
ABSTRACT 

Lee, David J .C.  Densitometric analysis of the 
body composition of adult males who are sedentary, 
active, or  c l in ica l l ly  diagnosed cardiacs, aged 
35-72 years. M.S. i n  Physical Education, 1980, 
137 p. Ray MOSS) Ph.D. 

The purpose of %his investigation was t o  define the relationship 

between age and several body composition parameters among seden- 

ta ry  (s), active (A), and active cardiac (AC) males, aged 35-72 

years. The body density (BD), percent body f a t  (PEF), .and lean 

body weight (I;BW) of the 68 randomly selected subjects was es- 

sessed densitometrically. Mean B.D. f o r  the S, A, and AC males 

was; 1.0424 gm/cc (SD - - + ,0143)~ 1.0499 gn/cc (SD - - + .0102), 1.0386 

gm/cc (SD - - + .Olkgg), respectively. Mean PEP (~ rozek  equa-i;ion) 

f o r  the S, A, and AC males was; 24.3% (SD - - + 6.3), respectively. 

Mean L B W  f o r  the S, A, and AC males was; 59.46 kg. (SD - + 6.69)) 

62.54 kg. (SD - - + 5.82)) and 58.53 kg. (SD - - + 5.8), respectively. 

An ANOVA releaved a significant difference (P - < 0.05) between 

'PBF i n  the A and AC groups. No significant relationship (P - > 0.05) 

was exhibited between age and B.D., PBF, or LBW, respectively -. 
ong the A, 8, or AC groups or  total  combined group, 
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Chapter I 

INT~ODUCTION 

During the existence of the human organism there is no point a t  

which a s t a t i c  o r  s tab le  s t a t e  is attained, in  terms of form o r  com- 

position. The metabolic processes a r e  continually i n  a s t a t e  of change, 

both on the molecular Level and grossly i n  terms of overall  body com- 

position, o r  the r a t i o  of lean body mass t o  depot f a t  (Keys and Brosek, 

1953). This continual process of change is brought about by a multitude 

of fac tors  associated with growth and development and ageing and senescence, 

upon which a r e  superimposed environmental influences. Examples of such 

influences a r e  d ie t ,  physical ac t iv i ty ,  and disease. It is the relation- 

ship between these environmental factors  and bodjr composition that was the 

subject of t h i s  study. 

In  the last twenty years, several studies have looked a t  the relation- 

ship of age, a c t i v i t y  levels,  and sex to body composition and a l te ra t ions  

t o  body composition among populations under 30 years of age  l loom and 

Eidex, 1967; Lesser, Kumar, and Steels,  1963; Parizkova, 1963; Keys, 

e t - a l - ,  1953g Pollock, Braide, Kendrick, Miller, Janemy, and Linnenrund, 

1972; Pollock, kughride,  Coleman, Linnerud, and Jackson, 1975; Greenleaf, 

Bernauer, Juhos , Young, Morse, and Staley, 1977) Fmportionately , few 

studies have been completed on - h e  body compositional variations associate 

with increasing age. A s  ear ly as 1953, Keys, et.al., i n  t h e i r  work on 

body fat in adul t  man, acknowledged that systema.l;ic quantitative hta 

covering middle and older aged populations was not readily available. 



, Lesser and h i s  associates and Pariakova both looked at  changes i n  

dy composition w i t h  age. Their respective samples, though small ( less  

I than 20), allowed them t o  d r a w  the conclusion that  possible increases i n  

body f a t  could not be at t r ibuted t o  solely age increases. 

Whole body density demonstrates a steady decrease with age ( ~ a l i n a ,  

969). indicating e i ther  a gain in t o t a l  body fet o r  a decrease i n  %he 

s icht  of the lean tissues. Since both lean tissues and body f a t  a re  

luenced by the environmental factors of d i e t  (Fariskova, 1963; Albanese, 

978; Munro and Young, 1978), physical ac t iv i ty  patterns ( ~ o k l ,  1963; 

ollock, Dimmick, Miller, Mendrick and Linnerud, 1975; Wilmore, Miller, 

nd Pollock, 1974; Greenleaf, et.al., 19771 Misner, Boileau, Massey, 

Nayhew, 19741, heredity (~i lmore,  et.al., 1974), and disease ( ~ e i n s i e r ,  

chs, Key, Tribuesser, and Iancaster, 1976; bm, 1974) it is d i f f i cu l t  

t o  i so la te  the ro le  of the ageing process in accounting f o r  the magnitude 

f these declines. 

This problem, of isolation, was studied by Wilmore and h i s  associates 

n 1974 with an indirect  approach. Instead of analyzing the population 

ongtitudely the authors studied three highly conditioned endurance male 

th le tes  i n  their  eighth decade of l i fe .  This saraples physiological and 

ody compositional resul t s  were then compared with those of a normal 

t ion  sample of equivalent age and with those of a group of endurance 

t e s  of younger ages* The authors resul t s  indicated that "creeping 

is not a natural consequence of the ageing pcocess and tha t  

could maintain a body compositional s ta tus  similar t o  tha t  of 

cen-t and young adult  a th le te  through vigorous physical a c t i ~ i t y .  



lowered to the level of younger athletes wit11 a conditioning program 

sad with diet* This entire stildy was performed u.tilizing the densito- 

metric approach to body composition assessment. 

The small, specific, and cross-sectional population utilized by 

Wilmore, et.al., (1974) to draw the conclusion that ttcreepbg obesityw 

was not a natural consequence of age was the source of questioning in 

the present study. The purpose of the present study was to re-evaluate 

the contentions drawn by Wilmore and his associates. The present study, 

densitometrically analyzed the body composition of a large, general, and 

cross-sectional population. Specifically, the present s b ~ d y  analyzed the 

body composition of middle and older aged men who were either normal 

(asymptomatic for disease) and sedentary, normal and physically active, 

or had been clinically diagnosed as having coronary arbery disease (CAD) 

but were physically active. The population was chosen because, it was 

contended that, generally, today's pcj!ulation of middle or older aged 

males fall into one of these categories and as such is representative 

of a less specified population. 

Statement of the Problem 

The avenues of inquiry which were followed in this study were 

determined by a three-fold problem: 

1. There exists little or no information on the body composition 

of general populations who are middle or older age6 males. The con- 

clusions previously drawn by several authors reviewing this subjects 



s 5een based on research populations that have been small, specific, 

d crosj-sectional. Therefore, there was a need for a study that uti- 

ed a larger, less specific, and oross-sectional population. 

2. m e  to the sise of the populations studied the contention that 

)creeping obesity1* is not a fi;nction of age Lacks quantification with a 

k g e r  and less specific populatioil. &axthemore, a larger pop~lation 

s needed to isobte the role that physical activity may have in the 

ontroltt of the contented increase in vbesity with age. 

3. There exists in the literature little or no suppox% for the 

ntentisn that differences in body composition and the associaked gain 

d loss mechanisms exists between %he three suk-gzoups, and this concep% 

quires further quantification on a larger popuiation. 

'i'herefoze, the densitometric quantification of f27e relationship of 

hysical activity patterns, age, and body composition forms the primary 

urpose of inquiry in this investigation. 

Need for the StuQ 

There was a need for the analysis and description of the relation- 

5.p of body composition to age among normal and physically active males, 

ma1 and sedentary aales, and clinically diagnosed CAD but physically 

e males* Specific to this need was the use of densitomekric analysis 

mode of body composition assessment due to the need for increased 

ve densitometric dab. 

was a need for the quantifying and valid&ting of bilmore and 

tes (1974) contentions that "creeping ~besity" or, more specifi- 



cally,  slow increases i n  body fat percentage a r e  not na%ml consequences 

of the ageing process. This validation and quantification w i l l  r e s u l t  

from the use of a larger  and l e s s  specialized populati.on (in contxast t o  

the small population used i n  e a r l i e r  studies) * 

F h l l y  there was a need f o r  the analysis of the body composition of 

c l in ica l ly  diagnosed male pat ients  u i th  CAD. There presently ex is t s  l i t t l e  

o r  no published knowledge on the weight and fat gain and loss  mechanisms, 

/ ads they r e l a t e  t o  populations with CAD. 

Purpose of the Studv 

The purpose of &he study was t o  analysis and describe the body com- 

position of middle and older aged males who were e i ther  normal and act ive,  

normal and sedentary, o r  act ive and c l in ica l ly  diagnosed t o  have CAD. The 

body composition was determined through densitometric analysis and resulted 

in  the evaluation of the subject 's  Lean Body bss (LBPI), and Percent Body 

mt (PBF) . 
The subjects were classif ied in to  three groups: 1- normal 

(asympt.omatic f o r  CAD) physically active; 2. normal sedentary; and 

3. physically ac t ive  cardiacs. The r e su l t s  of a l l  the groups were 

s t a t i s t i c a l l y  analysed. The resul t ing data allowed f o r  the quantifying 

of the relationship(s) between PBF, LBM, age, and health s tatusl  and 

physical ac t iv i ty  patterns- The study amlyzed the relationships between 

the body composition of.... 

- Normal Active k l e s  and Normal Seclentaxy Wles 

- Noxmal Active m l e s  and Physically Active Cardiac b l e s  



ysical ly  Active Cardiac Males and Normal Sedentaxy Males an6 

1y5ed the relationships between age and.. . 
rmal Physically Active hies 

ormal Sedentary Males 

ysical ly  Active Cardiac Males 

H.mtheses 

Tnree hypotheses w i l l  be investigated experimentally- A l l  three 

otheses have been couched i n  the nul l  f o m *  

e body composition of adul t  males, who e i ther  par t ic ipate  i n  regular 

sica.1 o r  who a r e  sedentary s h a l l  not differ .  (P>o.o~) 

e body compositional a d j ~ t m e n t  mechanisms associated with regular 

i v i t y  among normal adul t  men shall not d i f f e r  from those mechanisms 

du l t  men w i t h  c l in ica l ly  diagnosed CAD. 

t weight increases a r e n o t a  natural consequence of the ageing pro- 

and can be controlled by physical ac t iv i ty ,  irregardless of the 

Assum~tions 

This study assumed that the subjects understood the instructions 

eir in ten t  and procedure. Furthermore, this study assumed t h a t  

ed these instructions t o  t h e i r  best of t h e i r  a b i l i t y -  

rcher assumed t h a t  the apparatus used t o  assess body 

l i d  and rel iable .  



Delimitations --"- 

This study was delimited t o  the ra,ndom select ion of 66 middle and 

older  aged msles between the  age:; of 35 and j ' j  years. This salrple con- 

si,-;ted of 30 mndomly se lected a c t i v e  males from the Adult Yitness Unit 

of the  hCro:;-;se Lxercise Program, 18 ranclomly se lected a c t i v e  and c l in -  

i c a l l y  diagnosed CAI) msles f ~ o m  the a r d i a c  Reha.bil ihtion Unit of the  

kCrosse  l3xerci;je Proamern, and 20 ranclomly :;el.ected sedentary males 

rrorn t h e  University of Wisconsin-LstCrosre academic facu l ty  and Vne City 

of LaCrosse community* 

This study wa,s fu r the r  d.elimited t o  a, s ing le  evaluation sess ion during 

which 30dy Density and r:esiclual Volumes w2.s assessed. 

Limitations *.---.-- 

Within the  boun&ries of t h i s  study, ccr txin  l imitatiolls  were re- 

cognised : 

1. The method body volume assessment was l i n i t e d  t o  the  hydrostatic 

weighing approach. 

2. 'l'he assessment of r es idua l  volume was limited t o  and calculated by 

2, modified closed-circuit  oxygen rebreathiw method outside -the hydro0 

s t a t i c  ~ e i g h i n g  -tank. 

3. The subject ' s  motivation and c a p c i t y  t o  perforrn the  rnzximnal expi- 

r a t i o n s  required cluring the body volume and res idual  volume assessments 

could not be d i r e c t l y  controlled.  

4. The sub jec t t s  adherancb t o  the  ins t ruc t ion  t o  fast f o r  12 hours 

p r i o r  t o  t h e i r  b0d.y com~~oai t ion could not be monitored o r  controlled.  



Definit ion of Terns ---- 
e IIZzles who a r e  asymptoinatic f o r  coronary h e a r t  disease and 

i p a t e  i n  regular  physical. a c t i v i t y .  

k form of connective t i s s u e  consis t ing of faat  c e l l s  

d i n  areolal: t i s s u e  and asranged i n  lobules along the  cows@ of 

1 small blood vessels  ( ~ l a k i s t o n ,  1973). 

The concentration of the  body, measured as a mass per 

volume. Dens+.ty (I@./L.) s ( I )  Volume (L.) . I n  man, 

i t y  of t h e  body usually from 1.000 K G . / L . ~  t o  1.100 K ~ . / L .  

The neu t ra l  l i p i d  content of adipose t i s s u e  which is excl-.]jive 

e c e l l u l a r  framework (~~uldowney, 1961). This neu t ra l  l i p i d  forms 

1 the  ether-extmctable f r a c t i o n  t h a t  is assessed i n  densitometry. 

Cardiac hies b l e s  who have been c l i n i c a l l y  diagnosed as having coronary 

h e a r t  disease,  e i t h e r  by the  method of cine+~@,ography, the  completion 

pos i t ive  Graded Exercise t r e a d m i l l  t e s t ,  o r  having had a myocardial 

The biologics.1 process r.rhere a the rosc le ro t i c  

e deposits  decrease t h e  opening of the  lumen in the  coronary a r t e r i e s .  

A method. f o r  a s s e s s i x  res idua l  

developed by Lundsgaard and Vari Slyke i n  1918 ( ~ i l m o r e  J., 1969) 

and modified by Wilmore i n  1969. 

The science of assessing body density.  

obese subjects  body densi ty  values of l e s s  than 1.000 
een experienced and reported ( ~ e y s ,  e t  *ale,  1953) 



Hydxosta.tic i ' leighix A method by which the volume of the body can be 

assessed. Iiydroshtic weighing is Used  on tho Archimedian principle 

t h a t  a body immersed i n  a f l u i d  is acted upon by a buoyancy force, 

which is evidenced by a lo s s  of weight equal t o  the weight of +,he 

f l u i d  displaced (~ehnke e t .  ,a1 . , 1974). 

Lean Body Nss A l l  the t i s sues  of the body with the exclusion of 

stored fa-t. It is  comprised of bone, muscle, and organ tissue. Lean 

body mass includes the functional f a t  which is incorporated in to  the 

strur.ture of the cel ls .  

Percent Body mt The proportion of body fat t o  t o t a l  body weight (PBF). 

Remlar Physical Act ivi tx  Participation i n  physical a c t i v i t y  or  exercise 

which is performed with an intensi ty  of 6s t o  8% maximwn predicted heart  

ra te ,  f o r  a duration of 45 minutes per session, an a frequency of three 

sessions per week. 

Residual Volume The volume of air l e f t  in the lungs a t  the end of a 

maximal expiration. 

Sedentary Males Males who do not par t ic ipate  i n  regular physical act ivi ty .  



Chapter 13: 

RBVIE;W OF LITERATURE 

l%rLy Studies in Body Composition Amlysis 

The 17th Century anatomist Ambroise Pars wrote of 

The fat is of an oily substance bred of the aiery and 
vaporous portion of the blo~d...~....The greatest part 
of it lies between the fleshy p a ~ c l e  and the common 
coat of the muscle, otherwise,it is diffused over all 
the body, in some places more, in some places less, yet 
it is always about the nervous bodies, to which it 
delights to cleave.. . . . . . .The use (of fat) is to moisten 
the parts which can become dry by long fasting, 
vehement exercise or immoderate heat, and besides to 
give heat, or keep the prts warm (pare, 16%) 

This description of the role and structure of fat was very perceptive 

for ih time. Bre recognized the effects exercise had on this body com- 

ponent, the ksulatory effect it had, and the areas of the body within 

which deposi ion commonly occurs. The assessment of .this bodily compart- 

ment has bee studied for the past century by numerous investigators 

Historically, -this subject has been approached with direct and indirect 

analysis methods. A century ago, the concept of measurement of fat (and 

o~e) began to dominate the work of the German anatomists, and for 

ears Wlere was much effort devoted to direct measurement, physical 

en chemical, of the body and all its parts (~e~s, et.al., 1953) a 

period came the data which, until very recently, was all that 

about the gross composition of the human body. In 1888, Vierodt, 



in his flTabellensl, gave four pages of tables of the specific gravities 

of the anatomically seperable parts of the hwnan body, including hair, 

epidermis from various regions: even such minute structures as the 

cornea, the vitrous body, and the lens of the eye (Keys, et.al., 1953) 

Unfortunately, their data was derived from only two cadavers andt as 

has been shown, not completely applicable to the general population 

( ~ e ~ s ,  et-al., 1953). More recently, through the work of Widdowson, 

McCElnce, and Spray (1951) and Mitchell, Hamilton, Steggerda, and Bean, 

(l9k5) five cadavers were analysed and producqd. results which could act 

as calibration data for indirect analysis. 'he direct analysis of the 

gross body composition is a laborious procedure which is not commonly 

conducted and the results of such procedures are still subject to question 

on the basis of the specificity of the cadavers, in terms of their a,ge, sex, 

and wnorntalityw. This specificity makes it difficult to apply the results 

to the general population and the only way to correct such a dilemma is to 

increase the number of cadaver analysis (which brings up the original ap- 

plications problem of the l.ahoriousness of the methods and the applicability 

of the results). Therefore, while direct anatomical and, more importantly, 

the chemical methods of analysis of body composition are fundamental, the 

study of living individuals must be accomplished indirectly. 

Implicit in indirect methodologies (for the assessment of body com- 

position) is the need to partition the body into components (or compart- 

ments). The use of total. body weight ( ~ 1 3 ~ )  is not alone indicative of a 

subject's body composition, for TBW represents, in different individuals, 

very'afferent mixtures of the body's basic components - bone mineral, fat, 



racellular fluid, and "cellsll (~eys, et.al., 1953). In the in vivo 

ysis of body composition it is possible to use models made up of 

ur components (fat, water, protein, and mineral) or two components 

and fat-free matter) (Malim, 1969). Four component models are 

t common among those who conduct direct cadaver analysis. The two 

ponent models are the most common among researchers involved in the 

irect analysis of the body. This model is used in quantifying the 

centage of body weight that is fat and that which is lean tissue. 

e are several indirect methods commonly used to assess these two 

r components of the body; densitometry, Potassium& counting, 

tal body water analysis, fat-soluble indicators, and anthropometrics. 

se methods will now be discussed. 

Determination of the density of the body can be traced back to 

chimedes and his study of floating bodies. It was through Archimedes' 

tablishment of the prinaiples of specific gravity that present day 

entists are able to effectively assess body composition indirectly. 

earliest record of a specific gravity (of the body) observations 

e been attributed to an English librarian, John Robertson, in 1814. 

This gentlemn constructed a cistern large enough to hold a man and 

ten mmiddling-sized ment1 plunge into it seperately. Robertson then 

eured the accorded rise in the water level. Knowing the specifications 

cistern and the weight of his subjects Robertson calculated a crude 

gravity for each of his subjects. His primary motivation for the 

was the determination of the quantity of wood needed to keep a 

1; in water. His results indicated "momentous" decreases .in 10ot%l 



I 

body weight in water and therefore only an woarsw would suffice for support 

in water (spivak, 1915). A correlation between corporeal density and fat- 

ness was suspected in 1901 by Stern (Behnke, 1961)~ Unfortunately, this 

researcher lacked an accurate technique for measuring body density and 

therefore could not establish a well-defined relationship. The same 

problem, lack of an accurate methodology, plagued Spivak (1915) in his 

attempts to quantify the relationship of corporeal density and fatness. 

In 1933, Boyd performed a comprehensive analysis of all the specific 

gravities (irregardless of methodology reported in the literature between 

1906 5-nd 1933 (a total of 787 specific gravities). Even though these 

specific gravities were caloulated by both underwater weighing methods 

(189) and water displacement methods (598) and during various phases of 

respiration, Boyd still concluded "obesity tends to decrease specific 

gravityt1. It was not until the early 19501s that researchers began to 

discern the effective differences which resulted from the use of specific 

gravity versus density of the body. The differences created by selection 

of the wrong parameter was eloquently described by Keys and Brozek in 1953. 

These authors determined that specific gravity was an abstsact figure which 

only represented the ratio of the body's density to the density of water, 

at a sepecified temperature. In contrast, density is a dynamic figuxe that 

is the mass of the subject divided by its volume and is thus expressed, 

normally, in gm./cc.. Through the correct use of density and the actual 

calculation of the subject's lung volume (during the hydrostatic neighing 

procedure) an accurate methodology was established which was more sympatheti 

to alterations in either the fat or the lean components of the body. The 



ciple and application of densitometry will be discussed in greater 

il in chapter 111. Notation should be given to the fact that prior 

19$2 little or no attention was given to the effect of water temperature 

body density and thus those findings reported prior to this recognition 

ke comparisons with later determined data difficult. 

Through the determination of the body's density it became possible to 

ke more accurate determination of the body's components, specifically, 

percentage of the body that was fat. In order to determine the per- 

tage contribution it is essential to know the density of the body's fat 

lean tissue component* Knowledge of the accurate density of human fat 

lates back to the earlier discussion on the number of in vivo direct 

daver analysis.performed* It is through these analysis that %he re- 

red calibration data emerges. The work of Widdowson, et.al., (1951) 

d Mitchell, etaale, (195) supplied the scientific community with density 

gures for body fat and lean body tissue. One criticism still heard re- 

ing these data is that the resultant data remains cadaver specific and 

ited in its application to the general population. The data presented 

.i;hese authors allowed for the development of a "reference man" (~e~s, 

.ale, 1953). The "reference manw served as the tool for determining PBF 

om total body density for 10 years. In 1963, Brozek and his cdnorkers 

ewe& the quantitative assumptions that had been prevalent in this area 

dy. These authors critically anakysed the extrapolated cadaver data 

de up the "reference man" and developed  bat is now referred to as 

rence bodyw* The primary difference between the "reference manv 

reference body" is the definition of fat. The authors determined 



t ha t  a different  density was erhibited i n  f a t  when the f a t  component of' 

the bo&v was defined as "weight gained", "weight lossw, o r  '*s tat ic  weight 

differencew. The review by these authors w a , ~  necessary because, depending 

upor, the way i n  which fat was defined, different  equations could be deve- 

loped. mese  varying equations created differ ing translations of t o t a l  I 
I 

body density i n to  PBF and percentage lean body mass values. 

The calculation of the volume of the body has been performed by several 

methods. Two such methods have been described, hydrostatic weighing and 

water displacement. A cornparison of these two approaches was performed 

by Ann Ward and her co-workers i n  1978. Ward et.al., found a signif icant  

difference between the mean volumes determined by underwater weighing and 

water displacemeni; methods (P<O.OS) ( in  terms of percent body f a t  the 

differences between -!;he two methods was O.'@). It should be noted that  a 

correlation of 0.96 was determined even though the differences were signif- 

icant. Ik 1963, Graedinger, Reinecke, Pearson, Van Huss, Wessel, and Montoye 

studied the differences between body volumes determined by underwater weighing 

and the popular ( a t  t h a t  time) German approach of air displacement. The re- 

s u l t s  of t h i s  study demonstrated a inter-comelation coefficient of 0.36 and 

a significant difference between the two methods. F'urthermore the r e su l t s  

indicated t h a t  both methods could distinguish between individuals d i f fe r ing  

widely i n  density, but not between individuals of similar density. The 

authors a t t r ibu ted  the variations ( i n  the air  displacement method) t o  the 

inab i l i t y  t o  a c c m t e l y  obtain readings of temperature, pressure, and re- 

l a t i v e  humidity. These same authors a l so  analysed the relationship between 

the helium di lu t ion  technique of body rolume measurement (popularised by 



m ski) and the air displacement methods. The intercorrelation 

icient between the methods was 0.19. The researchers used fourteen 

t weight pigr, and attributed the extremely low correlation to the 

activity of -the animals inside the chamber, which caused rapid changes 

in $he concentration of helium. 

As mentioned earlier, there are available other methods of body com- 

positional assessmant; total body water methods, pota . d < m  kl methods, 

and anthropometrics (skinfo~ds). Several studies have reviewed the re- 

lative attributes and disadvantages of these methods (Yang, et'al., 1977; 

e, et-a10 , 1966; Kryzwicki, et .ale, 1974). Kryzwicki and his associates 

) compared total body water method values with body underwater weighing 

oaches and with potassium 443 body composition calculations. These 

authors failed to reach a conclusion that clearly defined which method was 

the most accurate. This study demonstrated inter-correlations ranging from 

0.47 to 0.72. Although significant differences in absolute magnitudes of the , 
estimates were found, the three techniques are highly correlated (that is, I 

I 

relative magnitudes were similar across techniques). Kryzwicki's conclusions I 
where found to be in contrast to those found by IQhre, et.al., (1966). Nyhrees 

study elicited a correlation of 0.87 between I{@ and Densitometry, but with a 
i 

significant difference in the means. The potassium 4.0 method demonstrated an 

4% higher readings over the underwater weighing method. Equally in- ] 
s the fact that the overestimation ranged fiom U ~ & O  to 2%. The 

to the magnitude of these differences was statistically 



with ageing i n  the r a t i o  of protein stxuctures low i n  potassium, as i n  
I 
I connective t i s sue ,  t o  protein s t ructures  high i n  potassium, a s  i n  muscle. 
I 

I Such replacement would lead t o  an under estimate of lean body mass by the 

I sc in t i l l a t i on  counting method but would not a f fec t  the estimate obtained 
I 

by densitometry. 

Anthropometric equations have been developed so that a mobile and . 

f i l ed  method of evaluation could be ut i l ized.  The equations developed a r e  

regression equations 'based on e i ther  bow density, PBF, or  lean body weight 

ac tua l  body composition of a subject is. Xn terms of the densitometry approach 

the wtranslationvv of the body's density in to  a re la t ive  PBF component is per- 

haps the '*weaks* point of the approach. Iany researchers have evaluated the 

ac tua l  densi t ies  of the body's lean body component and the body's f a t  component 

These values, as w i l l  be fur ther  discussed in the methods chapter, were deve- 

loped on the basis of l imited cadaver analysis. Therefore, the appl icabi l i ty  

of the values calculated t o  the general population a r e  a genuine source of 

I criticism. The reasons why the calculated component densi t ies  (from a singular 

assessment) may not be generally applicable t o  a l l  populations and, speci- 

f i ca l ly ,  a l l  ages w i l . 1  now be discussed. 

calculations. The accuracy of these equations is therefore dependent upon 

the calculated base parameter. A s  has been, discussed the re la t ive  accuracies 

of these base parameters a r e  dependent upon the re la t ive  accuracies of the 

methods used t o  calculate the parameter. 

It is now c lear  t h a t  all of these methods a r e  estimates of what the 



Body Composition and Me 

The ageing process is characterized by a long list of functional and 

c tura l  changes. One bZ the most notable two co.nponent model, the body 

be divided in to  a f a t  component and a fat-free component (lean body mass). 

i a l l y ,  discussion w i l l  center on the alterations of lean body mass (LBM) 

increasing age. This w i l l  be followed by an analysis of the ageing 

ess  and its effect  on body f a t  c;ompcnent. 

In 1972, Forbes studied the growth of LBM i n  man. Util izing cross- 

sectional d a t a ,  this author i l l u s t r a t ed  tha t  the male exhibits a pronounced 

adolescent wspurtw i n  D M  growth, which reaches a maximum by age 20-25, or  
- 

at  about the age a t  which maximum height was a t k i n e d .  This finding was 

i n  agreement with t h a t  of Novak, (1963)~ who determined tha t  maximal LBM 

was at ta ined during the "third decadew of l i f e .  That t h i s  is a t rue  maxi- 

mum is further  quantified by the documented declinein I;BM during the adul t  

years (~o rbes ,  1976; Forbes and Reina, 1970; Lesser, Kumar and Steele, 

1963; Tzankoff and Norris , 1977) . 
Graphically, the relationship between LBM and age is a positively up- 

f growth of I;BM may be lower than reported by Forbes (1972) due t o  

oss-sectional data util ized. Forbes (1972), himself, expour~ds the 

r and lower rake 

's  t h i rd  decade or" 



life there commences a slow but calcuhble decline in his  component^ The 

question has been raised as to whether tinis decline is due to biologic or 

secular origins. In attempting to answer this question several researchers 

completed both longtitudional and cross-sectional studies (~orbes, et-ale, 

1970; Forbes, 1976; Kuta, Parizkova and DycIta, 19701 Parizkova, 1963; 

Norris, Lundy and Shock, 1963; Myhre and Keseler, 1966) 

Forbes (1976), in s. longtitudional study on a small sample of four 

subjects, demonstrated a loss of LBM at c, rate of 0.36 kilograms per year. 

This figure was develoged by the analysis of a regression slope of this 

sample, over a 14 year period and a minimum of 13 assessments during this 

period. An important observation of this study was that some subjects 

gsined weight xhile others lost weight during the period of observation, 

yet #ere was no marked alteration to the continual decrease in LBM. 

Therefore, there appeared no relationship between total body weight and 

LBM. Sims, Goldman, Gluck, Horton, Kelleher, and Rowe (1968), in a study 

on experimental obesity, deliberately over-fed male volunteers. This 

over-feeding resulted in both increases in PEF and DM. Yims, et-al., 

(1968) concluded that, even though J;BM increased, the increases in LBM 

were not statistically significant. These findings add credence to the 

notion that total body weight and L B M  tend to be independent (in terms 

of UM's decreasing capacity). Further complimenting this notion, are 

the results of Forbes, et-al-, (1970). In this cross-sectional study, 

an analysis of 9000 subjects was conducted, and the conc~usion/observation 

was made that LBM declined at a rate of 0.29 kgm. LBM. per year in men. 

E'urther evidence of the decline has been offered by Keys, Taylor 



Grande (1973). These authors st.udied the relationship between basal 

olism and age i n  adul t  men. During t h i s  study, the authors demon- 

ted a gradual reduction i n  the s i ze  of the man's LBM with increasing 

ge. These authors fur ther  observed tha t  the D M  declined gradually during 

h r  fourth and f i f t h  decades followed by a more rapid decline up t o  t h e i r  

1 seventh decade of l i f e  (and death). This observation was a l so  noted by 

: 'Jzankoff, e t a a l e ,  (1977) and Shukla, E l l i s ,  Dombrowski and Cohn, (1973) 

Several investigators, previously mentioned, have reported estimates 

of LBM based on total body water, body density, o r  Potassium 40 ( Q ~ )  

methodologies. The variation associated with such methodologies a r e  

calculable, but the conclusion is still undeniable; the decline of I;BM 

is a biologic, not secular, f a c t  of adul t  human l i f e .  

Concern can now be turned t o  the contributing factors  t o  the age- 

re la ted  decrements i n  L B M I  The primary factors  contributing t o  LBM a r e  muscle 

mass, ske le ta l  mass, v i t a l  organs, and the body's f lu id  compartments. 

Muscle ass: Pluscle accounts f o r  approximately 23 p r c e n t  of body weight 

i n  a neonate, for  approximately 45 percent i n  a young adul t ,  and f o r  apprux- 

imately 27 percent in people more than 70 years of age ( ~ u n r o  and Young, 1978). 

This, represents a decreased contribution of muscle mss t o  I;BM-with increases 

in age. Ageing is associated with changes in Ule amount and distr4.bution of 

i n  i n  the body. Forbes, et.al., (1970) demonstrated t h a t  whole body 

um leve ls  (an index of protein content) decreases with age. 

from post mortem studies have shown t h a t  a major proportion of 

ease i n  protein resu l t s  from the breakdown of ske le ta l  muscle 

sky, 1961). Further support f o r  t h i s  finding comes from studies  



output of creatinine is assumed t o  be a measure of muscle mass (Cam, 

1963; 1961). The amount of creatinine excreted is decreased i n  elder- 

l y  subjects, and the decrease correlates with the i r  smaller body c e l l  

mass, as determined by whole potassium levels  (Malina, 1969; Tzankoff, 

e t ~ a l . ,  1977; Lesser, e t ~ a l . ,  1963; Norris, et.al., 1963). 

l'he r a t e  of whole-body protein turnover (synthesis and breakdown) 

f a l l s  as a young man approaches adulthood and then continues t o  decline 

slowly during adul t  years (Munro, e t  .ale, 1978) Long, Haverberg and 

Young (1974) determined tha t  a primary contributant t o  the protein lo s s  

i n  the body (via the notable decrease of ske le ta l  muscle mass) is the 

breakdown of the a c t i n  and myosin proteins. 

Skeletal  Mass: In adul t  men, bone mineral compromises of approximately 

4 t o  5 percent of the t o t a l  body weight (Merz, Trotter and Peterson, 

1956) Trotter,  Bromen, and Peterson, (1960) analyzed the bones of 

several Negroes and Caucasians with view of observing the possible de- 

creases i n  density with age. These authors found such a decrease. 

They determined t h a t  the density of adul t  bones decreased with age a t  

a uniform rate .  Furthermore, the authors were quick t o  point out t ha t  

a decrease i n  bone density (mass) is not necessarily accomplished by a 

para l le l  decrease i n  bone mineral (e-g. ash) .  Basically, the c o n c l ~ i o n  

t h a t  bone density decreases with age has been accepted by the medical 

community, but argument still ex is t s  as t o  whether maintained bone 

mineral can diminish t h i s  age-related phenomena. 

Osteoporosis is recognized as a decrease i n  t o t a l  bone mass 



erefore. . density) without changes in the chemical composition (that 
normal. calcium; protein ratio). This clinical entity is found, 

marily, in middle and older-aged women, but is not uncommon amongst 

mihr aged mens groups. Osteoporotic bone is a recognized contributor 

ecreased LBM and other anatomical changes eeg. height (~lbanese, 1977). 

r As mentioned, ageing is accompanied by changes in the 

t and distribution of protein in the body* Tzankoff, et.al,, (1977) 

pressed the poinion that in Imhealthy men" the combined mass of vital 

s are Itnot likelytm to change wmuchv* with age. Tzankoff and his 

ociates have assumed that, generally, these physiological and anatomical 

reases do not occur* There is evidence that vital organs do decrease 

ir contribution to LBM (~ro~el, 1952; Munro, et~al., 1978) Through 

breakdown of their protein construction. For example, the liver ac- 

ts for a progressively smaller proportion of the body weight from 

rth onwardst % in a neonate, about 3$ in a young adult, and approxi- 

tely 2% in an elderly person (Guyton, 1976). The decreasing contribution 

the body's vital organs to LBM varies from individual to individual and 

till requires greater research. Notably, age-related decreases in vital 

rgan mass are contributory to decreases in U M .  

: In 1963, Lesser, etaale, demonstrated several al- 

ions in the body's cellular fluid (extra-cellular fluid) structure with 

These author's found an increase in the proportion of extra-cellular 

in the hodyls lean tissues (LBM) with &ge. In the youthful and small 

lation studied a mean (ECF/I;BM X 100) of 18.@ was demonstrated, 

to 2% in an older population (N-5). Lesser, and his associates, 



a l so  demonstrated decrease i n  the proportion of intra-cellular f l u id  (ICF) 

and I;BM with age. The ICF/LBM averaged 52.9$ f o r  the young subjects ( ~ m 3 )  

and 49.35 f o r  the older subjects (~1o5). Eased on t h i s  sample the authors 

concluded t h a t  these ce l lu la r  f l u id  changes could not be solely a t t r ibu ted  

t o  obesity; and therefore, viewed them a s  a function of +he ageing process. 

These a l te ra t ions  i n  t he  ce l lu la r  f l u i d  dis t r ibut ion fur ther  contribute t o  
I 

the overall  decrease i n  I;BM of the body with age. I 

Body Iht and Age 

The ef fec t  of ageing on the f a t  component of the body has been exten- 

sively reviewed and researched (~ariakova,  1963; Lesser, e t  .a1 . , 1963; 

Wilmore, e t  . a le ,  19'74; Krzywicki, e t  . a le ,  1967; Parizkova, 1961; Novak, 

1963; Bmsek, 1952). In  an extensive analysis of a large population sample 

Pariekova (1961) attempted t o  i l l u s t r a t e  the growth of body fat i n  males be- 

tween the ages of 9 and 17 years. This author demons-brated a progressive 

increase i n  density which tmnslated in to  an decrease i n  body f a t  percentage 

of t o t a l  body weight. Brizkova showed a decrease i n  fat percentage from 

21.5% a t  11.5 year t o  ll.% at  16.5 years. This decrease i n  body fat was 

a l so  demonstrated by Hunt and IIeald in 1963. These authors demonstrated a 

decline from 23.&k a t  12 years t o  13-l$ at 17 years. Also i n  1963, Heald, 

Hunt, Schwartz, Cook, E l l i o t  and Vajda demonstrated a l inear  decline in PBF 

between the ages of 12 and 18 years according t o  the regression equation, 

PlsP 48.22 - 2.07 ( ~ g e )  
S-t;Emn&xd Error of Estimate = 5.9% 

(1) 

these authors showed the mean fat content of 12 year olds i n  23.kb of body 

weight, and by 18 years of age it has declined t o  10 . s .  



Seveml rscen'b studies have utilized populations with ages ranging 

om 18 to 26 years in the development of equations which predict various 

dy compositional parameters (~ollook, Hickman, ICendrick, Jackson, 

~nnerund, and Dawson, 1976; Katch and McArdle, 1973; Sloan, 1967; 

ismn, 1970; Durnin, and Rahaman, 1967) Wilmore and Behnke, 1968; 

lmore anct Behnke, 1969). In developing these equations it was necessary 

o assess the density and the (PBF) of these populations by one of the ac- 

epted indirect methods previously discussed (the majority of the above 

tioned studies utilized the densitometric bpproach to body composition 

ssessment)* In Table l., a summary of the values of PBF reported in the 

'terature as they relate to the population's occupation and age. The 

esults of these nine studies demonstrate that between the age sanges of 

7 years to 26 years, the PBF ranges from 10.98 to 15.3% Therefore, by 

king these and other studies on comparable samples (~agdmine and 

muki, 19%) an overall statistical picture develops. For a population 

nd321) with a mean age of 21.46 (range = 17-26), a mean of 13.s (Mean 

nge w LO.% - 15.3%) was demonstrated. 
In 1976, Pollock, et.al., reported the body compositions of young and 

iddleqed males- These authors assessed the body composition of 95 young 

en, with a mean age of 19.7 years (range = 18-22) AS previously related, 

demonstrated a mean PBF of 13.676 ( s . D . ~  *6.@&). The study utilized the 

ometric approach to body composition assessment. The authors then 

densitometrically, the body composition of 84 healthy and sedentary 

ged men with a mean age of 44.9 years (range = 44-55 years). This 

s shown t o  have a PBF of 24. (S  .D.S *5.%). This m s  found to 



%ble 1. SUMivJA3Y of WLATZD LITE,SATUBE ANALYSIS of PSP of YOUNG POPUlrATIOIiS 

STUDY SUBJECT IG%N Am MEAN T13W I W  IJBF 3 
- -- - - 

Brozek and Keys (1951) 133 students 20.3 69.1 12.1 

Pascale (1956) 88 soldiers 22.1 68.3 13.7 

sloan (1967) 50 students 22.4 70.6 10.9 

iXrrnin and Rahamn (1967) 60 young men 22.0 68.2 13-7 , 

Wihore and Behnke (1968) 54 students 22.7 74.1 15.3 

Milmore and Behnke (1969) 133 students 22 -0 75-6 N.6 

Haisman (1970) j5 soldiers 22.6 68.7 12.5 

Katchc and McArdle (1973) 53 students 19.3 71.4 15.1 

pollock, et.al., (1976) 9j students 19.7 74.6 13.6 

- - - --- - - - 

% PBF was calculated from the originally reported body densities by 
use of the fornula of Brozek, etoalo, (1963), where PBF - (b.57/~~ - 4.142) x 100- 



a signif icant  difference ($<0.01) i n  IBF. b'urther analysis of the 

w data showed tha t  the mean total 'body weights and ages of the young 

middle-aged samples were significantly d i f fe ren t  ( ~ < 0  -01) It was 

o noted t h a t  the Lean body mass of the middle-aged group was signif- 

n t ly  lower (_~*0.01) than the younger aged group. The authors, there- 

re ,  noted tha t  the s ignif icant  decrease i n  LBM between the groups 

nted t o  body f a t  a,ccumulation a s  being the contdbutor  t o  the increased 

tal body mass i n  the middle-aged group. The authors fur ther  suggested 

eases i n  age a re  associated more with f a t  accumulation. This 

s e m t i o n  was agreed with by the research of Brozek, et.al., (1951), 

zywicki, e t  .ale, (1967), Malina (1969), Lesser, e t  .al., (1963), Brozek 

d Keys (1953), and Behnke and Wilmore (1974). It should be noted tha t  

l y  one study reviewed reported no significant differences i n  PBF be-tween 

ung, middle and older-aged males  orris, et.al., 1963) s 

In the analysis of 273 c l in ica l ly  healthy men, divided in to  age groups 

ing from 20 t o  55 years, Brosek, e t -al . ,  (1953) demonstrated two obser- 

t ionst (1) within each age group the portion of hody weight, accounted 

body f a t ,  increased with increasing re la t ive  weight and (2) a t  the 

ame value of re la t ive  body weight, the f a t  content is considerably larger  

older individuals. These observations led Broaek, e t aa l e ,  t o  conclude 

f o r  men o f  standard weight (for age, sex and height), the relation- 

between f a t  content (as a predicted percentage of weight) and age (x) 

lable  by the equation: 

PBF * 0 l 92836 (x) - 0 . 006776 ( X Z )  - 5*555& (2) 

several ages between 20 and 55, derived frcm th i s  equation a r e  given 



in Table 2. 

Recently, disagreement with the Iifactw +,hat fat accumulation is a 

natural consequence of age has emerged (~ilmore, et~al., 1974; Pollock, 

Miller and Wilmore, lY/ll; Grimby and Saltin, 1966; Pollock, Curetan 

and Grenninger, 1969). These studies, criticising this "naturalv devslop- 

ment, are based on the observations that fat accumulation can be decreased, 

maintained, or increased by various environmental parameters (for example, 

diet, physical activity, heredity) irregardless of the subject f s age. The 

observation that increases in fat accumulation may be due to sedentary life- 

style rather than the ageing process shall be discussed and reviewed in the 

following section. 

In summary, the LT3M of the male increases linearly up to approximately 

the attainment of maximal height (which usually corresponds with the middle 

portion of the sub jectls third decade of life). The bodyf s LBM decreases 

slightly during the fourth and fifth decades of life followed by a decline 

to death. Forbes (1972) and Keys, et.al., (1973) demonstrated a mean de- 

cline of 0.29 kilogram of I;BM per year* The decreases in I;BM have been 

attributed to decreases in muscle mass, bone density, vital organ mass, 

alld alterations in the bodyls intra- and extra-cellular fluid components. 

Body fat, as a component has been observed to increase from the neonate 

to immediately post-puberty (~orbes, 1952: Forbes, 1964; Lohman, Boileau 

and mssey, 197.5). During post-puberty (mean age 12 years) there is a 

linear decrease in density up to approximately 18 years* Since LBM is in- 

creasing during this period, the decrease in density is attributed to a 

decrease in the PBF* Previously mentioned data illustrated that the mean 





FRF of normal healthy men, between the ages 17 t o  26 years, is i n  the 

range of 10.93 t o  15.s. Also previously mentioned d a h  demonstra1;ed 

tha t ,  with developing and increasing age, the proportion of f a t  t o  t o t a l  

body weight increases. That is, there appears t o  be a trend t h a t  f a t  

accumulation is a natural consequence of the ageing process. Arguments 

have been placed tha t  say t h i s  increase i n  PBF is solely a t t r ibu tab le  t o  

the l inear  decrease i n  the body's LBM component. Furthermore, recent 

arguments have been placed tha t  argue tha t  fat accumulation i- ,., a con- 

sequence of sedentary l i f e s ty l e s  and environmental factors  ra ther  than a 

biological phenomena. This hmothesis sha l l  now be discussed. 

Body Composition and Physical Activity 

The relationship between body composition, age, and l i f e s t y l e  (physical 

ac t iv i ty )  has received a considerable amount of scrutiny over the past 15 

years. The work of a number of investigators over \;he past 25 years has 

demonstrated unequivocally t ha t  exercise is an effective agent i n  e i ther  

the control o r  a l te ra t ion  of body composition o r  both (~arizkova,  1963; 

Misner, et.al., 1974; Pollock, et.al., 1969; Pollock, et.al., 1972; 

Pollock, et.al., 1975; Sims, e t a a l e ,  1968; Jokl, 1963; Greenleaf, e t a a l p ,  

1977). 'Phe ac tua l  mechanisms involved i n  precipitating these a l te ra t ions  

appear t o  be cclxiiderably more complex than the simple imbalance between 

calor ic  intake ana calor ic  expenditure. 

Experimental Studies 

The a l te ra t ions  of the relationship between the body's fat component 
L 



d fat-free compoaent via physical ac t iv i ty  (whether it be hat 11 or  

oradic) have been analyzed i n  both cross-sectional studies (Boileau, 

kirk, Horstman, Mendez and Nicholas, 1971; Parizkova, 1963) and 

ngtitudional s tudies  (~rozek ,  1952; Wilmore, Royce, Girandola, ICatch 

d Katch, 1970; Pollock, et.al., 1972). The present discussion w i l l  

n te r  on these relationships and the resul tant  effects. 

A s  ear ly a s  1952, Brozek suspected tha t  the f a t  component of the 

dy could be affected by an increase or  decrease i n  physical act ivi ty .  

is suspicion was based on the observation tha t  males who habitually 

r t ic ipated i n  physical act ivi ty(  demonstrated a leaner s t a t e  t ha t  an 

ivalent  population who were sedentary. gar i~kova,  (1963) fur ther  

lyzed the relationship. He observed that ,  through analysis of act ive 

d inactive groups, a higher density was always found i n  the active 

oups. This author made fur ther  observations which demonstrated more 

n a d i rec t  relationship. He observed tha t  the maintenance of a greater  

oportion of lean body weight a t  the expense of f a t  is not an en t i re ly  

s t a n t  character is t ic  i n  physically act ive persons. H e  based t h i s  

servation on a longt i tudioml study of sportsmen. This study demonstrated 

t sportsmen displayed a dynamic dependency of t h e i r  body composition on 

e in tens i ty  of physical training- Parizkova o3served, when test ing a 

of male and female Olympic gymmstic team members, t ha t  during the 

m ' s  preparatory intensive t raining period, body weight v i r tua l ly  did 

hange but the amount of subcutaneous and t o t a l  body f a t  s t r ikingly 

ng with a concurrent development of t h e i r  lean body weights (both 

body density a l te ra t ions  and measurements). mese  observatio~is 



were complimented by the f a c t  t ha t  a f t e r  interruption of the intensive 

t raining the a th le tes  weight rose, a t t r ibu ted  too an increase i n  f a t  

accumulation. Pariskova concluded, 

. . . . . tha t  the lean body mass and depot f a t  a r e  i n  a dynamic 
s t a t e  of equilibrium, which re la t ive ly  rapidly and s ignif icant ly 
r e f l ec t s  changes i n  energy output and balance; during increased 
muscular ac t iv i ty  the lean body mass hy-perthrophies and f a t  dis- 
appears, and with subs-t;antial reduction of muscular ac t iv i ty  
muscular mass decreases s l igh t ly  i n  s ize  and f a t  accumulates (1963)- 

More recently qui te  a number of physical conditioning s tudies  have 

noted the e f fec ts  of intensi ty ,  duration, frequency, and modality of 

exercise on body composition ( ~ o i l e a u ,  e t -a l . ,  1972; Greenleaf, e t -a l . ,  

1977; Katch and McArdle, 1977; Nisner, et.al., 1974,; Pollock, e t - a l e ,  

3.969; Pollock, et.al., 1972; Pollock, et.al., 1974; dims, e t ~ a l o ,  1968; 

Wilmore, et.al., 1970). 

Pollock has been p ro l i f i c  the past 10 years i n  studying the e f fec ts  

of intensi ty  and frequency of exercise on body compositiono I n  a 1969 

study, Pollock and h i s  associates formed two experimental and one control 

group with ages ranging from 28 t o  39 years of age. The experimental group 

I exercised f o r  two days a week and group I1 exercised f o r  four days a week. 

Both groups exercised for  30 minutes a session for  20 weeks. Their progmm 

consisted of continuous running, jogging, and walking with increasing in- 

tens i ty  as exercise tolerance improved. Body compositional differences were 

assessed anthropornetrically u t i l i z ing  a predetermined population-sgecific 

equatiori (basically, the sum of s i x  treated skinfold measurements) ( ~ o l l o c k ,  

e t . a lo ,  1969). The r e su l t s  ( in  terms of the sum of the s i x  skinfolds) de- 

monstrated t h a t  the control (sedentary) group increased t h e i r  accumulation 

of f a t  (122mm t o  135mm); the twice-a-week group remained s t a t i s t i c a l l y  the 



and the four-times-a-week group decreased theix fat s tores  appreciably 

t o  108mm). The t o t a l  body weight of the four-day-a-week group drop- 

d appreciably a l so  (79.7 kg. t o  76.8 kg.). The losses i n  body fat s tores  

i n  a,qeement with the findings of Wilmore, (1974), Roby, (1962), Pollock, 

l e r  and Kendrick, (1974), and Curetin and Phi l l ips ,  (1964). These authors 

o studied the e f fec ts  of conditioning programs, on body composition and 

und t r~ t  the accumuLated f a t  loss  was more noticeable i n  experimental groups 

a t  exercised a greater number of times per week than i n  groups exercising 

ess  number of +,imes per week. 

Since the 1969 study, Pollock and h i s  associates have fur ther  studied the 

f e c t s  of twice*-week and four-timesd-week t raining programs. In  1972, 

ese investigators maintained two ,goups on the twice*-week regimen but 

ied  the in tens i ty  of the workouts. That is ,  the two g r o u p  exercised and 

mined a t  eighty percent and ninety percent of t h e i r  respective maximum heart  

tes .  Awin, a 20 week t raining period was ut i l iaed.  The r e su l t s  of t h i s  

r t i c u l a r  study showed tha t  the pj group recorded s ignif icant  reductions 

subcu~t;aneous f a t  s tores  (as ascertained by the sm of the s i x  skinfolds 

eviously validated by ~ o l l o c k )  (14m t o  138mm). The a l te ra t ions  of the 

group were not significant.  Also, changes i n  total. body weight were not 

gnificant i n  e i t he r  group. 

Two years l a t e r  Pollock and h i s  associates (1974) conducted a follow-up 

dy on the four-day+-week t raining schedule. A g a i n ,  Pollock manipulated 

parameter of intensity.  In the or iginal  1969 study, the t raining was 

ormed a t  90-95% of the subject's maximal heart  rates; t h i s  intensi ty  

thought t o  be impracticaZ (and undesirable) and thus the experimentors 



j 
I 
, wished t o  evaluate the e f fec ts  of a lower intensi ty  but with the same 
I 

' frequency, modality, and duration on an experimental group. The resu l t s  
I 
I indicated t h a t  t h i s  a l te ra t ion  (that is, t raining a t  a leve l  of 80% of ones 
I 

I 
maximal heart  r a t e )  i n  in tens i ty  resulted i n  significan't decreases i n  sub- 

r 

cutaneous f a t  stores.  

I The unfortunate aspect of Pollock(s stud.ies was tha t  they did not 

u t i l i z e  body composition methods sympathetic t o  a l te ra t ions  i n  body com- 

partments other than subcutaneous f a t  depots. A s  early a s  1962, Parizkova 

discussed the re la t ive  increase i n  lean oody weight with conditioning. He 

fur ther  discussed the s t a t e  of equilibrium tha t  occurs between f a t  and lean 

body weight and the re la t ive  increase i n  lean body weight with conditioning 

t h a t  could be the contributing factor  t o  the PBF decreases reported. The 

d o p e e  of lean body weigl-t changes (at t r ibutable  t o  a conditioning progmm) 

have proven t o  be overly significant.  Slight increases i n  lean body weight 

(1 t o  increases) have been reported i n  several stud3.e~ (~o l lock ,  et.al., 

1972; Wilmore, e t ~ a l . ,  1971; Pollock, et.al., 1974; Boileau, e t ~ a l . ,  1971: 

Wilmore, et.al., 1970). These s l i gh t  increases i n  lean body weight have been 

a t t r ibu ted  (by a l l  the above mentioned authors) t o  muscular hypertrophy. The 

s l i g h t  increases tend t o  vary according t o  the modality used i n  the conditionl 

program. For example, the degree Of muscular Q&ertrophy was greater i n  sub- 

jet-ts ~;ho were conditioned on a weight t ra ining regimen (Misne-.-, et 'al . ,  1974; 

Wilmore, et.al., 3.974). In contrast a smaller lean body weight variation was 

noted i n  studies u t i l i z ing  jogging, running, o r  walking a s  conditioning mod- 

a l i t i e s  ( ~ o l l o c k ,  e t .a l . ,  1974; Wilmore, et.al., 1970). 

Table 3 summarizes the data collected from s tudies  a,nd i l l u s t r a t e s  the 



TED I;CmW. AIY ANALYSIS of the  
GRAMS on TOTAL BODY tEIGHT, PBF, i U D  

a P~-2Q'ST-A~_LHSI~3 

T0114L ".ME P.T. (kg) 

86.6 29.1 28.5 60.75 

G5-6 26.9 24.2 66.2j 

23.1 22.6 62-37 

1 ;31.4 29.9 61.1 



f a c t  t h a t  physical ac t iv i ty  e l i c i t s  a decrease i n  t o t a l  body weight and 

t o t a l  body f a t .  

To explain the losses i n  t o t a l  body fati one has t o  turn t o  the con- 

cept of energy (calor ie)  expenditure. The loss  of body f a t  is associated 

with an  increases expenditure of calories.  It should be noted tha t  the 

calor ic  equivalent of many a c t i v i t i e s  used i n  the wnditioning studies 

quoted were under t ha t  necessary t o  account f o r  the fat loss  demonstm.ted 

i n  these studies.  The work of b y e r  (1963) demonstrated the possibi l i ty  

t h a t  there was a concomitant decrease i n  caloric intake with exercise, 

which r e su l t s  i n  a calor ic  imbalance of the magnitude necessary t o  exglain 

the fat  loss.  Ikyer and h i s  associates demonstrated tha t  exercise up t o  

one hour i n  duration per day tends t o  suppress appetite.  Several researchers 

have investiga.t.ed the area of biochemistry f o r  answers t o  t h i s  fat loss  

mecnanism. Crews, E'uge, Oscai, Hollosl~y and Shark, (1969) argued the 

poss ib i l i ty  t ha t  exercise stimulates l ipo ly t ic  ac t iv i ty .  A t  t h i s  stage, 

def ini t ive conclusions have not b?en a w n  re la t ive  t o  the causal mechanism (r 

The muscular hypertrophy t h a t  has been argued as contributing t o  lean 

body weight increases is possibly due t o  an increase o r  elevation i n  the 

leve l  of se-rum-human-growth-hormone (HGH) whicn has been shown t o  r i s e  with 

exercise ( ~ u t t o n ,  Young, haarms, Hickie and bbksvytis, 1968). NGH is con- 

sidered a protein anabolic hormone, and i n  animals receiving growth hormone, 

the increased deposition of protein is accompanied by a loss  of carcass fat 

ca or don, 1970; O s c a i ,  Babirak, Dubach, 14cGam, and Spirakis, 1974). This 

l a t t e r  finding could be re la ted  t o  the loss  of fat which has been a consis- 

t e n t  finding i n  the studies reviewed i n  t h i s  section. 



Body Com~osition and Coronary A r t e g  D i s e g g  

The relationships between coronary a r t e ry  disease (CAD) and body 

position have received considerable review over the past Z f j  years. 

s subject has primarily been reviewed indirectly,  t h a t  is, evaluators 

e assessed the relationship between high blood pressure and nypertension 

elevated body fat levels. Wnn (1974) presented a paper reviewing the 

e subject of the influence of obesity on health. This author reveiwed 

commonplace fattening of our gopulation d . th  age and the dilemma of 

s c i en t i s t s  t ha t  comes from the cons~icuous association of obesity 

a number of chronic diseases tha t  appear i n  middle and old age. One 

h chronic disease, associated with obesity, is coronary a r t e ry  disease. 

f e l t  that the health s c i en t i s t s  of today have ye t  t o  distinguish i f  

ity is a causal o r  associated factor  i n  coronary a r te ry  disease* 

A s  mentioned, CAD has been associated with overweight subjects via. 

vated blood pressures* Seveml authors have commented on the associat,ion 

een blood pressure and obesity of overweight subjects (Nann, 1974; 

nder, 1963; Keys, Aravanis, Blackburn, Van Bucham, Bueina, U jord jevic, 

ma,  Karvonen, Menotti, Puddu, and Taylor, 1972; Heyden, IIumes, Bartel, 

sier, fichs,  1971; Weinsier, Cassel, Kay, Triebwasser, and Iancaster, 

; Kannel, Brand, Skinner, Dawbar, and McNamara, 1967). S t a t i s t i ca l ly ,  

t h e  better. studies being conducted on th i s  subject has been the 

inp&am Study by Kannel -znd h i s  oo-workers. This longitudim1 study in- 

d t h a t  high blood pressure is developed 10  time^ more often i n  subjects 

n t  o r  more overweight,, and men who maintained %heir weights nearly 

t over a 20 year period of adul t  l i f e  had only one-fifth a s  much high 



blood pressure i n  middle l i f e .  L3en though a relat ion between these two 

factors  has a correlative basis,  the causal re lat ion still defies  defini.>ion. 

Alexander (1963) argued tha t  obesity, even when i n  the extreme, did not lead 

I "invariablyw t o  the development of hypertension. This a t t i t ude  was a l so  

adopted by S p i n  and h i s  co-worIcers (1963) wheh they armed; 

"relative muscle mass ra ther  than an increase i n  adipose t i s sue  
probably has t h e  more d i rec t  association with the prevelance of 
coronary atherosclerotic heart  diseasew 

Spain's point hinges on the d i rec t  relationship between these two factors,  
I 

' t h a t  is, elevated fat s tores  and CAD. 
I 

Hecent s tudies  have been reviewing ovemeighl and obesity a s  secondary 
I 

fac tors  i n  CAD Heyden, i n  1971, and h i s  associates conducted a study which 

indicated a s t a t i s t i c a l l y  s ignif icant  and d i rec t  relationship be+,ween weight 

change (up and down scale) and both systol ic  and d ias to l ic  blood pressure i n  

middle and older aged males. In  contrast, these authors found no such a 

relationship among the same population when they were twenty years of age. 

One of the problems s tudies  on t h i s  subject have had is the use of re la t ive  

weight t o  demonstrate an  association between body f a t  and CAD. Spain, et.al., 

(1963) discussed tha t  the potent ial  relationship between CAD and weight could 

be traced t o  par t icular  components of the body rather  than the t o t a l  weight 

of the subject and pinpointed e i ther  body fat o r  LBM. The studies completed 

up till now, have f a i l ed  t o  u t i l i z e  body compositional assessment me.i;hods t h a t  

were sympathetic t o  these components. One such reason has been due t o  the 

sheer volume of t h e i r  populations. h c e l  Keys and h i s  co-workers (1972) 

developed a predic.tion equation 'based on skinfolds which they used t o  indicate 

the body fat component of t h e i r  subject s. Through multi-variate analysis the 



ors  determined a signif icant  relationship between CAD and t o t a l  body 

t (TBW) and t h e i r  index. This relationship was based on the premise 

, a s  is universally agreed, the r i s k  of developing CAD is diroct ly  and 

Lly related t o  a r t e r i a l  pressure and a r t e r i a l  pressure is related t o  

*s TBW and PBF ( ~ e y s ,  e t a a l e ,  1972). 

A very specif ic  study was performed by ldeincsier and h i s  associates i n  

6 an body fat and its relationship t o  CAD, blood pressure, blood l i p ids  

ther  r i s k  factors.  These researchers studied a large male population 

determined the body f a t  content from &he populationfs t o t a l  body water, 

sured by the tritium dilution technic (N 01483 subjects). The mean age 

these cubjects was 37 years (s.D.= * 9 years) and they had a mean PBF 

20.B (s.D.~ * 5.3%). The resu l t s  of t h i s  study indicated several re- 

ionships. These authors fa i led  t o  demonstrate an independant contri- 

t i on  of obesity t o  CAD when the e f fec t  of blood pressure was removed. 

s resu l t ,  when fuxther analysed, demonstrated tha t  a s t a t i s t i c a l l y  

i f i can t  @0.001) relationship existed between hypertensive (as defined 

levated systol ic  and d ias to l ic  blood subjects and D F  levels.  

e findings agreed with those of N3n.n (1974), Keys, e t ~ a l . ,  (1972) and 

e l ,  (1967). !he study fur ther  illus.trated s ignif icant  correlations and 

tionships between blood l i p i d  levels and PBF levels. The implications 

is study are that the s i ee  of the body's fat component is d i rec t ly  

ated with two of the more accepted r i s k  factors  of CAD; hypertension 

blood pressure) ~ n d  elevated blood l i p id  levels. It should be poi.nted 

tha t  body fat levels a r e  not the sole  determinants of these fact,or 

u t  contributory. Furthermore, t h e  di rec t  effect  tha t  elevated PBF 



levels  may have on CAD appears t o  be small or  non-existent. Therefore, 

one can conclude tha t  PBF is contributory t o  the accepted determinants of 

MD, which makes it a secondary o r  mild contributor t o  CUD i n  some cases* 

Kannel, LeBauer, Bwbar, and McNamarz (1967)' i n  a further prosenta- 

t ion  of t h e i r  l?ra.mingham Study, offered several possible mechanisms, 

physiological and metabolic i n  nature, by which obesity (as defined by 

elevated body f a t  levels)  could be associated, direct ly  or  indirectly,  an 

excess of CAD i n  a population. They were; 

(1) increased cardiac workload and blood pressure resul t ing 
from excessive weight; 

(2) increase i n  the amount of coronary atherosclerosis re- 
sul t ing from higher cakn5.c intake and increased l i p id  
levels  and blood pressure accompnying gain i n  weight; 

(3) decrease i n  physical ac t iv i ty  with obesity, which may 
r e s u l t  i n  def icient  developmeizt of co l la te ra l  circula- 
t ion  i n  subjects with atherosclerotic involwnent of the 
coronary a r t e r i e s ;  

(4) combinations of (1) t o  (3) above. 

A l l  of these fac tors  enumerated could produce excessive occura,nce of 

myocardial infarct ion as well as angina pectoris and sudden death. 

Notice should be now drawn t o  the f a c t  t ha t  mechanisms (NO. 2 and 3) 

a r e  associated with physical ac t iv i ty .  Increased physical a c t i v i t y  pro- 

duces an elevated calor ic  expenditure which would counter the increased 

calor ic  consumption associated with weight gains (Katch, eteal., 1977; 

b y e r ,  1963) Secondly, physical ac t iv i ty  would a f fec t  the co l l a t e r a l  

c i rculat ion development argued i n  mechanism (3) The point being, 

physical ac t iv i ty ,  a s  discussed i n  the previous section, is a weight con- 

t ro l l i ng  mechanism which a n  decrease the amount of body f a t  and therefore 





METHODS 

The purpose of this chapter is to assist reviewers in the evaluation 

and, possibly, the replication o f  results. 

Sub,iect Selection 

All subjects selected for this study were volunteers from either the 
I 

1 Adult Wtness Unit of the la Crosse Exercise Program (L.E.P.), the Cardiac 

1 Rehabilitation Unit of the L.E.P., the University of !disconsin - La Crosse 
I I academic staff, or the City of Ia. Crosse connunitye Sixty-eight males, aged 

1 35 to 73 yrs. (P948e8.6, S .D.= * 10 yrs) were evaluated. 'l'hey had been infomed 1 
1 of the possible dangers involved in participation and had signed an infocned 1 

consent from (~ppendix E). 
I 

A11 testing was conducted in the University of Wisconsin - La Crosse 

Human Performance Iaboratory over a six week period. The subjects were 

divided into three groups according to activity and/or disease status. 

Thirty subjects were classified as physically active, 20 as inactive and 
I 

sedentary, and 18 as active and clinically diagnosed as being cardiacs i 

patients 

The physically active males had been participants in the L.E.P. Adult 

Mtness Unit for a minimum of six months. Their activity reginen consisted 

of running for a minimum of 45 minutes on three or more days a week (speci- 

fically, Monday, Wednesday and lkiday) at an intensity of 6% to 85% of their 

maximum heart rate. This group's ages ranged from 35 to 62 years flwlc6.17, 

t6.81 WS.). 

The inactive or sedentary group was enlisted from the University of 



onsin - Ia Crosse academic staff and the City of Ia Crosse community* 
e subjects participated in no regular physical activity and had ages 

ing from 35 to 62 years (r(* 43.9, +7.12 yrs .) 

The active clinically diagnosed cardiacs were participants in the 

.P. Cardiac Rehabilitation Unit track-advanced section. They too had 

n participating in regular physical activity (as defined) for a minimum 

months. These men were clinically diagnosed as having coronary artery 

GC (CAD) by the criteria of having had a positive Graded Exercise Test, 

ng had a positive cine-angiographic demonstration of occlusive disease, * 

aving had a documented myocardial infarction. This soup had an age 

e of 35 to 73 years (X-57.9, a 11.44 yrs.). 

Each subject's personal physician was informed of their patients par- 

ExperimentaL Trea,tment 

On the day of the test, the subjects foqlowed their normal activity 

ttern. No food intake had occurred for a period of 12 hours before 

ti.ng so as to create a post-absorptive state in the subjects. 

Upon reporting to the laboratory the subjects signed an informed con- 

ent form. A nude weight was then obtained, followed by a shower with a 

txal soap: During the shower, emphasis was placed on the hydrating of 

e body hair and the subject's swimming costume. The subjects then re- 

ed to the densitometric tank. They vere outfitted with a weighted 

belt (approximately LO pounds) and a nose clip. The subjects then 

tank and seated themselves on a suspended chair, with the water 

chin height. Subjects were given preliminary instructions and, 



if needed., a complete demonstration of the underwater technique by the 

investigator. Underwater weight measurements were taken too tho nearest 

25 grams, following a maximal expiration and submersion by the subject. 

Water temperature was taken a f t e r  each of the nine t r i a l s  performed. Upon 

completion of the undemater assessnen-t the subjects re-showered and dk-essed. 

Once dressed, the subjects reported fo r  residual limg volume (RV) 

assessment. They were out f i t t ed  with a nose c l ip  and performed an oxygen 

rebreathing maneuver. These maneuvers allowed the calculation of residual 

lung volume. The R.V. assessment was performed twice. This completed the 

study's assessment dosign. 

Develo~nent of Instrumentation - 
Instrumentation and methodology f o r  the determination of body weight, 

body volume, residual  volume, bouy density, PBF, and lean body mass a r e  ex- 

plained i n  de ta i l .  

Body Weight 

Subjects were weighed nude on a bean balance scale  (~ealth-0-Meter, 

Continental Scale ~or-poration) t o  the nearest 0.25 pounds. The scale  had 

been previously calibrated* 

Body Volume 

A s  w i l l  be explained i n  a l a t e r  section, determination of the ne t  

body volume permits an estimate of tile density of the whole body. Several 

approaches that have yielded re l iab le  data are hydrostatic weighingl water 

displacement, hydrometry, a i r  displacement, and helium ga,s di lut ion (~naedinge 

Reineke, Pearson, Van Huss, Wessel, and Montoye, 1963) The method of hydro- 
' 

s t a t i c  weighing (commonly referred t o  as underwater weighing) has enjoyed con- 



m b l e  usage due t o  mse  of methodology, r e l i ab i l i t y ,  val idi ty ,  and 

re la t ive ly  inexpensive equipment requirements (Ward, e tea l . ,  1978; 

ton, e t  .ale, 19751 Gnaedinger, e t  .ale, 1963 1 Goldrnan and Buskirk, 

1; Sheprd, Jones, I sh i i ,  Iceneko and Olbrecht, 1969). Therefore, 

e t o  -the reasons of r e l i ab i l i t y  and val idi ty  of the method (Keys, steal., 

( and the ease with which large samples can be assessed e f f ic ien t ly  with 

a method (shepard, et.al., 1969), underwater weighing was u t i l i zed  i n  

Archimedes s tated ihat when submerged i n  water, an  object displaces 

volume of water equal t o  the volume aF %he object i t s e l f .  Therefore, 

ascer tain the volume of the body, calculation of the volume of water 

placed by the body was performed. This was acconplished by u t i l i z ing  

Volume of Water a Mass of Water 
Density of Water (3) 

The density of water is calculable from the temperature of the water 

there ex is t s  a nonlinear, but defineable, relationship between water 

emture  and water density ( ~ e a s t ,  1967). 

The mss of water was calculable by the usage of Archimedes Principle. 

nciple s t a t e s  tha t  a body immersed i n  a f lu id  is acted upon by a 

cy force, made evident by a loss  of weight, equal to the weight of 

d displaced. In  essence, the difference between the weight of the 

ir (MA) and the weight of the body when completely submerged i n  

s the weight of the displaced water: 

Water 3 MA - r ~ l ~  (4) 

e t o t a l  external volume of the body is represented by the 



equation: 

External Body Volm 3 - bi 
Dbl 

Tr~o other volumes contribute t o  the volume actual ly  measured and have 

been subtracted from the t o t a l  body volume; these a re ,  (1) the volume of 

air i n  the lungs a f t e r  a maximal expiration (R.v.) and (2) the t o t a l  volume 

of gas bubbles i n  tine gastrointest inal  t rac t .  The former is a re la t ive ly  

large space and w i l l  be discussed in d e t a i l  i n  the following sectiono The 

l a t t e r ,  represents a volume which is susceptable t o  noticeable variation. 

On the basis of the findings of Bedell, Ibrshall ,  DeBois and Harris, (1956)~ 

a proposed correction of 100 m i l l i l i t e r s  is offered t o  allow more val id  assess- 

ment of the body volume being calculated. Thus the equation becomes: 

Body vO1une LKSQ - B.V. - 100 m l .  (6) 
DW 

/ The Procedure 

I Each sub j e c t t s  underwater weight was measured i n  a 4 x 4 x 4 ft. s h i n -  
! 

l e s s  s t e e l  hydrostatic weighing tank. After being out f i t t ed  with a lead 

weighted diving b e l t  (with a dry weight of 10 lbs.) around t h e i r  waist, the 

subjects descended in to  the lank by means of a ladder. They then assumed a 

standing position and removed the bubbles from the i r  body and from inside 

t h e i r  .swimming garment. !The subjects then seated themselves on a p l a s t i c  

tubular chair. The chair  was suspended from a 15 kg* Chatillon cadaver which 

was attached t o  a cei l ing anchorage point. 

The depth t o  which the subjects were seated was adjusted so t h a t  the 

water leve l  was just below the subject's chin. This position offered two 

advantages. F'irst, the subject was i n  complete control of the submerging, 

thus eliminating f e a r  of the procedure. A second advantage of t h i s  posi t io  



was t h a t  the greater  proportion of the subject 's  body was already immersed 

and the bending forward, t o  a t t a i n  complete submersion, was done with only 

a small degree of notion and with only s l i gh t  disturbance of the water, min- 

imizing the osc i l la t ion  tha t  can occur on the scale. 

I n  t h i s  seated position, the subjects were instructed t o  perform, a s  

precisely a s  possible, the following physical. and respiratory maneuvers. 

The subject was outf i t ted with a noseclip which eliminated vent i la t ion 

through the nasal passages. They were then instructed t o  perform a deep 

inspirat ion followed by a *'long and slow1* expiration. The subject was t o  

continue this expiratory maneuver u n t i l  he f e l t  t ha t  no more air could be 

expelled. A t  this point, the subject shut h i s  mouth and slowly bent forward, 

through flexion a t  the waist and the neck, so as t o  t o t a l l y  submerge the body. 

Prior  t o  submersion, the subject was irrstructed t o  t r y  and expel any more air  

t h a t  may be l e f t  i n  h i s  mouth o r  lungs a f t e r  submersion. This f i n a l  respiratory 

maneuver provided the effect  of act ing a s  a signal t o  the asssssor t h a t  he had 

ined maximal expiration. Once the subject had signalled the assessor with 

na l  "shot" of air, o r  had at ta ined a steady s t a t e  underwater, the scale 

s read f o r  t he i r  underwater weight. This reading o r  f igure was measured t o  

e nearest 25 grams* 

After the underwater wei&t was measured, the assessor submerged h i s  hand 

tapped the subject upon the head, so a s  t o  signal the end of the neasurement 

a10 Following each measurement trial, the water temperatwe xas assessed and 

ded i n  degrees Celsius (%) by a standard thermometer with 0.1 O C  graduations 

e number of krials performed. was nine in accord. with the riork of Katch 

) This author demonstrated tha t  there ex is t s  a leaxning response t o  the 



maneuvers performed. He showed tha t  with increased practice, the subjects 

become more accustomed t o  exyelling air and more consistent i n  the volume 

of air expelled, thus increasing the i r  apparent weight undexwater. The 

author, therefore, concluded that ,  with inexperienced subjects, 9 t o  10 

t r i a l s  should be performed t o  obtain a s table  and t rue  maximal underwater 

weight. 

Once a l l  nine t r i a l s  had been performed, the  subject*^ underwater 

weight was selected by s e t  c r i t e r i a .  Thus, (1) the subject 's  heaviest 

underwater weight was selected i f  it occurred or  appeared more than once. 

h i l i n g  t o  meet t h i s  requirement, (2) the second heaviest underwater weight 
' was selected if it appeared more than once. And, f a i l i ng  t o  meet the f i r s t  

two c r i t e r i a ,  (3) the mean of the final three recordings was calculated and I 
u t i l ized.  

The resul t ing dab allowed f o r  the calculation of the body's volume, 1 
I 

corrected f o r  cer tain internal  volumes. The most prominent c i ' these volumes 1 
is  t h a t  of residual volume. The assessment of t h i s  parameter w i l l  now be 

discussed. 1 
Residual Volume 

A s  mentioned i n  the previoils section, the vol.ume of air i n  the lungs a t  

the end of a maximal expiration was represented i n  the t o t a l  body volume cal- 

culation. Therefore, t h i s  lung volume bad t o  be calculated and the body volume I 
corrected. 

Residual volume cannot be d i rec t ly  assessed through c ~ n v e n t i o m l  spiro- I 
metric analysis. Consequently, the residual volume measurement was accomplished 1 

through an ind i rec t  analysis method* The majority of ind i rec t  methods have been 
1 
1 



ss i f ied  in to  three major approaches: (1) $he pneumatometric approach, 

using some form of whole body plethsmograph; (2) the closed c i r cu i t  ap- 

proach, where there is a di lut ion and eventual equilibration of an i n e r t  

t racer  o r  indicator gas such as nitrogen, helium, or  hydrogeni and (3) 

the open - c i r cu i t  approach, where nitrogen is "flushed out1' of the lws 

ing a specified period of oxygen breathing. A l l .  of these approaches have 

extensively reviewed (chris t ie ,  1932; lassen, Courmnd and Richards, 

7; Cournand, Darling, k n s f i e l d  and Richards, 1&O; Wolfe and Carlson, 

50; Motley, 1957; wilmore, 1969) and appropriately critiqued. The I 
pnewnatometric approach has been opposed from the view of disproportionate I 
eqense  and in t r in s i c  methodological errors  ( th i s  approach rarely appears 

i n  the l i t e ra ture) .  The open- and closed - c i r cu i t  methods of H.V. assess- 

ment have shown t o  be the most commonly u t i l i zed  approaches. These approaches 

have been shown t o  have in t r in s i c  errors  and have been reviewed considerably 

(Christie, 1932; Wilmore, 1969: Wolfe, e t a a l e ,  1930). A discussion of 

these errors  w i l l  be discussed i n  a l a t e r  section on analysis  of e r ror  i n  

measurement* 

The various methods of nitrogen washout, helium di lut ion,  and hydrogen 

rebreathing a r e  a11 regarded as valid and re l iab le  but they a l l  have the 

common l imitat ion of requiring considerable time t o  compiete a single deter- 

mination f o r  one subject. Therefore, the method adopted i n  t h i s  study was a 

s l i g h t  variation on the modified closed - c i r cu i t  oxygen di lut ion method devel- 

oped and reported by WiInt01:e (1969) 

The variation consisted of the following. A Collins 6.0 l i t e r  respiro- 

meter was a l te red  t o  minimize %he effect ive dead space. This a l te ra t ion  was 



accomplished by removing the length of tubing connecting the breathing valve 

to the respirometer. The two-way breathing valve, and the attached nitrogen 

analysing head, was connected directly to tho inlet-o~~tlet orifice of the 

respirometer. This effectively reduced the effecetive dead space from 2.35 

to 1.46 liters, as calculated by the dilution technique of Christie (1932) 

and substantiated by geometrical estimation. By W e  reduction of the effective 

dead space of the respirometer a faster oxygen flushing (clearance of nitrogen 

from the system) period was accomplished along with increased accuracy of the 

measurements, due to a decreased total volume of the system. Further modifi- 

cations consisted of a single oxygen inlet line nas placed up through the respiro- 

meter water resevoir and was attached above the water level. 

Continuous analysis of inspired and expired nitrogen concentrations (in 

the form of percentages) were assessed on a Collins Nitrogen Analyser (blodel 

No. 21232) The remote analysing head (an ionization chamber) of the Nitrogen 

(N~) analyser was placed at the distal end of the respirometer system, between i 
the two-way breathing valve and the sub ject9 s mouthpiece The resolution of 1 
this systen! was a 0.1% N2 with a readout accuracy of *0.2% N2 and a response 

i 1 
time of 15 mil1isecon.d~ to within W?d of final value. These specifications 

1 
I 

allowed a determination of * 10 ml. of the "truen residual volume. 
Prior to the testing of each subject, the water level of the respirometer 

I was checked and, if necessary, filled with clean water to a predetermined level 
I 

1 so that a constant dead space was maintained. The system was then flushed with 
i 
1 Oxygen (99.93% 02) so that the respirometer, tubing, and breathing valve was free 

/ of nitrogen. Once cleared of Hz, exactly 4.54 liters of Oxygen was introduced 

/ 'into the bell of the systen which, when combined with the 1.46 liters of Oxygen 



e dead space, gave a t o h l  effective respirometer volume of 6.000 Liters  

gen* This volume of 6.00 l i t e r s  f ac i l i t a t ed  subsequent calculations of 

dual volume and represented %he upper l i m i t s  of the normal range of v i t a l  

y i n  middle and older aged males ( ~ u r h d o  and Boller, 1933; BroeeIc, 

f Perglund, Birath, Bjure, Grimby, Kjellmer, S n q v i s t  and Soderholin, 

1 1963; Kaltreider, &ay and Van Zile Hyde, 1933; Morris, Koski and Johnson, 

A l l  assessments were conducted i n  %he s i t t i n g  position (which closely 

roximated the subject's position adopted during the underdater weighing 

assessment). The subject ~ i a s  in3ormed of the in ten t  and procedure of the 

assessment. A noseclip was then attached t o  the subjectgs nose  an^ the 

mouthpiece pras comfortably positioned. i n  h i s  mouth. After 5-6 normal ven- 

t i l a t i ons ,  with the breathing valve turned t o  the room air, the subject was 

instructed t o  inhale deeply and then t o  exhale a s  f u l l y  a s  possible, and. he 

was asked t o  indicate t o  the investigator (by a tap on the back of the in- 

vestigaf or1 s hand) t ha t  point when a maximal exhilatio n had been attained. 

A t  t h i s  point the two-way breathing valve was pushed i n  t o  connect the mib- 

ject  with the respirometxy system, and the nitrogen r d d i n g  a t  the end point 

of t h i s  expiration was recorded and assumed t o  be representat.ive of the i n i t i a l  

alveolar nitrogen concentmtion ( A ~ N ~  ) . The subject was then instructed t o  

inhale very slotily on the i n i t i a l  intake of Oxygen from the respirometer. A t  

the  end of t h i s  slow inhalation the NZ reading rfas recorded and assumed t o  rep- 

resent the concentration of N2 i n i t i a l l y  i n  the Oxygen resevoir ( tha t  is, the 

impurity), Following t h i s  i n i t i a l  inhalation the subject -then proceeded. t o  

' expire and inspire  a t  approximately two-thirds ihis  v i t a l  capa.city a t  a r a t e  of 



one re.;pi;:ation every 2-3 seconcl:; . 
,:ebres.thing contin~led until.  an  cquilibsiwn s t a t e  was atta,ined between 1 tho lungs m.d tile r e i i i r o m ~ i n r  system. A viruu,l observation of the  c0nti.n- I 

/ uorlsly decreasing o s c i l l a t i o n s  i n  the  nitrogen percentage of the  i n t q i r e d  I 
1 2nd expired a i r  alloired a f a i r l y  precj.se enlimztion of the  cztablinhmcnt of I 
I 
I 
I a concentrs%ion equilibrium. When equi l ibr iu~n was a t t a ined ,  usually a f t e r  
I 
I 
1 7-10 breath:;, the  equilibrium range1 rias recorded. The subject  b r a s  then 
i 

/ t o l d  t o  qpiil  take a desp inhala t ion and Eollori t h i s  with a maximal exhala- 
I 

i t ion.  A t  tint? end of the  maximal expiration the  breathing valve ria3 tucned 

, back t o  room a i r .  The subject  then removed the  mouthpiece and the  respiro- 

meter was emptied and the nitrogen reading during t h i s  emptying was recorded 

and a,ssumed Lo represent tine f i n a l  a lveo la r  nitrogen concentmtion ( A ~ I V ~ ) .  

This coml)leteC the  i n i t i a l  r e s id~xa l  volume assessment. After  two minutes 

of normal ven t i l a t ion  tine vrhole p,-ocedure was repeated. If the res idua l  

values calcula ted from 50th assessments exceeded each other  by g rea te r  thar, 

103 m l . ,  t he  procedure was repeated a t h i r d  time and a mean of' the  th ree  

recordings v1a.s assurned t o  represent  t h e  : ab jec t ' s  r es idua l  volume. 

Ikom t h e  dab obtained from t h i s  method, r es idua l  volume was calcu3ate 

3:- the  folloriing formula, rrhich is  a modification of t h e  formula developed 

by Lassen, Cournancl, and Iiiclx~rds, (1937) 

1. I n  t h e  TIEL jor i ty of cases a s i n g l e  equ' 
a~t ta inab le ,  i n  t h i s  regard a con 
t o  represent  the  a t - h i m - ~ n t  of a 
equilibrium concentmtion (EN,$ 
mid-poin t between the  e q u i l i b r l  



R.V. - Residual Volume 

VOZ - I n i t i a l  Volwne of Oxygen of respirometer j.ncPv3ing 
dead s p c e  between the breathing valve and the re- 
spirometer b e l l  (6.0 l i t e r s  t o t a l  i n  the present study). 

13NZ - Percentage of nitrogen a t  which point squili'crium 
o ~ c ~ r r e d  P 

I N 2  - Percentage of nitrogen i n i t i a l l y  i n  Vg2 (impurity). 

AiNZ - Percentage nitrogen i n  alveolar a i r  i n i t i a l l y  when 
breathing room a i r c  

AfNZ - PercenLLage 02 nitrogen i n  alveolar air a t  termination 
of the t e s t  ( t h i s  closely resembles EN2). 

D.S. - Dead s p c e  of the mouthpiece, senseing element of 
nitrogen analyser, and a small portion of the breath- 
ing valve ( in  t h i s  study, t h i s  f i b w e  was a, constant 
0.35 ml.). 

methods and instrumenbtion u t i l i zed  t o  calculate the subject's body densities 

be discussed* 

I 

U t i l i ~ i n g  the parameters of body weight, body volume, resic?ual volume, and 
i 
i 

d gas volume i n  the gastro-intestinal t r ac t ,  the assessor was able  t o  I 

1 

, 
1 

ns i ty  is defined as the concentration of matter measured a.s the mass per , 

volume  oldma man, e t  .ale, 1961). lkersf  ore the equation, 

Density of Body - I%SS of Bod2 
Volume of Body (8) 

on of the subject 's  mass wss accomplished by weighing the subject 

ssed i n  a previous section- The volume of the c,u.bject's body 

ethod previously dis- 

the subject 's  residual  

strs-i n tes t ina l  t r a c t  



The. equation f o r  body density (DB) was then: 

where 

DB s Density of t h e  Body 

MA =: Weight of the  Body i n  A i r  

iQl P Weight of t h e  Eody i n  ha te r  

B .V. = Residual. Volume 

l O O m l  = Estimated Cas Volume i n  the  @stro- intes t inal  t r a c t .  
( ~ e d e l l ,  st .ale, 1936) 

The determination of t h e  body density permitted the  i n  vivo measure- 

ment of the  body composition of that respective subject .  Specif ica l ly ,  the  

determination of body density germitted the  calcula t ion of the  r e l a t i v e  per- 

I 
centages of t h e  ttro bas ic  components of the  body; body f a t  and l ean  body I 
t i s sue .  A descr ipt ion of the  mathematical ca lcula t ion of these components I 
w i l l  now be ths! center  of discussion. I 
The Ca.lculation of Relative Body FZtt  
from Body Density 

His tor ical ly ,  t h e  assessors  of body composition have u t i l i z e d  a two- I 
component model t o  describe body s b t u s  (dpivak, 1915; Rathbrm and Pace, 

5 ;  Body, 1933). Rathbun, e t . a l l ,  (19.5) which considered the  body t o  

I 
1 
1 

be made up of a nonfat portion and pure fat. The fat component has long 

s ince  benn viewed aa a h b i l e  component tha% is not spec i f i ca l ly  puxe. It 

is now viexed as a n  e i t h e r  extractable  substance t h a t  is metabolically l ab i l e .  1 ' 
The nonfat o r  fa t - f ree  component of the  body is generally re fe r red  t o  as the  

Lean Body hss (LBM); t h i s  should not be confused with the  fa t - f ree  body 



, 1969). FbB, in contrast, is  an i n  v i t ro  concept attaimzble only 

in the s t e r i l e  laboratory environment ( ~ l i n a ,  1969) . 
Archimedes i l l u s t r a t ed  the f a c t  t ha t  a mixture of two components, & 

and & of differ ing densities,  dl and d2, the gross density, ), i s  deter- 

mined by the proportional masses of Land B_ i n  the system. 

Therefore, with a knowledge of the gross density of the body (D~) and 

an equal knowledge of the individual densi t ies  of the f a t  and U3L;dM components, 

d ,, of the dfat and I;BM respectively, calculation of the proportional massee 

two components is possible. These c a l ~ u ~ t i o n s  a r e  performed by using the 

mathematical sentences of 

f o r  W F  and...... 

;amM 1 x ;*I,I x dLBffl 
D~ f a t  - 133i4)- (Ufat - "DM) X 100 (12) 

f o r  $ I a P f .  

The val idi ty  of the calculation of PBF depends upon the density values 

of fat and Etjl\I. These variables, a s  en t i t i e s ,  ha,ve received considera.ble 

; Broaek, et.al., 1963 ; Pblina, 3.969). Historically,  the 

ements of body density i n  s young 

reference f o r  the den- 

ted an average body 

men had a PBF of 



1 Utilizing the findings of Rdanza, et.al., (1953) that the density ' 

of pure body fat is 0.9007 gm./cc., Keys and Brozek ( ~ 9 5 3 )  sugsested the 

formula, 

LC20 1 PBF - - 381.3 DB 

Since the value of lM was hypothetically chosen there required an 

empirically determined reference body for which the fat content was known 

and for which the density could be calculated on the basis of its consti- 

tuents. Brozek, et~al. , (1963) presented the results of three reports on 
the direct chemical analysis of three male cadavers. The resultant infor- 

mtion, when averaged and assessed, was used to ttconstructtt an empirically 

defined "reference bodyw with a density of 1.0& grn./cc. and a l5.3jj body 

fat. These researchers further pointec? out that "obesity tissuet1 (which 

is described as a combination of extracellular fluid, fat, and "cell residuem) 

can be defined as either weight sin, weight loss, or as a s-&tic weight dif- 

ference. Depending on the definition of obesity tissue, there exist different 

xatios of its constituents to its whole. This definitional problem resulted 

in different densities for obesity tissue depending upon the dofinition ap- 

plied~ Therefore the authors felt that utili~ing the definition of obesity 

as a relatively static weight difference it was possible to establish a 

formula which was applicable to the estimation of the fat content in individua, 

whose body weight had been free from large recent fluckuations, either up or 

down. They determined that 

Siri (1956) disagreed with Keys, etaale, (1953 and 1963) as to the 

applicability of equations based on the "reference body" system. Ski felt 



y compaxability of t i s s u e  t o  populations. I n  conkllitst, Keys, e te  

(1963) argued t h a t  a fa t - f ree  body possesses some "essential" fa t  

t h e  d e n s i t i e s  of t h e  fat and l ean  body mass components w i l l  vary 

hout recognition. Siri f e l t  t h a t  t h i s  l i n e  of argument bras unsub- 

n t i a t e d  and developed h i s  orrn formula using the  fa t - f ree  body as t h e  

e c t  reference ( ~ e a n  Body I%ss Density = 1.1 gm./cc and Fat Density 

mi? = - '150 
DB 

I n  swnmary, it; is worthy noting Brozek, et .al . ,  (1963) f i n a l  corn- 

"It appears no universally val id  formulas f o r  densi- 
tometric estimation of the  bodyrs fat content can be 
offered a t  presentw. 

Densitometric analys is ,  u t i l i z i n g  the  hydrostatic weighing method, 

e sses  i n t r i n s i c  sources of er ror .  These sources can be eliminated 

a degree) through body recogni.tj.on and refinement of methods. D i s -  

s ion  of these  sources w i l l  now be d e a l t  with. The methods u t i l i z e d  

961) reported that t h e  water i n  t h e  hydrosta t ic  rreighing tank 

maintained a t  a temperature comprable t o  t h e  mean body temperature 

mpemtuxe is 0.99+ 



use of a vreasonable" temperature range, more specifically,  he is quoted 

a s  saying; "The water bath should not be so hot or  so cold as t o  induce 

changes i n  mean body tempemturew. Furthennore, question has been raised 

as t o  the variations induced by using d i s t i l l e d  water rather  than l ap  

water. Tne pxactical importance of such a question has been dismissed 

due t o  the minute variations tha t  the dirferent  de i~s i t i e s  induce. The 

density of d i s t i l l e d  water a t  35 OC. is 0.9&06 gm./cc. a s  conipred 

t o  tap  water a t  35 O C., 0.99411 gm./cc. This variation a l t e r s  the 

body density value i n  the 5th and, sometimes, the &th decimal places only 

which is not significant.  

Tne Phss of the Body i n  A i r  and Nater 

The accuxacy t o  which these weights a r e  taken extremely important. 

Several authors have suggested the calculation of both air and underwater 

weights t o  the nearest 2.5 grams (~ i lmore ,  etaal., 1969; Katch, 1968; 

Yollock, et.al., 1975; Buskirk, 1961). In  obtaining an underwater weight, 

with the suspension system, the accuracy should be * 25 g r a m s ,  t h i s  includes 

the dampening or" the scale which occurs i n  the methodology (Eluskirk, 1961). 

The mathematical changes i n  density with changes i n  assessed underwater 

weight a r e  demonstrated i n  Table 4. 

Residual Volume 

The variation i n  the  calculated value of body density induced by did'- " 

fe r ing  values of residual  volume a r e  demonstrated i n  Table 5. Several 

s tudies  have analysed the advantages (or disadvantages) of calculating 

residual volume by helium o r  oxygen closed c i r cu i t  rebreathing methods, 



TABLE 4 

W C E  I N  DENSITY WITH CHANGE I N  WEIGHT UNIXR WATER 

Underwater Weight Change i n  

0 002 

0.010 

0.022 

When: weight i n  air, water density, and residual 
volume are held constant. 

(~avaleta, 1976). 



CHANGE IN DENSITY WITH CHANGE IN WSLDUAL VOLUMS 

Residual Volume Change i n  Density 
Change (ml) uni t s  (m/cc) 

25 0.0004 

50 0.0008 

100 o . 0016 

150 0 0024 

200 0.0032 

250 0. 004Q 

300 0.0048 

When: weight i n  air, weight underwater, and density 
of water are held constant. 



r the nitrogen washout open c i r cu i t  method and the  application of t h e i r  

suLts t o  the calculation of r e h t i v e  body f a t  (Wilmore, 1969; Girandola, 

ziwell, Mohler, Romero and Barnes, 1977; Wilmore, 1969; Zuti, et.al., 

973; Katch, e t  b a l e ,  1967; Itinh, Dolan, Linaweaver, Friedman, Konopka, 

and Brach, 19771 Bondi, Young, Bennet and. Bradley, 19768 Prefaut, Lupi-H 

and Anthonisen, 1976; Motley, 1957) . In  1969, Wilmore reviewed a large 

number of s tudies  as t o  the accuracy and appl icabi l i ty  of t h e i r  resul ts .  

e reported tha t  the standard error  of measurement is approximately * 100 

1. i n  a l l  methods. He raised the question as t o  the appl icabi l i ty  of 

ual, predicted, and constant residual volume values i n  the assessment 

re la t ive  body fat* Specifically, Wilmore demonstrated tha t  there 

existed no s t a t i s t i c a l l y  s ignif icant  difference, a t  the 0.05 level,  be- 

tween the means f o r  density, percent. body fat, and lean body mass calculated 

using the actual  residual volume and the means caLculated using e i ther  the 

estimated. or constant residual volumes. He a l so  demonstrated a high cor- 

relat ion,  indicating a substantial  relationship between these three calcu- 

la ted  r e s idw1  volumes. The author fur ther  explained t h a t  these findings 

were surprising ahd e l a t  they only reflected generalized means, f o r  there 

existed a large percentage of subjects whose values differed suff ic ient ly 

enough t o  seriously question the practice of using e i ther  an estima-bed o r  

constant residual volume value. In  conclusion, the a,u-l;hor argued tha t  the 

selection of a predicted or  constant residual volume value w i l l  not influ- 

ence the rela.tive values of density and percent f a t ,  they w i l l ,  hotrevex, 

grea,tly influence the 8,bsolute values of such para,meterzi. Thus, when 

obsoluto accuracy is  required it is necessary t o  d i rec t ly  measure resiC1ml 



Of recent concern, is the time and place during which residual volume 

is  t o  be measured. Several authors have analysed the e f fec ts  of water i m -  

mersion on ma.nls r e s i d k a ~  volume. Some investigdtors have found decreases 

with immersj-on ( ~ o n d i ,  eteal. ,  1976; Brozek, Henschel and Keys, l%9; 

J a r r e t t ,  1965) and others have found no s ignif icant  changes i n  the residual 

. volume with immersion (Carey, Schaeffer and Alvia, 1956; Craig and Ware, 

1967; Prefaut, e t  . a le ,  1976). Recently, Girandola, e t  .als, (1977) studied 

the effects  of water immersion on the lung volumes i n  man and t h e i r  implica- 

t ions f o r  body compositional analysis. Expesimen.t;ally, these authors, com- 

parod the residual volume values measured i n  and out of the water. They 

ddmonstrated a. 6.7;; increase i n  residual volume when measured i n  the water. 

The implication of t h i s  finding t o  body compositional analysis demonstrated 

a mean decrease of 0 . G  body fat i f  the measurement was taken i n  the water, 

i n  contrast  t o  outside the water residual volume measurement. This "differ- 

ence" rias conceded by the authors a s  not b e i r i  "physiologicallyw significant.  

Furthermore, t h i s  sbudyls methodology can be c r i t ic ized  f o r  the authors measur 

residual volume i n  the standing position and the density assessment and calcu- 

l a t i on  i n  the seated position. Broaek, etaale,  ( 1 9 9 )  demonstrated s ignif icant  

variations i n  residual volumes with a l te ra t ions  i n  posture. 

In  conclusion, the variations demonstratedare r ea l ly  beyound the  specified 

accuracies of the methods used ( that  is, * 100 m l .  ) wiimore (1969) agreed 1 
w i t h  BusIrirk (1961) t h a t  * 100 m l *  is an acceptable standard deviation f o r  

I 

the residual volumes assessment methodologies presently used. The present 

author f e l t  t ha t  t h i s  experimental standard deviation took in to  cons 

and covered individual biological var iab i l i ty  f o r  the questions as t o  what 

variation is produced by biologyl and what by technique, still remains un- 



Other Errors 

I n  addition t o  the error  sources thus f a r  discussed, gas bubbles com- 

monly adhere t o  the skin or  a r e  trapped i n  the sca&p and ha i r  of the body. 

It should be noted that these bubbles can v ~ u a l l y  be wiped off by the sub- 

ject. Notably, the combined ef fec t  of these bubbles probably would never 

exceed 10 m l . ,  even if no attempts were made -to remove the dissolved air  

from the weighing tank. Therefore, the e f fec t  upon the calculated body 

density would be i n  the range of a 0.00018 gn./cc. 

The value of gas stored i n  the gastro-intestinal t r a c t  has already 

been discussed i n  the section on the principle of body volume measurement. 

S t a t i s t i c a l  Treatment of Data 

The r e l i a b i l i t y  and reproducibility of the body composit&an and residual 

volume methods u t i l i aed  i n  t h i s  study rms assessed by the development of 

tes t-retest  r e l a i b i l i t y  coefficients on a l l  the variables on a seperate 

experimental sample group ( ~ ~ 1 5 ,  W age 28.2 years,* 6.7 years) using the 

Pearson-Produc t bloment cor re la t i  on. 

The experimentally coilected data from the samples were s t a t i s t i c a l l y  

described by ca.lculating the means (X) and skandard deviations (S .D.) f o r  

a l l  the variables i nves t i s t ed .  

An analysis of variance (ANOVA) among group means was then conducted 

ho determine the differences, if  any, aurong the groups means fox age, PBF, 

residual. volume, body density, lean body weight, fat weight, and body weight* 

A Scheffe Post-Hoc t e s t  was then conducted, if appropriate, t o  locate any 

s ignif icant  paired man differences between the groups. The alpha leve l  

was set a t  0.03 level. 



CHAYTEH I V  

RESULTS AND DISCUSSIONS 

Tho purpose of the  p1:esent study was t o  den:;i%oinetricaIly a.nalyze, describe,  

a,nd c o n p  r e  the  body compo:sition of middle- and olrler-agec~ sedentary, ac t ive ,  

am3 c l i n i c a l l y  diagnosed cardircc (CAD) ~a,le:;* The densi ty  (BD), lean body 

~ r e i g b t  ( I J~w) ,  and percent body feuL (~ljif'j of e l l  the  subjects  orere calcula ted 

f o r  the  t o t a l  population and the  th ree  sub@,-oups and compared d i r e c t l y  t o  

age. Specif ic  concern was given .to the  trends e l i c i t e d  by BD/IJ~ \~ ,  and PBlp 

rrhen coinpared t o  age, with speciitl reference t o  t h e  subgroupfs l ~ h y s i c a l  

actj .vi ty and @thologica.l s t a . t ~ ~ a .  

I n  t h i s  chapter the  r e s u l t s  and discussion have been in tegrated i n  

order .to prevent dupl icat ion and t o  prcovide a degree of cont inui ty  i n  infor-  

n~a.tion presentation.  The S i r s t  prt  of t h i s  chapter dea l s  with the  characteric-  

t i c s  of the  population (and i ts  respect ive  subgroups). The second sec t ion  

addresses i t s e l f  t o  -ths r e l i a b i l i t y  of the  methods of t h i s  researcher, and 
I 

t h e  equipment used t o  assess  the  v3,riables researched i n  t h i s  study* I n  
I 
! 
i 

t i e  Vnird portion of .this chapter, a l l  the  subjects  have been considered as 

one t o t a l  group; therefore ,  t h e i r  r e s u l t s  a r e  preseilted and discussed rrith 

such considemtion.  L%ml?.y, the  fourth part of t h i s  chapter deals  with 

t h e  resul-ts of t h e  subgroups involved j.n t h i s  study. 

Subjects 

O f  t he  90 subjects  o r ig ina l ly  rmdomly se lected only 68 agreed t o  pa r t i c ipa te  

i n  t h e  study due t o  time conf l i c t s .  A l l  t h e  subjects  were . a l e ,  between t h e  

ages of 35 and 72 years (x = 48.6 years, S.D. = * 10 years)  and res ide  

the  City of Lacrosse o r  t h e  surrounding area. The t o t a l  group was d i v i d  



o three sub-group&; active, inactive/seden&ry, and ac t ive  c l in ica l ly  

- diagnosed carCLiacs The act ive popuJ.ation ( ~ 3 0 ,  X age = 46.2 years, S .I)* - 
t6.2 years) was a mndomly selected sample from the bCrosse Exercise Progxam's 

Adult bltness Unit The sedentary population (Ns20, X age = 43.9 yeam, S .D. = 
a7.1 was randomly  elected sample from the University o f  Ilisconsin- 

IaCrosse academic s ta f f  and from the City of &Crosse conlrnt~nity. The th i rd  

sub-group, the c l in ica l ly  diagnosed act ive cardiac p t i e n t s  ( N  = 18, age a 

57.9 years, S.D. = l l d t  years) was a randomly selected sample from the Cardiac 

Rehabilitation Unit of the IaCroase Exercise Frogram. The subjects were not 

allowed t o  part ic ipate  i n  t h i s  study u n t i l  the approval of t h e i r  primary a t -  

tending physician wa.s given (~ppendeces/i3 & c). Ta3le 6 presents mean subject 

character is t ics  of the individual sub-groups and the group a s  a whole. 

A one-way Anova was conducted. on each of the characteris.tics of age, 

height, and weight, so a s  t o  ascertain any physical. differences between the 

sub-groups ( ~ a b l s  7. ) 6 The sub-group' s ages demonstrated s ignif icant  d i f  - 
ferences (g <0.01). A Scheffe Post-Hoc analysis isoLated the differences : 

(a) a s ignif icant  difference (2 c 0 a01) between the mean ages of the CAD sub- 

group and the Active sub-group, (b) s ignif icant  difference ( _PC  0.01) between 

the mean age of the CAD sub-group and the sedentary sub-gxoup. Table 6 fur ther  

presents the mw,ns a,nd standard deviations of height a.nC weight f o r  the three 

sub-groups analyzed* The mean height of the CAD sub-group was 4.2 cm. shorter 

than the act ive sub-group* The mmn weights of a11 the  three sub-6.roups were 

within 0.55 Icg. of each other. The CAD sub-group was marginally heavier than 

the sedentary sub-poup and tras not different  from the act ive sub-group. These 

* height and weight differences were not s ta . t i s t ica l ly  s ignif icant  (2 > 0.05) 



Table 6 

I Characteristics of the Subjects ira 

! Their Eespective 53b-Groups and as  a Combined Group 

Active Sedentary @r&kc Combined 
(1~~30) ( ~ ~ 2 0 )  (N-18) (NA2) 

Age 
(yrs* 1 
Height 
(cm* > 
irleight 

EL Vzlues are  PIeans e Standard Deviations 



of Sub&~oupcs Mean Ages 

Analysis of Variabe, 

Grand Total  = 330.F 
Number of observations a 68 
Total. Group Eilean ~r 443-6029 

Sowce of Demees of ,%m-of- Mean- - F - Hatio'M 
Variation -- meedom Squares :;quare 

(B) Scheffe Post-Hoc Analysis 

1. Be%~een t h e  Hormal Active Subgroup and t h e  Normal 
Sedentary Subgroup; Scheffe g - r a t i o  ,- 0.8865. 

Between t h e  Normal Sedentary Subgxoup and tho Cl in ica l ly  



Reliabi l i ty  of Pletihodologies 

A p i lo t  study evaluating the r e l i a b i l i t y  of the methods u t i l i zed  was 

performed prior  t o  the collection of data for. t h i s  study. Tvro assessments 

of tota,l body weight (TRY), residual volume (RV), an& percent body f a t  (PBF) I 

were performed on 114 ac t ive  males and females (x age 2502 years, SOD. 9 , 

96-17 yrs.) who were from the City of IaCrosse are?.. The assessments were 

conducted ~ r i t h i n  48 hrs. of each other. 

Test-retest rol . iabi l i ty  correlation coefficients were calculated by 1 

means of Pearson-Product Moment correlation techniques. The test-retest  

comela.tions on the 14 subjects f o r  T B W ,  RV, and PBF were 0.9989 (P40.01), i 
0.9269 (pCO.01) , and 0 9801 @(o .01) respectlvelyo In addition, the mean 

PBF, TBH, and RV values were not s ignif icant ly different  between repeated 

measurements ((_~(0.01). A summary of the s t a t i s t i c a l  resu l t s  03 %his p i l o t  

study is presented .in Table 8. 
i 

Table 9 lists the means and standard deviations of the t o t a l  group's 

( ~ 6 8 )  ages, residual volumes, and body densities. The t o t a l  group's mean 

age (X age = 48.6 years, S .D. = t10.0 years) was very comparable t o  the 

population studied by Pollock, e t=a l . ,  1976 (2 age 0 44.9 years, S.D. = 

d . 8  years, N=&), Pollock, eteal., 1972 (~622,  jZ age = 39 years), Pallock, 

eL.al., 197.5 ( N  = 26,Z age =r 38 years), Lewis, et .sl . ,  197.5 (N&5,? age le 

b7.2 years, S .DO - "8.6 years), Boileau, e t ~ a l . ,  1973 ( N = ~ L , Z  age - 37.7 ye 

S.D. = 17.9 years), Misner, et.al., 1974 (N+X age = 38.3 years), Pollock, 

e t ~ a l . ,  1974 ( N  = 2baz age = 54.9 years), Zuti, et.al., 1973 (~110,: age 2 

36.8 years, S .B. = * 7.96 years), and Brczek, eteal., 1951 (Ns122, 

years, S.D. L i2.8 years) The c o m p a d i l i t y  of the ages of these p 







w i l l  become important i n  the discussion t o  follovr on tho relationship 

between age and body composition. 

The residual  volumes of the t o t a l  group (X R.V. = 1.6 l i t e r s ,  

S .DP W.42 l i t e r s )  demonstxated a l inear  increase with age (2  = 0 e782, 

P <0.001). This is i n  agreement with the findings of Kaltreider, e t .  - 
ale, (1933)~ Brozek, e t . a le ,  (1960), and Hurtado, et.al., (1933). The 

ro l e  R e v e  play i n  affect ing the body density (l3.D.) assessment has been 

previously discussed i n  the methods chapter and described i n  Table 5 .  

Since the equations u t i l i zed  corrected f o r  theR.V. of the subjects, the 

R.V. 's  were not a determining factor  of the resul tant  body compositional 

data but were regarded a s  contributory. Furthermore, the potential  errors  

induced by the subjects not maximally expiring were considered insignificant 

bemuse of the practice received. A s  such t h i s  investigator f e l t  t ha t  no 

subjsct  f a i l ed  t o  expire maximally t o  the i r  recorded R.V. mlue. I f ,  as 

argued by Bondi, e t ~ a l . ,  (1976), Brozek, eteal., (1%9), and Jar re t t ,  e t .  

al., (1965) t ha t  H.V. determined underwater is l e s s  than the H.V. a;;sess- 

ment i n  room air is correct it can be counter-argued tha t  the potential  

errors  i n  PBF calculation induced by such a decrease a r e  cross-sectional 

and increase only the r e l a t i v i ty  of the measurement. The e f fec t  of al- 

terat ions i n  r e l a t i v i ty  would not a f f ec t  the s t a t i s t i c s  or  the trends 

ref lected by the present resul ts .  F'urthermore, these potential  altexa- 

i n  R .V. values (and the i r  resul tant  e f fec t )  have been countered by 

ngs of Cory, e t - a l e ,  (1956), Cralg, e t a a l e ,  (1967), and Befau t ,  

(1976) who's studies demonstrated no s t a t i s t i c a l  changes i n  H.V. 

out of the densitometry tank. 



The determined t o t a l  group mean body density of 1*0L&6 gm/cc with 

a standard. deviation of 0.014 gm/cc compares well with the g ~ o u p  mean 

boCj Gensities reported by other researchers on pspulations of' compar- 

able  age; Myhre, et.al., 1966 (2 density e 1.0466 gm/cc, S.D. 3 ~ .  f O a O l 7  

gm/cc), Polloclc, etmal., 1976 (x density = 1.0431 gm/cc, S .D. = r0.013 

gm/cc), and Brozek, et .al . ,  1951 (X density 1.0521 gm/cc, S.1). s 

*0.118 grn/cc). The mean body density of t h i s  study population was 

l e s s  than those values reported on populations tho were specif ical ly  

act ive (a fur ther  discussion of t h i s  observation w i l l  be presented i n  

a subsequent section).  

The t o t a l  group mean PBF (Table 10) was calculated from the 

subject 's  individual body fiensity values through the wtranslation" 

equations of Brozek, et.al., (1963) and S i r i  (1961). This studyts 

t o t a l  population had a Brosek e t -a l . ,  calculated mean EaF of 23.4f6 

(S .D. P A5.96) and S i r i  calculated mean of 23. % (S .D. = f6.2j6) 

These mean values are ,  again, comprable t o  those determined means 

on other s imilar  population studies; PBF (~rosek-equation) = 22.2% 

S .Dm *6.2$ of Myhre, e t ~ a l . ,  (1966) study and 8 PBF ( ~ i r i  equation) 

= 24.'@, S.D. = f5.W; of the Pollock, et.al., (1976) study- 

It is important t o  emphasize tha t  the effective t ranslat ion of 

body density i n to  the re la t ive  values of PBF and lean body weight must 

be a source of discussion and contention. The accurate appl icabi l i ty  

of the derived densi t ies  of and f a t  assumed and calculated by S i r i  

i n  h i s  equation and Brozek, eteal.  i n  h i s  lauation must be reviewed* 

Such a review w i l l  be dea l t  with i n  the individual subgroup discussions 



Table 10 

IWn Body &t Percentage Values 

According t o  the Equations of Brozek, e%-8,L. . 

and S i r i  f o r  the Sub-Groups and Combined Group 

Percent Body Fat * * 
Brozek, et .al .  S i r i  

(1963 .(1961) 

Active 21.1 **2 21.5 44.5 
(N-30) 

Sedentary 24.3 *5.9 24.9 k . 4  
(N-20) 

Cardiac 25.9 a6.3 26.6 4 . 9  
(N-18) 

Combined 
(N-68) 

Values a r e  Means * Standard Deviations 

*Brozek, et.al. (1963) formula: PBF a 4 5 ' 7 / ~ ~  - 414.2 

wSiri (1961) formula: PBF = 4 9 5 1 ~ ~  - 450. 



f o r  it is the  contention of t h i s  author t h a t  it is amongst the  subgx~ups 

t h a t  the  equation assumed d e n s i t i e s  of I;nl! and fat would vary (as a 

func.tion of the  subgroup p o p ~ ~ l a t i o n ' s  a c t i v i t y  and pathological  s t a t e s ) .  

Tnble 11. is a presentation of the  rela, t ionship betoreen BD, XV, P13F, 

and WId and spec i f i c  age ranges. The nwnber of subjects  i n  mch age-group 

varies a.nd as such t h i s  author accepts t h a t  the  g ~ e a t e r  the  number the  

greater  t h e  credulance given t o  Vna-t group's meaz. A s  previously mentioned, 

R.V. iacreasod with age i n  an  extremely regular  Tanner. This increase ~w,y 

be a t t r i b u t e d  t o  t h e  dimished e las&ic  r e c o i l  of the  lungs and the  diminished 

mobili ty of t h e  thoracic  cage reported with increasing age by Kal t re ider ,  

e t .a l . ,  (1933). 

f igure  1 is t h e  gr-aphical p lo t t ing  of PBF ?rith age and U3b.I with age 

f o r  t h e  t o t a l  group. Tile r e s u l t a n t  come3.a,tion (r s 0.21) between PBP 

and age was not s i g n i f i c a n t  (2  7 0.05) and the  deve1.oped r e g e s s i o n  equation 

( for  t h i s  r e la t ionsh ip)  we.s inadequate i n  its predic t ive  capacity (due t o  

the  unacceptably high standard e r r o r  of est imate of 5.7). Also, i n  Figure 

1, t h e  re la t ionsh ip  between LBW a.nd age e l i c i t e d  a non-significant correl-  

a t i o n  coef f i c ien t  of -0.03. Furthermore the  regression equation developed 

Lo predic t  I;B\J from age was a l s o  inadequate because of t h e  very l a rge  

standard e r r o r  of est imate (6.03). 

Percent Body ??at - Total  Group 

I n  Table 11, an ana lys i s  of t h e  age-range groups i l l u s t r a t e d  some 

i n t e r e s t i n g  points. t h e  46-50 year group demonstrated t h e  g rea tes t  homo- 

geneity i n  PBF, a.s r e f l e c t e d  by the  small standard devia t ion value. An 

ANOVA was conducted t o  assist i n  the  de f in i t ion  of any differences  t h a t  
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may have existed batween t,hn age-range groups. The ANQVA and the Schsffe 

Post-Hor: a m l y s i s   a able 12) demonstrated s ignif icant  difforeiices (~(0.05) 

betweell the mean PBP values of the 46-50 a;nd 51-55 age-range groups and 

the 56-60 and 61-65 age-range goups.  

The sharp decrease i n  the mean PBF i n  thc 51m-55 age-range g r ~ u p  was 

pa r t i a l l y  a t t r ibu tab le  t o  the presence of an exceptional lean subject who 

had a measured PBF of 8.27;. This value was 1. l .S lower than the man FBF 

(19.e:) of t ha t  age-range group. The large v a r i a b i l i w  and standard devi- 

a t ion  of the group..may be the reason tha t  there existed a s ignif icant  dif-  

ference between the means of t h i s  (51-55) age-xav~e group and the 56-60 

age-range group. F'usthermore, through coincidental selection, t h i s  group 

consisted of 6 members of the act ive subg~oups and one member each of the 

CAD and sedentary subgroups. Zutl, e t  .al., (1973) and Boileau, e t  .ale, 

(1971) demonstrated t h a t  physically active men e l i c i t ed  lower mean PBP 

values than normal sedentary o r  CAD populations. Due t o  the point t h a t  

the ovem~helming majority of the 51-53 age-range group were physically 

act ive an  explanation of the significantly lower mean PBF value than the 

56-60 age-range group becomes obvious. That is, the more act ive members 

i n  a sample group could be followed by a lower mean PBF value. This section 

of discussion w i l l  be expounded upon i n  a subsequent area. 

Table 11 further  indicated t h a t  +he 66-70 year age-ra.nge group and 

the 73.~75 year age-mncn yroup both reflected s l i gh t  decreases i n  PBF. 

This observation can not be a t t r ibu ted  t o  the sole observation of age-range 

group membership. The 66-70 year age-range group consisted of two CAD sub- 

' grsug members. Also the- ;'I-75 age-range group consisted of 3 CAD subgroup 



Table 12 

S t a t i s t i c a l  Analysis 

of Age-nange Group's PBF Values 

LA ) Anal-f Variance 

Grand Total = 1585.63* 
Number of obaemt ions  - 68 
Total  Group Mean - 23.2181 

Total 67 2994.58 

1. 3etx.ieen thr; 46-50 age-range grov.2 and the 5l-55 age-range 
group; Scheffe _F_ - r a t i o  = 3.01 ( g < 0 ~ 0 1 ) . ~ *  

2.  Between the 51-55 age-range group and the 56-60 age-range 
group; Scheffe - za t io  a 7.24 & <~-OL)+*& 

3. Between the 56-60 age-range group and the 61-65 age-m,nge 
group; SchePEe B - r a t i o  s 5.61 (g< 0.01) .x-w' 

4. Scheffe - mtio values f o r  a l l  other wge-range group 
colnprisions were l e s s  than 2 m17- 

age-range gcoup ERE values 

17 is needed f o r  significance 

2-95 is needed fox significance 



members. The phenomena of a declination i n  PBF values above a cer tain 

age was reported by both S i r i  (1962) and Fryer (1962). S i r i  observed 

a decline i n  F'l3F a f t e r  the age of 60 years of age t o  a proportion 

similar t o  tha t  of a 20-29 year population (W m3F = 22.6%). This finding 

was verif ied i n  the work of Fryer. The curxent explanation, offered by 

these two authors, of such a decrease is t h a t  it is due t o  natural 

selection, since subjects with very high B F  values a r e  l e s s  l ike ly  'to 

l i v e  as long as those found i n  the older limits of this  study. Notation 

should be given t o  the small members (~m2 and N S ~ )  of t h i s  study's 66-70 

and 71-75 year age-range;groups, and as such agreement with S i r i t s  and 

Fryer's explanation might be solely coi.~cidental. 

A summazy of the resu l t s  of 3 major and comparable s tudies  a r e  avail-  

able  i n  Table 13. The r e su l t s  indicate t ha t  the mean PBF calculated i n  

Kryzwicki, et.al., (1967) were very l inear  with age. The mean PBF values 

i n  Kryzwickits study were a l l  hagher than those of the present study, ex- 

cept f o r  the age-range groups of 56-60 years ( t h i s  value was extremely 

comparable; 29.l;/o versus 30.1%). The reasons f o r  the s l igh t ly  lower 

values expressed i n  t h i s  study a s  compared t o  Kryzwicki's may l i e  i n  the 

populations u t i l i zed  by -this author. Kryz~icki 's  population was purely 

sedentary i n  contrast  t o  the present studyls two habitually act ive and one 

sedentary subgroup. This, the involvement of the parameter of physical 

ac t iv i ty  has skewed the resu l t s  of  t h i s  group* 

The mean values presented by Flyhrets, etaale,  (1966) study a l so  

r e f l e c t  too, a. l inear  relationship between age and PBF. men the present 

studyfa dab is worked t o  r e f l e c t  10 year age-range groups (as i s  lilyhre's 





Btudy9 data i f ;  expressed) the r e su l t s  axe very comparable (22.96 fox 

a 40-49 year age-rage poup;  211..2$ f o r  the 50-59 year age-rmge group; 

25.96 f o r  the 60-75 year age-range group)* This studycs mean PBF was 

only marginally higher i n  the 40-49 year age-range group, marginally 

lower i n  the 50-59 year age-range group, and s l igh t ly  higher i n  the 

60-75 yeax age-range group. Importantly, the present study a s  well 

and I(ryzwicki, e t  . a l e ,  (1967) and Nyhre, eteal ., (1966) a l l  ref lected 

S i r i  (1963)'s observation of a, decline i n  the population mean PBF i n  

the age ranges above 60 years. This observation, a s  previously dis- 

cussed, has been a t t r ibu ted  t o  popuLztion limitations rathex than 

physiological o r  anatomical reasons. 

The findings of Korris and associates (1963) demonstrate fur ther  

the l inear  increase i n  PBF up t o  the 60-69 year age range a t  which a 

s l i g h t  decrease is exhibited (further adding creedance t o  S i r i ' s  ob- 

served phenomena)* Norrisf s population groups were Larger and t o t a l l y  

sedentary males. Due t o  the nature of t h e i r  c lassif icat ion (sedenaary) 

a closer analysis of t h e i r  resu l t s  w i l l  be expounded upon and c o m ~ r e d  

d i r ec t ly  i n  the discussion 6f the sedentary subgroupqs resul ts .  

Lean Body Weight - Total Group 

ILIustxated i n  Figure 1. was the plot%lng of I ; B W  and age. The 

resul t ing relationship was insignificant ( r  = -0.03) and the regression 

equation s . ta t is t ical ly  inadequate (due t o  the excessively high Standard 

Error of ~ s t i m a t e )  o The lack of relationship between I ; B W  and age dem- 

onstrated i n  t h i s  study is i n  diagreement with several re lated studies. 

Norris, e tea l* ,  (1963) demonstrated l inear  decreases i n  Dlrl with age and 





I 
i 
1 

I argued tha t  the decrease was a function of v i b l  organ, muscle masts, 

1 and bone substance decreases. Noxris, u t i l i z ing  the d i rec t  relation- 
I 
I 

ship between creatinine and muscle mass demonstrated a l inear  decrease 

i n  muscle mass with age (?<0.001). This observation was i n  agreement 

with the s imilar  s t a t i s t i c a l  analysis  performed by Tzankoff, et .al . ,  

(1977) when they i l l u s t r a t ed  the d i rec t  l inear  relationship between 

cseatinine excetion and muscle mss protein decomposition an6 LBW 

declines. F'urther analysis on t h i s  subject h ~ s  been quantified by 

the several s tudies  performed by Gilbert Forbes an2 h i s  associates 

(~o rbes ,  et.al., 1976; E'orbes, et.al., 19728 Forbes, et .al- ,  1970)~  

and has already been discussed i n  great length i n  the l i t e r a tu re  review 

of t h i s  study* 

When a l l  data was collated, the present study demonstrated t h a t  

the subjects i n  t h i s  study had I;BW tha t  Kere declining a t  a r a t e  of 

0.18 kg. per year. This annual loss is comprable t o  Forbes, etmalr, 

(1970) who reported a loss  r a t e  of 0.24 kg. per year (based on the 

cross-sectional analysis of 9000 subjects) and t o  Norris's, @tea l . ,  

(1963) stuiiy which reported a L;t3W decline a t  a r a t e  of 0.14 kg. per year. 

Upon analysis fo the inter-ge-gfoup relationships i n  Table 1% a 

re la t ive  steady-state j.n L l 3 W  is exhibited between the 3*, 4145, and 

46-50 year age-groups. This steady-state is f o l l o ~ e d  by a slow decrease 

i n  LBW i n  each of the remaining age-range groups' (except f o r  the two 

subject6 i n  the 66-70 age-range @oup). This observation is i n  agreement 

with those of Forbes, et.aL., (1970) nho a l so  observed tha t  I;BW was h i  

during the th i rd  decade of l i f e  (20-30 years) a f t e r  which 'it decreased 



The previous two parameters discussed, IJB\I a,nd IBF, a r e  both functions 

the parameter a£ body density. The body d-encities of 'chis study's  pop. 

t i o n  demonstrated a broad l i n e a r  relationsh3.p with a,ge. I n  aomne respects  

i s  observation is a source of confusion i n  terms of the f a c t  ti8.i; body 

ns i ty ,  too, d i d  not dernonatrate a l i n e a r  decrease with age as d i d  t h e  

pulation LB\f values. The observations of t h i s  study a r e  j.n con t ras t  t o  

ose of I?afris, e t .a l .  study (1963) which dor,lonstmted a l i n e a r  decline 

body density orith age (though t h e  decline was not s k i t i s t i c a l l y  signi-  

The ~ransla 'cion of body density i n t o  t h e  r ~ r a m e t e r s  of I.&\! and YBB 

ve been a source of contention by t h i s  and ?;eve--%l other  authors,  Brozek 

,nd Keys, i n  1963, developed a t m n s i a t o r y  equation u t i l i z i n g  empirically 

determined t o t a l  body values r a t h e r  than the  previously used hypothetical  

values f o r  t h e  densi ty  of LBW and f a t .  This formula, though empirical-ly 

densi ty  eshblished.  on limited cade,ver s tud ies  a116 analys is .  These values 

have subsequently been debated as t o  t h e i r  appl.icai;ion t o  t o t a l  population 

regardless  of a populations environment, a c t i v i t y ,  p t h o l o g i c a l ,  o r  

e t a r y  s t a tus .  A s  discussed i n  chapter 11, the re  e x i s t s  a steady decline 

n noma1 subjects  ana the  m t e  of such a decl ine  is var iable  but  

There is a noticeable steady decllne i n  bone density . 'vJerdein 

i n  1960, d.emonstmted the  var iabi l - i ty  of t h e  densi ty  of the  body' 

a t  due t o  a l t e r a t i o n s  i n  the  body's bone mineral content. Using 



subjects with osteoporosis and osteosclerosis, these authors were able  

t o  demonstrate t h a t  the density of the body's LB!:? component varied from 

1.057 gm/cc i n  osteoporotic subjects t o  le189 @/cc i n  the osteosclerotic 

subjects. Although quantitative descriptions of t o t a l  body changes ac- 

companying llnormalu ageing a r e  not available, i n  general, qual i ta t ive 

appraisals indicate a loss  of bone mineral duri ig  the s p n  of the adul t  

years  o orris, et.a.l., 1963; Forbes, e t . a l ~ ,  1976; Forbes, et.al., 1972; 

iilunro, e t ~ a l . ,  1978; ml ina ,  1969; and Albanese, 1977). 

Flwther contributing t o  the variation i n  LBW density is the quantified 

decline i n  muscle mass due t o  protein break-down (Munro, e t  .al., 1978; 

Malina, 1969). This, i n  conjunction ~ i t h  a documented dscline i n  the 

body's v i t a l  organ mass (~zankoff ,  e t ~ a l . ,  1977; Brozek, e t - a l e ,  1952; 

Nunro, e t ~ a l . ,  1978), point towzrds a parameter (L?3lu') tha t  r e f l ec t s  enormous 

range and variabi l i ty .  b e  t o  $he eviuence indicated i n  the studies already 

mentioned i.ii trould seem basically incorrect t o  u t i l i z e  a single value f o r  

LBId ( irregardless of age) i n  t ranslat ing a  subject*^ body density in to  

and PSF pramenters. Furthernore, considering the var iab i l i ty  of the IJ3W's 

density with age, the u t i l i za t ion  of a mcross-the-boardw translatory equation 

(cievel-oped on the basis  of ffstandardiz2dfl I ; B W  and body f a t  densities) t o  

calculate the PBF o r  LBlf of a 12 year old boy a th le te  and Tor a 69 year old 

s e d e ~ t a r y  male, would r e su l t  i n  inestimable errors  i n  the actual  values of 

I ; B W  and/or PBF. It is, therefore, the contention of t h i s  author t h a t  -khe 

effective t ranslat ion of a subject 's  body density i n to  LBW and PlSF values 

would be related t o  - h e  ago of that subject. Thus, the incorrect t rans la t  

,would r e f l ec t  only re la t ive  relationships rather  than absolute relat ionshi  



The b c k  of noticeable trending amongst the body densi t ies  of t h i s  

opulation may solely be a funs%ion of the lack of sens i t iv i ty  induced 

y the equations u t i l i zed*  

Hesults and L)iscussion - Subgroups 

purpose of t h i s  section is t o  present and discuss the r e s u l b n t ,  

W ,  and body density values of the individual subgroups. This 

e t.rj.th s p w i f i c  reference t o  the respective environmental and 

en the subgroups. 

I n  Table 10 the means f o r  PBF f o r  each subgroup were calculated 

Brozekc s, eL*al. and S i r i  ' s wtranslatorylt equations. Accepting, 

e re la t ive  accuracy of these resul ts ,  and the theoratical basis of 

e equations, one can ascertain differences. The PEF f o r  the act ive 

ubgroup was 21*@ (S .D. = We2%) . This mean was s ignif icant ly lower 

(2<0.05) (Table 14) than the mean PBP of the CAD subgroup (x PBF = 2676, 

S.B. = ~ . & J , ) .  There existed no s ignif icant  differences between the 

eans of the act ive and the sedentary subgroups nos between the CAD 

ubgroup and the sedentary subgroup. since both the act ive and the CAD 

subgroups were act ive populations by defini t ion the s ignif icant  difference 

o be a function of the s ignif icant  age dif-  

iscussed  able 7)- Due t o  the elevated 

$he argment t ha t  the Pl3F means riould be 

t e ly  e l~* .q t ed  would be i n  agreement with the r e su l t s  of several 

ser ,  e t  .ale, (1963) Myhre, e t  - a l e ,  (1966). 

could be possibly due t o  the decreasing 



Table l h  

S t a t i s t i c a l  Analysis 

of Subgroup' s Mean PBF Values 

L ~ 1 % ~ & ~ . 0 f , v ? , r ~ ~ n c e  

Grand Total  = 1585.63* 
tklrnber of o b ~ c r ~ t i o n s  = 65 
To-L?J Group i.Ie3.n ,- 23.3181 

Degrees of Sum-of - 
meedom - 2 u a r e s  =zL~----.-.- 

65 1885 81 29.012 

67 2171.2 

1. Between t h e  Norm~~i Active Subg~oup and the  I?orfi~?.l ,;edenta,ry 
SLI~~TOUI); Scheffe 2 - r a t i o  = 9.24. 

2.  Detrfsen t h e  Idormal Active Sulxgoup and the  Cl in ica l ly  
Diagnosed Cardiac Subg~ou;p: Sclieffe - r a t i o  = 8.86 & < 0 01) X-X.-E 

3. Betv~een t h e  Normal Sedenkary Subgroup and t h e  Cl.inicially 
Diagnosed. Girdiac Subgro~ip; Ycheffe E - r a t i o  a 0.82. 

I-.**- -. -.-- 
+Total Summitti on of Subgroup' s WF va,lues 

, %-%An 17-wtio value of 3.1!1. i:: needed f o r  significance 
a t  the  5 percent level .  

I 

I 

*+%A11 1i"Ra.tio value of 4.95 is needed f o r  significance 
I a t  t h e  1 percent l eve l .  



of tho t rans la t ion  equations (Kays , e t  ea.1 , 1953) The former 

h a t  the  PBlP changes a r e  a function of the  age differences,  m:Ly 

cable due t o  the  re la t i .v i ty  of the  re:;ultse 

by ideinsicr, e t .a l . ,  (1976) .thn.t elevated mean PBl? l e v e l s  

s ign i f i can t  sorre l8t ions  between f'HF and sevemJ r i s k  f a c t o r s  

t h i s  bas is  he and h i s  associa tes  concluded t h a t  a d i s t i n c t  

r e la t ionsh ip  a l s o  e x i s t s  betweer? these r i s k  fa.c'cors to CAD and 

m e .  Exercise has been shown t o  decrease both al.evated blood pressure 

Cassel, e t  .al., 1971; fimsterdam, Wi3.more and DeI4aria, 1978) The 

n t  PBB dif?erences between t h e  a c t i v e  and GAD @-our, a r e  not ex- 

d f u l l y  by t h e  f a c t  t h a t  the  CAD group had el.evated H3F because of 

disease. The s ign i f i can t  d i f ference i n  rBF values between the  Active 

oups can be a t t r i b u t e d  t o  tiro mechanisms. Pzimarily, a 

asing age. Secondly, 

, a coinbination of 



the age and in tens i ty  differences could explain the P13F variences between 

the groups. Not enough info-rmation riaa e l ic f  tied by %ha. pxswent. sZa.ady!s------ - \ 
methodologies t o  ccmment fur ther  on the ro le  of the CAD subgroupfs 

pathological s t a t e  i n  affect ing the i r  X3F values. 

In  Figures 2, 3, and 4, the parameters of PBP and L B W  have been 

gxaphically plotted against age f o r  the three individual subgroups studied, 

act ive,  sedentary and CAD. For each pl-otting, cox*relation coefficients 

and regression equtttions were developed. Wen PBF' f o r  the act ive,  CAD 

and sedentary subgroups were plotted agdinst age the correlation coeffi- 

c ien ts  of 0.25, 0.21, and -0122 were el ic i ted.  These coefficients were 

non-signif icant  @ > 0.05). IiLrrthermore , a11 the regression equations 

developed t o  describe and predict PBF from age were s t a t i s t i c a l l y  inadequa 

Without exception, the regression equations predicting PBF from age i n  a1 

three subgroups possessed unacceptably large Standzrd Zrror of Estimate 

values. The relationship between age and ZBW f o r  a l l  three subgroups 

a l so  established. tihen plotted (figures 2, 3 and 4) I J B W  and age e 

r P -0.10 f o r  the active subgroup, 2 - -0.41 f c r  the CAD subgroup - 
r ;: -0.28 for the sedentary subgroup. The subsequently developed r e  - 
eqmtio12s for  predicting I;BW froin age demonstrated themielves statis 

insignificant due t o  excessively high standard e r ror  of estimate 

The negative trending of the broad scat terplot t ing o f  LBW and age i n  

P i o r e s  2, 3 and 4 was at. lea  i m l l y  i n  agreeme 

indicated i n  s tudies  that w i l l  

The marginal trend e l i c i t  

the plot t ing of PBF and age ~ras 

re la t iors ;h ip  reported 5n the l i t e  
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Figure 2. Percent body f a t ,  lean body weight, and 
itge - normal active sub-f?;roup Regression 
lines with standard error of estimates. 



Figure 3. Percent body fat, lean body weight, and 
age - clinically diagnosed cardiacs . 
Regression lines with standard error 
of estimates. 



AGE (YEARS) 

Figure 4. Percent body f a t ,  lean body weight, and 
age - normal sedenbry group., Regression 
l i n e s  with a ~ h n d i r d  exxor of  e.;timates. 



indicated t h a t  PBF e i t h e r  increases o r  is maintained with age ( re fe r  

e 2). This confusion was a t t r i b u - k b l e  t o  some exceptional r e s u l t s  

s c e r t a i n  members of t h a t  subgroup. Within the  sedentary subgroup 

s a 51 year o ld  subject  who had a PBP of 8.& ( t h i s  value was 16.7./, 

wer than t h e  group mean). Also t h e  two oldest  members (61 an8 62 

axs) of t h e  subgroup e l i c i t e d  noticeably lower PBF values (19*4$ and 

-3s respectively) than the  subgroup mean (24.g"jo). These two population- 

entated f a c t o r s  e f fec t ive ly  skewed the  d i s t r ibu t ion  of t h e  population 

e l i c i t e d  t rends  contrary t o  expectation. 

The resul.ts and analys is  give r i s e  t o  the questioning of Wilmorels, 

teal* ,  (1969) hypothesis t h a t  "creeping obesityw was a p r a m e t e r  t h a t  

Id be controlled wiLh physical a c t i v i t y .  The r e s u l t s  of t h i s  study 

demonstrated a, non-significant r e la t ionsh ip  between PBF and age and t h e  

hab i tua l  physical  a c t i v i t y  t h a t  some subgroups rrere involrvecl i n  dicl not 

retRrd t h e  gradual onset of increased fa,+ level:;, Wilmore s conclusione 

were bwn on a sma11. and specia l ized populstion. It becomes a p p r e n t  

t h a t  t h e  npecj.a.lization of t h i s  population may expla,in the  conclusion 

t h e  author drew. The population studied was comprised of th ree  c e ~ t e e -  

nar ian distance runners. They weekly t ra ined and r a n  a n  axexage of 22 

milor per  reek. The in tens i ty ,  duration, frequency and mo&lity (running 

versus jogging) may explain the  differences between t h e  mean PBF reported 

i n  Wilmorels Study (16.30) and the  r e s u l t s  f o r  a s imi la r  age group i n  t h i s  

a-tudy's ac t ive  aubgcoup ( X  P3B fox 55-65 year age-~;-soul~ - 22.07,;) afld it* s 

CAD subgrou]? (24.@l)* Flilmorels r e s u l t s  a r e  comparable t o  those of Pollock, 

e t  'al., (1974) study on Champion Aa~orican a t h l e t e s  rrho were seplegenarianc . 



Pollock, et.a.l*, domon;-tra,,-lcd a l3.6;= fat i n  a snmn~le of  th ree  men rrho 

ran  an  avera.@e of 20 rni1.e~ per week. The control  of Ifcreeping obesityw 

])lay l i e  i n  the i n t e n s i t y  and cluration tl?a,t one p r t i c i p t e 3  i n  cr.ctivity. 

The notable t rend i n  t h i s  study indico.tec: t h a t  the  physical  a c t i v i t y  

p + r t i c i p t e c l  i n  by t h i s  study's  subjects  d i d  not xe.krd the  clevelopmcnt 

of el.evated f a t  l e v e l s  i f  i n  f t tct  physical  a,ct ivity can retalc t h i s  

potential1.y zge-rela.ted phenomena. 

Lean i3odleJ. i l"c S u b g r o u ~  

Table 15 presents t h e  means and. standard deviations of the  Vnree 

subgroup 1 s LBk!s. Ut i l i z ing  Brozek 1 s tr&nslatoxy equa,tion, t h e  calculated 

LB!?ls of the  th ree  si~bgroups demonstrated no s . t a t i s t i ca1  di f ference from 

each o ther  @7 0.05). I n  fi&wre;j 2, 3 and 4 the  Ul!s of the  three  sub- 

groups were p lo t t ed  agains t  age. The r e s u l t a r ~ t  regcession l i n e s  indicated 

non-significan-t r e la t ionsh ips  between JX3W and s e e  i n  a l l  th ree  subg~oups. 

The cor re la t ion  coefficien'ts f o r  the  r e l ~ t i o n s h i p s ,  graphically presented. 

i n  Pig-ures 2, 3 and 4, were a l s o  non-significant* kihen I33W was p lo t t ed  

aga ins t  age the  foll.or.ring corre la t ion coef f i c ien t s  were e l i c i t e d ;  

-0.10 @> 0.05) f o r  the  a c t i v e  subgroup, g = -0.Q ( ~ 7 0 . 0 5 )  f o r  the  

CAD subgroup, and 2 = -0.28 ( ~ 7  0.05) f o r  the  sedentary subgroup. The 

respect ive  regression equations developed t o  describe the  re la t ionsh ips  

between 153!6 and age i n  a l l  th ree  sebgroups were a l l  s t a t i s t i c a l l y  inade 

i n  t h e i r  pfcdic t ive  capacity. Tnis was due t o  the  unacceptably large  

standard e r r o r  of 3stimate. The broad s c a t t e r p l o t t i n g  of  LBW versus 

indicated marginal decreases i n  LBU with age* The decl ine  i n  LSW o 

a c t i v e  population tfas l e s s  rapid  than t h a t  observed among the  CAD an  



Table 15 

Mean Lean Body Weight Values 

According t o  the  I3quations of Brozek, e tea l .  

and S i r i  f o r  the Sub-groups and Combined Group 

Lean Body Weight ( K Y ~  

Active 
(n=3:30) 

Sedenbry 
' (n-20) 1 

i Combined 
i (nA8) 
t 

a r e  )leans * Standard Deviations 

roeek, e t - a l . ,  (1963) formula: L B W  T.U. - 1TJ (4.57/JIB - 4,142) 

iri (3.961) formula: 

= Total  body 



sedenta.ry ;;ui~p;ro~ps. The ac t ive  su l~goup ' s  IJ3\J c-lecLined a,% a m.te oC 

0.16 kg. of I;3!4 per year. I n  contras t  t h e  decline amongst the  (31) I 

. 3 

subgroup was 0.21 Icg. of BL33W per year and amongst the  sedentary sub- I 

group t h e  decl ine  was 0.25 Icg. B\$ per year. 'rkiese observations ?,re 
f 
I 

i n  agreemen.L with the  concLusions drawn by Forbes, e . t ea l* ,  (1970) who 1 
1 

reported t h a t  the decl ine  i n  L;BM was retarded marginally by hab i tua l  1 
;~hy:jicz.l z ,ct ivity.  Forbes, ei; .ale argues t h a t  a synthesis of protein 1 
i n  the  body's drele-teal. inusclcs con'tribu'tes t o  a s l i g h t  el-evation o r  

the  mur;cle mass and thus an  a l tera . t ion of the  U W  proportionate con- 

t r i b u t i o n  t o  t h e  body's densi ty  a,nd a l s o  adds concern t o  the  question- 

i n g  of the  equation-accepted :LBW density.  Tlie modality of running o r  

jogging have e l i c i t e d  s imi la r  r c s u l t o  i n  comprable s tud ies  performecl. 

on middle and older aged males. L3oileau, e t . a l . ,  (1973) demonstrated 

a mean IBii amongst conditioned. a d u l t  males a:; 60.6 kg. (d .I>. m 3 eLt. kg* ) e 

Pollock, e t .a l . ,  (1975) demons-tmted a mw,n Iiid!! as 66.38 Icg. (s.D. = 

Ll.7 kg.) e I2E:jner, e t e a l .  reported inezn values of 62.1 kg. (s.D. = 11.2 

) Tnese values and those s t u d y f s  a r e  i n  contras t  t o  those reported. 

i n  s tud ies  u t i l i z i n g  a d i f f e r e n t  modality. Eoileau, e t - a l e ,  (1973) a l s o  

studiccl Lne e f f e c t s  of ~.roight t r a i n i n g  on body compositione Specif ica l ly  

doileau and his a,ssoc&tes clemons~xaled il. - $4 increases i n  L B W  when a 

subject  ac t ive ly  lyrticicipates i n  vreigh-b tmin ing .  Misner, et .al . ,  (1976) 

demonstrated up t o  5+& increases  i n  LBU with weight t ra ining.  These s tud ies  

f u r t h e r  demonstrated no s i g n i f i c a n t  a l t e r a t i o n s  i n  1BI.I with the  mo 

of running o r  jogging. On t h e  bas i s  of these findings it becomes a p  

t h a t  part of t h e  decl ine  i n  LDW by a l l  th ree  sub-groups may be a t  



t o  an  age-related function as d i s t i n c t  from environmenta.1, pa.Lhologica1, 

o r  physical  a c t i v i t y  conditions o r  patterns.  

Body Density - dubgxoups 

S t a t i s t i c a l  analys is  of a l l  three  subgroups demonstra,ted no s ignif -  

cant r e la t ionsh ip  between age and body dens,ity. This observation was 

n agreement with the  findings of Norris, e t  .a1 a ,  (1963) This author 

emonstrated no s ign i f i can t  regression i n  body densi ty  with age. This 1ra.s 

cted because LBW and pB!BF, i n  a l l  three  subgroups, dernonstmted non- 

gn i f i can t  re la t ionships  with age. IVorrisfs (1963) f indings  were con- 

s ing  when t h i s  author demonstrated l i n e a r  (and declining) re la t ionsh ips  
I 
I 

e t~ ieen  PBF and L;BW (both der ivat ives  of 131)) and age. Tne discussion as 

t o  t h e  a p p l i c a b i l i t y  of standardized L B W  and body fa.t d e n s i t i e s  being 

i l i z e d  i n  the  t r ans la to ry  equations has been d e a l t  with i n  an  e a r l i e r  

sec t ion  of t k i e  chapter. The r e s u l t s  of t h a t  discussion seems a.pplicable 

c la r i fy ing  t h e  above mentioned discrepancy. Thus t h e  observation of 

re la t ionsh ip  between age and body density i n  any of t h e  subb~oups,  

an  be a t t r i b u t e d  t o  the  lack of s e n s i t i v i t y  of the  t r ans la to ry  equations. 

h i s  author f e e l s  t h a t  the r e l a t i v e  steadiness of the  subjects  body densi ty ' s  

i t h  increasing age may be a function of the  varying LRPi and body fat  densi t ies .  

e r e  may e x i s t  a vvplay-offn within the  egua.tions, t h a t  is, as the independent 

y of ,  say, a subject ' s  bone component declines,  t h e  muscle mass densi ty  

same subject  may elevate s l i g h t l y  t h i s  maybe due t o  physical. a c t i v i t y  

the subject ' s  body f a t  densi ty  exhibi ts  a var iable  s t a t e .  The exact 

W densi ty  and body fat  densi ty  a r e  0.f c r i t i c a l  importance when 

is a rea  of concern. m e r e  e x i s t s  a need f o r  t h e  development of 



an age corrected o r  age sens i t ive  t r ans lz to ry  equation. 

An a rea  of discu:;sion which requires  f u r t h e r  treatment was t h e  possible 

e f f e c t s  of i n t e n s i t y  and frequency of exercise on the  re ta rd ing  the  onset of 

eleva.ted PBF l.evel:j with age. PollocIc, e t .8 ,~ .  , (1969, 1972, 1974) demonstrate 

t h a t  body densi ty  (and the  resul.tant FBP) varied considerably with a l t e r a t i o n s  

i n  i n t e n s i t y  and the  frequency of exercise. These authors i n  1,969 demonstrate 

s i g n i f i c a n t  decreases i n  both body densi ty  and P3F (assuming the  equations u t  

i l i z e d  were sens i t ive  and applica.ble enough t o  demonstrate such a decrease i n  

t h e  population s tudied)  when subjects  t ra ined a t  65-8% maximum hear t  r a t e ,  4 

times per ?reel<. I n  contras t ,  Pollock and h i s  associa tes  o ther  experimental 

group who t ra ined  65-8@ maximum h e a r t  r a t e  and only tvro days a, week demon- 

s t r a t e d  no s i g n i f i c a n t  changes i n  body density o r  PBF. 

A follow-up study by Pollock and h i s  associa tes  i n  1972 demonstrated 

t h a t  s i g n i f i c a n t  decreases i n  body d.ensity and PBF were e l i c i t e d  by ex- 

perimental groups who t ra ined a t  903 t h e i r  maximum hear t  r a t e  and two 

days a week. These s tud ies  demonstrate the  p o s s i b i l i t y  of Wihors*:: 

contention t h a t  Itcreeping obesityu could be retarded by exercise of 

greater i n t e n s i t y  and/or frequency than t h a t  performed by subjects  i n  

t h e  present study. 

With t h e  ~ o s s i b i l i t y  t h a t  noticeable and s t a t i s t i c a l l y  s i g n i f i c a n t  

I PBF changes a r e  a function of the  exercise qua l i ty  ( i n  terms of duration,  

/ frequency, i n t e n s i t y  and modality) t h i s  author had t o  ser iously  looIc a t  
I 

1 t h e  qua l i ty  of the  a c t i v e  and CAD subgroups exercise. The reason t h e  

f indings  of t h i s  study were not  i n  t o t a l  agreement with Uilmore*s study 

me-y be a t t r i b u t e d  t o  the  d i s m r i t y  t h a t  m y  e x i s t  between t h e  qua l i ty  



exercise Wilmore's population p a r t i c i p t e d  i n  and the  present s.F!ldyts 

t i c ipa t ion .  The i n t e n s i t y  and duration of the  CAD and ac t ive  subgroups 

not  be comparable t o  t h e  vmam,'thoningw a c t i v i t y  of Wilmorets group- 

[ Zven though the  exercise prescr ipt ion applied t o  t h e  CAD and ac t ive  sub- 

I groups were i n  agreement with t h e  ACSPI s h n d a r d s  (~naerican College of 

Sports Bfedicine, 1978) and pol lock^ s s tudies  ,the intensi.ty and ciuz1a0tion 

a c t u a l  a c t i v i t y  by these subgroups may not have been. Specif ica l ly ,  

e exercise prescr ipt ion applied .to these subgroups ?$as self-administered 

d as such was not policed by t h i s  researcher. The ne t  e fzec t  of such 

-administrat ion may r e s u l t  i n  t h e  CAD and a.ctive subgroups being i n  

mbo s t a t e  between a "txuew o r  in tensely  a c t i v e  s t a t e  ( l i k e  Wilmorela 

opulation) and a sedentary s fa te .  This d i s p a r i t y  i n  i n t e n s i t y  of a c t i v i t y  

d explain p,rt of the  reason why the  r e s u l t s  of t h i s  study d.o not p~r- 

e l  t h e  f indings of Wihoxe. Nilmorels hypothesis %hat "creeping obesity" 

uld  be re tarded wivn physical a c t i v i t y  hinges so le ly  on t h e  q u a l i t y  and 

.n t i ty  of thc  a c t i v i t y  cerformed c.,ncl i f  the  participn-t:.; do not m a i n k i n  

e parameters -the11 t h e  ex~ecteci  r e l x r k t i o n  of PBF increases ~roulcl not  

sulk. This  area o f  s-tu&y reqv.ires f ~ ~ r t h e r  quant i f ica t ion.  

I 



Chapter V 

CONCLUSIONS 

$ummary 

Thc present study examined t h e  r e h t i o n s h i p  bet~reen body cornposition 

and age anongst middle- and older-aged males. Densitometricallg derived 

values of body densi ty  (all), lean body r.rei5h-t (LBK), and j~crccn.t bar:-) .k.t 

(PBP) were col lected and presented on 68 male subjects aged 35 t o  72 years 

(X z.ge -r 48.6 yen.rs). The corre?.ati on coeff i c i e n t  describing t h e  re la t ion-  

chip  between i3!: and &ge '1fc7,~ found t o  be -0.03 (2,0 .05). The carrel-ation 

coefCicien-t :For XTZ' verzus age r?zs 0.21 ( ~ ~ r 3 . 0 j ) .  

Tne to t31  s ~ o u p  tra; dividcd i n t o  th ree  8ulogcouns, normal ac t ives ,  

nc ler; (I'T-30, x xgc = '$6.17 yea.rs) ::ere Frticip,nt:; in tile ~c1u1.t zitne:;:: 

Unit of 1z.Crosse jhercice Prop i i .~ .  Tile s e c i e i ~ t ~ ~ ~ y  ~mles: (i'~a20, ;! age = Lk3.9 

yezr:;) cane fronl the  C i t y  of kC-ros:;e a,nd d id  not s r t i c i p . t e  i n  any 

s e p 1 z . r  phyzica?. a c t i v i t y .  y!~e C;iD :.IZI-~S (it=l%, X age = 57.9 yeaxs) were 

p , r t i c i p % n t c  i n  t!~c @;rdi?.c i:ehabili-Ia.tion Unit or" the  L2,zrossc, dxercise 

Yzogrsrn. 'fhere e::is%ed signFficznC dif ferences  bek,leen Cne mean age; of 

t h e  sub;;cov.ps. 'i?ic co~~ceL!ation coeff ic ients  describing the rcJat ionshi2s  

13ehreen ago :.nd XX! end. WP Tor t h e  a c t i v e  subgro~!,~ rrcre -0.1 @> 0.05) 

and, 0.25 (g> 0.05) respectively.  I n  contra.st, -the c o r r e h t i o n  c o e f f i c i e ~ t s  

f o r  !31! versus age a,nd* PBF vexnus age amollg the  ~ e d e n t a r y  group were -0.2 

(2) o .05) znd --0.22 (27 0.05) respectively.  An ana lys i s  of t h e  r e k t i o n -  

3h.i~ betrrecn U!1 and Age and P3F and age among t h e  &'ill subgroup e l i c i t e d  



SignifLcant differences trere found t o  e x i s t  between the  l?3P of' tkne 

I a c t i v e  subg~oup and the  CAD subgrou~.  No s i g n i f i c e n t  d i f ference riZis 

ascertained. t o  e x i s t  bettreen the  mean IB?ls of t h e  th ree  subgroups- A 

s i g n i f i c a n t  diffcrelice i n  the  BDs 0.2 t i e  ac t ive  a.nd CAD mzles did  ex i s t .  

/ LBl declined a t  a r a t e  of 0.18 lig./year. Thin suthor  hypothesised t11a.t 

t h e  hcIc of significctilt s t e t i s t i c a l  support ~ras a function of the  lack 

of s e n s i t i v i t y  t o  sge  changes i n  IIB\l and body fa-itL of the  ra.thematical 

equations used t o  ""cmnslate" DD i n t o  -the parameters of 1;3:1 and P3T. 

t h i s  author a l s o  f e l t  t h a t  there  existeed a, d i s ] ~ r j . t y  i n  

t h e  physical a c t i v i t y  performed by t h i s  population studied and t h e  

populations u t i l i z e d  i n  compr2,tive s tudies .  

Conclusions ".-- 

There exis ted an, rlIiOVA verified., s ign i f  ican-t d i f  f ereizce i n  the Bljs 

I among the  t k e o  subgroups This dif ference occurred betlreen t h e  ac t ive  

and CP.D s u b g ~ o u p s ~  But no difference existec?. between the  a c t i v e  and the  

sedenta,ry nor t h e  s e d e ~ k ~ r y  and the  CAD subgroups. A similar difference 

was found arnong the  PBF values of the  th ree  subg~oups. Spec i f i ca l ly  'the 

di f ferences  lay between t h e  ac t ive  ~nd. the  C24D subgroups. 

I The Scheffe Post-IIoc ana.lysis d id  not i s o l a t e  any s i g n i f i c a n t  

erence between t h e  a c t i v e  and t h e  seden-kkry subgroups Hypothesis 1, 

ups) may be accepted at the  0.05 l e v e l  or" significance. .  

f i c a n t  d i f ferences  ex i s t ing  between t h e  FBI", LBbJ, o r  BD values of 



There existec! significa.nt  d i f ferences  between t h e  PBF and BU means 

of t h e  a c t i v e  and CAD subgroups (E r8, t io - 8.86, g K O  05 and r a t i o  s 

8.74, <O. 05 respect ively)  . On the  bas i s  of t h i s  difference,  Hypo.thesis 

2 (no difference between the  body composition adjustment mechanisms as- 

socia ted with physical  a c t i v i t y  among normal a c t i v e  and CAD a c t i v e  ma,les) 

ci?n ne i the r  be re jec ted  o r  accepted. The s - h t i s t i c a l  d i f ferences  between 

t h e  a c t i v e  and t h e  CAD subgroups can not so le ly  a t t r i b u t e d  t o  age di f ferences  

because t h i s  study d id  not demonstrate any s ta t i s t i ca l  r e la t ionsh ip  Setween 

age 2nd PBF and BD va.lues. The s t a t i s t i c a l  r e s u l t s  of PBF and BD dif ferences  

between t h e  aci;ive and CAD subgroups can only ve r i fy  t h a t  n difference exis ted 

a.nd z n n o t  comment as t o  the  mechanisms involved. Qpantification of the  

mechanisms was beyond the  scope of the  r e s a r c h  m.;-thodologies u t i l i z e d  i n  

t h i s  study. 

Hypothesis 3 (PBF increases a r e  not a na tu ra l  consequence of the ageing 

process and m n  be controlled by physical a c t i v i t y ,  i r r egard less  of heal th  

s t a t u s )  cannot be conclusively accepted o r  re jected.  S t a t i s t i c a l l y ,  a. non- 

s i g n i f i c a n t  r e la t ionsh ip  was dernoizstrated t o  e x i s t  between PBF and age. Thi 

non-significance was demonstrated i n  both subg~oup and t o t a l  group analysis.  

For t h e  hypothesis t o  be tester? f u l l y  the  methodologies involved would have 

required l a r g e r  subgroup samples and a b e t t e ~  and l a rger  distri 'bution of 

sub jec t s  over t h e  age range of 35 t o  75 :rears. The smaller  number of sub- 

j ec t s  pzesent i n  t h e  o lder  age-range groups @able 11) i n  the  present study 

disallowed accurate s t a t i s t i c a l  analys is .  

The la& of s ign i f i can t  s b , t i s t i c a l  support i n  t h e  present study has 

been p a r t l y  a t t r i b u t e d ,  by t h i s  author, t o  t h e  mathematical equations used 



t o  "transl.ate" BD in to  PBF and LBW values. Although not experimentally 

tested, the hypothesis tha t  the equations, wh-ich assume constant, LBW and 

body fa t  densi t ies  throughout l l f e ,  used t o  "translate" BD in to  LBW and 

PBF lack sens i t iv i ty  when applied t o  the t o t a l  population (both extremely 

young t o  the extremely old) appears t o  be a d i s t i nc t  possibi l i ty .  The 

independant L;BW and body f a t  densities have been shown t o  vary with age 

and a s  such, an age-sensitive, or age-corrected "translation" equation 

may have e l l c i t ed  different  s t a t i s t i c a l  resu l t s  and comparable trends. 

The conce.ji; t ha t  "creeping obesity" can be retarded with the ageing proces 

i s  based on a steady amount of qual i ty  physical activiky. Primary t o  the 

tes t ing  of t h i s  concept i s  the manipulation of the intensity and freq-.-ncy 

of the physical ac t iv i ty .  Concurrence with Wilmore's hypothesis was not 

forthcoming i n  the present study due t o  differences i n  the i ~ b e n s i t y  (and 

possibly duration) with which the subjscts i n  the present study performed 

t h e i r  ac t iv i ty  i n  comparison with those subjects of Wllmore's study. 

Recommendations 

Based on the conclus io~~s  drawn by the author, the following recom- 

mendations f o r  further study are: 

1. Appropriate tes t ing  of the hypothesis tha t  increased 

intensi ty  of exercise retards the onset of "creeping 

obesity" with age. 

2. The development of an age-sensitive o r  age-corrected 

equation t o  be used i n  the "translation" of body 

aensity t o  the parameters of lean bcdy weight and 

percent body fa t .  



The body composition of CAD males i n  the Cardiac 

Rehabilitation Unit of the LaCrosse..Exercise Program 

should be assessed densitometrically. 
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Active Grou~? 

~5ub j c c t  i, At7 0.e #eight Body desiclua~l Brozek i3roaek 
Itlwnber Lensity Vo lv.!ne ,b fat JJ35I 



Subject Age Weight Body 3esid.ual Broaek Urozek 
Number Dei~oity Volume $ fi?-t I;BM - ---I - 
1 51 48.87 1*082 2.1694 8.164 44 88 

2 38 62.47 1.0425 1.036 24.17 47-37 

3 42 81 41 1.0378 1.263 26 15 60.12 



Subject Age Weight Body Residual Brozek Brozek 
, Munber Density Volume ir, fat  LT3 $1 ---- 
I 
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APPENDIX B 

PROCEDUHE LETTE)R TO PARTICZPANJS 

Dea.r La Crosse Exercise Program Par t ic ipant :  

Tim ICostelniIc and David Lee, Graduate Students of the  La Crosse Exercise 

Program, a r e  conducting a research study which w i l l  compare, describe,  

and predic t  body composition ('/; f a t ,  density,  lean body weight) i n  ac t ive ,  

sedentary, and coronary h e a r t  diseased males between the  ages of 35 t o  72 

years. The study has been approved by the  appropriate medical advisory 

personnel of t h e  b. Crosse Exercise Program. By random sampling pro- 

cedures you have been chosen t o  be p a r t  of t h i s  study. Par t i c ipu t ion  i n  

t h e  research p ro jec t  is e n t i r e l y  voluntary and w i l l  require  a s ing le  

v i s i t  t o  the  Human Performance Laboratory of approximately 45 minutes , , 

duration.  This time w i l l  be arranged personally with the  researchers 

upon your agreement t o  pa r t i c ipa te .  

If you agree t o  be a, par t i c ipan t  you w i l l  receive t h e  following 3 t e s t s :  

1. Underwater weighing - t o  calcula te  the  body volume and ul t imately  

body density. 

2. Residual volume assessment - t o  calcula te  the  res idua l  volume and 

therefore  t o  be used i n  t h e  correction of the  densi ty  of the  body 

f o r  dead air space. 

3. severa l  body (anthropometric) measurements - t o  allow the  es tabl ish-  

ment of predic t ion equations f o r  body composition. 

, It should be emphasized t h a t  the  equipment and technique involved i n  the  

above assessments a r e  t h e  most modern available.  The new pieces of 



equipment, i n s t a l l e d  recel1tl.y i n  .the Humn Perfo-rmance Iab., now a]-low 

t h e  rosearchern t o  L~.,E;sBs:; body compo(.;ition wit11 a,n oven iqeater dqgL'eC? 

of a,ccura.cy than previouzly a vaiL?.ble. 

i 
I me t o  the  :size and scc;pe of the  ,;tudy, wc a l s o  require  a group of 
I 

\ sedentary rnales bsttreen Vne ages of 35 t o  72 yiz r s .  If you have a 
I 
: f r i e n d  who is  a i~lvolveci i n  a i:eguh,r program of physical  fitne:js 

, axid trho ~rould l i k e  t o  have h i s  body componition assessed,  plezse l e t  , 

us Imow . The evaluatiom of these  inembers of t h e  .=edentmxy @XXIp w i l l  

be e n t i r e l y  ?me, a.s w i l l  your emlu~.t i .on.  I 
r e ~ ; u l t s  of the  study w i l l  be f u l l y  explained t o  you (and your frioncl-) 

re@rd t o  physiological  and health benef ib. A:; mentioned e e r l i c r  , 
angements f o r  the  .;eosion of your choice  rill. be mde by a. follorr-up 

phone cs . l l  o r  persona+l c o n h c t  "a.t the  P~ogmrn" by D3.vid o r  Tim. 

hope you decide t o  assist us* 

ile 

Executive Director 
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APPiNDIX C 

PROCEDURAL LEmEn TO PHYSICIANS 

Tim Kostelnik and B v i d  Lee, Graduate Students of the  La Crosse Exercise 

Program, a r e  conducting a research study tihich t r i l l  compare, describe,  

and predic t  body composi.tion (3; fat, density, lean body weight) i n  ac t ive ,  

sedentary, and coronary hear t  c l i sea~ed males between the  ages of 35 t o  72 

years. The study has been approved by the  appropriate medical advisory 

personnel of the  La Crosse Exercise Yrogmm. By random sampling pro- 

cedures your pa t i en t ( s ) ,  - - 
has been chosei t o  be pa r t  of t h i s  study. Par t ic ipat ion by yow pa t i en t  

i n  the  research project  is e n t i r e l y  voluntary. 

The pa t ien t  w i l l  receive the  following th ree  t e s t s :  

1. Undemater weighing - t o  calcula te  the  body volume and ult im&tely body 

density. 

2. Residu8l volume assessment - t o  ca lcu la te  the-res idual  volitne and 

therefore  t o  be used i n  t h e  correction of the  densi ty  of the  body f o r  

dead a i r  space. 

3 e ~ e I S l  body ( a n t ~ o p o m e t r i c )  measurements - t o  allow the establ ish-  

ment of predic t ion equations f o r  body composition. 

r i i l l  be f u l l y  explained t o  t h e  p a t i e n t  (and a, copy t o  your- 

regard t o  physiological implica,tions. 

t tached the  following : 

ion  of the  methods and pxoceduxes t o  be used. 



2. A copy of t h e  Pa t i en t ' s  Consent ll'arms 

3.  A Physician Consent Card f o r  your approval (o r  disapprova.l) of the  

pa t i en t ( s )  t o  p a r t i c i p t e  i n  the  study. 

We Look forward t o  receiving the Physician Consent Card (#3) as soon as 

possible. 

Yours s inoerel .~ ,  
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APPEIWIX E 

LACHOSSE Exl3RCISE PROGRAM 

UNIVERSITY OF WISCOmIN-LACROSSE: 

I I ~ R ~ D  COIdSEhT $'OR BODY COMPOSITION ASSlW2WN'J! 
.-__I.-.- . . ..--.-.lPP-..*-..I"II ..--.-.1̂ --..-.*---*- 

I des i re  t o  engage voluntar i ly  i n  t h e  Hydrostatic Weighing as a 

proceclure of t h e  laCGosse Exercise h-ogrsm. I unders.tand t h a t  t h i s  

re:;ezrch pro jec-t compres and. predic ts  body composition (,A f&t, d.ensj.ty, 

lean body 1teig11-L) i n  ac t ive ,  sedentary, and corontizy hear t  diseased males 

bci;r.:een the  ages oS 35 and 72. bly pmticipzz%ion i n  t h i s  rerjearch pro- 

j e c t  11a.a been a.pproved by ny phy2icia.n &. __---- - - -  of 

--.-------- c l i n i c .  I f  I am --- NOT a pr t i c i&=.n t  of .Line JaCrosse ' 

Esercisc F-iiogr:i.~, I personally .&~kc the  ~ s p o n e i h i l i t y  of my p r t i c i p -  

t i o n  i n  t:?e afore2entioned ~ e s e a r c h  project .  

As a p ~ r t i c i p z n t  i n  t h i s  rcsesrch project ,  I ? r i l l  receive tine 

followins three  t e s t s :  

1 I Und-crv~ster weighing 
i 
I 

2. iie:;iJ-~a.l lung volume assecemcnt 

3 J€.ve:cc.l body ( a n t h r ~ ~ o m e t r i c )  measurements 

$'or tile underwater weighing procedure I will be seated on EL 

:;uspended 1rej.gh1ns chair  i n  a densiometry tank conLkining 5ody temgeratuxe 

tra-ter. i%rthemilore, I will per:rorm e i t h e r  n rn~.ximal insp i ra t ion  o r  a 

maxima.1 expi-ration follcrred by self immersion f o r  3 - 5 seconds while 

my und.sn~ater rreight is rsoorded. This procedure ~ r i Z l  be repeated 8 - 



For res idua l  lung volume assessmelit I \;ill- be seated i n  z cha i r  

outside of the  densiometry tank. ';lhile breathing i n t o  a vifxzlometer I 

w i l l  perform a maxim1 exhalation and then begin breathing medical grade 

oxygen (99;; 02) ,  f o r  6 - 8 breaths. A nitrogen 9 s  analyzer will assess  

t h e  amount of nitrogen LGS l e f t  i n  my lungs. Proceeding another maximal 

expira t ion I will. begin t o  breath norma.1 room a i r  again. 

The body measurements consi:;t of sever8.l skinfold:;, body circwn- 

ttrences, and body diameters. Body measwements rril1. be assessed with a 

kinfold  ca l ipe r ,  body anth:copometer, and a s t e e l  measuring h p e .  

There e x i s t s  the  p o s s i b i l i t y  of cerbzin physiological chsnges 

ccurring during the  underwater weighing and res i2ua l  lung volume aasess- 

n t *  Tinese incl.ude va,riations i n  blood pressure, hea r t  r a t e ,  and i n  

e ry  r a r e  insta,nces, "heart attack". Zvery e f f o r t  will be made t o  

inimize the  p o s s i b i l i t y  of such e f fec t s .  

Fox my beaef i t ,  I w i l l  receive t h e ~ s u l t s  of my body composition 

ssessment with z, f u l l  explanation of t h e i r  implications* 

I have rea.a t h e  foregoing and I understand it. Any questions which 

ve a r i s e d  o r  occurred t o  me have been anstrered t o  my sa t i s fac t ion .  
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APPENnIX G 

WSIOUAL VOLUME DATA S W T  

- A W  :____ 
first h s r  

Trial 10 T r i a l  2. 

I n i t i a l  Volume of 02 (~02) :  

$If2 (~qui l ib r ium)  
Range : 

Dead Space (13,s .) : 
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Body Composition Study Results: 

NAME : 
U W _ N _  

HEIGHT r cma WEIGHT: - km. 

RESIDUAL VOLUPE .: L. 

$ BODY FAT: ;/o 

LEAN BODY WEIGIIT: kern. 

Therefore, assuming you have no pronounced a l tera , t ions  i n  your Lean 

Body Wight ,  f o r  you t o  have a.n nccep.ta,ble percent ($) body fat  o r  

(or  l e s s )  you w i l l  need t o  a t b i n  a minimum t o t a l  body vreight 

Tim Kostelnik and I3avid Lee wish t o  thank you f o r  t h e  gra.cious contri-  

bution of your time and in'Gerei;to Please f ind  hclotr the  1lvsr3ges of 

each of the  individ.ua1 groups so  t h a t  you may compare yourself with your 

peer group* 

Active Group Average % Body I h t  - 21.12: 

Sedantary Group Average 8 Body E ' a t  - 24.317; 

Cardiac Group Average % Body i.kt - 25.89; 


