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ABSTRACT 

Anêlbol ic hormones hêl~e been proposed êlS 1 an Ael] Wlcr to 
p,lrentcrnl nutritIon to hasten tho repletion of the body cel] 
mass. In thlS stuely, alternate patien'ts referrerl for totAl 

li' 

pflrentcr,al nutrItIon (TPN) received solutIons conti'lininrJ 7n to 
35 units CZI/L. piflbetics werc excluded ancl st·urliecl as .1 

sepau\te group. AlI péltients unclerwent is.otopC'C:llutlon,. body 
composition sturlies prior to starting TPN ancl every two week.s. 

Control patients d'id not r,..eceive insu] ih. They rloubl ecl 
their pre-TPN serum insulin with 3-5"days of TPN an~ maintainC'd 
this concentration at clay 111 and 2P. The insulin Anc] Clinr1Ptlr 
9 r 0 u psi n cre a s e d the i r se r um i n sul i n sig nif i c an t l y, P < n • (1 r , 

compared to contro]s ùt the sam€' time intervA1. rt.ainlenêl,nc(' 
serum insulln concentratIon of controls was 59.G ± G.G mcU/ml; 
the l n sul i n 9 r 0 u p ( 9 9. l ± l O. Il m r U / ml) a n cl (1 i êl b e ti c s ( () r;. t1 ± 
13.7 meU/ml) demonstrflted significantly higl;1er concentrations, p "' 
< 0.05. Normally ~nciurished patients, hy the cxchanr:JPélhlc 
sodium: è'xchangeable potassium (Nae/Ke l ratio, maintained normill 
ntuJ.rltion whether or not insulin was ad)lecl. f".llnour!lS!IE'r: 
con t roI a n cl i n sul in' p il t l en t sim pro v e d e qua 11 y • No sig nif l c n nt' 
effect of insulln wllS obser.ved'. However, by multlplE' linpé'r 
regression: Dally change ReM % = -1.79 + O.?8(~ae/Ke) + 
O.03(Ci.11ories) + O.002(lnsulin), p < 0.01, Insulin ensurf'S 
maintenan'ce of the bod}f, cell mass nt lower caloric' inti'lkps ;ln(1 

increases the repletion rate. " 
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SOMMAIRE (' 

Les hormones anaboliques, telle l'ins~line, ajoutées ~ 
l'alimentatioh totale parentérale (ATP) pourraient h~,ter 'la 
restoration de la masse cellulaire d'é'ficiente. Dans cette 
expérience, nous avons ajouté .de 20 à 35 U/L d'insuline CZI à la 
solution parentérale de chaque deuxième pati,ent. Nous avons 
exclu les patients diabétiques pour en former un 1 troisième 
groupe. ehaque' patient, a subi une étude de la composition du 
corps,par dilution d'isotopes avant l'ATP et tous les 15 jours. 

, Leg patients contr$les n'ont pas reçu d'insuline. Apr'ès 3 
a 5 jours d'ATP ils o'nt doublé', leur éoncentration d'insuline du 
d'part dans le serum. Cette co~centration ~st restée elev'e au 
14e et 28e jours. Dans le meme intervalle, la concentration 
d'insuline dans le serum des groupes insuline et diabétique a 
augmenté compare'e aux contrèles, p < 0.05. La concentration, 
d'insuline dans le serum à une infusion constante d'ATP ètait de 
59.6 ± 6.6 meU/ml chez les controles, 99.3 ± 10.4 meU/ml chez le 
groupe insuline (p < 0.05) et 96.4 ± '13.7 meU/ml chez les 
diabétiques (p < 0.05). Les patients considèrés bien alimentès 
selon le critère do rapport sodium échangeable: potassium 
échangeable (Na /K ), ont conservé leur état normql ,de 
nutrition. Les pat[ents des groupes contr$le et insuline en 
état de nutrition d6ficiente se sont ameliorès de façon égale. 
L'insuline' n'a pas eu d'effet bénéfique ou' néfaste. La 
régressiÔ'fl multiple lineaire: Changement quotidien de la masse 
cellulaire cO'rporelle % = -1.79 + O.28(Nae /K ) + 0.03(Calories) 
+ 0.002(Insulin~), p < 0.01, dhmontre que lrinsuline ass,ure la 
maintenanae de la masse cellulaire corporelle à des i,nfusions 
moindres en calories et également augmente le taux de 
r est 0 rat ion duc 0 r ps ,d è fic i e n t en nu tri t ion. 
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PREFACE .... ' 

Many co-workers and collaborators have made this work 
, . 

possiblei' their aid and support are thankfully acknowledged.' 

Dr. H. Shizgal; who developed the indirect method of ,body 

, c'omposition tpat will 
, 

be referred to below, not only served as 
ç:::;' 

my supervisor of research but also guided a good deal of the 
,II 

clinical course of the patients. The staff of the surgical 

research laboratories, pauline' Crosilla" Debbie Tuitt and 

Barbara Rhode ensured the accuracy of the technical aspects 9 f 

the. boOY composition measurements t• They prJepared the ~ isotope 

solutions for injection into the patient and counted the 

activity of .various sà'mple,s. They ver.ified the data with myself 

be fo re they we re ente red in to the compute r da ta base. l am al so 

appreciat i ve of ~ the wo rk of Pamela Gardiner':"Lawson, the 

parenteral nutrition nurse, 'who assisted in the management of 

the patients and who documented the daily infusions of 

int r avenous fluids, in tak~ of or al fluids, ca la r ie s, 

biochemistry, mlcrobiology and generH progress of the patients. 
( 

The insulin data presented here was ppssible through 

collaboration with the Polypeptide, Laboratory of McGi Il 

Unive,rsity under the supervisio""'n of Dr. B~rry Posner. The 

insulin radioimmunoassay was carried Qut as described below. 
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As res'Ldent on the parenteral nutrition servi'ce, t reviewed 

the patients referred for hype~alimentation with Dr'. Shizgal and 

outlined a proposed course of parenteral nutrition appropriate 
) 

for their condition. After in'formed cc6nsent,.pat!~nts-'underw~nt" 

body composition studies which were operform.ed by the s ta f f 0 f • 

the research labs, supervised by myself. Of these, alternate 

patients received a par'enteral solution which contained insulin; 
, 1 ~' 

other'Wise a1l1 patients reeeived the same solution. The same 

protocol of blood sampling and_body composition.was followed. l 
. 

r ev iewèd aIl charts when the dÇ3ta came to analysis and carried 
J' 

out statistièal analysis as described' in the text • 
• 

-, 

Early in the study, l wor;ked wïth Dr. Armour Forse who 

preceded me in the res~ch laboratories and was instrumental in 

developing a great deal of the cl inical pro~col for 

administration of exogenous insulin 1"n the·parenteral nutrition 
" 

solution and ,who did many bas~lin~ studies of insulin over time. 

Th i s allo'fèd ~s to use a low enough do~e 0 f in sulin that wo uld 

be safe yet would ensure adequate blood levels of the hormone. 

\ La stly, l aeknowledge the patience of my wi fe and fam il Y 

who understood the impor canee of th i s work and the t ime needed \-
to devote' to it. -

Th i s wo rk Is n~t in tended as a rev iew of -the copious 

literature on the subject of insulin. Rathe~, the nutritional 
, 

,effeets of the hormone will be stressed, espe'cially as it i5 

, 
1. 

• 1. 
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related to malnutriti'on and its use in parenteral ,:VJ 

hyperalimentati~n. Malnutrition will be ,discussed in general 

terms. " Body composition, especially using the multiple isotope 
J 

dilution technique, will be discussed in ' more detail. Finally, , , 

the physiology and endocrinology of several altered states of 

body composition gS it may relate to the patients involNed in 

t'his' study, will be considere'd. 
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INTRODUCTION 
'lit-

. --- .' Malnutrition 15 not new to scienee or to h,umanity. It has 

been present throughout the ages due to drought, famine, war, 

poverty, misadventure', plaque an'd .. disease. Indeed, each of 

these unfortunate events exists today. Still, many individuals', 

chlld and adult, have survived the' most extreme forms of 

malnutrition and many more have weathered milder irisults. Yet 

it is ~those who have succumbed to its effects by dea,th or 

v 
morbidity who are the irretrievable loss which might have been 

prevented. Poor nutrition has subtle but, at times, devastating 
. 

. effects that wisely makes the physician wary,' parti~ularly the 

surgeon, who often must inflict tissue injury in a patient in an 

already precarious state. Conversely, surgery itself, as weIl 

as many medical. diséases or mal ignancy may render "the patient 

malnourished, sometimes iD spite of what would otherwise be 

considered adequate protein and calorie IntakE!. This i5 the 

as new data come to light. The history of parenteral nutrition 

will reveal the ext'ent to which it is still somewhat an art. 
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HISTORY OF INTRAVENOUS HYPERALIMENTATION 

L' 

Jonathan Rhoads r,ecently presented 'the 

in the field o'f parenteral nutrition (1). 

1913, a protê in hyd roI ysate 0 f ,ca se in 

importqnt landmarks 
<t.. 

He ,notes that in 

W8S adm1nistered 

intravenously to a goat to achieve positive nitrogen balance, by 

Henriquez and Andérsen (2). In 1938, Robscheit-Robbins,and 

Whipple showed that nitrogen balance could be achieved with 
, 

pla sm a as the sol e pro te in so ure e ( 3) • It is however an 

expensive source of protein whic'h must be d~graded before native . ' 

protein is synthesised. COXi et al. desc ribed the en zym ie 

hydrolysis of casein in 1939 (4). Elman and Weiner (5) reported 
::::~ 

the fir$t administration of acid-hydrolysed' casein pl us 

tryptophan and cystine to patients, which resulted in improved 

nitrogen balance, regenerated serum protein and decreased 

nutritional edema. Prior r to this only plasma was used 

peripherally as a nitrogen source. Stohl ,et al. (6) gave 

enzymic hydrolysates o·f casein to infants as sole source of 
( .. 

nitrogen with positiv~ nit~ogen balance in both the orally fed 

and intravenously fed (with 10% glucose) groups. The re wer e 

1 febri1~ reactions with the 1. V. mixture. Hartmann et al. (7) 

in 1942, administered Ami~en orally and p~renter'llY with '8 
() 

decreased negative balance. 1 n 1 9 4 4,\ He l f r i c k e t a J.. ( 8 ) 

described feeding an infant a complete diet using 50% glucose, 

10% amine ac'ids, 10% fat emu1sions, salt, water and vitamins 

'PAGE 5 
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with successful treatment of marasmus. In 1944, Co Tui (9) gave 

intravenous Amigen-Dextrose until sufficient calories could be 

taken by Abbott-Rawson tube. When nitrogen intak.e was adequate 

body weight' increased. Werner used an amin"o acid mixture (VUJ, 
, 

Mead) as a supplement and noted protè4n sparing in postoperative 

patients. ,However, the volumes of fluid infused were high (10). 

Madden et al. (11) reported that different casein. digests, 

administered either 1. V. or per os, would replete the plasma 

proteins of dogs' made protein deficient by plasmapheresis and 

low protein diets. 

Li.pid emul sions were introGuced as a calorie ,source in the 

1930's by Emmett Holt, Jr. (12). The product was initially 

unstable and was improved by Sta.re and Geyer (13'). Lipids were 

eventually removed from the U. S. market due to hyperpyrexie 

reaetions. Researeh into this product continued in Sweden and 

Intralipid was reintrodueed into the North Ameriean market in 

1972. 

Administering earbohydrate as a calorie source has the 

drawback that it must be given either in large vo..lumes or as 
~ 

hyperosmolar solutions which could not "be ir;lfused into 

peripheral veins. The f i~st. was counteracted by potent 

diuretics. The second could onl~ be solved by developing 

techniques of catheterisation of the. superior vena cava. 

Parkins, Vars and Rhode (14, 15) first described an apparatus 
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used in dogs with' which access to, the superior vena cava 'fias 

9ained via the jugular vein using long intravenous tubing. This 
, 

w·as. ûsed to deliver a protein hydrolysate (Amigen) and gelatin 
, 

P-20. Nitrogen balance was improved with this solution but 1 

..... 
positive balance was not consistently aehieved. Subelavian vein . 
puncture used most,commonly today was described by' Aubania~ (16) 

in 1952. 

The breakthrough, in parenteral nutrition occured 'when 

Dudrick and Vars fed 12 week old beagles intravenously with 

hypertonie dextrose, hydr6lysed protein, mineraIs and vitamins 

by a central vein apparatus. At 72 t,o 255 days, they were able 
r-

to show equal growth (measured 1 by seriaI bony X-ray) and 

positive weight gain compared to control littermates which were 

o raIl y f e d (1 7 , (1 8 , 19) • Wi Imo re and Dud r iek (20) gave 

hypertonie Dextrose-protein hydrolysate to a newborn with small 

bpwel atresia through a central vein and were able to report 

positive nitrogen balance, as we·ll as normal growth and 

development over six weeks of parenteral aliment~tion. Wilmore 

et al. published a review of lB infant patients similarly 
.,f 

,treated, with positive results (21). Dudrick et al. ,''âescribed, 

" 

in )9,68, an experience wit::h adult patients suffering from " 

chronic intestinal disease, who were supported with intravenous 

nutrition for 10 ta 200 days with generally positive nitrogen 

balance. No fat was given (22). Fuller et al. were able to 
~ 

administer 20% glucose and 5% fibrin hydrolysates, electrolytes 
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and vitamins into the superior vena cava in 14 ill, infants less 

than two months old. Their weight gain approximated that of 
Il 

normal infants in spite of septic complications and surgical 

procedures (23). Agarn in 1969, Kaplan et al. (24) administered 

an hyperosmolar hyperalimentation solution by a central vein to 

seven postsurgica1 infants with good results in six • Mà'ny 0 f . 
the metabolic complications which are well .known today were 

descr ibed. In 1969, Dudrick et al. (25) describ'ed their entire-

exp~ience, demonstrating positive nitrogen balance, weight 

gain, growth and dev~lopment in infants and improvement of 

nùtritional status in debilitat'ed adults., 

Since amine a~id and hypertonie dextrose solutions cou1d be 

easi1yadministered by central vein with positive nitrogen 

b?lance, the field of parenteral nutrition has grown immensely. 

Present resear,ch fO~any areas: trace elements, vitamins 

and deficiencies, o;~um -nitr~en to Calorie ratios, optimal 

calorie source, metabolic needs 
1 
and responses as 

dioxide P~du~tion~ 
measured by 

oxyg en cons umption and carbon efficacy of 

parenteral nutrition as measured by nitrogen balance versus body 
1 

composition measurements, amino acid and protein turnovers or 

flux in steaoy state condi~ions, as weIl as other metabàlic 

parameters (including hormones) of malnutrition or injury aQ~ of 

the effects of hyperalimentation. 
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STARVATION, ~ALNUTRITION AND INJURY 

Malnutrition 1S classically described as either Kwashiorkor 

or marasmus. The major chaJ;acter4stic of the f,9 rm e ris 

o 
nutritional edema (and in a child, weight loss greater than 60% 

of expected); it generally arises from a deficiency of protein 

in the presence of adequate calorie intake( (the African word 

"r~,~ns "golden boy,"' d'ue to a red hue in the ha ir p,roduced by 

prote(>in èleficie~~y). Marasmus, produced-by a defieiency of both 
::t.. .... 

proteins and c~lories, is not usuallY characterised by edema or 

the.' very l~rge weight loss of Kwashiorkor (26). Th is 

classificatian of malnutrition is generally applied to c~ildren 

land intermediate forlns are recognised and, at times, it has been 

~pplied tà aduit patients. Blackburn et al. (Z7, 28) feel that 
.tJ:. 

nutrit,10nal defieiencies of significance in' adult North ?>merican 
, ) 

.- 'r" 
p~'tTé'i1ts are associated with combined protein and Calorie 

dèficiencies. Garrowet al. (29) found that in children'with 

extreme malnut~ition, the total body protein was decreased to 

l 
l' 

approximately two-thirds that of normal children, with wide 

varlations in the composition of the fat-fr~e body. It is felt' 

that this is due to an imbalance between protein synthesis and 

protein breakdown and is influenced by .. the original mass of 

protein involved in turnover and the protein turnover rate (3D). 
~ 

1 

In starvation, the synthesis-of protein in muscle promptly fails 

and there is an increase in protein breakdown to provide the 
" 
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1iver with amine acids for essentia1 protein synthesis and 

9 luc~:>neogenesis (30;' 31). Millward (31) fo und that a 

protein-free diet does not produce as severe a reduction of the 

~ynthesis rate as does starvation, probably due to the effect of 
} 

clrculating carbohydrate and i~sulin. hJain, according ,ta 

Waterlow et al. (32), muscle mass, or its reduction, is the best 

indicator avai1able of malnutrition. 
""l 

In 1912, 8~nedict studied a v01unteer, Mr. L. , who 

unde~went a period of starvation lasting 31 days. Bened ic t 

published extensive metabolic data accumulated during this time 

(33a) • He noted tha't the subject lost excessive amounts of 

. ~itrogen in the urine in the fir,st few days--and -that the 

nitrogen 10ss per kg of body weight diminished gradually over 

the ~d of the experiment. Prote in catabolised, ca1culated 

as 6.0 X nitrogen, ranged from a maximum of 71.2 gm on the 

"-
fourth da~ of fasting ta 41.6 gm 

6 
on the last day. Th~ ~to ta 1 

loss,of nitrogen was 277 gm. Benedict assumed that flesh in the . \. 

starvlng individual is 20% .protein and calculated the "flesh 

equivalent" of catabolised proteine This ranged from a maximum 

356 gm/day to a minimum, 208 gm/day. The total flesh equivalent 

[cellular ma?s} lost over 31 days was 8.326 kg (the subject lost 

11.96 kg in wieght), an average of 268.6 gm/day. The effect of 

fasting alon~, without other metabolic stress, ls thus seen on 

the cellular protein masse 
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Benedict et al. .al.so studied 25 subjects who underwent 

prolonged reductien in food intake. Th e 9 r 0 u P wh 0 were 

su~jècted te moderate reduction lost an average of 2.1 gm N Iday 

the equivalent of 53 gm of clllular masse A s'Bcof'!d, group 

underwent more severe reduction over a short period and lost a 
, 

mean 3.1 gm nitrogen/day or 77.5 gm cellular masse ~Weight 1055 

was more dramatic in this group (33b). 

Benedict also noted that the fuel for catabolism in the ,'" 

first few days of starvation was glucose (and amino acids, for 

gluconeogenesis). Eventually, endogenous fat provided about' 75% 

of calories. Fat and amino acids are the only stores available 

for prolonged use in starvation. Fat metabolism adapts to 

supervene over glucose so that protein May. be conserved. 3his 

data has been confirmed by Cahill who postulated that insulin is 

the controlling hormone as as fuel mobilisation is 

concerned. The plasma insulin cont~ntration dec~eases with 
\ 

fasting ~nd ,signaIs increased lifid mobilisation as an 

endogenous -fuel and thus, protein sparihg. In the fed state, 

the pl asma insulin concentration is, eleva'ted, whLch is 

responsible for lncreased prot~in anabolism, decr~ased fat 

mobilisation, and synthesis and storage of tdglyceride (34, 35, 

36) • 

Canon, in 1929, reviewed the current knowledge of the 

autonomie nervo~s systems and related stressful stimu,li to 
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sympathetic nervous output as weIl as the release of 
1 

{adrenalin} from the adrenal - gla'nd) (37). The 

"adrenil)" is noted to be the same as that 'of the central nervous 

system i. e. dilatation o~ pupils, piloerection, 

vasoconstriction, cessation of gut activity, ~estoration of 

irritability td muscle whether fatigued or ,denervated, and 

increased plasma glucose concentration presumably from the 

l-iver. He related glyc,osuria- to emotiona~ly stressful 
i 

situations as well as pain. With little knowl-edge of insulin­

and glucagon, he attributed this 'entirely to "adrenin". 

Later, Cuthbertson expanded on the metabolic response to 

shock and in jury. He noted that after bony and non-bony in jury, 

there was a marked output of sulfur, nitrogen and phosphorus, 
" 
which was disproportionate to the amount of ti~sue injured and 

which was maximal on the seco-n~ to' "the sixth days. He 

ratio~alised that protein might be se rv ing as a of 

glucose calories to maintain a level of increased metabolism, 

similar to the effects of starvation (38). He" found that after 

bony or non-bony injury, the maximum loss of nitrogen migh-t be 

as high as 23 grams/day and last for several days. Assuming 

protein = 6.25 X nitrogen and one quarter of the cell is 

protein, this is' the equivalent to 575 grams/day of body 

cellular mass. At this rate, in ten days, this loss would reach 

137 grams of nitrogen which is equivalent to 3.4 kg of cellular 

mass and deplete the total body nitrogen content by 7.7%. Basal 
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"" 

oxygen consumptlon usually rose to parallel the 'nitroQen losses'. 
" 

He selected patients·win.h bony injury 
'" 

protein~diet and a high calorie diet 

" 

and gave them a high 
""'"\ 

or both and found t,hé;1t 

these failed to eliminate the negative nitrogen balance at the 

height ~ of catabolism. -He al so noted that the high 

nitrogen:sulfur and nitrogen:phosphorus ralios indicated that 

losses occurred from mus~le whether it was directly i~jured or 

not. N-i trogen loss may continue to som~ small extent even 

• 
beyond six weeks, after injury. He notes that \in addition to 

the severe wasting and autolysis, there' appears to be a general 

increase 'in k~,tabolism, of proteins in particular, -to meet the 
J 

enhanced metabolism of the repair" process." (39) 

Moore (46) desct"ribes'i! six stimulus-response sequences 'in 

"-
surgical patients. Five are summarised here: (A) severe tissue 

in jury, characterised by protein breakdown, oxidation of fat, 

gluconeogenesis, conservation of ECF, and substrate intolerahce. 

These are' media.ted by cat.echo~amines pr im'arily, decreased 

insulin" secretion and action, increa~ed gl~agon and cortisol as 

weIl a~ the renin-angiotensin-aldosterone mechanism. (B) vol urne 

reduction, characterised by sodium retention, aciduria and 

""" potassium loss', alkalosis, antid.iuresis, minor loss of nitrogen, 

and fat oxidation • It is mediated by renin-an~iotensin and 
.-

. ,aldosterone, ADH, and secon~.ary increases in ACTH-cortisol and 

catecholamines. This is usually short-lived. (Cl low flow 

(tissue anaerobiosis) characterised by the same responses as (A) 

, . 
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and (B) 

r 

but more severe and prolonged, with lactic acidosis, 
1 

decreased renal function and urine output. It is mediated.by an 

exaggerated catecholamine respo'nse, max imal ACTH-cortisol 

response, increased glucagon with par~doxi<1ally low insuline It 

may continue with end organ damage. {D) starvation, 

charàcterised by graduaI proteolysis (mostly muscle), tendency 

to ret'i'in ECF, 'gluconeogenesis, fat oxidation, and substrate 

tolerance. There is an aldosterone-like effect, some 

oantidiuresis, graduai increase in glucagon, and decreased 

insuline (E) invasive infection characterised by' the same as 

(A) apd (B) -but more severe and prolonged 'with '."arkedly 

i ne r e as e d fat 0 x id a t ion and a x yg en con s um p ti 0 n, po s s i b l Y w i th an 

increased cardiac output or low flow state and large losses' of 

protein by catabolism and through exudates. Mediation is by 

exaggerated catecholamine and corticosteroid, . ' 
renin-angiotensin-aldosterone, and o antiâiuretic' responses. 

" There is alsQ an insulin intolerance. 
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BODY COMPOSITION· (,' 

Nitrogen balance has long been used "as a measure of protein 

metabolism.~ Positive nitrogen balance represents growth in 

children "" (4 0) , repletion in ma 1 no ur 1 shed adul ts. Nitrogen 

.balance is a. measure of the net effect of prote in anabolism and, 

catabol ism. In t~e p~esence of a steady state, protein 

anabolism is refle.cted by positive balance, catab'olism,oby 

negative (41). For accuracy, aIl nitrogen input to the patient 

must be scrupulously measured, as weIl as aIl the output. 

Changes are usually small and Vinnars points out tnat the input 
• 

... tends to b'e: pverestimated while the output - is underestimated 
ll('1 

1 r_ ,-) 1 

(42) • °As-~ resu1t, these errors are systematic and therefore 

c um u lat ive. 
\ 

Moore (43) demonstrated that changes in the lean body mass 

(LBM), reflected by the total body water (TB~ as d~termined by 

deuterium or tritium dilution (LBM = TBW;O.73 since 73% of the 

body weight in the adult is water), is a more accurate 

representation of positive nitrogen metabo1ism than is weight 
" 
change alone. The measurement of body composition has been used 

in this laboratory to assess a) the nutritiona1 state, b) the 

éffect:. of 1. V. amino aeid on protein ,sparing in postoperative 

patients, c) calorie requirements in patients receiving TPN, d) 

the ef~icacy of TPN solutions ~l). In 0 ur ha nd s, the Na e IK e 

(to ta l body exehangeab1e sodium:total body e)Ç: chang eable 
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pC?, tas 5 i u m ) rat i 0 i 5 a sensitive indicator of malnutrit,ion. 
\ 

The 

not:.mal ra~io in healthy individuals is 0.98 with an upper 95% 

confidence limit of 1.22. The exchan.,geable sodi um is·. a 

reflexion of the extr~cellular mass, the ex.changeable potassium. , 

a reflexÏ.on of the cellular mass or body cell' masse Wi t,h 

malnutrition, the former normally increases, whereas the latter 

tends to decrease, thus, the oratio increases. 

In this study, the Nae/Ke ~atio is used as a definition of 

malnutrition, values less than 1.22 representing a normal state 
1 

of nutrition 
, 

and greater than 1.22 indicating malnutrition. 

This number represents the upper 95% confidence limit of 25 , 

normal"vo,lunteers studied in 'this!laboratory. ~t has been 

validated by analysing 500 consecu~ive body composition studies 

(44). The ratio was less than 1.22, i. e. a normal nutritional 

o 

state, in 204 patients. A ratio greater than 1.22, indicating 

malnutrition, occurred in 296 patients. The total exhangeable 

potassium for aIl patients was plotted against ~BW using the 95% 

confidence ~limits of the 25 normal volunteers. In th ose 

patients with a ratio less than 1.22, most of the data points 

fell within the normal range, wherea~ if the ratio were greater 

than 1.22, 'the data points fell below the 95% confidence limite 

/ 
The va}idity of the ratio is th"us established. 

1 

The body ce 11 ma ss 
~ 

is the totality ,of 1 i vi ng , 

oxygen-consuming, energy:-exchanging cells in the body. It 
" 
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includes everything within the cells i. e. nucleus, ~ytoplasm, 

c.:,e Il membr an e • It is normally 30-38% of body weight (45). It 

is derived from the exchangeable potassiUm as there is a linear 

re-lationship between K e and the body celf mass (43) • In 
~ 

contrast' ta sodium, whicn has about 1000 mEq which is 

nonexchangeable in bone, all but 0.5% of the body potassium 

(including bone) is available for exchange with the' ïsotope, 50 , 
that K e is equivalent ta total body potassium. ,Total 

exchangea'ble potassium by indirect technique . , (47) cor~elates 

directly with potassium-42 direct isotope dilution. Since the 

N:K ratio in 'tl1e cells is constant at 3mEq K/gram N (2.8/to 3.2) 
1 

and one quarter of the wet ç:ell weight is protein (25.8%) and 

assuming protein is 6.25 X cell nitrogen, then BCM may be 

determined frdm the exchangeable potassium as follows~ BCM !:oo-

8.33 X Ke- This has been verified by a cadaver study by Moore" 

(4~). AlI energy exchanges, synthesis, and mitosis occur within 

the cellular compartm~nt. Therefore the nutdtional state can 

best be evaluated by me'asuring the body cell masse 

The lean,body mass, which is equivalent ta the fat free 

mass" is body weight minus body fat. This is best measured by 

estimating the total body water, as LBM = TBW' / 0.73. The lean 

,body melss is 75-80% of body weight. Lean body mass "minus body 

mass is the extracellular mass (ECM). 'Ih i s incl udes 

structural extracellular proteins (hair and dermis, cartilage, 

tendon, skeleton anâ f'ascia), fluids' (plasma, extracellular«1' 

'\ 
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wa te r , joi nt fluid, 1 ymph, pe rie a rd i al, pleural a'nd peri tonea l 

fluid, th i rd space, connective ti ssue st ruc tures of ad ipose 

tissue, cerebrospinal fluid and the extracellular suppor t ing 

system of the CNS and pe'ri pher al nerves) as well as 

extracellul ar pro tei ns in solution (albumin, immunoglobulins, 

extracellular enzymes' including those in the gastrointestinal 

tract). It also includes urine in the collecting ducts, ureters 

and kidneys, and feces in the "gastrointestinal tract (45). Note 

that no energy exchange takes place in the extracellular mass. 

Nutritional edema of malnutrition occurs in this compartment. 

Body composi tion may be me asured by va rio us isotope 

dilutions. Total body water may be measured by dilution of 

e i the r de ut e r i um 0 r tri t i um • Erther Na22 or Na24 is used to 

measure the exchangeable sodium in the body. Exchangeabl e 

potassium may be measured by a direct technique (43, 45, 54, 55) 

using dilution of K42 or K43. These two isotopes have a 

halE-life. of 12.5 hours and 22.4 hours respectively and 

therefore there must be a constant fresh supply, they must be 

used immediately and there can be no delays in counting. K40 is 

an isotope which exists as 0.012% of naturally occurring 

pota ss i um. This can be counted directly by a whole body counter 

using gamma-~ay spectrometry (56, 57, 58). The facilities 

required for thls counting are e~pensive and calibration is a 

major pro~l em. Po tassi um may al sa be mea sur ed by an ind i r ec t -technique, as in this laboratory. Th.is technique is based on 
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-the fact that the cations sodium and potassium are distributed 

in water throughout the body at a constant value, R, in aIl 

tissues but bone (45, 47, 59, 60). This R value can . be 

determined by assaying whole blood sodium, potassium'and water 

content. The exchangeable potassium is the same fUAction of R, 
\, 

ex changeable sod ium and to tal body wa ~e'r as i s the whol e b100d 

potassium a function of R, whole blood sodium and water content. 

The calculations are found belo~, in the method section .. 
'" 

Isotope dilution body composition de~erminations are static 
} 

mea surements 0 f the body compa rtments. Er ro r in th is method i s 

random (due ta errors Ln counting of isotope) but is not 

cummulative, as is the error of metabolic balance. 

f 
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HYPOTHESIS 

4 
Cahill (36) attributes the over-all control of fuel to the 

hormone insul in. Insul in is an anabol ic hormone. In the post 

prandial state, high levels, of insulin serve to maintain serum 

glucose within narrow limits, store glucose as glycogen for 

emergency IJse, store excess calories as fat. It· al so promotes 

protein synthesis. Excess calories, even in the form lof 

protein, are converted to fat, with elimination of nitrogen. In 

the fasting state, low' serum i~sul in concentrations cause 

proteo~ysis to J serve the need for gluconeogenesis and 

mobilisation of fat stores. 
'-

Th~ effect due to insulin of 

increasing am ino ac id uptake by ce Ils, decreasing am ino ac id 

release and increasing protein synthesis as wel1 as fa t 

deposition would be welcome in the cJ.inical situation in which 

malnourished patients are being refed by hyperalimentation. 

Insulin secretion is st imulated moderately by low dose 

carbohydrate, maximally by large doses, moderately by amino 

acids but the largest response occurs in the presence of both 

carmohydrate and proteine Little release occurs in diabetes and 

prolong ed fa st (3,6) • Total parenteral nutrition, then, with 

hyperto'nic dextrose and high concentration of amino acids, ~ould 

be expected to stimulate endogenous insulin release. This would 

be partially responsible for the repketion of the body ce,l1 mass 

that we do observe in malnourished patients. Would the addition \ 
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of exogenous ins~lin result in a furthe.r increase in the 

repletion rate of the body cell mass? 

Starvation, in jury, sepsis, shock all are associated '1ith 

significant loss of body cell masse Benedict (33a) and 
y 

Cuthbertson (39) have emphasized the magnitude of the initial 

losses of nitrogenous mass after fasting or injury,'which ma1\. 

reach 8% of the total body nitrogen (Cuthbertson) {or up 
, 

to one 

fifth the bç:>dy cell mass} at la days. The rate of repleti,?n of 

this 105S", in ' spi te of an adequa te ca lor ie inta ke i s 

considerably slower than the rate at which it was lost. A 

method to inerease this rate of repletion would'be welcome when 

'-
dealing with malnourished patients who are ill and often develop 

further compications of their disease. 

Sinee the abnormal stimulus-response sequences in 

starvation and disease are mediated by' hormones, hormone 

manipulation has been attempted to restore early positive 

nitrQgen balance. Growth hormone 'has been used along, ~ith oral 

intake in five burn patients with limitied success (48). 

Anabol ie steroid~ (methandienone), administered with 'high 

Calorie and easein hydrolysate intravenous feed,ings, were 
!'~ 

ineffectiv"e in count~ting the negative nitrogen balance 5 days 

postoperat i vel y. Howe ver, these we re normally nourished 

patients (49). Hinton, Littlejohn,' Lloyd and Anison, in 1971, 

~e~soned that the nitrogen losses noted after in jury might not 
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be related wholly to the catabolic action of catecholamines and 

cortisol (50), but also to decreased activity of ·insulin. They 

treated ~8 burn patients, who were in negative nitrog~n balance, 

with a glucose and insulln regimen intravenously and a group of 

nine patients who received the regimen" intermittently since 

their admission, whenever urea or po tassi um ex creti on we re c .... ' r, 

elevated. Urea excretion was used as a rough estimate of 

n~trogen balance. Insulin was gi'ven in high\doses (200 to 600 

units daily) with 50% dextrose, to maintain normoglycemia. Thi-:.-s 

significantly reduced the negative nitrogen {urea} balance. 

The re was a decrease in potassium excretion as we 11 (51). 
~ -il 

''!;,--' \.... 

stud'y f~iled to estaQlish whether However, th i s 
, 

the improved 

nitrogen balance resulted from the increased carbohydrate or 

because of exogenous insul in. Subsequently, Wo'olfson, Heatley 

and Allison (52) used threeo-day isocaloric crossover studies 

with constant amino acid infusion J9.4' 9 nitrogen daily). The 

thrèe tegimens consisted of (A) 030% sorbitol, 5% glucose (1400 

r kcal) plus Intralipid (1000 kcal), (8) 30% glucose (2400 kcal) 

with in~ulin given only for glucose above 15 mmol/L., (C) same 

as 8 except insulin was used to maintain gluco~e between 4 and 8 

'mmol/L. Again, urea production was used to approximate nitrogen 

metabolism. Sorbitol was used to provide calories without 

stimulating ins~lin release. Differences occurred only in 

catabolic patients. ,The .glucose plus insulin group showed a 
( 

marked difference in the inhibition of protein catabolism 

\ .... ~ 



compared ta glucose alone. The glucose group had a slightly 

more protein-sparing effect than the sorbitol-lipid group. 
" 

These changes were only apparent when the crossover changed the 

rate of urea production. They conclu~~ ~hat insulin has an 

important protein-sparing effect in catabolic patients. , Serum 

§,\ insulin concentrations were significantly higher in those 

patients receiving insuline The change in urea production rate 
'" . 

(~ Pu) was related both to the initial rate of production (Pu) 

and to the change in serum insuLin (6 ins) : 

..D.Pu = 4.32 - O.311(Pu) - O.012{,6.ins). 

There was a signifi~ant correlation between change in insuli!) 

and change in urea 'prod iction: , Greater increases in insul in 

produced 

review of 

greater reduc~ion 
J 

in urea production. In 
< 

these studies, Allison &emonstrated that 
, 1 

a recent 

the serum 

insulin conc,entration of the Intralipid and sorbitol group were 

different from those receiving glucose alone. The concentration 

was even higher, p--<--O.005 Ln those patients receiving glucose 

and insulin compared to those rece~ving glucose alone. In the 

pooled data of aIl studies, change in plasma insulin,correlates 

with a fall in the urea production rate and the relation is a 
, 

straight line. 

We therfore set out to test the hypothesis that (a) serum 

insulin levels in starved and stressed Hati~nts could be 

increased above that level which is known to be stimulated by 

TPN, by administration of exogenous insulin (this should be weIl 
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abo'v,~ preïTPN levels) and (b)'malnourished patients receiving 

eKogenous insulin could replete their body cell mass at a faster 

rate than contro~slwho did not receive insulin. With this in 

mind, we added low-dose insulin in the TPN' solution for 

alternate patients and studied body comp~sition at two-week 

intervals. Serum insulin levels were measured prior to TPN, 

whÊm the patients achieved maintenance infusion rates of TPN and 

with each subsequent body c.omposi tion test, every 2 weeks. 

Patients were . then divid-ed into normally-nourished and 

malnourished groups on the basis of their body composit~on. 

Diabetics~ as well and patients who required an insulin infusion 

were e,xcluded and thus formed a third group (diabetic) 0, 

, 
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METHODS 

\ 

SELECTION OF PATIENTS 

AIl patients referred ta the hyperalimentation team at t,he 

Ra ya l V ~ c t 0 ria Ho spi ta l we r e ca n d id a tes for the sb ud y • Only 

o t.hose pat::ients, who ag reed to participate were includ:ed. 

Injormed consent was obt-ained from aIl the patients. 

patienJs receiving total parenteral nutritio~ received 

Al terna te 

e i ther no 

\. ., 
exogenous Insulln ln the TPN solution (control group) or 20-35 

units/litre crystalline zinc insulin (CZI) in ~he solution 

(insulin group). Patients who were known to be diÇlbetics at the 

time of consultation and those patients who we re fa und 

sub!'iequently to re-quire additional insulin by continuous 

infusion for control of hyperglycemia wére excluded and' 

considered as a separate g'roup (diabetic gr'oup). Insulin was 

'sometimes added ta the solution itself ta control hyperglycemia 

for the latter group. Certain patients in all three groups'at 

times received subcutaneous CZI on a sliding scale for >1% 

-:'~.Jycosuria (approximates serum glucose of 200 mg/dl). 

TPN SOLUTION 

AlI patients-,.. received a solution of 2.75% crystalline 

L-amino acids (Travasol, Baxter') with 25% Dextrose. 
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Electrolytes were adjusted for the patient's clinical condition; , 

multivitamins were given five days/week, vitamin 812 30 mcg, 

vitamin K la mg, folie acid 6 mg once weekly, zinc 4 mg five 

days/week and copper l mg, iodine 0.12 mg, manganese D. 2 mg and 

~·hromiul)t' o.ao} mg three days/.."eek. The solution was 

administered through a central vein by a silastic or 
, / 

.. polyethylene catheter. The ideal infusion ra"te was suggested to 

the attending servic~ by the 4PN consultant and was never less 

than 50 kcal/kg/day (usually 60 kcal!kg/day). Solutions were 
e 

gradually increased to mainten~nce usually over three days, ta 

prevent hyperosmolar, nonketotic dehydration. Whenever the 

solution was discontinued, 10% dextrose was administered ta 

prevent hypoglycemia. This regimen was supplemented by 500 ml 

of Intralipid twic,e, weekly to prévent essential fa tty ac id 

defiCiency~o1utions were prepared and distributed through 

the hospital pharmacy. 

In the early period of this study, CZI was added ta the 

solution for the insulin'group in the amount of 35 units/ L. 

Later, this was changed ta 20 units/L due ta biochemical 

hypoglycemia in several patients. 

MONITORING 

AlI patients were monitared daily for gl"ucose, creatinine, 

blood urea nitragen, and electrolytes until m.aintenance TPN 
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infusion rates were achieved. Thereafter, depending on their 

condition, twice weekly they had compl~te blood ~ount, glucose, 

electrolytes, renal function, .liver function, calcium phosphate 

on a standard SMAC (mul tianalysis counter). Me ta bol ic and 

septic complications were investig~ted appropriately. 

AlI intake.and outpu,t for each patient was kept on an 

,hourly basis on "shock sheets". fhe total intake was calculated 

" ' , 

for the perioa between 2 studies, the TPN period, and converted , 

into a mean diily calorie intake. This was further subdivided 

into protein, carbohydrate and fat Calories/Kg/day. 

Fractional urines were tested every six hours for glucose 

and acetone. Excessive glycosuria was t'reated by an appropriate 

sliding s~ale for subcutaneous insuline 

INS,ULIN SAMPLING 

4 AlI patients had a pre~PN blood sample drawn and the serum 

was stored by immed ia te 'freezing fo r later insulin 

determination. Subsequent serum insulin determinations were 

obtained when the patients were on maintenance TPN rates, 

usually 3-5 days after initiation of TPN. JFhereaft.er, levels 

were drawn along with subsequent body composition studies, 

performed at 2 week intervals. The majority orspecimen~s_ ~ere 

drawn between 9 a. m. and Il a. m • 
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INSULI~ RADIOIMMUNOASSAY 

~ 
Serum specimens were thawed and analysed in the Polyp~ptide 

Laboratory at McGill University under the supervis!on of 

Dr. Barry Posner and according to the method of Morgan and 

Lazarow (53). The basis of this method {s that insulin, bound 

to antibodies in a soluble form in serum, can be precipitated by 
1 

,.. 
an antibody against 9amma globulins. 

The m~thod is used with insulin standards each time serum 

samples are analysed. Insul in is i nc,uhat ed wi th an t i-i ns ul in 
• ... J 

antibodies from insulin-immunised guinea pigs (AIS-GP). Th i 5 

forms a soluble antigen-antibody complex. This complex i5 

precipitated by an- antibody against guinea pig serum from' . , 
rabbits immunised with guinea pig serum (AGPS-R). I-125-labeled 

\ ' 

insulin i5 used as a tracer. The amount of radioisotope counted 
T ~ 

in the precipitate is a reflexion of the total insulin in the 

solution (labeled and ,unlabeled). The assay ls based on the 

difference in the percent of tràcer insulin precipitated ~% 

,ppt) when)varying concentrations of insulin are present (53). 

All incubations a,re carried out at 4 degrees Celsius. On 

d'ay l of the assay, 0.5 ml 1% bovine serum albumen (BSA) in 

phosphate buffered saline is mixed with 0.05 ml of insulin 

" standard or assay sample of serum, along ,with 0.1 ml of Guinea 

pig antiserum to insulin (AIS-GP), 1:40,000. This incubates for 
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i 
\ 

\ • 
24 hours. On the second day .this mixture 15 incubated with 0.1 ' 

ml of I-125-insulin (30,000 cpm specifie activity, '140' 

mcCi/'mcg). On day 3, 0.1 ml of rabbi t anti-Guinea pig se,rum " 

,(AG,PS-R) 1:200 ,and 0.1 ml of normal Guinea pi,g serum (NGPS) 1:14 

are added. A precipitate appears ,and on t,he. fourth day it is 
j. 

centrifuged at 3000 r'pm for 30 minutes and decanted. Only the 

precipitate is counted. The samples are counted in a Wallace 

"" \ 

LKB 1289 Ultrogamma counter ·with 40% efficiency. The percent 

precipitate is: 

% 1-125-insulin bound to AIS-GP= cpm in precipitat~ 
total epm 

, • 
A l og a rit hm i c c urve of standard concentrations i5 

const r ucted and the assay sampI es are read from this. 
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BODY COMPOSITION STUDIES 

Body composition tests were performed aft:er informed 

consent was obtained from patients. A multiple isotope diliItion 
, , 

techniqqe was employed (47). 

B_ASELINE SAMPLES: Pr iol to injection of isotopes, a 10 ml 

hepa rinized blood sample was drawn for baseline beta and gamma 

radiation. These wer'e prepared as described bel'ow. 

PREPARATION OF ISOTOPES FOR INJECTION: Sodium-22 (N~w England 

Nuclear) arrives as a 1 ml (l mCi) solution' in a 10 ml vial. It 

is not pyrogen-free. It is made pyrogen-free by repeatedly 

washing the 10 ml vial with bacteriostatic (benzyl alcohol) 

saline, passing the contents through a sterile 0.2 micron filter 

(Nalgene, Sybron). The final dilution of the 1 ml of :'Na22 is to 

200 ml of bacteriostatic (benzyl alcohol) saline. Thus, 2 ml of 

this solution is approximately 10 mcCi. 'The solution is then 

steam-autoclaved for 40 min. at 12 psi. (82.7 kilopascals) and 
, 

115 degrees Celsius. 

Tritil;1m (New England Nuclear) arrives as 25 mCi in a la ml 
",' 

vial. The vial is washed with sterile distilled water, filtered 

in the same fashion, but to a dilution of 25 ml. Five ml are 

placed in each of five bottles (5 mCi each) and diluted up, to 

100 ml with bacteriostatic (benzyl alcohol) saline. Ten ml of 

this solution will contain approximately, 500 mcCi of tritium. 

The solution iSr-autoclaved in the same fashion. 
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PREPARATION OF STANDARDS FOR GAMMA ,AND LIQUID SCINTILLATION 

COUNTING: As each injection bottle contains a slightly 

different amount of radioactivity, a standard must be prepared 

fOI;" each bottl é to be compa red with the patients' 

cone en tra t ions. 
----

One ml_of'the radioactive solution is withdrawn in a one ml 

disposab,le plastic,syrlnge and weighed. The Jcontents of the 
, , , 

-p - syringe are inj-ected inta a 100 ml volumet,ric flask and the 

syringe r,eweighed. :The flask is fiUed to 100 ml with distilled 

water and agitated. 
f 

Tw~ ml of this diluted s,~ndard is pipette? 
, 

o 'into al new, ,clean" 7 ,m'l red-stoppered tube (glass, without 

additives, Hemovac) containing 2 ml of 10% (w/v) trichloroacetie 

ac-id (TCA,' ,Fisc,her) 'and àgitated. One ml of the resulting' 

solution is tran'srerred into eaeh of th r e e 9 1 as s l i qu i d 

sci.nt.illation vials (New England Nuclear) containing 10 ml of . , 

Aquaso~ (New England Nuclear). The vials are capped and labeled 

with the isotope, bottle of, origin and date df preparation., 
r-

T~is is done in ~riplicate i. e. 9 vials, and, repeated eÇich time 

the lcounter is run. 

. 
For the gamma counter standards, 3 ml of the diluted 

standard are,pipetted inta each'of 3 plastic gamma counter vials 

(New England Nuclear),. This procedure is done in duplieate as 

----- ' ) - only sodium-22 is being counted. These ,are counted directly in 

the eounter. 
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INJECTION OF ISOTOPES: Ten ml of tritium are drawn up in a 
1 

sterile plastic 10 ~l syringe, containing approximately 500 
,/ 

mcCL In a 3 ml sterile plastic"'s,yringe, are drawn l.lP 2 ml of 

Na-22, containing approximately 8 mcCi. These are the 

concentrations for the first study only. The second uses 10.4 

ml tritium, containing 520 mcCi~and42.2 ml Na-22 containing 8.8 

mcCi. These are increased slightly at each further study, in 

o order -to ove-rcome any background counts 1eft by the previous 

study(ies). The syringes, with their needles and caps, are 

weighed. They will be weighed again after the isotope has been 
o 

injected, with the sa me needle anq cap, ta determine the exact 

vol ume inj ected. 

A fre~-flowing intravenous is established and, after the 

1 time a blood has been drawn for background, the two isotope 
o 

solutions are injected by bolus, as close ta the entry site as 

possible, and the line flushed with a minimum of ten ml of 

sterile saline or the prevailing solution if th.e1. V. i s ta 

remain indwelling. Any break in technique is noted on the 

patient's isotope chart. The nurses and patient are then · . 

1 
instructed to collect aIl urine and any other body fluid for 24 

hours following the injection. A notation is made in the 

patient's ward chart of the amount of isotdpes injected. 

FURTHER SAMPLING FOR ISOTOPE COUNTING: Four ho ur s af te r 

injection, 20 ml (depending on the patient:s hematocrit) of 
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blood are drawn in a heparinised tube. 24 hours after 

injection, 30 ml of blood are drawn in a heparinised tube as 

well as 10 'ml of c10tteQ b100d for serum electrolytes (done by 
1 

our l~b on the flame photometer and checked with the SMAC in 

bioch~istry). At 24 hours, the urine and drainage are measured 

and a representative a)iquot taken of each. lf sorne of either 

has been discarded, the time of this 10ss during the 24 hour 

period is noted. If the 10ss occured during the early part 

i. e. before the isotopes have had time to equilibrate, the 

sample <will still be represen~tative. If the ~-samp~e occured 

late, the patient could be asked to void, or an aliquot of 

drainage taken at 
~ 

the end of the period and would be 

representative of equilibrate9 los~. At an y r a te, i t is 
~ 

Imperative that the quantity of) external fluid losses be 

measured • 

. PREPARATION OF SAMPLES FOR COUNTING: For the gamma counter 

(Beckman 8000), no special preparation is necessary. For the 

beta (1 iquid scintillation), counter (Beckman LS 8000), samples 

must be clear and virtually colorless. Plasma is m.ixed with 10% 

TCA to deproteinate. Urine is decolorised with charcoal and 

filt~red. Drainage is deproteinated using 10% TCA but usua1ly 

cannot be filtered due to its consistency. Quenchi ng i s 
l ' 

corrected by means of counting with an external standard and a 

microprocessor in the counter. 
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Time o (background) samples: Heparinised blood is 

centrifugep. Three ml lof plasma is placed in e'ach of 2 gamma 

counting vials i. e.'these are counted in duplicate. The beta 

,samples are 'counted' in triplicate. Four ml of plasma are 

deproteinated with 4" ml of 10% TCA, mixed and centrifuged. bne 
, 

ml of the supernatant is pipetted into each of 3 vials. Ten ml 

of Aquasol (liquid scintill,ation counter cocktail) is added and 

the solution mixed. 

4 ho ur sampI es: Pr epa red in the same fa sh ion as the a 

hour. 

24 ho ur sampI es: pl asma beta and gamma sampI es as fo r the 

o hou r • Th r e e mIe a ch 0 fur i ne and d rai na 9 e are use d d ire c t l Y 

for gamma counting. The beta urine sample is prepared by mixing 

an aliquot with charcoal, filtering it, then mixing 2 ml of the 

filtrate with 2 ml of 10% TCA. If a protein precipitates, i1: is 

centrifuged. One ml s.amples are èounted in duplicate, after 

adding 10 ml Aquasol to each vial. The beta drainagE( samples 

(if there is more than one drainage site, they are counted 

separately) are prepared by mixing 2 ml of drainage wi th 2 ml of 

10% TCA. This is centrifuged and the supernatant is treated 

exactly as t~e plasma supernatant, except in duplicate. 

Plasma water is obtained by using a TS (total solid) Meter 

(American Optical). Two drops of plasma are placed on the meter 

and the protein concentfoation is read. A standard conversion 

table is used to obtain the concentration of water. 
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Triplicate one ml samples of whole blood are dessicated; 

the wet weight minus the dry weight is the whole blood water. 

Whole blood electrolytes are determined on the same tube of 
1 

blo6d using a flame photometer. 

RADIOISOTOPE COUNTING: The counting windows of the beta and the 

gamma counters are established from the spectrum of each 

isotope. The meV "windows" are adjusted to maximise the counts 

of each isotope while minimising the spillover from the other 

isotope. Sodium-22 activity is determined in both the beta and 

gamma counters as" this isotope emits both beta particles and 

gamma rays. Tritium only gives rise to a beta particle and 

therefore can only be detected in the beta counter. 

The crossover of one isotope into the window of another ca'n 

be estimated by measuring the standards in each window. There 

1s no crossover of tritium into the sodium window so no 

correction is necessary. The fractional crossover for sodium in 

the tritium window is: 
, l, 

Na-22 standard in the tr i ti um wi ndow 
Na-22 standard in the-Na-22 window 

This will be used in calculations below. 

The gamma standards are counted in duplicate and the beta 

standards in triplicate. Each of the patient samples are 

counted in duplicate in the gamma counter and in trip11cate in 

the beta counter. The gamma samples are counted for ten minutes 
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· each and the beta sampI es forl twenty. The mean counts are used 

in each instance. 

TOTAL BODY WATER: TBW i5 calculateg at the 4 hour and 24 hour 

interval. Tritium equilibrates very quickly in the body and 

will be representative of the TBW at 4 hours in most patients. 

Correction for isotope crossover: 

H3 cts/min = c'ts/min H3 win - Na22 std in H3 win (Na22 ct5/min) 
Na22 std in Na22 win 

Counts injected: 

Cts injected = wt sol. inj~cted x cts/min H3 std x 100 
wt of injection solution dilut€d in 100 ml 

\ 
where H3 is tritium, cts/min is counts per minute, Na22 i5 

sodi~m-22, std i5 the standard, win is an isotope window. 

" "-At 4' hours: ,1 

TBW = counts injected x pl asma wa ter 
H3 cts!m in at 4 hr ,- H3 cts/m in' at a h r 

At 24 ho urs: 

TBW = (counts in ected - co un ts excreted (plasma wa t'èr) 
H3 cts/m in at 24 hr - H cts/min at o h r 
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The mean of the 4 and 24 hour TBW is used unless a gross error 

occurs in one. 

TOTAL EXCHANGEABLE SODIUM: Na e is calculated trom the 24 hour 

plasma specifie activity using both the beta and gamma counts. 

Counts injected: 

Coun't-s injected (wt sol. _l_~i~_c_~ed) x (cts/min Nà22 std) x 100 
wt of solution diluted in 100 ml flask 

At 24 hours: 

= (cts injected cts excreted) x plasma fJa 
(Na22 cts/min at 24 hr - Na22 cts/min at 0 hr) 

Na e is determlned using both the beta and gamma specifie 

activity and the mean is used unless there is a gross error. 

The pl asma sodium concentration is determined by fI ame 

photometry. 

, 
TOTAL EXCHANGEABLE POTASSIUM: Ke is determined indirectly (47) • 

This determination is lYased on the premise that 

R = [Na] + 0<1 
water content 

where R =ra constant, 

[Na)' = sodium concentration 

~] = potassium concentration 
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for all tissues in the body except l:5one., Algebraic summation of 

aIl the subunits results in: 

R = Na e + K e 

TBW 

Th us K e = R (TBW) - Na e • 

The value of R is ob~ined by measuring sodium and 

potassium concentration and the water content, by de~sication, 

in a sample of whole blood. Ke is.subsequently calculated. The 
, 

accuracy of t~is indirect measùrement has been experimentally 

validated (47). 

SUMMARY OF PARAMETERS MEASURED: 

Na e = total excha~geable sodium 

TBW = total body water 
, . 

we igh t 

,L-SUMMARY OF PARAMETERS CALCULATED: 

Fat = weight - TBW 

Ke = total exchangeable po tassi um 

aCM = .body cell mass = K x 0.00833 
e 

LV 
lean body mass = TBW 1 0.73 

ECM = extracellular mass = LBM - BCM 
.... 

l' 

Exchangeable sodium and potassium are often expressed,as a 

function of TBW to correct for body size. 
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STATISTICAL METHODS 

" Early in the study, serum insulin data was analysed in a 

. d ! tlme sequence. Patients had insulin levels drawn prior to TPN 
.. " (day 0), when maintenance TPN was achieved (usually day 3 to 5), 

and at da'y 14 a'nd 28, when the second and third composition 

~tudies were done. These concentrations were compared within 

ea·ch of the groups in a time sequence. The insulin and diabetic 

groups were also compared to controis. Analys(s of variance was 

used to detect statristical significance and a T statistic and 
,/ 

Scheffe's test were applied to detect within which groups· the 

significance laYe This analysis of variance was carried.out as 

above at time 0, day 3 to 5, day 14 and day 28. 

/ 

/ 
/ 

/ 

Later ~n the study, pre-TPN serum glucose concentrations 
/ 

were compared between groups, by analysis of var'iance. The same 
1 

analysis was used to compare maintenance TPN serum glucose 

concentration (drawn the ,same day as the serum insulin-) between 

groups. T-test was used to ,detec;)Significant change within 
~ 

groups between pre-TPN and ma~ntenqnce concentrations. 

~ody composition studies done se\rially were broken down 

into TPN periods,. defined as the number of days between two--~ 

consecutive body com'position studies, usùally 14 days. In 

addition to body composition data for each study i. e. at the 

beginning and end of a TPN period, a number of data are 

.. 
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calculated for ,the, period itself. Th i sin cl ud est he a c tua l 

number of days, total calories for the period exptessed a~ 

kilocalories/kg (body weight)/day, carbohydrate" lipid and 

protein Calories/kg/day, the daily change in Ke (delti'l Ke/day) 

and the daily ch9nge in seM expressed as a percentage of initial 

seM, to correct for body size (delta SeM/SeM %). 

, 
The compositional changes from the initial study of the TPN 

period and 'the final were analysed by, paired Student's T-tests. 

Calorie data, delta Ke/day, per:ent daily change in seM and 

serum insulin concentration were compared by analysis of 

variance, (T-statistics and Scheffe's test) between group~. 

The number of TPN periods in each group is considered 

inadequate to compare initial compositional data between groups, 

especially the normàlly nourished. It had been'planned to have 

100 patients in each of the control and insulin groups but this 

goal could not be achieved in the twenty months of this study. 

" ' 
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RESULTS 

Results are always ex~res~ed as means with the standard 

error of the mean. 

PATIENTS: 

Patients are subdivided into controls, who di&. not receive 

"-
exogenous insulin, and an insulin group which received 20 to 35 

units of CZI in each litre of TPN solution. Patients considered 

diabetic or who required a continuous CZI drip to control 

hype,rglycemia were considered 'separately, as they would not be 

expected to respond to insulin in the same fashion as the other 

two groups. We wished to determine'whether the adminsitration 

of exogenous insulin would increase serum insulin concentration 

and, if so, ,would that group imp~o1Ve their state of nutrition 

more than the controls. 

A further subdivision was based on nutritional status 'as 

determined by the Nae/Ke ratio. Patients were divided into 

normally nourished, having a r~tio less than 1.22, and 

malnouris~ed, greater than 1.22, subgroups. The no rma 11 y 

nourished patient would be expected to conserve his body cell 

mass, 'given adequat'e nutrition and presuming there were nct 

excessive demands resulting from his disease. The malnourished 

individual, however, would be expected, under the same 
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conditions, to increAse or rep1ete his seM anrl improve his 

nutritional state. 

1 

'There were 74 patients inc1urled in thls study (Tahle Il. 

There were 29 control patients who did not receive insulin. In 

this group, 93 body composition determinations w~re pcrformen ta 

evaluate 62 periods of TPN. The patient was consinered norma]]y 

nou,rished on the basis of an Nae/r<e < 1.77, at the beginning of 
, ~ 

the TPN period, in ten of these fl2 periods. These ten perlods 

(20 studies) had a mean duration of l'i.O + 0.5 days. In thr> 

r ema in i ng 52 TPN periods (80 studiesl the patients were 

initially malnourished on the basis of the Nae/Ke ratio. These 

periods were of a mean 15.3 + 0.5 days. 

31 patients received Insulin with their TPN. In the,,~ 

patients 90 body composition studies were performed to evaluate 

55 periods of TPN. The patients were initially malnourisherl in 

40 of these periods (70 studiesl of a duration of,14.3 ± 0.4 

~ays and normally nourished in 15 periods (30 s'turlies) lasting 

15.0 ± 1.1 days •. 

14 patients were conside~~d ta be diabetic or reguir~d a 

continuous CZI infusion to control hyperglycemia. 25 TPN 

periods were evaluated by 38 body composition studies. In four 

of these periods (8 studies) of a mean dur,ation of 15.0 ± 0.4 

days, the initial Na e/Ke ra tio was l ess than 1. ?2. The rat i a 

indicated malnutr i ti on in 21 , TPN per iods (36 body compos"ition 

st ud tes) • These 21 periods were of 14.0 ± O. l days duratiQn. 
1 • 

1

0 
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There was no statistica1 difference between groups as to 

the duration of the TPN period. The minimum continuous duration 

ol?' TPN was 12 days, the maximum, 130 days (9 TPN periods). 

Q 

Tables II, III and IV indicate the major diagnoses of each 

patient. 'It is of note that one patient, is included in two 

, groups; early in his illness, he required a CZI drip to controJ 

hyperglycemia due to sepsis; later, he was restarted on TPN and 

being' normoglycemic, was randomised ta the insulin group. 

Virtually aIl pa~ients ~ncluded were severely ill patients, a 

'large number of which underwent a surgical procedure ~ither 
, 

immediately before or during the study period. Five days were 

allowed fa r body f1uids to return to equilibrium before 

perfoming a,body composition determination. 

The regimen of low dose CZI was generally weIl tolerated. 

Occasionally, a patient would require additional CZI for 

hypergl~cemia , ,usua1ly by the subcutaneous route. The regimen 

originally consisted of 35 units CZI/litre but because of two 

cases of asymptomatic, biochemical hypoglycemia of < 40 mg/dl, 

thi~ was changed, to 20 units/litre and the serum insul in levels 

followed in the same fashion. 

SERUM INSULIN: 

The serum insulin conc were studied over time to 

determine first, the rise of serum insulin concentration that 



If 

occurs with TP~ alone, as the control group would demonstrate, 

and secondly, we wished to determine how much the insulin 

concentration would rise further with addition of low dose 
\ 

insuline The patients were therfore subdivided into control, 

insulin and diabetic groups. 

Table V shows the serum insulin concentration Irof 46 

patients, illu-stra~ed in grap)1 I. The pre-TPN conce!'tration was 

low ard equal in aIl three groups. The control patie~'ts dOL!bled 
( 

their insulin concentration by the time maintenance TPN was 

achieved (17.3 ± 3.1 to 36.4 ± 5.8) and at the t,ime of the 

second and third.body composition studies, which 
\ . 
we re '~p~.r fo rmed 

at two week intervals, maintained êhis level. In th'es e 

patients, the changes in t.he plasma insulin concentratipn was 

not significantly different from pre-TPN concentrations. 

Bath the insulin group and the diabetics behaved .in a 

simi'lar fashion but of great.er magnitude. The insul in 

concentration rose from 16.8 ± 2.9 ta 76.7 ± 7.4 meU/ml (p < 

o. 05) in the insulin group a{'ld from 18.6 + 8.0 to 87.9 + 15.8 

f -t 
meU/ml (p < 0.05) in the diabetics, at day 3-5. Bath groups 

! 
maintained these levels ai the subsequent two studies. AIl 

• 
'maintenance concentration~'we~e statistically significantly (p < 

0.05) different from the pre-TPN levels. At day 3 to 5 and day 
1 

14, the serum insulin coJcentrations of the insulin and diabetic 

groups were significantry higher (p < 0.05) than\ controls by 
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, , 

1 1 

l , 

'0 

Schef fe' s te'st and T-statistics (analysis of variance). 

• 
Statistical significance was not achieved at 4 weeks presumably 

. - . ) 

b-ecause of the large variance and/or the d'im i n i sn i ng sampI e 
, 

sLze, as several pa tients 
Q 

did not unde rgo a third body 

, composition study at 28 days • 

The above d..emonstrates weIl that the é;lddition of"\exogenous 

insulin does" indeed result in a statistically significant 

elevation of the serum insulin aqove control levels which are 

"'eleva~ed ,due ta TPN. 

S~RUM GLUCOSE CONCENTRATION: 

Serum glucose was- analysed to determine whether there was a 

difference between groups that might account for' an altered' 

response to insuline Certainly, the serum glucose of the 

diabetic is expected to be elevated~ The concentrations of th~ 

corltrol and in sl,1l i,n groups should be no rmal and not 

stati stically di fferent from each other prior to TPN. An 

elevation is ex pee ted at ma intenance TPN due to the high 

dextrose coneentr'ation. This -may not . show statistical 

'signifieanee due, to the elevated serum insulin concentrations 

that have been observed. 

Table VI indicates the serum glucose of the three groups 

subdivided into the i r sta te of nutrition. The pre-TPN 

/conc entra t ion 0 f the control and insulin groups, whether 

; 
/ 
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-
normally or malnourished, were not statistically different by 

analysis of variance. Both groups of di abet i cs had 

statistically sjg~ficantly higher serum gl ucose 

concentrations than the control and insulin groups (p < 0.05). 

NotE1 that the n value of the pre-TPN glucose concentration 

subgroups represents the number of patients, whereas in the 

maintenance subgroups it represents TPN periods, since several 

pati..ents with repeat studies were included. The maintenance 

glucose conceptration was higher than pre-TPN concentrations in 

aIl groups but was not statistically significantly different in 

a n y g r 0 u ~ • Th e dia b e tic s a gai n ha d s ta t i st i c a 11 y sig nif i c an t l Y 

(p < 0.05) higher blood glucose at maintenance than the other 

four groups. 

These data justify the exclusion of diabetics at least on 

the basis of blood glucose. Even with continuous CZ), they are 

not weIl controlled. The serum glucose of the other two groups 

rises but not significantly, indicating the effect of a 

stimulated rise in serum insuline The fact that the glucose".in 

the insulin group did not- remain at pre-TPN concentrations or 

fall below indicates our dosage was low enough so as not to 

affect glucose concentration, yet high enough to ,increase serum 

i ns'u l in. 
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MAINTENANCE INSULIN: 

In general, maintenance insulin was defined as the serum 

concentration at the second study of a 'IlPN periode If this 

samp~ was not available, the concentration from the first study 
',--

or day 5 may be used as justified by the data in the time study. 

Since' the dosage of insul in wa s chang ed in the midd le of 

the study from 35 U/L ta 20 UIL, in order ta avoid hypoglycemia, 

we needed ta prove that the lower dose could st ill provide 
~ 

adequa t~ serum concentrations of insuline If.this ass umpt ion is 

indeed valid, then the combine,d data of the two dosage reg imens 

should still indicate that the insul in group have a higher serum 

insulin concentration at maintenance than the control group. 

First, the insulin group was subdivided for analysis into 

those who rece i ved 35 U/L and those who recei ved 20 U/L. The 35 

U/L dosage was given through 27 TPN periods" the latter dosage 

throug h 28 pe r iod s • 

VI 
In the 35 U/L subgroup., 8 normall'y nourf:Shed had' a mean 

serum insul ih concentration of 100.1 ± 9.5 mcU/ml, 19, 

-malnourished had a mean concentration of 88.5 ± 8.7 mcU/ml, the 

combined 27 had a mean of 91.9 ± 6.7 mcU/ml. As expected, there 

was no statistical difference befween normallj/Y' nourished and 

malnourished patients. 
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In the 20 U/L subgroup, 7 normally nourished had a mean 
, 

serum insulin concentration of' 92.9 + 19.5 meU/ml, 21 

mal nourished had a mean concentration of 110.8 + 25.2 meU/ml, 

the combined group had a mean of 106.3 ± 19.4 meU/ml. Again, 

1... there was no di fference between the normally nourished and the 

malnourished. More important, there was no statistical 

difference between any of the 35 U/L subgroup and any of those 

receiving 20 U/L. Th is was unexpected but probably ind ieates 

that both of these doses are low and in spite of binding to the 

solution bag and tubing, deterioration with time, the delivery 

to the patient is the same. 

Table VII lists the maintenance serum insulin concentration 

for all patients in aIl groups of this study. The data indicate 
:::::­

tha t the insulin and diabetic groups 

significantly higher maintenance serum 

have statistically 

ins u1 in than the 

controls. The normally nourished groups are sma11. The 

contraIs (77.7 ± 15.4 meU/ml insul in) do not differ 

significantly from the insulin group (96.7 ± 10.1 meU/ml) and 

the diabeties (120.0 + 43.6 meU/ml), probably due to samp1e 

size. The malnourished groups are larger. The contro1s (56.1 ± 

7.2 meU/ml) have a signitieantly (p < 0.05) lower maintenance 

concentration than the insulin group (IDO.2 ± 13.8 meU/ml) and 

the diabe·ties (91.9 + 14.4 meU/ml). The combined groups show ----
the same differenee (p < 0.05) compared to the control group 

(control 59.6 ± 6.6 'mc~/ml/' insul in 99.3 ± 10.4 meU/ml and 

diabeti~96.4 ± 13.7 meU/ml). 
~ 
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Thus, one may conclude that th~ addition of Iow dose 

insulin to the TPN solution does give rise to increased serum 

concentrations of insulin, as does CZI by infusion in the case 

of diabetic patients. The 20 U/L dose of CZI is safe and as 

effective as the 35 U/L dbse. 

BODY COMPOSITION DATA: 

Tables VIII and IX show the body composition data for the 

normally nourished and the malnourished patients respectively. 

"Pre" represents the means of the initial studies of a T·PN 

period, "post", the final studies. Initial and final study 

parame~ers are analysed within a group by paired T-test. These 

changes are illustrated by means of histograms l and II. 

The population of normally hou.rished patients is small: 10 

controls,15 insulin and 4 diabetics. There was a positive 

weight gain in both the control (51.4 ± 2.7 to 54.0 ± 3.2 kg, P 

< 0.05) and insulin groups (65.9 ± 2.3 to 69.5 ± 2.9 kg, P < 

0.01). The diabetics did not change significantly. Fat stayed 

the same or increased slightly in a11 groups. The positive 

weight gain was re fl ected mostl y by an inc rease in the lean body 

mass in the contraIs (46.1 ± 2. O· to 48.3 ± 2.8 kg) and insulin 
"- '" ~'r" 

group (49.6 ± 2.2 ta 53.2 + 3.0 kg) • Li kewi se, the slight 

we 19 ht loss by the diabetics is reflected by a decreased .. LBM 

" 
(47.8 ± 2.1 to 42.2 ± 1.4 kg). In the control and insulin 

groups, the body cell mass remained virtually the same, thus 
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this increase is due to expansion of the extracellular mass 

(26.1 ± 1.1 to 28.3 ± 2.1 kg in the controls, 27.9 ± 1.2 to 31.1 

"-± 1.8 kg, P < 0.05 in the insulin group). The diabetics lost in 

both BeM and ECM, but not significantly so. 

expressed as a function of TBW to minimjse differences in body 

size. There Jas (ffi statistically significant change in either 

parameter" by any group but the trend is interesting ta note, 

especially in the insul'in group. The Nae/TBW increases which 

explains the increase in ECM (mostly represented by sodium). 

Tpe' Ke/TBW decreases (71.8,± 1.0 to 67.9 ±/l~9 mEq/L) indicating 

that the changes in potassium are small and that the increase in 

TBW has overshadowed the increased Ke that was seen in the BeM 

change. The nutritional status as indicated by the Na /K ratio 
e e 

did not change significantly in a n y 9 r 0 u p ( c on t roI sI. l 
~ 
± 0.04 

tol.17 ± 0.07, insulin 1.08 ± 0.03 to 1.21 ± 0.06 and 'diabetics 

1.09 ± 0.09 to 1.21 ± 0.08) and still remained within the normal 
t 

range. 

Normally nourished patients usually maintain their body 

cell ma ss and nutritional state prqvided they remain stable 

clinicallyand are providedwith adequate Calories. "AlI three 

groups maintained their normal state of nutrition, the control 

and insulin groups maintained body cell maSSe Thus, insulin has 

no added advantage, no detrimental effects in patients with 
, 

normai nutritional status. 'Ihis is exactly as expected • . 
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The malnourished patients comprised by far the larger 

group: 52 TPN periads included in the malnourished cantrol
l 

group, 40 in the insulin group and 21 in the diabetic. 
\ 

There 

was no significant chang,e in weight' although insu1in and 

diabetic group patients gained slight1y (insulin 66.1 ± 2.1 ta 

6 7 • 0 ± 2. 3 kg, dia b e tic s 7 1. 3 ± 4. l t 0 7 3 • 1 ± 3 • 7 kg). As i n 

the normally nourished, fat remained the same or increased 

slightly. Lean body mass remained the same in the controls 

(44.7 ± 1.4 to 44.2 ± 1,.3 kg) and insulin group (49.8 ± 1.7 to 

49.5 ± 1.7 kg) but increased in the diabetics (54.8 ± 2.9 to 

57.2 ± 2.8' kg) though not significantly. As in the normally 

nourished, this is broken down into changes in the extracellular 
\ 

·mass and body cell masse The 1argest change in ECM occured as 

an increase in the diabetic group (37.7 ± 2.4 ta 39.6 ± 2.7 kg), 

still not significant. The extr'acellular mass remained stable 

(slight decrease) in the insulin group (32.5 ± 1.3 ta 31.7 ± 1.4 

kg) as weIl as those who did not' receive in'su1in (30.1 ± 1.1 ta 

29.1 ± 1.1 kg). -Body cell mass improved slightly in al'l groups 

but changes were minimal (control, 14.7 ± 0.6 ta 15.2 ± 0.6 kg, 

insulin, 17.3 ± 0.6 to 17.8 ± 0.6 kg and diabetic; 17.2 ± 0.8 ta 

17.6 ± 1.0 kg). The magnitude of the change in Na e expressed as 

a function of TBW is somewhat 1arger than the miniscule change 

in ECM. The control group decreased from 93.6 ± 1.5 to 91.9 ± 

1.7 mEq/L and the insu1in group from 92.1 + 1.4 to 89.0 + 1.7 

mEq/L (p < 0.05). In contrast, the diabetics increased from 
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94.4 ± 2.1 to 98.5 ± 3.0 mEq/L, corresponding to their increase 

in LBM and ECM. Ke/TSW aiso improved in the control (54.3 ± 1. 4 

to 56.8 ± 1.6 mEq/L, p < 0.05) and insulin group (57.7 ± 1.1 to 

60.0 ± 1.6 mEq/L). The diabetic group maintained their Ke/TBW 

(52.5 ± 1.7 ta 52.1 ± 3.1 mEq/L), as they did their BCM. The 

change in the Nae/Ke ratios summarises the other changes that 

have occured. The control and insul in groups decreased their 

Na e and increased in Ke' thus, the ratios have improved 

(contraIs, 1.83 ± 0.09 to 1.75 ± 0.10 and insulin, 1.64 ± 0.06 )< 

to 1. 57 ± 0.08). The d iabetics maintained Ke and BCM, wh i le 

expanding the i r ECM and Na e • The i r ratios worsened from .1.8\ ± 

O. 10 to 2~11 ± 0.19 as a result. 

Th e se d a t a are m 0 r e d if fic u l t toi n ter pre tas the y are 

~omewhat unexpeêted. The general improvement af the control 
" .. 

,,>" group was predictable since malnourished patients tend to 
((,. 

,,~"?~t replete their SCM and decrease an expanded ÈCM, th us improving 
!' " 

,f ......,....-

~'.' their ratio, when provided with adequate calories and proteine 

However, the 'i n sulin group unde rwent chang es 0 f approx imatèl y 
" 

the same magnitude, improvïhg as weIl. Exogenous insul in has 

not been detr imental but the expected improvement aver the 

control group h'as not been demonstrated. Sample size, although 

not ideal, should be adequate ta detect this change. 

CALOR le DATA: 
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There jNas no clifference in total célloric intFlke between any 

of the normally nourished groups although the controls (1')1.4 ± 
. 

2.2 kcal/kg/day) received the highest amount of Caloriès of aIl 

six groups (Tables X, XI). The normally nourisheri insulin group 

r e cel v e d 5 '). l + 2 • il k cali k 9 / cl a y (1 n cl the d i a~~ c 1 L'11i.;;> t fi • 8 

kcal/kg/day. There \'Jas no ri i f f.e r e n c e e i th e r between 

malnourished groups as far as totFlJ Calories. The malnourished 

controls receivecl 50.9 + 2;.2 kcàl/kg/day, the insul in group, 

1.8 kcal/kg/clay anri the diabetics, 47.9 ± 3. l 

kcà1/kg/day. By analy~is of variance and T-statistics the 

no rmal co nt roI sap pe are ri t 0 ha ve s t a t i s tic a 11' y sig nif i c a n t 1 Y 

higher total calorie intake than aIl malnourished groups (p < 

0.05) but 'this difference was not apparent when Scheffe's test 

was applied. The same T-statistics applied to analysis of 

variance showed that 'the normal insulin group recei,yed 

significantly higher (p < 0.05) total intake than the 

malnourished insulin group. This \'Jas not 50 when Scheffe's test 

wa s appli ed • 

Fat Calories were no different between any of the groups. 

Patients received from 1.1 + 0.1 kcal/kg/riay (normal diahetics) 

to 2.1 + 0.4 kcal/kg/day (nomal controls). 

Carbohydr\te Calories showed exactly the same differences 

between groups as did the total Calories. ~gain, this was not 

significant by analysis of variance to which Scheffe's test is 
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applied. The normally nourished controls l"eceived 52.7 ± 1.9 

kcal/kg/day in the form of carbohydrate, the insulin group, 47.5 
1 

± 2.2 kcal/kg/day and the diabetics 40.5 ± 6.1 kcal/kg/day. The 

malnourished groups appear to receive somewhat less: controls, 
II'" " 

43.9 ± 1.9, insu,lin, 40.4 ± 1.6 and the diabetics 41.8 + 2.7. 

protein calories are distributed in a similar manner. 

There is however a difference between the normally nourished 

groups now. The controls received 6.6 + 0.3 kcal/kg/day, the 

insulin group, 5.9 + 0.2 and the diabetics 4.6 ± 0.7. The 

diabet~cs differed from the contraIs by T-statistics applied t'i)-

a n a lys i s 0 f var i an ce, p < O. 0 5 • Th e 5 i 9 nif i c an c e wa s los t wh e n 

-Scheffe's test was"applied. There were no differences between 

the malnourished groups: Controls absorbed 5.4 + 0.2 

kcal/kg/day as protein Calories, the insulin group, 5.0 + 0.2 

and the diabetics, 5.0 ± 0.3. The normally nourished controis 
T 

showed significantly higher protein Calories by analysis of 

variance, T-statistics, p < 0.05, (but not by Scheffe's) 

compared to aIl malnourished groups. 

insluin group received more protein 

The 

than 

no rmall y no ur i shed 

the malnour i shJ 

insulin and diabetic groups, p < 0.05 by the same analysis. 
, 

None of thesé differences were significant when Scheffe's test 
\ 

was used with analysis of variance. 

When a difference is demonstrated by T-statistics but not 

by Scheffe's test, a more rigid' test of significance, the 
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difference is ~estionable. With the exception of the normally 

nourished cOQtrols, aIl groups received approximately the same 

amount of Calories. 

Del ta K e/day is de fined as the mean da ily change in 

exchangeable potassium during the TPN periode There was no 

difference in the mean delta Ke/day between any of the groups. 

This was probably because the changes in Ke are small and daily 

changes even smaller. Where the population size is small, the 

differences are notable but not significant: normally nourished 

contraIs, -0.6 ±5.4 mEq/day, insulin, 4.9 ± 5.7 mEq/day and 

diabetics, -28.1 ± 14.1 mEq/day. In the malnourished groups the 

differences are small: controls, 3.8 ± 2.8 mEq/day, insulin, 4.7 

± 3.2 and diabetic, 3.7 ± 6.4. The actual daily change in body 

cell mass corrected for b~dy size (the initial body cell mass) 

is expressed as the per~ent daily delta SCM for the malnourished 

patients: contraIs, 0.31% ± 0.16, insulin, 0.25% ± 0.15 and 

dia~etics, 0.21%)± 0.27. There is no statistical difference. 

since the changes are small and the population heterogeneous and 

few in number, many more TPN periods would have ta be included 

ta obtain statistical significance. The delta Ke/day data and 

that of the percent daily change in BeM will be used below in 

the formation of a multiple linear regression equation. 
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MULTIPLE LINEAR REGRESSION 

Multiple linear regression is a statistical method whereby 

one may express one dependent variable such as delta Kc/daY,or % 

delta BCM/day a$ a function of more than one independent 

variable. Independent variables'which would correlate with such 

changes in nutritional parameters are: the status of nutrition 
• 

(Na /K ), the amount and, type of Calories, the serum insulin 
e e ., 

concentration. Multiple linear reg!essi?n will fit aIl the 

variables into a theoretical straight line even though it would 

reguire more than· two dimensions to -clraw such a line. The 

equation is in the form of \ 

y = a + bx + cw + dz 

where x, w and z are independent variables. Tables XII and XIII 

express the delta Ke/day and the percent delta BCM/day 
. 

respectively as a function of the Nae/Ke ratio (state of 

nutrition), total Calories, ànd serum insulin. This was carried 

out only 'for the malnourished patients as the normally nourished 

tend to maintain th~'~ body cell mass, not i~crease above their 

maximum. Subdividing the Calories into the carbohydrate, lipid 

and protein por~ions did not add significance and these are not 

incl ud ed. 

Graphs II, III, and IV illustrate the regression lines of 

each group separately and graph V is a summary of the three. 
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These lines were obtained by keeping the state of nutrition 

constant a t 1. 5 Na e/K e" .The concentra tian 0 f in sul in us ed wa s 

the mean of the group in question. The Calories were then 

varied to obtain the line as illustrated. One can appreciate 

from the equations, that the intercepts are similar in aIl three 

groups. The multiple correlation coefficients" which indicate 

how well the data points fit the line, are similar. The 

regressions are not significant. One can appreciate by the 
~ 

graphs, that the slope of all three lines are similar. Thus, 

when ,the nutritional state, the leapt signi~icant of the three 

independent variabl-es, is constant, the three groups behave in a 

similar fashion, which will vary according ta the insulin 

concentration. Whereas the malnourished controls require 46 

kcal/kg/day to maintain their Ke' the, insulin group and diabetic 

group require 38 and 39 kcal/kg/day, respec~ively. At a TPN 

rate supplying 60 kcal/kg/day, "the patients receiving no insulin 

will increase their Ke by fi mEq/day, whereas the insulin group 

will increase it at a rate of 12.5 mEq/day, the diabetics by la 

mEq/day. The beneficial effects 'of insulin are clearly 

demonstrated: It is of note, ho~ever, that in the diabetic 

group, the se rum insul in concentration has a negative 

correlation with del~.a Ke' though not statistically significant. 

Graphs V,I, VII, VIII and IX illus'trate the multiple linear 

regressions of the three groups with percent delta BCM/day as 

dependent va~iable. One will note by the equations in Table 
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XII l th a t the i nt e r c é pts are El i mil a r i n e a c h 9 r 0 u p • Th e t 0 t a l 

calories are statistically. significant in the control group, p < 

0.01 and in the insulin group, p < 0.05. The regressions are 

not significant but· the' correlation coefficients are similar, , 
'.'especially' for the control and insulin groups.\ The graphs were 

again constructed using 1.5 and us ing the an Na /K = e e 

maintenance serum insul in concentration of the group in 

question. One can appreciate that the slope-s are similar in the , 

control insul in groups. The malnourished control g~oup, under 
1 

these conditions, required 44 kcal/kg/day to maintain their BCf1. 

The ins ul in required less, 38 kca l/kg/d ay and. the . 
diabetics, 33 kcal!.kg/day, àlthough the" repletion rate of the 

. . 
diabetic group at higher calorie intakes is slower, as indicated 

....Je) 

by the slope of the line. 

Assuming a theoretical BeM of 20 kg and a rate of fiG 

kcal/kg/day, the equations would indicate that the controls 

would gain 99 gm of SCM daily, t'he diabetics ,wou1d gain 106 

gm/dayand the insul in group would gain 131 gm dai1y. Again, 

the beneficial eEfect of insulin is demonstated: less Ca'lories 

are required to maintain the body cell mass and at a given 

calorie intake, the repletion rate is faster. 

This 1's borne out when the control and insulin groups are 

cornbined to fo rm a regression. This can be done since they 

,behave in a similar fashion, except that the insul in group 
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,côrr:elates negatively for Nae/K~, but this is far from 

statistically significant. The resulting regression becomes 

statistically significant and the signlficance of· the serum 

insul in and Ca Iories .va r iabl es are increased. Th i 5 reg ressio n 

appears on graph :L. These lines are remarkably close to r the . 

i nd i v id u~ 1 reg ression litl~ each g ro up. The same beneficial 

effect of insul in is illustrated. 
• 

) .-
Ta be campI ete, the reg ression fo r the combined data of the 

thr ee g,roups i s i nci ud ed (graph XI). The r~g,ession is 
\ 

signi,fic:;ant,' but one is not justified in combining the dia?etics 

with t'he other two group,s. The slope of the r~gres'sion of this 

group is totally dissimilar to the others, there is a negative 
, . 

cor:rela~ion between Na.e/Ke and percent dai1y/delta BC~, as weIl 

as be}ween insulin and percent daiIy delta. BCM. In the' 9 raph, 

it appears as if the diabetics do as.well as the ins,ulin group 

because the mean maintenanc;e serum' insulin concen'trations of 

the,se groups are a1most identical. 

J 

The delta Ke/day regressi:on and the percent daily delta, ~CM 

reg r e s si 0 n are 0 i s s Lm il a r, i n the cas e . 0 f the diabetic group, 
, ' 

because the latter regression corrects for body size, a.n 
'c, 

important correction in a grou'p numbering only' 21 TPN periods., 

of 

,Tabl e XI V i llustr ates th:e" chang es that wo ul-o-- oc cur when one 

-----. 
the variables is changed. When t'he Nae/Ke is 

1 

made' worse , 

from 1.5 ta 2. 0, the increases in B,CM are smal!. For e?,qmple., 
" 

PAGE 59 



.. 

---~------

" 

.. 
, , 

... 

at a serum insul'in concentration of 100 meU/ml and 50 

kcal/kg/day the dai~y increase in body cell mass is from 66 gm 

to 94 gm. When the state of nutrition and calorie intake ar!:? 

kept constant, variation in the serum insulin proçuces small 
~ 

changes. The increase is from 46 gm/day to 66 gm/day pnd 86 

gm!day when the serum insulin.is 50 meU/ml, 100 meU/ml and -r50 

meU/ml respectively, at ----~ TPN rate s!,!pplying 50 kcal/kg/day • 

Varying the calorie intake produces the greatest change. The 

daily'increase in body cell mass increases by 60 gm/day with 
, -w--

each successive 10 kcal/kg/day. Of course, the greatest 

increase would occur when the patient is very malnourished, has 
./ 

a high serum insulin concentration and receives the maximum 

Calories tolerated. , 

PAGE 60 

J \ 



1 

~ 

DISCUSSION 

We have succeeded in adding exogenous insulin to our 

parenteral nutrition solut~on in doses which are low enough to 

be safe and without dsk of hypoglycemia yet which ensure 

elevated pla~ma levels of the hormone. It has been demonstrated 

above, that 20 units of CZI in - a litre of solution and 35 U/L 

render equal plasma concentrations of insuline There were 

several cases of hypoglycemia with the higher dose, although 

asymptomatic. It is interesting to note that two dosage 

regimens, one almost half the second, would result in identical 

plasma concentrations. However, these are dilute concentr"at-ions 

of insulin and surely aIl of the initial dose does not reach the 
Q 

patient's bloodstream. Care is taken that the CZI is added to 

the TPN solution and refrigerated but there is still sorne 

degradation of insulin when the solution is hung at the bedside. 
\/ 

Insulin is known' to bind to the plastic of the solution 

administration bags and tubing. Even continuous infusions of 

insulin are variable in the delivery of .the hormone to the 

patient depending on the concentration and the type of infusion 

set (fil). However, in spite of binding of insulin to plastic, 

it has been demonstrated by double isotope tagging, that 

con s tan t 'i n sul i n de l ive r y t 0 the pa t i e n t c an b e as sur e d wh en 

adminsitered in a TPN solution (65). Albumen is not necessary 
}-

to add stability to the solution. It is of importance to verify 
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'---, the serum concentrations of the hormone and ta correlate body 
" 

campo si t ~on da ta with these r a the r than with the dose 

administered. 
\ 

The population of pa tients st ud i ed wa s very he te rog eno us, 

and severely ill. The majority were malnourished. Although the 

total number of patients was less than what was set out as an 

ideal at the beginning of this study, the numbers of the control 

and insulin malnourished groups are sufficient to study the 

questions posed in the hypothesis. At the onset of this study., 

the diabetics were excluded on the basis of supposed insulin 

r es i ste ne e, aIt ho ug h the n u t ri t ion ale f f e c t s 0 fin sul in are no t 
1 

necessarily always related to the glucose effect. The glucose 

data, both prior ta TPN and at maintenance, supports the 

exclusion of diabetics, at least on the basis of glucose 

intolerance. As a group, the diabetics received the lowest 

amount of calories, probably because of poor control of serum 

--------glucose. Several' of the patients within this group were 

hyperglycemic on the basis of sepsis rather than true diabetes 

alone. The fluid and calorie demands of such a patient would be 
do 

even higher than the nbn-septic patient or true diabetic. 

Presumably, these demands we re 'no t met. The small number of 

patients in the diabetic group, as weIl as their heterogeneity, 

mak'" it difficult ta draw any fast conclusions from their data, 

with the exception of the serum glucose and insulin data which 

were statistically different from controls. 
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The release of insulin in response to a glucose infusion is 

known to be rapid and the levels sustained (36, 62, 63). TPN 

solutions are sustained for long periods in the _ patients 

studied, a mi~imum of two weeks. The study of serum insulin 

concentration on days of TPN, in a subpopulation of patie,nts, 

indicated that, in fact, the controls had reached mainten~nce 

serum insulin concentration by the time the ir parenteral' 

solution was be ing' in fused at ma intenance rates. Th i s 

concentration of insulin was double the pre-TPN concentration 

and was maintained in the subsequent two studies. 

The patients receiving insulin, either as part of the 

protocol, the insulin group, or fo r hype rg lycem ia, al so 

demonstrated sustained levels of insul in but significantly 
"'\\. 

higher than the controls. The maintenance insulin concentration 

that was used .to correlate .with body ~omposition data, was that 

obtained at the time of the second body compost ion study of a 

TPN periode This concentration was always higher in the insulin 

and diabetic group than the control, p < 0.05. Thus, the 

addition of CZI to the TPN solution resulted in increased_serum 

concentration above and beyond the increase observed in 

controls, which is due to the solution itself. Exogenous 

insulin, does not, apparently, turn off endogenous production of 

i-n-sul in. 

Does this increased serum insulin concentration have a 
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positive effect on the body's nutritional status? The 'relativE' 

i n sul i n r e sis tan c e a ft ers hoc k, sur 9 e r y , seps i sor st a r vat ion 

has been bescribed (35, 46, 65, (6). This may be due to low 

concentrations of -insulin as occurs in fasting or thermal burns. 

It ls related especially to a relative overabundance of 

catabolic hormones, in different combinations as describerl 

above. Insulin is the prime anabolic hormone of the body. In 

high concentrations, insulin will stimula te protein synthesis, 

glycogen synfhesis and triglyceride synthesis and storage. 

Allison et al. (51, 52) have felt that the deèreêlsed activity of 

insulin could be counteracted by delivering large doses of 

insul in to the patient. 'Ihey succeed-ed in demonstrating 

im.proved ni trogen balance, as estirnated by decreased urea 

production, when insul in was added to their crossover 
"-

hyperalimentation solutions. There was a significant 

correlation between urea. production and serum insuline These 

changes occurred in catabolic patients. 

There are similaritie~rbetween the results pres~nted here 

ànd those of Allison's group, even though the studies were 

different. Allison's patients receiving glucose alone had serum 

insulin concentrations (46.9 ± 39 mU/L) similar to our control 

group maintenance insulin concentration. The insulin group in . ' 

our study achieved statistically significantly higher s~rum 

insul in ,conc;entration than controls (99.3 + 10.4 meU/ml). 

Allison's insulin group achieved levels of 223 + 219 mUIL which 
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may be accounted for by radioimmunoassay techniques and 

especially the higher dose of insulin administered. Note that 

in Allison's work, changes occurred in catabolio."-patients. In 

our study, the malnour ished patients improved in body 

composition. 

Th e e rra r sin nit r 0 g-e n bal an c e h a ve b e end i sc us s e d • Th e 

method of urea excretion is an approximation of nitrogen 

balance. Body composition, as performe,d in this laboratory, has 
~ 

proved a sensitive tool in measuring response to manipul,ation of 

nutrition (41, 67, 68, 69, 70, 71)., The indirect method of body 

composition has proved valuable in evaluating changes in body 

cel1 mass and extracellular mass in protein-sparing experiments 

in which weight change alone was not significant. In previous 

studies, such as that comparing fat emulsion and amino acids ta 

dextrose and amino acids, it was necessary to determine the 

patients' initial nutritional status in order ta determi'ne their 

response to therapy as a group. This same principle was used in 

our st l,ldy. The sensitivity of the Nae/Ke ratio has been 

validated (44) by studying 500 consecutive body composition 

studies. These were compared to normal, hea1thy volunteers. 

When total body exchangeable potassium was plotted against TBW, 

the data points of the patients with a normal ratio < 1.22 fell 

mostly within the 95% confidenoe limits of the' normal 

volunteers, whereas those with a ratio> 1.22 fell below this 

limite Therefore, in our estimation, this method serves better 
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to determine chagnes in the body cell mass which may be brought ' 

about by insulin than would nitrogen balance. 

Patients in a normal state of nutrition, do not tend to 

increase their body cell mass when given excess calories. 

Rather, th~y tend ta canvert the excess to fat and conserve 

their body cell masse In a normally nourished adulç, the body 

cell mQss does not usually increase unless stimulated by 

exercise. The patients in our study with an Nae/Ke less than 

1.22, normally nourished, would not be expected then to increase 

their body cell mass, whether they received insulin or not. In 

fact, both '" the normally nourished control and insulin groups, 

maintained their normal state of nutrition, both gaining in 

weight, extracellular mass, without significant change in body 

cell maSSe The performance of the normally nourishe~ diabetics 

was generally poor. Lack of significance was due to population 

size. Exogenous insulin has shown no positive or negative 

effects on the nutrition of these normally nourished patients, 

(nor is sigQificant benefit expected. 

The malnourished control and insulin groups both improved. 

At first glance, it appears that insulin has no added advantage. 

The control group and insulin group bath increased their body 

cell mass, by approximately the same magnitude. Neither group 

showed statistically significant improvement. The control group 

did imprave the Ke/TBW, p < 0.05 but the insulin group improved, 

PAGE 66 

\ 
, - - ~ --- -- -~-"---_--:"_------'--



as weIl, though this improvement was not of statistical 

significance.' Both groups decreased the Nae/TBW', this time the 

change of statistical significance is demonstrated by the 
"'-:' 

insulin g,roup. This resulted in improvement by both groups but 

no demonstrable effect of insulin alone is notedi nor was there 

any detrimental effect. 

The positive effect of insulin can be demonstrated by the 
. 

multiple linear regression data. In both the delta Ke/day and 

_ percent delta BCM/day multiple linear regression data, the 

effect of high serum insul in concentration is clear. The 

• insulin group requires less Calories to maintain their body cell 

masse When the amount of calor i es i s increased above thi s 

minimum, the insulin group responds with faster repletion of the 

Ke or body cell masse The statistical significance of the 

combined control and insulin multiple linear regressions adds 

credence to this view. 

It is interesting to note that the variable that was most 

often statistically significant in these equations was the total 

Calories/k9/ctay., AlI patients received more than the 34.7 

kcal/kg/day caleulated as a minirn.um rate, below which body cell 
. 

mass does not improve (67) {recaleulated from (70}}. Accord'ing 

to the regression and under fixed condiJions, the insulin group 

required approximately this rate of calorie intake to maintain 

the'ir body cell mass, the control group, slightly more. The 
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Nae/Ke ratio would be of more significance if normally nourished 

patients had been included in the regression. This was not done 

as it was not the purpose of this manipulation to determine the 

effect of malnutrition on the repletion rate, rather the effect 

of insuline Malnourished patients only were included since it 

was those. patients who, as a group, increased their body cell 

mass with nutritional therapy. 

The changes in seM and total exchangeable potassium, within 

a TPN period, are small. As emphasized above, the rate of 

repletion lags far behind the rate at which the body cell mass 

was lost. This is confirmed -l:>y the body compositio.n data of the 

malnourished patients and illustrated in the e x am pIe s 0 f 

multiple linear regression. A gain of 50 grams/day of body cell 

'mass is small if one considers that the patren~ may have lost 

over 300 gm/day before parenteral nutrition was institiuted • 

. Naturally, the pre-TPN losses are not measured by our 

laboratory, only tho se chang es occur i ng wi th TPN. 
-1 

Since the 

changes are small, and the population 50 heterogeneou~, both in 

body size and in pathology, it will require much larger numbers 

than included in this study to demonstrate a significant 

difference in the insulin group. 
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CONCLUSIONS 

, 

This study of 74 patients receiving total parenteral 

nutrition demonstrates that: 

1. Prior to administration of TPN aIl patients had a low 

serum insulin concentration. 

2. By the time maintenance TPN was achieved, usually aL 3 
1 

to 5 days, patients who did not receive insulin doubled their 

pre-TPN serum 'insu1 in concentrati'On and these concentrations 

were maintained at two subsequent body composition studies (day 

14 and day 28) • However 1 these concentrations were not 

statistica11y signi~icantly different from pre-TPN 

concentrations. 

3. Patients receiving exogenous insulin, the insulin and 

diabetic groups, increa'sed their serum insul in concentration by 

the .time maintenance TPN was achieved, to a level which was 

staiistically significantly higher (p < O.OS) than coritro~ 

concentrations. These concentrations remained elevated through 

the two subsequent body composition studies. 

4. Maintenance serum insulin concentration was 

statistically significantly higher (p < 0.05). in those patients 

receiving insu1in, compared to controls. 
" 
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5. The serum glucose concentration of the diabetic group 
1 

was statistically significantly elevate~ over that, of control 

and insul,in groups, both prior to TPN and at maintenance TPN. 

The poor control of the diabetic group justifies its exclusion. 

6. The serum glucose concentration of aIl groups increased 

with TPN but was not statistically significantly different from 

pre-TPN. 

7. The two dosage regimens usee}, 35 Units CZI/L and 20 
" 

U/L, both rendered approximately equal concentrations of insulin 

in the serum. This is probably because both are Iow dilutions 

of the hormone, but enough reaches the bloodstream of the 

patients to make a significant difference in concentration over 

controls. There were no cases of hypoglycemia with the 20 U/L 

dose. 

8. Patients who were norm~lly nourished maintained their 

normal state of nytrition, particularly body cell maSSe As 

expecte~, insuli~ had no added advantage or disadvantage in this 

po p u lat ion. 

9. In the m~lnouri~hed patient subgroup, the larger group, 

both the control and insulin groups improved their nutri~ional 

status, including body cel! masse These changes fa iled to reach 

sta~istical significance probably due to sample size. Exogenous 

insulin has failed to bring about a significant benefit in ,the 
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number of patients éonsidered, but has shawn no detrimental 

effect. 

10. Multiple linear regression expressing delta Ke/day and 

percent daily change in BCM as a function of Nae/Ke (ntt'tritional 

status), total Calo,ries/day and serum insulin concentration at 
'0 

maintenance show that Calories is a significant variable. The 

regression resulting from combining the control and insulin, 

group is significant and shows that high concentrations of 

insul in allow ma intenance of the body cell mass at lower _calorie 
1 • 

intakes and al 50 increases the rate of, ,repletion of the 

malnourished body cell mass~ 
c 

o 11. Mu l t i pl e lin e arr e 9 r es 5 ion al 50 in die a tes th a t th e 

diabetic group behaves differ~ntly fr9ffi the other two. No 
, .. 

definite conclusi~ns can be drawn about the effect of inkulin on 
~ 

this group. 

.. 
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TABLE l 

DIVISION OF 74 PATIENTS 

Number OP patients ~ 

î Number of studies 

Number of TPN periods 
~ 

Initial Nae/Ke less than 1.22 

Number of studies 

TPN periods 

* Mean dura tian of TPN period (days) 

" 
Initial Nae/Ke greater th an 1.22 

Number of studies 

TPN periods 

* Mean duration of TPN period, (day~)-

CONTROL 

29 

93 

62 

20 

la 
15.0 ± 0.5 

80 

S2 

15.3 ± 0.5 

.INSULIN 

31 

90 

55 

30 

15 

15.0 ± 1.1 

'" 
70 

40 

14.3 ± 0.4 

r~ 

DIABETIC 

14 

38 

25 

8 

4 

15.0 '± 0.4 

36 

21 

14.0 ± 0.1 

* There was no statistica1ly significant difference in the mean duration of the TPN 

period between groups by analysis of variance. 
~ 

...... 
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2. 

3 .. 

'4. 

5 . 

6. 

7. 

8-: 

9. 

TABLE II 

MAJOR DIAGNOSËS. OFtTHE CONTROL GROUP 

• 
gastrointestina1 bJ{eed/ sepsis 

s'malI bowel obstruction/ ,carci~oma colon 

peptic ulcer resection/ duoden~l stump leak 
, . -

carcinoma esophagu~1 obstruction 
o ,... 

resection of êsophageal webs/ leakage 

carcinoma .esophagusl subphrenic abscess 

pancreatitisl pseudocystl abscess 

f~cal peritoniti~1 sepsis 

f~,actured hipl esophage~l stricture 

10._ga~tric carcinoma resectionl anastomotic leakage 

carcinoma mouth 11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21., 

22. 

23: 

24. 

25. 

26. 

27. 

28. 

29. 

~ 

~ 

sep'~is post colon resectionl prolonged'ileus 

carcinoma esophagus 

carcinoma esophagus . 
se~ere infected sacral ulcer due to pilonidal abscess 

intraabdominal aoscess 
• 

inf~rcted bowel/short bowel syndrome 

upp~er gastrointestinal bleed/ sepsis .', 

oda:ntoid fracture! dyspha,gia 

per:forated bladder! seTeis ' 

ao~to-coronary bypass/ mitral valve replac~mentl sepsis 

leukemia 

small bowel obstruction 

diverticulitis 

leukemia 

ap~endiceal abs,cess 

cai~inoma esophagus 

duodenal ulcer 

gastric dysfunction 

) 

, , 
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2. 
~ 3. 

4. 

5 . 

6. 

7.' 

8. 

9. 

10. 

11. 

TABLE III 

MAJOR DIAGNOSES OF THI INSULI,N G~OUP 

Crohn' s disease 

pancreatitis 

carcinoma rectum/ anastornotic leakage 

radiation enteritis/ nonfuction~ng bowei 

smaii bowel ,fistula 

smaii bowei fi;tula 

trauma/ sepsis/ pancreatitis 

mit~al valve're~lacernent/ sepsis 

pancreatic ascite's/ pseudocyst 

carcinoma pancreas/ 'subphrenic abscess 

'. 
0' 

upper gastrointestinai bleed/ duodenal leakage 

12. car~in~ma of gastroesophag~al junction/ anastomotic leakage 

13. gastroin tes t ina+ bleedl abscess 

14, gastrointestinal bleedl se'psis 

15. ~ gastrointestinal bleed 

16. bowel obstruction/ peritonitis 

17. carcinoma stomach 

18. radiation enter~tis/ fist1.}la. 
,1' 

19. carcinoma neck 

20. common bile duct stone removall respira tory failure 

21. carcinoma stomachl ,?bstruction 

22. perforated, strangulated hernia/ sepsis 

23. splenectomy/ gastric fistulq 

,24. esoIJ?hageal p~rforation 

25: carcinoma esophagus/gastric leakage 

26. femorai fracture/ duodenal bleed 

27. esophageal obstructi'on 

28. pancreatitis/ absc'ess/ perforated bowel 

29. pancreatitis 
, 

30. carcinoma pancreas/obstruction postop 
• " 0 

31. perforated bpwel/ sepsis/ ,renal failure 
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TABLE IV 

MAJOR DIAGNOSES OF THE DIABETIC GROUP 

1. Mallory-Weiss tear/sepsis 

2. small bowe1 infarct resectionl rèspiratory failure 

3. perforated strangu1ated hernia/ sepsis 
"'-
4. duodena1 stump 1eakagel sepsis 

5. fistu1al abscess/ renai failure 

6. burns/ sepsis 

7. carcinoma pancreas/ anastomotic 1eakage 

8. carcinoma esophagus 

9. small bowe1 obstruet:ion 

10. aorto-femora1 bypassl fistula to infected graft 

Il. carcinoma' lung/ bronchop1eural fistula 

12. renal failure! aortic aneurysm resection/ infarcted bowel 

13. cerebral hemorrhage/ mesenteric infarction 

14. abdominal aortic aneurysm resectionl gangrene leg 
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Pre 

Day 

Day 

Day 
(. 

TABLE V 
~ 

~ 
SERUM' "INSULIN CONCENTRATION (mcU Iml) 

.. 

CONTROL INSULIN DIABETIC 

n == 15 n = 24 n = 7 

TPN 17.3 ± 3.1 16.8 ± 2.9 18.6 ± 8.0 

3-5 . 36.4 ± 5.8 76.7 ± 7.4* 1/ 87.9 ± 15.8* 

14 33.6 ± 6.0 82.8 ± 15'.6* fI 101.0 ± 13.1* 

28 34.2 ± 7.5 100.9 ± 21. 7* 97.8±31.4* 

* significantly higher (p<0.05) than pre' TPN serum insulin 
concentration. 

fi significant1y higher (p<O.05) than Control serum insulin 
concentration at the same time sequence. 
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Pre TPN, 

Maintenance 

Pre TPN 

Maintenance 

TABLE VI 

SERUM GLUCOSE, CONCENTRATION (mg/dl) 

NORMALLY NOURISHED 

CONTROL 

102 ,,~ ± 8.8 
n = 4 

134.8 ± 14.5 
n = 6 

INSULIN 

106.0 ± 12.3 
n ::: 7 

145.0 ± 15.8 
n ::: 12 

MALNOURISHED 

CONTROL INSULIN 

119.6 ± 8.4 p4.8 ± 8.4 
n = 9 n = 18 

' ~156. 3 ± 15.5 141.5 ± 10.4 
n = 22 n = 35 

· ' 

DIABj:TIC 

260.3 ± 15.9* 
n = 3 

232.3 ± 44;-.1* 
n = 6 

DIABETIC 

217.8 ± 45.5* 
n 10 

312.7 ± 31.4* 
n = 18 

* statistically higher (p<:O.05) than the concentrations of the 
Control and Insulin groups. 

In the pre TPN subgroup, n reprepents the number of patients whose 
glucose concentration was recorded. In the'maintenance'subgroup, 
the n is higher sinee these same patients were included with 
subsequ.ent body composition, studies. -.. 
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Norrnally nourished 

Malnourished 
, 

Combined 

• c 

/ 

TABLE VII 

MAINTENANCE SERUM INSULIN'CONCENTRATION (meU/ml) 

CONTROL 

77.7 -± 15.4 
n :; 10 

56.1 ± 7.2 
n = 52 

59.6 ± 6.6 
n = 62 

INSULIN 

96.7 :f 10.1 
_ n:; 15 

100.2 t l3.8 * 
n = 40 

99.3 ± 10.4 * 
n~= 55 

DIABETIC 

120.0 ± 43.6 
n :; 4 

91.9 ;1; 14~4 "*­
n·= 21 

96.4 ± 13.7 * 
n = 25 

.. 

* statistica1ly significantly higher (p<O.05) than control concentrations 
by analysis of variance. 1 

~ 

... 
----:;::-
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TABLE VIn 

BODY COMPOSITION DATA OF NORMALLY NOURISHED PATIENTS 

CONTROL INSULIN DIABETIC 

'PRE POST PRE POST 

Weight (Kg) 51.4 ± 2.7 54.0 ± 3.2* 65.9 ± 2.3 

P~T [ PRE 

69.5*± 2. # 59.9 ± 3.5 55.3 ± 3.8 

" 
Fat (Kg) 5.3 ± 1.2 5.7 ± 1.2 16.3 ± 1. 7 16.3 ± 1.7 12.2 ± 2.9 13.1 ± 2.7 

LBM (Kg) 46.1 ± 2.0 48.3 ± 2.8 49.6 ± 2.2 53.2 ± 3.0* 47.8 ± 2.1 42.2 ± 1.4 1 

ECM (Kg) 26.1 ± 1.1 28,3 ± 2.1 27.9±1.2 31.1 ± 1.8* 26.9 ± 1.0 24.8 ± 0.6 

BeM (Kg) 20.1 ± 1.0 19.9 ± 1.1 21. 7 ±. 1.1 22:1 ± 1.5 20.9 ± 1. 8 17.5 ± 1.3 

Nae/TBW (mEq/L) 78.3 ± 1.6 78.5 ± 1.9 77.2 ± 1.1 80.9 ± 2.3 76.9 ± 3.1 81.3 ± 1. 9 

Ke/TBW (mEq/L) 71.4 ± 1.2 68.6 ± 2.5 71'.8 ± 1.0 67.9 ± 1.9 71.5±3.7 67.8 ± 3.2 

Nae/Ke 

" 
n 

1.10 ±(L04 1.17 ±0.07 1.08 ±0.O3 1.21 ±0.06 1.09 ±O.O9 1. 21 ±.D.08 

10 15 4 

* p<0.05 If p<O.Ol 

LBM= lean body mass, ECM = extracellular mass, BeM = body c~11 mass, TBW = total 
,body water, Nae = total body exchangeab1e sodium, Ke total body exch~ngeable 
potassium. 1 

Pre initial body composition study of a TPN period, Post second study of period. 
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Weight (Kg) 

Fat (Kg) 

LBH (Kg) 

ECH. (Kg) 

BCH (Kg) 

Nae/TBW (mEq/L) 

-Ke/TBW (mEq/L) 

Nae/Ké 

n 

'" 

TABLE IX 

BODY COMPOSITION DATA OF MALNOURISHED PATIENTS 

,): 

CONTROL INSULIN DIABETIC 
PRE POST PRE POST PRE POST . 

56.7 ± 2.0 56.7 ± 1:9- 66.1 ± 2.1 67.0 ± 2.3 71.3 ± 4.1 73.1 ± 3.7 

11. 9 ± 1.3 12.5 ± 1.2 16.3 ± .1. 2 17.5 ± 1.1 16.5 ± 2.0 16.0 ± 2.0 

44.7 ± 1.4 44.2±1.3 49.8 ± 1. 7 49.5 ± 1. 7 54.8 ± 2.9 
/ 

57.2 ± 2.8 
1 

30.1 ± 1.1 29.1 ± 1.1 32.5 ± 1.3 31. 7 ± l. 4 37.7 ± 2.4 39.6 ± 2.7 

14.7 ± 0.6 15.2 ± 0.6 17'.3 ± 0.6 17.8 ± 0.6 17.2 ± 0.8 17.6±'l.O 

93.6 ± 1.5 91.9 ± 1.7 92.1 ± 1.4 89.0 ± 1.7* 94.4 ± 2.1 98.5 ±. 3.0 

54.3 ± 1.4 56.8 ± 1.6* 57.7±1.1 60.0 + 1.6 52.5 ± 1. 7 52.1 ± 3.1 

1.83 ±a.09 1. 75 ±0.10 1.64 ±0.06 1. 57 ±O.08 1.86 ±0.10 2.11 ±0.19 

5-2 40 21 1; 

* P < 0.05 ~) 

LBM = lean body mass, ECM = extracellular mass, BCM = body cell mass, TBW = total 
body water, Nae total body exchangeable sodium, Ke = total body exchangeable 
potassium~ 

Pre initial body composition of a TPN period, Post= second study of a period. 
1 
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TABLE X 

/ CALORIC DATA OF NORMALLY NOURISHED PATIENTS 

l CONTROL INSULIN 

Carbohydrate (Cal/Kg/day) 52.7 ± 1.9 47.5 + 2.2 

Fat (Cal/Kg/day) 2.1 ± 0.4 1.7±0.3 

Protein (Ca~/Kg/day) 6.6.!± 0.3 5.9 ± 0.2 

Total Calories/Kg!day 61.4 ± 2.2 55.1 + 2.4 

Delta Ke/day (mEq/day) -0.6 ± 5.4 4.9 ± 5.7 

1 

* significantly less (p<:O.05) than contrais. 

1 

/ , '" 

1 

i 

1 

DIABETIC 

40.5 ± 6.1 

1.1 ± 0.1 

4.6 ± 0.7* 

46.2.:f 6.8 

-28.1 ± 14.1 

.!o 

PAGE 81 

""'-



,-
1 

Ir 

'Î 

" 
1.. 

~ 

Carbohydrate (r~cal/Kg/day) 

Fat (Keal/Kg/day) 

Protein (Keal/Kg/day) 

Total Calories/Kg/day 

Delta Ke/day (mEq/day) 

Delta BCM/day ~ 
BCM /0 

, 
..J 

'/ 

TABLE XI 

CALORIe DATA OF MALNOURISHED PATIENTS 
G 

CONTROL INSULIN DIA13ETIC 
r 

43.9 ± 1.9' 40.4 ±.1.6 41.'8 ± 2.1 

1.6 ± 0.2 
"" 

1.4 ± 0.2 1.1 ± 0:2 

5.4 ± 0.2 5.0 ± 0.2 5.0 ±. 0.3 

50.9 ± 2.2 46.8 ± 1.8 47.9 ± 3.1' 

3.8 + 2.8 4.7 ± 3.2 3.7 ± 6.4 
/ 

0.31 ± 0.16 0.25 ± 0.15 0.21 ± 0.27 
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TABLE XII 
'" 

MULTIPLE LINEAR REGRESSION: DELTA Ke 1 DAY 

CONTROL: Multiple correlation coefficient: 0.33. Regression not signlficant. 

'o/'Ke 1 day = -29.89 + 4.94 (Nae/Ke) 

l p( 0.3 
1 -
\ 

+ 0.45(Calories) 

p(0.02* 

+ 0.03(Insulin) 

p<0.6 

INSULIN: Multiple correlation coefficient: 0.35. Regression not significant. 

~ Ke 1 day -14.80 5.20(Nae /Ke) + 0 •. 53(Ca1ories) " + O.03(Insulin) . , 

p< 0.6 p< 0.1 p (0.4 

DIABETIC: Multiple correlation coefficient: 0.35. Regression not significant. 

~ Ke 1 day = - 9.43 1.58(Nae /Ke ) 

p (0.9 

+ 0.48(Calories) 

p <0.5 

0.07 (Insulin) 

p <.0.6 

CONTROL + INBULIN: 

~ Ke ! day 

Mec: 0.31. Regression significant, p(O.05.* 

-24.61 +' 2.29(Nae !Ke ) 

p<0.6, 

+ 0.46(Calories) 

p <0.01* 

AlI patients included were ma1nourished. 

/ 

/ 

+ 0.03(Insulin) 

p ZO.4 
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TABLE XIII 

MULTIPLE LI~EAR REGRESSION: DELTA BCM / DAY % 
BCM 0 

CONTROL: Multiple correlation coefficient: 0.38. Regression not significant. 

% 
I:l SeM / day _ 

,-
. BCM -2.07 + 0.42(Nae /Ke ) 

p<0.2 

+ 0.03(Calor~es) 

- p(O.Ol* 

+ 0.0024(Insulin) 

p<O.5 

INSULIN: Multiple correlation coefficient: 0,.39. Regression not significant. 

% 
~ BCM / day 

BCM 
-1.15 O.13(Nae !Ke ) 

p<0.8 

+ 0.03(Calories) + 0.0020(Insulin) 

p.c( 0.05* p.c(O.3 

DAIBETIC: Multiple correlation coefficient: 0.29. Regression not significant . 

% 
.6. BCM / day -0.31 O.l1(Nae /Ke) + 0.02(Calories) O.OO21(Insulin) 

BCM 
p<0.9 p<O.5 p< 0.7 . 

CONTROL + INSULIN: i }tCC: 0.36. R~gr~ss ion signif ican t, p.( 0.01. * 
% 
~ BCM / day :"1. 79 + O.28(Nae /Ke ) + 0.03(Calor1es) + 0.0020 (Insulin) 

BCM 
p<O.2 p<:'O.OOl* p~O.2 

CONTROL + INSULIN + DIABETIC: MCC: 0.34. Regre~sion significant, p<:O.Ol. * 

% 
t1 BCM / day 

o BCM -1.63 + O.23(Nae/Ke) + O.03(Calories) + O.0014(Insulin) 

p<.O.3 p<O.OOl* p.(O.4 

ALL PATIENTS INCLUDED WERE MALNOURISHED. 
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TABLE XIV 

COMBINED CONTROL AND INSULIN ~TIPLE LINEAR REGRESSION: 

var~ations of Nae/Ke , Calories/Kg/day, serum insuliIT (meU/ml) 

in an hypothetical ma1nourished BCM 20 Kg: 

Nae/Ke. = 1.5 NaeJKe 2.0 

Serum insulin~ 50 100" 150 

1· 
50 1.00 150 

Keal/Kg/day 
.J.. 

40 -14 gm +6 26 +14 3A 54 

50 46 66 86 74 94 H4 

60 106 126 146 134 154 174 

~ 
These results represent the theoretical dai1y increase in body cell mass when the above 

variables are substituted in the multiple linear regression: 
", ........ 

% 
A B'CM / day 

o BCM -1.79 + 0.28(Nae/K~) + 0.03(Calori~s) + 0.002(Insulin). 
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