a1 srrl'Jects, .f ivel ne,l.tlrï av¡d íour ferrerL*:sn serve;d ;rs

cont,rolg i.i;r:ïnli strrrlied j.n tìrr- $arilù ìï¿ry as t,he ohri$c,suf;J*:cùs. l)aüa from

normals wiLl he morc fhlþ re¡;ortecl elsewhere (B)ç

/ir¡1'ruitient,li.vlnr,í a hist,ory of luni: clise¿¿se such as clronic cough

:,rncì sÌï.tum, c¿¡r¡cii.¿-re disease or neuromuncul,lr tlíseas€ I'Jai: cxûlud-cxl frt[r thr¡

S{ìrieS r

1/:'nti1;rtor¡¡ f-rrnctÍon $ês Sssessed ín t,'renty s¿hjects uhil<,: 'bhe or,tr'¡as¡1

coct of brre+a't hÍn¡; "'vas Ìncãrsllred ín allr

Ventlla Sir¡dies

Vital cel-¡acítles, t,imecl vital cap:.tcÍties an<l ¡rrr¡:imurn t,;r:eathÍn¡1 capacf.-

tles r¡ere ûiri¿L$tlreÉ!., usini a (loll-ins lle.:ìpírom(rter lrrltli the '¡¡alves anrl 0iþ

¿lbsrorbêï r,r;rrrovc-.cl ¿rnd incornoratin'l a hillh-speecJ. rotatÍnl: dn¡m¡ Thr: rnaxlfrr¡-m

úf ¿:,-b l<¡rst two Lo bhree trl¿ils rv¿is r'ccol:dedr i:reclj.cted v¿¡lues wêre detrlt'*

rrrLnçxl frrm Ì;irr: deba of Li¿lldvrín et al (9)*

ifllel i.ntrapulrnenalï" elfstr.ji:utlorr ofl insî'Íre<l ¡1as l',¡Es i:h,:,ckrx) h.y t,he

rfleiir;ur€jìnr{'rnt of 'h}rc concr:trtration e¡f ¡'li'orolr¡¡n ín aÌv*olar tl¿ts åf't,er seven

¡irj"nutes $f ,:r"t¡t;tn iirnr.:thin¡,; ¿rntl tlí tlet,e¡:rrrinLni{ 'b}rc v¡estiout, of nj-tro¡ìen from

l;lte lurt¡¿s ulråIe bre¡'rl;ïri"nsl oiq{ij:':tlTr, trsj.nrî an j-nstant;rncausl;ir-T¡cf}ítrd.ini1 rii-'i;rerilen
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ynr.lter, (fO),

(.hir qen {)ost clf iìrr¡athíng

I'he o:l;1'¡iern cogt, of thr¡ t'est:ir"¿¡'l,or.i: rnr:chanisrn r¡as tiete'lrniinecl, usinrq t,he

netht'ti of üarnlttrrll ct a} (11") as looriifld bJ,'tlticrnlack (B)¡ 'Ihe orq',,;err con-

sunption at rest ancl at J.ncr+:ased v..níil¡rtlon v¡as $casurccl usl"nll a closed-

circul.ù spironur:ter in whfch a cart',on dioxide al-,sorl¡er nas fncorporated¡ A

cåm on ttrer pu}16y of tlrt: splrcrneter ac.bivated. a mj-cro-cv¡itch wtrl.ch 1n tu.rn

r:ontrollecl e solenoicl vaLvei, tltrough r.¡lúcir otygcn'¡las cl.ellverecl fro¡rr a se-

conci spiro¡n*terr Ii tv;¡s 'i;ltus nossil-ùe to k*ep a lç:yel, y)on-€Jloping L,*sel.íne

on the rcr:ord"s r:f vr¡ntll¡tion +¡hj-le tire $Ðcorrl r;Þírsnotc¡r recordecl the oxy-

,,lcn tonsuaedr

ircni;il,atio¡r '!v¿¡s incrca.sed l¡v bher íni;er1)osi"i;1on of {leacl. st'nce tiit'ínr5 of

tlrlck-r,¡alLed rubber,2rS cm. inLernaL di¡r¡rrterr tret'r'¡c*n the sutrJcct ¿¿nc] the

spirr¡m,,rt'er ci-r'cuit. 'l'ubes of clilifurernt l*n¡.f,hs rrere choscn in r"andom or.<ier

i*nt'|. thtl Í¡rcJl-vÍlluals r¡ere al,lo,,¡'ccl to tnereaser i,Ìrcir vcnt,:llatlon spontarreousþ

,,ribh n,o control of rate or depth of breathin¿3

Iìefore studie:s vrere be¡.¡tn thr¿ .sribjects, 'rho l¡acl festr:d .f'ol et Iúast

nine tiotrrs, rlrsted- in a ccxri'ort¿rbf.o chair i'o¡. ono l¡our in -ttrc; csso of cn¡t-

l*tùic¡:ti; ¡lnri i'or' -i:,ivenLy mitru'b,cs i.n 'i;hçr ir;r$e r;f krosnil,.,¿rliz;r.:cì r:åti-erù$r



-(-

[tes1,ln: ö:S'iicn consurur.tJ"r¡n ar¡l verr'Li-l¡¡i,i.ün 1Je]:c necorcletl ab th<; i,ei'li-n-

nÍnlÌ anc] the r:ncl of eaclr sLntl¡r. lk::jloro e*rch i¡,r.taf¡ur.,ernent, r,.rhetl¡el. restfng

or at increasecl ventj-1at,l.r:n, i;he subj;:cts lr,.'atberd or.,',qên f¡:can a rnoteoro-

lolical halloon for ten rninutes ¿rnrJ 'lihen into arrl oui; of t,he o.ï1¡ren-ff.11ed.

slrirc¡nc-:ter cJ.rcuit I'or five rninutes in orcier to cillor,v the attalrunent, of a

.5tei:cì12 sl,irte¡ lìecorclin¿;s wete taken Ovür å jlj.vt;- t,o te.y.i-¡nlnuùe Lçriod.

Llçy.ilen consunl,t'ion vfa.g correcùcd to $.'[..P.1]. ¿lnd ve*:i:i.1at,1on to ji.'.t'.ll.Sr

lfen to twonty lltinul,ersl rest v¡ere ¿r}ltn¡ecl L¡otwecn each measurernentr

['i;,i1¡vs I is e.n erutinl:1ei of thc t'¡'¡pe of o:qrgerr cons;umption-vcnù11¡.¿tl.on

{:urve obLai.necl . lt sho',i¡Êr i;hc çurve Ín one ot¡ese subJect, J.f, on wl¡sm mea-

surelne,nts vrclre obt¿inecl at å i,'earrs lntelrval, ciurån;i yvhich }rori.ocl .hls vreLsht

cì.itì nr"¡t; ohan:¡;er Also sitøl¡n is {,tre cut'v() fn a nornu¡} non-ot)er;e nË1n. J.t¡ i.g

sc:en üh:rl thr: curvc-r in the obese subJect has ar¡ Ínitia]. linear nc¡rtj-on and

at higiren vcnt,i.l"¡'itlons *¡'rrr'ls t,o hecome increasl.nrlly curved unr¡artls.

fn eactr subjecù o:r.;/rr-:en eonsuru¡:rt,fon at, ttre rr¿stln¡i ventfla-bion aruI ¡,it

lc,'ast tlvo incre¡*secl ve¡nt,ílations vrere ot,t:rlnecl, one of i;hese vc¡nl;il'¿ Lions

tr.rì.n¡r arounrl 20 Í/rij:n.. I¡rom tl¡e inrlj.vi.d'ne1 curvcR t,lÌ(:i e)ryr{en consumïiàlon

¿rt 2O y'mfn. v¡¿s det,cr:rrúned ¿r.ncl frryn bhj.s y,Ias subtr.actr:tl the o4¡.¡1c+ïl consurrjf-F

-i;ion at tli¡l rostjri,L'vc:ntilu'bion, ¡.rncl'hh.i.s va.lue vr¿¿r"- clj.rridec) h.il t,irç.al:ì..i'Íler-
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once l"n vcntíl¡¡tLarise I'he ¡:asnrltan'b fi¡,ure has tre*n usr+r)- as-bhe olf¡rgen

ci¡st of.' l-nereaseci vcnt,i.latlonr

In 17 oíl these su.hjects sinmLt*.nc,¡ou-g saimlr¡s of arter.ial hLoo¿l arucl

ex¡:irexl &ir ¡r¡ere oÌ:talned after ühe i"nclívfulu¿¡ls h¿rc] besr Lir the s€ßl-

rncrrmï,ent l:osifÍon far 2CI-30 n¡inutes. .itrüe:,jal" carbon dloxlcle arrd o4y¡1en

tc:¡¿síons lvere cletermfrpcl liy ttx: ùechni':1utr <¡f T-trinlqru¡n et, aI (1?). tixl,.lred

a:lr i'¡as coLls:r:lted over a i;Ìreo-*ninute ¡.rerlot{ fn a llísso1¡ spiro¡¡reter and

anaþ.r,.;etl ivltÌ: the l.Ìlcroécholancier ar,påratuä (lj). Froru thls data plg,-sio-

Lt¡i¡lcal cì.eacl sF.Ercer cal"cul¿trxi T.ry i:irer liohr nx¡ttlocl, ancl t,l<lal vclurrre y¡ere

olitaJ.ned.r

iìesults

].. lIt:r:tilafory ijlrnc'bion

tht: rcsults cll t;hc vcni;Íla'¿or1¿ iÌunction studies are lister.l in Tatrle Ir

iij.ueci vital tnn¿:cities ¿¿ucl. rcrxjmun núd-e>,.r;-L¡.a.bor.¡ f1c¡w r¿¡tcs ,ix.:.r"forîecL be_

-t'sre ¿lr¡cl. after brorrchociil¿i;or r<:v¿'al.ecl r¡o evirl.er¡uo rrf bronchiolir obstrrrc-

tion. As c;an he seen, ths: indE;:r of lnt:r¿*¡arlnron¡1¡y mixinq was nor¡n¿ìl ln a1l

subjects. lho r,i¿¡.shoui; of l'it fro¡n t,l¡e 7^un¡1s i,vas withLn rror¡îal. rlall:,:e in nll

üÌte obs,'$rc inrl.ivicluaLs eu.c,¡i;ì, ,or stitijr;ct* 1í1, ?O, î13 arsl 2$, iri;,;hon ft lvas

solìrr:i ¡lr¡ìt iJlg'¡¿r,*o
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2o ûxj,',:en ços'i of jiirerrt1iÍr+l

Tlhe or¡'gen cos'T. of inr;r*;¡$erl vc;n+,j.1¿'i;ùon for rnch slitrJect, j.s ¡il,ven 1n

't'ahle I. l'line norru;Ll suhJeeün h¿rd r¡alu*:s y.alrql¡,i fro¡n 0.5 to 2.0 ttrl. f)z

pe:r l"lter. lhese ra¿J-uce arveo wlttr thosre r.rh-Leined. by ûoun:a.nct et, al (Lh)

ilncl Lf.lJestranrl (15). thr.s, LB of ttre 25 ,rÏ:r:se sr:rtrjc;cts h.¿-rc.l v¿.lues above

{:lre nft'ma} r¡rnqe* Ilb'is cr-r¡ also be seen 1n T,¡'iqur.e 2 nhich, fui atldi-båoi¡

sltcnn¡s 'ch;:t f.n rnost obese subJects 't,hare t'Í,?$ & clÍsproportfonate Lnereas¡e in

t;Ìrc o:fi.:"etr cost cif þ¡s¿¡+,þl-nr! rri'bh furtþer fncrr:¿¡sos i1 ventil¡.i;fo¡i¡

Þlei rel.a-i;Lcnshi¡: lrr:ture;çn o)ryÍen cost of lncreasecl ver¡ti].atl.on ancl

vroil;ht,, lr.ei::lit, hoci;' su¡¡*ee area or ¡prcónt of e:çcess wt;Íllht could bo

four¡d. ín 'blul obr:se subJectso

Tlie ro'la.titmship betrn¡een tlic o:qy'l¡en cost, of lncre',¿¡secl veniiLaíton

átr.lrì ìihc resi;in¡.1 art¿:r1al. ot*'¡e;r¡ anC carl¡on clioxicTe tens;iot'¡s |n ttre l"f

';bese sutrject,:; l'¡ho luril ¡.rrte¡j.al hlo*cl estJ-¡n¿rtj.ons :i.s s;iior*ut in i¡j"¡,lrles 3

¡rnrl lr. It, ';¿rn her seen 'btla.t tl¡cr'{:t 'tÌrtàs a tend"c+nc;' foilbhe hfr:hest, cost,s of

incrr:ased. ventål¿tåon to t¡e associatecl ;,¡ith t,he Lo¿est ¿rrter,la3. orrygen

'btl''rtîij-ùri- i,¡triltt i;?re hl;;hest y¡rlur:¡i iìr¿rê assûcí¿t,cd- i,,¡ibtr tiie ¡1 ,;hoeit arterial

t:a.ri5c¡r: d:i.c¡"sicìir le'rr¡s: jç7¡9.

rri ì''i''uro jj'Lhc, i;j.¡ìil 1 vo}.ui'.r'¡r nnd ¡,'lç,,,rrj,n16¡:,;i c:r1 ,.j,1;ar'l r;î-{¿c(ìs uf the
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subJectrr {r?'e prrìsentedo }lxcel:ù fc¡r anei ¡;r,¿tierrrt, wl.'b}r }ry'¡;oxf.a, aLL physiolo-

:lical dead si:aces vrerê'...¡IthJ"n normal 1J.rni'l,s as ciefinecl i.ry Conroe et al (16).

IL wilL be notr:d thall thr:r'er w¿ls a tenrì.ency for the tidal volume.s i.n thoee

l;atients rTith Lrynoxi.¡s to be less tlç-¿n t,t¡ose r'¡ith nsnCI¡¡l ¡¡:as tenslone, ancl

t,his $oro pronûunoecl. in those subJtrets wit'h hoth þnoxLa ancl þpcrcapnJ.a¡

fn two of the :ratJ.ent,e with t,liæ hirlirest, c¿rrhon <ì{oxÍdei tr¡nslons the

l:lrysfcal rrror;ertfen of t,Lre lunr,:s rvere studfeidr llhe lung ccxnnlfsnc<-¡ of zub-

Jecù 2h vr¿rs r22O u.;'hj.Le su.hJect 2l harl e comnlj.snue of .300o The vj.scors

reisistance, as ex¡ressed try the þrtssure rec¡ulred to c¡ruse a. florn' of 3A L/

roLnc v¡as 0.9 fu sut{ect 2h and 1.2 in subJect 25 on e:;pir.atlon, vrlttr sfuìl-

1¡:r r¡i:lues for ins¡rira.tionr These measurements are 1..'íthfn norrnal ranite (ff ).

iliscussl.on

Ilhc d¿lta ¡rresontecì lnrlj.cate i;ïrat ttre ()N,l¡i,:en coc¡t <¡f breu'bhlng 1s LÊ-

ca'eascld in ol.,csa; l"rxl.l.viejtraLsr If'we niakë l,hc assumr-¡bÍon t,lpt ütre o:rys1en

cost of bre¿rthln,:1 obtairred f¡:qn nreesurernent.s of s¡rnlr inc¡dmonts ln venti-

lat,i.on can be extrapolaterl ¡,¡1"¡ ùo bho restlnlr Leivel, tk¡ern obese årxtj_rrL-

duals have,r increriserrl costs of trreathfw¿ even at restr

1\n ínci:q:¿tfìrt(.I o.-tr¡rr6n cost of trreat,hinrì r:oulrl T.rn rhfc b,r f.ncr,eie¡;ç,.¡t ¡qr-g*

ctrl-ar';rc¡rk lt)ir1;,'¡lr¡¡r¡ on i:!ri:: J-un:,s {}T'on t,}ri: ¡;linra¡:¡ illiE: fj-r¡rlin¡Ì$ ûf eg*
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sÐntfl¡:lly llolrr.al clJ.stri.f'uI,åon of fuis1,1r€d :Ìas, 't?lc al,sence of trrj.clence; o.f

lironcÌ:1c¡l¿r' o1:'¡;ùnrc'i;ion ¡rncl Lack of clínicaL iristorly of 1un¡' ri_iseaso su1¡-

¿est t!'uè l;here'$as no lnt,rinsi$ Lun¡1 i:rìt,holo¡.Xr prccfucin¡i ¿¡n lncr.t¿sed r¡r¡rk

of breatl¡in"o In actcli.tlor¡, nte¿rsun:nr-rrlt of 'r,he oþsical prorert,ies of the

lurg"s fn tivo of the snl:Jects ivith hl:th .-:Ð.sts of brea'bhln¡; anci Ìry¡',r::.caRnla,

2h anrl 2$, revealed trornal lun:l coro¡ùlance ancl non-iìlt¡stic r+;sistancer.

llence lt is nostuliùect t'hat the lnereðse<l cost of brcathiru; fs cüre to L¡¡.

creased atch"*nl"ce.1 r¡ork neces$,âtry to move .bk:racj-c car-{e, elj-aplrarrn ancl ab-

<Jrxnírr¿1l u,raLl" "rncl oont,ent,s *- presurntrþ due to oh.esity¡

Thr¡ data ¿,¡lso lndi.cst,os th¿ù ln .b,he obese ínclíví<ìrr¿:J., who ua¡,, arLreacþ.

h.åvr¿ atì i-ncre¿rsed co.çt of bre,athírul at resù, fiirühr:r s¡nalL f.ncr..errlcnts {n

rrer¿tíl-afÍon rnutrd result Jn a clfspronort,lonate increase in nret¿¿bolic arork

of ïrreathi.¡¡1 and cantron clio:rirle ¡.'nr.ocluet,ion. llhis ...¡t¡u1<l n.r,obabLy tç even

!Ìlc)l:'o ex¡ltlqerat'ed Í:1.' ¿tn otrese itÐrson develorred a brcn*llitís¡ q;¡: other Lung

cl-iseiaser ionverseilr¡, fn lnclÌ.viciu*ls lvi th ctrr:onfc luni¡ eliseaes,: arr<1 incre.-*sed

wt¡rk oU trrea'bhinl: i-;lrr: cleveLç¡:n¿nt of ot:eslt,r' wOuld. Lçnd to f¡¡r'Nher fncyeas¡e

Ln t;he ov+i¿1eTì cÕst' o:'.' breatl¡inq anrJ Ðc¡ssi.bJ.e alvaolnr l¿t'novcnti.latfonr Tihø

i;Ìrcrarlr',ltl,tr: l.irrpJ.jc:r't!,çr¡s of obcsf.t1. j-n c:lii.ol-'ir lut::," rìilsease, ttrus, bcectl*

¡r-:r'll]s.l t"Cnto



ï.t. is of isltr-'rrest, 'l;trat ilrcre ilppears tc¡ l¡c ¿r rel^a.tionslii¡r bctl,r.een tl¡e

olr.;r¡.;¿',n cost cf t¡r,-,¿rthírt,i, al.veol;*. vi,rrbÍl_abion encJ arùe¡,i.¿¿L c¡,i¡:bon <ij-oxtde

tencfan irr t,ìr<_; ohese $ul,jects. ,llius, J-t a:cnears fr.o¡n cur cxa.ta hhiL ühoge

J-nriivj.riuels.,rho h¡¡ve.tho hi.¡1hes;.b o{¡¡l{€ri lost r¡f hreathin¡¡ eLso have ühg

f on¡est biCal vüLurrres ancì .bhe irÍ¡,;liest arterie]. c¿r.rtron rjÍoxl.c.le .l,cnsior:sr

ïlifs: j s in atccirclance .¡,¡iih t,he tqypothesis advansed b5, Wj.s (få) and ltiley

(].}) ¿o explai.n the occur'rence of h:fpovc*r'bi.l¿tlon witli en {ncr.eased rrc¡rk

oÍi i.rreltirir4lr

and iloncluslons

Ì t :ilh'-4 olqrren cost of t'reathiry4 is r.ncreased in obeso sub.Jects¡

2. .,:r ref¿ùl.oashíp boùrveen ùhe mfrtåbolic cost, oll hr.e¿¡thJ.nr1 anc! ühe

arteri'il" bLt¡otj t;ensione of üerhon rj-loxlcle anc r::y{en tras treen indi,;¿¿tedr

A sk¡rûrledEenents

T.'l:* ,,'tri,hor"i','r,¡r.:''! cìr ÌÍlte to er:pr.esc l¡irL cjeep atrïr:.r¡cj.:l.Lig* o::'.bl¡e, aid

rentle;.'r,'rl him. t,y ,"r" llr Ã,î, rJlrernieck in the conrlucii of' this study, a¡ci to

J)r. J. lrcrupr.; fo:¡. liis hclpfcl cr.:i.1;l:,å.str of ühr; ,r*iriuscrL¡-i:. fhe .becl¡nical

assists.nce crf };!iss ¡1. zaJac an<J luli.s. il. Í,eit!¡ is {4ra.beful1y acknr.rylerl¿ìtrdr
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