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9, Whole body density determinations are reported fo r  a s m a l l  group of 

akkijctes (weight IX'ters) and an  analysis is presented of da ta  derived from 

s ~ ~ e r a l  Frivss-tigatisnr: 51 wEc?h similar t e c w q u e s  were employed t o  measure 

'sta.1 b d y  -$.F,~P and the total eshangeabls sodium, chloride (bromine space), 

and potassium i n  the  body, 

2, The mean d u e  for bady density (1,080) obtained on the athletes 

wa3 s M l a  t o  %her+, obtained prev5ously on professional foo tba l l  players 

and much higher than the m e a n  'va2.w usually obtained on young men (-1.060), 

3.  I n  addition %a the low b d y  f a t  content Characteristic of the ath- 

Xstes., the rat50 of exchangeable K2 to Cle was bigher i n  these men than i n  men 
t $f' smrage physique. In tm, the values f o r  KJCL were even lower i n  obese 

4,  In h e a t h y  Indi~dUdEs, t h s  sum (Ee + G L )  is  highly correlated 

(r = 3.99) with t c , t . d  body water, and thfs  finding provides an independent 

es8hat.e cf lea22 body weight, 

5e In  patien+,a afflicted with certain typs  of chronic &seasas, pap- 

t5culazly those associated with the edematous state, the exchangeable N% t o  

& za%io i a  stribPng3y higher than it i s  i n  healthy individuals. 

6. Estimatzs of the amount of transudate i n  edematous pat ients  may be 

ma& &on analyses of tstal body water, and total exchangeable Na, and 

Additional determinations, such as whole body density and red c e l l  mass, are 

rsquired t o  assess accurately the s ize  of the lean body mass i n  these patients., 

N o d  adult  lean body size @or t o  fllness nay be estimated from "skeletal" 
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The analysis of' the gross cmposf-t,bn of tha body of the living in- 

dfvfdual during the past 20 year3 .xwtftutea an important advance in 

physfologg and mdief-m 

of whole bcdy dansity and nckably the e q l o y r n m t  of  dflution tecwques 

The prxmdrres ut i l ized  ,include determinations 

fnvolvfng the use 03 radiofsctopes. 

possible t o  p&i%%on the b d y  ~I I%O e h d c a l  entities or anatomical corn- , 

As a result of these advances it is 

ponents such as t o t a l  body fat and water, lean body mass, blood volume, 

red cell mass, ce l ldm water, ineloldfng musole mass (potassium space), 

and extraceUdm water (cUorfds, S O C U . ~ ~ ~  spaces) . 
are the ratios of' sodium or e U o ~ 5 d s  (the pdncfpd extracellular cation 

and anion respectively) t o  prseassium present chiefly in the cells. The 

abilfty to measure in pathologic conditions significant departures f rom 

9 

CE specid importance 

no- in these parameters makes possible a quantftatfve evaluation of the 

dfsease state,  and tMs in tm sems  as a basfs for rational therapy. 

In tMs paper whole body density dstemdnations are rsported for a 

small group of we5gh-t Iffters whose body configuration was depicted quant- 

itatimlr by Taylor d -BeMe (1) . 
in the series of Boling, et a l e  (2), who measured total body water, and 

the exchangeable s & i  (Na,), shlorfda (Cle), and potassim (K,) content 

The same subjects were also included 



of the body. 

e t  al. ( 4 ) )  have prodded remarkably consistent da t a  with respect t o  body 

water and electrolyte  content, both i n  healthy men and women, and i n  

Two other investigations (lW4.rrey e t  al, (3) ,  and E d e h  

patients,  

sented herein t o  emphasize the s t r iking differences existing between the 

I!%.&,, r a t i o s  i n  pat ients  and i n  healthy persons. &reover, there is a 

signif icant  difference between the ratios of Cle& (2) and Na&$ (3) ,  

not only  for men and womeno but for athletes  and the obese. 

ind iedual  weighed 170.4 kg (-375 Ib) and the smallest 36.4 kg ( 80 lb). 

Since these ra t ios  otherwise show l i t t l e  variation i n  healthy individuals, 

St is possible t o  use them t o  approximate the amaunt of transudate i n  

patients , 

Additional analyses of the data of these investigators a re  pre- 

The l a rges t  

The outstanding feature i n  t h i s  review i s  the employment of meticu- 

lous procedures by investigators who recieved t h e i r  t ra ining i n  the 

laboratories of Dr. Francis Moore. 

based on uniform methods applied i n  the study of heterogeneous subjects 

residing in widely separated areas, 

were simflar, if not identical ,  with the exception t h a t  Boling used H3 as 

t r i t i a t e d  water, and IkMurrey and F d e U  deuterium o d d e  f o r  the measure- 

ment of  t o t a l  body water. 

ehlorlide ,, 

Thus, it is  possible t o  analyze data  

The techniques employed (2, 3, 4)  

Br8* was employed t o  estimate exchangeable 

2 



FCRMULaS FCR ESTIMATION OF dQ)Y FAT 

Est imates  of  Fat-free and Lean Body Weight from Whole Body Density and T o t a l  

Body Water Determinations (mw) . 

W o s t a t i c  or helium dilution chamber techniques make possible the 

determination of the net  volume of the body and i n  turn an estimate of  i ts  

density, $ . 
aonyment (d, 1.100), then the fa t  frection F(f) may be calculated @.an the 

basic fornulation of Morales e t  al, (5 )s  and frm experircen+,s of Pace and 

If the body i s  divided in to  a f a t  (d, 0,90) and a fat-free 
1 

Rathbun ( 6 ) .  1 - 1 

F(f) = 1 1 
D (body D(lean mass) 

D(fatT' D(1ean mass) 

The fat-fkee body, however, is an in vitro entity, 

Uving  individual, it is more appropriate t o  re fe r  t o  a lean body mass (LBM) 

With reference t o  the 

which includesdhom 2 to 5 per cent essential  l i p ids  i n  bone marrow, central  

nervous system, and other organs. 

The vdie f o r  the specific gravity (-1,100) o r  density (-1.095) of the 

LBM has been derived from weight-volume relationships tha t  pertain t o  extreme- 

l y  lean individuals examined during the past two decades and from analyses of 

carcasses of lower ,nJs.  

f o r  estimates of fat-free (7) and lean body weights. 

Two sets of equations are used in this r e p o d  

Fat-free Weight ( b d y  Weight - F k )  x B.W.), Siri's f o r d a s  

From density alone, F(f)  = - 4,500 

mom density and TBW, F(f) - - 7 2 ll8 - 
D 

78 W ( f )  - 1,354. 
I n  g, W ( f )  i s  the water fraction of the body. The constants represent a 

slight change 

lJandg/W3 

mass (LlOO), 

f rom those i n  Siri's original formula, (7). The constants fn 

based upon the following density values, fat  (0.90) , fat-free 

d r y ,  fat-free mass (1,565), w a t e r  fraction, fat-free mass (0,733)0 
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-1 -. l --A_- 13 hrn&sl;cs of AYdates and Cbese Indi -&ihCs  

-*-- - ,-,,: L Z ~ T  mse l r l az  ms.3 zlld Setter  physical developlnent of the atlf ises 

e.-...-.laPJ dvl-. .A dAA j. 

s x F u s d  with CI, (Table 1) 

?,>e obese compared with the athletes  is made more me&ngfd. by the remark- 

2.017 ;2;1611 m l s t f o n  i n  ( C k  c &e)' per liter of body water in the two groups, 

i,a, 139 mEq for the  athletes and 3-40 mEq f o r  t h  obese, X i t h  respect t o  f a t  

.;man%, the zthletes had an average of l e s s  than 9 kg of excess fzt atld the 

the  r>@ese is  consistent with t f ; e  ~ a i a t i v d . ~  p e a t e r  amomt cf K9 " 
The significance of t 2 e  'Xgker Cl,/!& " 2atios in 

. .  .. 



Individual Values and Density Determfnatfons on Afnletes 

The body density values are high (Table? 2) i n  the athlstes as Welham 

e t  al. (8) observed i n  professfond f o o t b a l l  players and much higher than 

the  average value (,-1.063) f o r  young m m  ( 9 I e  Despite appraeiable inter-  

i n d i v i d d  var ia t ion i n  the rat io ,  C1,&, the ($; + C k )  par l i t e r  of TBW 

is ramarkably =onstant f o r  the a t h b h s  and subjezi; 7,  

130 and 129 i n  subjects 8 and 9 a m  m i n i m a l  for the healthy m n  and women in 

Ths lclw values of 

the groups examined, 

tensive gas t r ic  rEsectionsc 

he has a moderate amount of f a t .  

SubjeeQ 8 fs a sedentary h d i ~ 5 d u d  who has had ex- 

Although o f  s d  size arid k a n  i n  appearance, 

Subject 9, despi-b exheme leanness, is 

physisally zit, 

The close agreement between values of t o t a l  (G =+ Cl,) 5 100 and fat- 

free weight cdcula ted  from S M ' s  combined equation holds f o r  all subjects 

except 9 and 10, 

instead of 130 an3 I29 respestively, then the values from (G + 61,) - 100 
If' the (I(e -+ 61,) t o  T B W  ratios fsr thess subjeets were UO 

would be i n  close aeccrd with the i r  fa t - f ree  weights, 

In four  subjects especially, and 2, the p m p  as a whoig (Table 219 

LBW calculated Prom density alone fs much h i g k r  (E *Bo3 kg) than LBW cal- 

b-ufated f r o m  the r a t i o  TBW 3 0.72, (E 6Le8 "he df'oisor, 0,72, in 

predous studi9s (9) has been a e m a t e  as a conversion factor f o r  the estfm- 

ation of LBW from TBW, In this s d l  g~oup,  a div2sc: of-fie65 w d d  be 

required t c  bring the iean body weights inks agr9emnt with those derived 

Prom density, 

the small variat ion of & + C b )  pss liter o f  TBW with the exception of the 

Appreciable B ~ O P  fn the T B W  dsterminatfons is Puled auk by 

values f o r  subjects 8 and 9 ,  The data stlggest e i the r  some degree of dehydration 

o r  tha% the value of 1.500 postulated f ~ r  the density of' the dryp lean body 

mass is t o o  l a w ,  

- 5 



Data UP Healthy Men and %men. 

(99 + 61,) t o  Total Body Water 

S tab i l i t y  and k o r t a n e e  of the Ratio, 

B o h g  e3 al, (2) pohted aut the high correlation (r = 0.96) between - 
I& and TBkd (CV, 4,8%), and C& and TBW (CV, 4.05%)o 

-t-al.~pa (IC, =+ CY.,) 5s mope highly correlated with TBW (r = 0,99). 

However, the combined 

The mean 

~ d ~ e  fop 3 d e  subjests sf (G + C k )  liter TBW was 13806 Wd4009 

(VI2 2,95$) . 
healtw WQIIBYI ('fable L) fwbher support tne constancy of this ra t io ,  although 

the man V~IUQ was somewhat higher,-JUO mEq 2 4.5 (CV, 302%). 

el, a d  smaller 

The data of' kbfurrey e t  do (3) on healthy men (Table 3) and 

The n e a t e r  

d u e s  per l i ter  of water f o r  women compared with men is 

highly si@%eoari-bo 

Estimates of' fat-fpee weight (kg) may be made from TBW f 007339 and 

of lean body weight from TBW + 00720 

+ 320 2s nearly i deRt i cd  numerically with T B W  f 0.7Zo 

It is fortujitous t ha t  the sum (IC, + Cl,) 

On the combined 

- 
grc'1pps comprising 49 male and female subjects, m' TBtJ f 0.72 was equal t o  

57'3 kg 2 U 0 3  (CV, 2301%)9 and m" (P;e + C&> was equal to 57.9 13*4 (CV, 23.2%). 

The correlation between values derived from TBW 5 0.72 and (K + C 1  ) + 100 was 

0,992, the standard emor 2 lo%L kg, or  2,9% of the meano 

The noteworthy fhdfng  was the great ly  elevated NQ& r a t i o  

fn p&lents eompmed with healthy individuals (Table 5) .  

spect ts (Na, + I(e)bgW, the mean values f o r  the patients (148.6 mEq (CV, 5 .5%) )  

and healthy indivfduds ( 160.9 mEq (CP, 2.95%)) are s ignif icant ly  d i f fe ren t  

but not too dimrgent. The presence of' emess solutes such as urea and glu- 

cose in patients does not appear ts lower the ( N h  + &),!I!BW ra t io .  

However, with re- 

It is 

6 
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beyond the scope of this paper t o  discuss the reasons f o r  the discrepancy i n  the 

mean values of this r a t i o  i n  patients and healthy individuals, except t o  point 

out that the correlation between serum Na and (Na, + P;e)bBU i n  patients (4)  

i s  not suff ic ient ly  high (r = 0.83) t o  be useful i n  this analysis. 

c1 

The osmot- 

ically active o r  inactive substances d f e c t i n g  this correlation remain t o  be 

identified.  

The Estimation of the Amount of Transudate and Lean Bods Weiphts of Edemat6us 

Patients 

The high correlation of (Nae * G )  t o  TBW, and the constancy of the 

Nae/$ ratios i n  healthy Dy3n (0.828) and in wmen (0.975) serve as a basis t o  

estimate the amount of transudate and the lean body weight i n  the patients of 

Edelman e t  al. ( 4 )  . In  healthy men, constitutes -45 per cent of the corn- 

bfned (Nae + %), and this mounts t o  about 72 nZq per U t e r  of body water i n  

these individuals (Le., 0,45 x 160), 

mae + $)/?.BU wasJ.48 W L ,  

t a ins  -67 mEq of N+ per l i t e r  of body water. 

In male patients,  the mean value o f  

If this value is multiplied by 0-45, one ob- 

a, An a p p r o x l t f o n  of the transudate (mean value) i n  the male patients 

follows: mean values, weight (67.6 kg), TBU (40.21), t o t a l  Na, (3666 mEq) and 

t o t a l  & (2210 mEq), 

may be assumed t o  be the  normal Nae f o r  this quantity of body water, 

assumption that Na is the principal cation i n  transudate and that K is absent, 

the "ezess"  fluid is equal t o  9731&q&l&3 = 6.6 l i t e r s ,  

t ion  to estimated normal m' TEW, 4002 - 606 = 33.6.lit~rse 

The product of TBlJ (40.2) and 67 = 2693 Na,, and this 

On the 

A first approxima- 

Lean body weight = 33.7+0072 = 46-8 kg. 

LEW + transudate = 53,3 kg. 

Body fat  = 67.6 - 53.3 = 14.3 kg. 

7 
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d. (cont'd). 

T o t a l  Nae d e f i c i t  = 1228 - 1271 = . 4 3  mEq. 

Since this d e f i c i t  is within the limits of  measurement error, 

DId = 18 + 0.72 = 25 kg: 

Excess f a t  = 36.4 - 25.0 = ll.4 kg. 

The Na,& ra t io s  are elevated in the patients even af te r  a correction 

has been made for  transudate. This may be attrfbuted t o  an insuff ic ient  cor- 

rection f o r  transudate or t o  abnormal l o s s  of Ke i n  the patients due t o  wast- 

ing disease and the compensatory increase of exchangeable sodium. 

correction for transudate were made on the basis of  restoring the normal 

Nae t o  Ke ra t io ,  then the lean beds weights of the patients would be far  be- 

low the mean values f o r  healthy individuals, 

If the 

Eva so, without any subtraction 

of transudate f r o m  t o t a l  body water, the mean body water content 

l i t e rs  (men) and 29.1 l i t e r s  (women) are remarkably low i n  view of the large 

number of edematous patients insluded i n  the series (4). 

of 4O,2 

The above calculated lean body weights may apply t o  the pre-edematous 

cor,dition of the patients. The lean body weights accompanying the edema s t a t e  

may be more closely related t o  the ptassium levels. 

ments would be invaluable i n  removing uncertainties and speculation, namely, 

deterninations of whole body density (?, 9) and the t o t a l  red c e l l  mass (10) ,, 

Under conditions of weight loss following pa r t i a l  starvation and cer tainly i n  

the healthy s ta te ,  the t o t a l  red cell mass is  highly correlated with lean body 

mass. 

Two additional measure- 

Total body density i n  conjunction with the measurement of t o t a l  body 

water unequivocably defines the size of the Ractive protoplasmic mass." 

ally, an estimate of  the normal; adult  s ize  of the lean body mass prior  t o  i l lness  
may be obtained from wskeletalft anthropometric measurements which presumably 

are not altered by the types of chronic disease under consideration. 

Fin- 

9 
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The Exchangeable Sodium/Potassium Ratios i n  Various Diseases 
and i n  the Healthy S ta te  

Disease Sta t e  (from Edelman e t  al.) 

Male : 
He& disease ( N  = 22) 

Liver disease ( N = 21) 

Kidney disease ( N = 4 )  

Lung disease ( N  = 4.) 

Gastro-intestinal disease ( N  = 3) 

Neurological disease ( N  = 2) 

Hiscellaneous disease (N = 8) 

1.73 5 0.167 

1,72 (1.4.2 - 1-99)  

l& (1.07 - 1.90) 

- 2.78) 

Female : 
. Heart disease ( N  = 10) 

‘ Liver disease ( N  = 6) - 1,74 (1.20 

Male (N  = 10) 0.828 +, -066 

Female ( N  = 10) 0,975 +, .068 
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