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EARLY FEEDING PATTERNS, GROWTH AND THE AGING
PROCESS

by W. A. Stini

(Department of Anthropology, University of Arizona, Tucson, 
Arizona, USA)

A b s t r a c t .  In recent years, significant increases in life expectancy have 
occurred. This increase has been most pronounced among females. As a result, 
there were 156 women for every 100 men over age 75 years in the U.S.A. in 
1970. The sexual disparity in life expectancies has increased throughout this 
century. The reasons for this trend are unknown.

Males experience higher mortality rates to both infectious and degenerative 
diseases. The prognosis for a male patient is generally poorer no matter what 
stage of the disease at the time of diagnosis or the course of treatment.

It has been shown that the early stages of male growth and development are 
more susceptible to external perturbations. Thus, growth-maximizing diets have 
their greatest impact on male children. The connection between male responsive
ness to environmental influences during early growth and vulnerability in the 
later years is significant to the understanding of the aging process.

Key ivords: Nutrition, growth, aging.

In tro d u c tio n : In c reasin g  lifespan: A w orldw ide phenom enon

Im p o rta n t changes in th e  dem ographic  s tru c tu re  of th e  w orld ’s p o p u la tio n  
are  occurring. Increases in  life ex p ec tan cy , m ost p ro n o u n ced  in  th e  in d u s tr ia l
ized  nations, are  being experienced  in m o st p a r ts  o f th e  w orld . Ice lan d , w here 
a new born  fem ale had  a life ex p ec tan cy  of 79.2 y ea rs  an d  a new born  m ale 
73 y ea rs  in 1976, have experienced  the  g re a te s t increase (U .N . S ta tis tic a l Y ear
book, 1977). C itizens of seven  o ther co u n trie s  h ad  life expec tancies equal to  
o r g rea te r  th a n  those p reva iling  th a t  y e a r  in  th e  U .S .A ., w here fem ales could 
ex p ec t to  live 76.5. years an d  m ales 68.7 years. All o f th ese  coun tries were 
ch arac terized  b y  a high leve l o f affluence.

H ow ever, increases in  life ex p ec tan cy  h av e  o ccu rred  in  a n u m b e r of th e  
developing coun tries, w hile in  some, 30 to  40 years is s till th e  average. (F or 
in s tan ce , U pper V olta  m ales had  a life ex p ec tan cy  o f  32.1 y ears , fem ales 
31.1 years in  1975 and  in  B ang ladesh  b o th  sexes h ad  life expec tancies a t  b ir th  
o f 35.8 years in  1976.) R a p id  increases in  life e x p e c ta n cy  have  occurred  in  
a n u m b er of L a tin  A m erican  countries since W orld W a r I I .  In  Colom bia, in  
1976 m ale life ex p ec tan cy  w as 59.2 a n d  fem ale 62.7 y ea rs  an d  in  Mexico, 
62.76 and  66.57, re spec tive ly . P erhaps th e  m ost im pressive  change has ta k e n  
place in  Ja p a n  w here the  1976 life expec tancies were 72.15 years fo r m ales and  
77.35 for fem ales. These life expectancies a re  associa ted  w ith  one of th e  w orld’s
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low est c rude  dea th  ra te s , 6.3 p e r th o u san d . In  com parison , c ru d e  d ea th  ra te s  
o f 8.9 in  th e  U .S.A ., 7.2 in  C an ad a  an d  10.5 in  F ran ce  are  su rp ris in g ly  h igh . 
P e rh ap s  less surprising  b u t  none the less n o tew o rth y  are c ru d e  d e a th  ra te s  o f 
28.1 in  B angladesh , 25.8 in  U p p er V olta  and  22.7 in  N igeria.

F ro m  th ese  figures, i t  w ould  a p p ea r th a t  in d u str ia liz a tio n  w ith  its  assoc ia ted  
b en efits  o f im proved  n u tr itio n , public  h ea lth  facilities an d  life-long m edical 
care  has been  in s tru m e n ta l in  c rea tin g  an  en v iro n m en t capab le  o f m ax im izing  
th e  h u m an  life span. T here are  claim s o f g rea te r life e x p e c ta n cy  occurring  in  
ce rta in  sm all, rem ote p o p u la tio n s  in  S ou th  A m erica an d  th e  Soviet U nion , 
b u t  in  th e  absence o f re liab le  records, these  claim s rem ain  u n su b s ta n tia te d  
(Mazess an d  F orman 1979). I t  sho idd  also be em phasized  th a t  desp ite  w ide
sp read  increases in  life e x p e c ta n cy  a t  b ir th  th e re  has been  re la tiv e ly  l i t t le  
change in  longev ity , even in  th e  m ost afflu en t p o p u la tio n s. T hus, a 65— 70 
y ear-o ld  m ale in  th e  U .S.A . has a life ex p ec tan cy  no longer th a n  w ould h av e  
p rev a iled  in  the  y ea r 1900 (H a y fl ic k  1974).

T he lack  of sign ifican t increase  in  lo n g ev ity  re flec ts  th e  fa c t  th a t  increased  
life expectancies are th e  p ro d u c t of reduc tions in  th e  n u m b e r of “ u n tim e ly ”  
d ea th s . A m ajo r cause of u n tim e ly  d ea th s  in  h u m an  p o p u la tio n s  has fo r som e 
tim e  been  infectious disease. R ed u c tio n  in  m orta lities  a t tr ib u ta b le  to  tu b e rc u 
losis, sm allpox , scarle t fever an d  a v a r ie ty  of o th e r diseases o f  ea rly  onset has 
m ean t th a t  more people su rv iv e  in to  an d  th ro u g h  m iddle age. W e can  on ly  
specu la te  on the  likelihood th a t  an  in d iv id u a l su rv iv ing  to  age 50 b y  v ir tu e  o f 
m edical con tro l of an  in fectious disease will live to  an ad v a n c e d  age. W e do 
n o t know , fo r in stan ce , if  in n a te  ch a rac teris tic s  th a t  en h an ce  su rv iva l of a 
y oung  in d iv id u a l exposed  to  in fec tious disease, h av e  sim ilar p ro p erties  la te r  
in  life. T he p a tte rn  is obscured  in  p a r t  because th e  ch ief causes of m o rb id ity  
in  th e  la te r  years have  been  th e  so-called degenera tive  cond itions. M uch 
rem ains to  be lea rn ed  ab o u t th e  role o f th e  im m une system  in  th e  la te r  y ea rs  
o f life (Mak in o d a n  1976, 1978, 1979) b u t  i t  is en tire ly  possible th e  segm ent o f 
to d a y ’s pop u la tio n  reach ing  age 50 is o f a d ifferen t genetic  com position  th a n  
th e  one reaching  age 50 in  th e  y e a r 1900. T hus, we are s till unab le  to  assess 
th e  tru e  dim ensions of h u m a n  longev ity .

W hile u n ab le  to  d e te rm in e  th e  tru e  p o te n tia l o f  th e  h u m a n  life sp an , we 
are nonetheless con fron ted  w ith  con sis ten t evidence th a t  th e  fem ale p o te n tia l 
is g rea te r  th a n  th a t  o f th e  m ale . T he d isp a rity  appears g re a te s t in  th e  co u n trie s  
w here th e  life expectancies are  g rea te s t, a lth o u g h  th e re  is no c lear co rre la tio n  
betw een  th e  tw o variab les . F o r in stan ce , th e  m ost recen t figu res show  life 
ex p ec tan cy  for fem ales an  av erag e  of 6.4 years g re a te r  th a n  th a t  o f m ales in  th e  
n ine coun tries w here life expec tancies are g rea te s t. In  a t  le a s t 10 co u n tries , 
m ale life expectancies are eq u a l to  or g rea te r th a n  fem ale. T hese are  all cou n tries  
w here life expectancies are s till sh o rt (L iberia , N igeria, U p p e r V olta , B a n g la 
desh, K am puchea , In d ia , In d o n esia , Jo rd o n , S ab ah  M alaysia , P a k is ta n ) . 
T ab le  1 gives a b reakdow n  o f th ese  figures an d  T ab le  2 p ro v id es  sim ilar co m p a
risons fo r th e  m ost a ff lu en t p o p u la tio n s. The g re a te r  risk  o f ch ildbearing  in  
th e  developing coun tries c e rta in ly  influences th ese  figu res, as m ay  be seen 
b y  in spec tion  of th e  “ b ir th  r a te ”  and  “ fe r tility ”  colum ns o f  T ab les 1 an d  2. 
B u t i t  is un like ly  t h a t  th e  s tress of ch ildbearing  is th e  sole reaso n  fo r re la tiv e  
s im ila rity  of m ale an d  fem ale life expectancies in  m ost develop ing  coun tries. 
O th e r fac to rs  are u n d o u b te d ly  a t  w ork  in  th e  tra d itio n a l societies w here w om en 
are  freq u en tly  d isc rim ina ted  ag a in st in  m any  w ays.
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Life expectancies at birth, birth rates, fertility, death rates and infant mortalities in nations 
where male life expectancy equals or exceeds female life expectancy at birth

Table 1

N ation
Li

cxpec

Male

:e
tancy

Fem ale

B irth s/1000 Fertility D ea th /1000 Infant
m orta lity /1000

Upper Volta 32.10 31.10 48.5 197.0 25.8 182.0
Bangladesh 35.80 35.80 49.5 231.7 28.0 9

Nigeria 37.20 36.70 49.3 217.8 22.7 9

India 41.89 40.55 34.5 136.7 14.4 122.0
Kampuchea 44.20 43.30 46.7 143.1 19.0 127.0
Liberia 45.80 44.00 49.8 161.2 20.9 159.2
Sabah Malaysia 48.79 45.43 35.0 179.4 14.4 31.6
Indonesia 47.50 47.50 42.9 175.7 16.9 125.0
Pakistan 53.72 48.80 36.0 174.8 12.0 124.0
Jordan 52.60 52.00 47.6 206.6 14.7 36.3

Source: S ta tistica l Yearbook: 1977. N ew  Y ork, U nited N ations D epartm en t o f Econom ic and Social A ffairs. 1978

Table 2
Life expectancies at birth, birth rates, fertility, death rates and infant mortalities 

in industrial nations of high life expectancy

N ation
Life

expectancy B irth s/1000 F ertility D ea th /1000 Infant
m ortality /1000

Male Fem ale

Canada 69.34 76.36 15.8 61.6 7.2 15.0
U.S.A. 68.70 76.50 14.7 58.5 8.9 15.1
Denmark 71.10 76.80 12.9 61.3 10.7 10.3
France 69.00 76.90 13.6 72.0 10.5 10.4
JNetherlands 71.20 77.20 12.9 53.9 8.3 10.5
Japan 72.15 77.35 16.4 62.6 6.3 9.3
Sweden 72.07 77.65 11.9 56.4 11.0 8.7
Norway 71.50 77.83 13.3 64.1 9.9 11.1
Iceland 73.00 79.20 19.4 81.9 6.9 11.7

Source: S ta tistica l Yearbook; 1977. N ew  Y ork, U n ited  N ations D epartm en t o f  E conom ic and Social Affairs. 1978

Relationships o f growth performance, environm ent and longevity

Larger body size

Increases in  life ex p ec tan cy  have  been para lle led  b y  increases in  b o d y  size. 
T he m ost p ro n o u n ced  changes have again  o ccu rred  in  th e  in d u stria lized  
co u n tries . T he m ost recen t s ta tis tic s  (E v e l e t h  a n d  T a n n e r  1976) in d ica te  th a t  
in  th e  U .S.A . th e  t r e n d  to w ard  increased  b o d y  size h as  peaked , w ith  m ean  
s ta tu re s  rem ain in g  u n ch an g ed  for th e  p a s t tw o  decades. A sim ilar p a tte rn  
appears to  be em erg ing  in  th e  o th e r in d u stria lized  cou n tries  inc lud ing  Ja p a n . 
In te re s tin g ly , th e  “ secu lar tre n d ”  to w ard  increased  b o d y  size occurred  over 
a m uch  sh o rte r  p e rio d  in  J a p a n , being largely  a p o s t W orld  W ar I I  ph en o m e
non  th e re . I f  it  h as  ind eed  peaked , i t  w ould  h av e  ta k e n  on ly  35 years as com 
p a re d  to  th e  a p p ro x im a te ly  100 years e s tim a ted  fo r th e  U .S.A . an d  W este rn  
E urope.
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P erh ap s  m ore sign ifican t th a n  changes in  s ta tu re  are th e  observed  increases 
in  b o d y  w eight associa ted  w ith  th e  secu la r tre n d . T able 3 show s som e of th e  
changes w hich have  occurred  betw een  1883 an d  1971 in  Sw eden (B e n g t —  
Olov  e t al. 1974). W hile th e re  is u n d o u b te d ly  an  increase in  adipose f a t  inc luded

T a b le  3

The secular trend for body weight in Sweden 1883 —1971

Age Center 
(Yr.)

1883 M ean (kg) 1938— 39 Mean (kg) 1965— 71 Mean (kg)

Male Fem ale M ale Fem ale Male Fem ale

7.0 21.7 21.2 23.5 23.0
8.0 24.5 23.3 25.9 25.1
9.0 27.5 26.0 28.3 28.2

10.0 29.8 28.2 31.5 31.2 32.3 32.0
11.0 31.3 30.7 34.7 34.8 35.3 35.9
12.0 33.4 33.1 38.3 39.3 39.1 40.9
13.0 36.1 37.8 42.7 44.3 43.6 46.0
14.0 40.0 42.2 48.2 49.2 49.5 49.7
15.0 44.6 46.9 54.2 53.5 55.6 52.5
16.0 49.6 50.3 60.0 56.0 60.4 54.4
17.0 55.0 53.1 63.9 57.6 65.4
18.0 59.5 55.5 66.2 58.5

in  th ese  w eight increases, m uch is a ttr ib u ta b le  to  lean  b o d y  m ass. T h e  fac t is 
t h a t  m uch  of th e  increase in  young a d u lt  body  w eight observed  in  th e  in d u s tr i
alized n a tio n s  is in  th e  fo rm  o f ske le ta l m uscle. T hus, su b s ta n tia l increases in  
th e  a m o u n t of m e tabo lica lly  ac tive  tissu e  have  occurred . T he increase in  th e  
n e t m etabo lic  a c tiv ity  p revailing  on a su s ta in ed  basis is considerab le , espe
c ially  w hen  ca lcu la ted  over th e  course o f a life tim e. C om parison of a 70 kg  m ale 
w ith  a 60 kg m ale over a d a y ’s ac tiv itie s  (Table 4) shows th a t  th e  heav ie r m ale 
w ould  requ ire  n ea rly  500 kcal. (2092 kilojoules) m ore p er day . These figures 
are , o f course, only  ap p ro x im atio n s an d  are based  on an  average fo r y oung  adu lts . 
C hanging  body  com position  w ith  increasing  age will reduce to ta l  energy 
dem an d , w ith  th e  ra te  o f decrem en t in  th e  b asa l ra te  being n ea rly  lin ea r  a fte r  
age 20 ( F orbes  1976).

U .S .A . Colombia

Mean body weight (kg) 70 60
Caloric costs (kcal)

Resting (8 hours) 570 480
Very light activity (6 hours) 630 540
Light labor (8 hours) 1624 1392
Moderate labor (2 hours) 602 516
Total 3426 2918
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T a b le  4

Comparison of caloric requirements of a 70 kg U.S. male with those of a 60 kg 
Colombian male at similar activity levels



A d u lt fem ale b o d y  com position  differs from  m ale su ffic ien tly  so th a t  basal 
m etab o lic  ra te s  are s ig n ifican tly  d iffe ren t (Table 5). B ody  size an d  b o d y  com 
p o sitio n  are  im p lica ted  in  th e  low er caloric req u irem en ts  o f fem ales. Sexual 
d im orph ism  in  h u m an  p o p u la tio n s re flec ts  these  differences in  v a ry in g  w ays. 
F o r  in s tan ce , m ale s ta tu re s  average  as m uch  as 110%  of fem ale in  som e p o p u 
la tio n s  an d  as little  as 104%  in  o th e rs  (St in i  1972a). I t  is n o te w o rth y  th a t

Sex differences in body composition

Age
(years)

R atio adipose 
body

tissue mass: 
m ass

Male Female

25 0.14 0.26
40 0.22 0.32
55 0.25 0.38

g re a te r  d ifferences b e tw een  th e  sexes occur am ong th e  m ore a ff lu en t p o p u la 
tio n s . E v en  w ith in  p o p u la tions, th e  m ore a fflu en t segm ents e x h ib it g rea te r  
sex u a l d im orph ism  fo r s ta tu re , as seen in  Ja m a ic a  (A sh c r o ft , H in e a g e  and  
L ov ell  1966) an d  E th io p ia  (D ella po rta s  1969). Some cau tio n  m u s t be exer 
cised  in  in te rp re tin g  these  find ings, how ever, since m easu rem en ts o f young- 
a d u lts  f re q u e n tly  involve fem ales who have all com pleted  g row th  w hile m an y  
o f th e  m ales are s till grow ing. E v en  u n d e r op tim al c ircum stances, fem ales 
are  ab o u t 10%  ah ead  of m ales in  g row th  an d  m a tu ra tio n . W hen  cond itions 
are  stressfu l, th e  d isp a rity  is genera lly  g rea te r. F o r a v a r ie ty  o f reasons, fem ale 
g ro w th  is m ore canalized  th a n  m ale. T he significance o f th is  becom es qu ite  
a p p a re n t w hen  well nourished  an d  undern o u rish ed  p opu la tions are com pared  
w ith  reference to  specific sexually  d im orph ic  ch aracteristics.

F o r in s tan ce , rad iog raph ic  d e te rm in a tio n s  o f skeletal m a tu r ity  rev ea l m ore 
de lay  in  th e  appearances o f o ssifica tion  cen ters and  th e  closure o f ep iphyses 
o f  th e  h an d  an d  w ris t o f u n d ern o u rish ed  m ale ch ild ren  an d  adolescen ts th a n  
in  th e  case fo r age-m atched  fem ales in  th e  sam e p opu la tions (St in i  1969). 
L ean  tissue as e s tim a ted  from  m easu rem en t of arm  circum ference an d  skin- 
fo lds ex h ib its  a sim ilar p a tte rn  o f m ale la b ility  in  g row th  w hen co m p ared  to  
th e  re la tiv e  s ta b ili ty  o f th e  fem ale (St in i 1972b). T able  6 shows values fo r arm  
m uscle circum ference in  ad u lts  in  a poorly  nou rished  S ou th  A m erican  p o p u la 
tio n  co m p ared  to  average  values fo r  m ales in  th e  U .S.A. N ote  th e  red u c tio n  
in  sexual d im orph ism  in  th e  C olom bian p o p u la tion , fem ales averg ing  81%  
o f m ale va lu es  fo r m uscle c ircum ference. In  U.S. p o p u la tio n s fem ale values 
are  only  ab o u t 66%  of fem ale. M uscle c ircum ference of C olom bian m ales is 
a b o u t 66%  o f th a t  in  U .S. m ales w hile C olom bian fem ales have  a b o u t 81%  
th e  m uscle c ircum ference of U .S. fem ales (St in i  1975).

E v o lu tio n a ry  h y po theses seeking an  e x p lan a tio n  for th e  a p p a re n t s ta b ility  
o f fem ale g ro w th  com pared  to  th a t  of m ales in  ou r species h av e  been  p resen ted  
elsew here (St in i  1971, 1975, 1977a, 1977b, 1978a, 1978b). H ere th e  em phasis
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Relationship of adipose tissue to body weight in adult humans 
(from M a s o r o  1975)



will be p rim arily  on  th e  re la tio n sh ip  betw een  ea rly  g row th  p a tte rn s  a n d  
longev ity .

T a b le  6

Mean upper arm muscle area of adults of both sexes: U.S.A. and Colombian values
(from Stini 1975)

Colombia U .S .A . Colombia % o f  U .S .A .

Arm  m uscle  
area (mm2)

B od y w t. Arm  m uscle 
area (mm 2)

B od y w t. 
k g M uscle area B od y w eig h t

Male 4267 60 6464 70 66 85
Female 3450 51 4272 58 81 88
Female % of male 81 85 6 6 83

H u m a n  longevity: A c tu a l and potentia l

T he tru e  d im ensions of h u m a n  lo n gev ity  rem a in  unknow n. N onetheless 
th e re  has been  considerab le  progress to w ard  a p o in t w here ex trinsic  fac to rs  
such  as disease, t r a u m a  an d  s ta rv a tio n  no longer a c t as th e  m a jo r causes of 
m o rta lity . F ro m  th is  p o in t on, th e  in trin sic  fac to rs  serv ing  to  lim it th e  life 
sp an  w ill increasing ly  a c t as th e  d e te rm in an ts  o f longev ity . W here cancer 
a n d  ca rd io v ascu lar disease are  now  th e  p re d o m in a n t causes of m o rta lity , th e  
in trin s ic  lim its  o f th e  h u m a n  life sp an  m ay  a lread y  be discernible. I t  is possible 
th a t  th e  ev o lu tio n a ry  process has endow ed th e  species w ith  a genetically  d e te r
m ined  lim it to  th e  le n g th  of life (K rooth  1974, Cu tler  1975, 1979, D en ck la  
1975, K anungo  1975, Ma n n in g  1976, Sa ch er  1978). I f  so, i t  could he th a t  th e  
life sp an  in  co n tem p o ra ry  a fflu en t p opu la tions is a t , or close to , th e  species 
lim it, an d  th a t  an y  fu tu re  increases in  h u m an  lo n g ev ity  could be achieved on ly  
th ro u g h  m a n ip u la tio n  of in trin sic  facto rs.

B u t i t  is also possib le , th a t  even in  th e  m ost a fflu en t, longest-lived  p o p u la 
tions p resen tly  liv ing , th e  env iro n m en t is n o t op tim al. I t  is, fo r in stan ce , 
possible th a t  a t  th e  sam e tim e  th e  con tro l of in fec tious disease has allow ed m ore 
in d iv id u a ls  to  live long  enough to  be suscep tib le  to  degenera tive  diseases, 
th e re  is also a tre n d  to w ard  g rea te r su scep tib ility  to  degenera tive  diseases. 
T h e  in fo rm atio n  need ed  to  id en tify  such a tre n d  is n o t easily  ob ta in ed . T his 
is because in d iv id u a ls  susceptib le  to  early  m o rta lity  to  in fectious disease 
w ould  n o t necessarily  be th e  sam e ind iv iduals suscep tib le  to  degenera tive  disease. 
Too m an y  fac to rs  re m a in  unknow n  to  p e rm it usefu l specu la tion  a b o u t th e  
re la tiv e  effectiveness o f  th e  im m une response a t  vario u s stages of th e  life cycle 
in  p a s t p o p u la tio n s. T h e  search  fo r clues to  th e  tru e  dim ensions of h u m an  
lo n g ev ity  m u st re ly  p rim a rly  on d a ta  from  liv ing  p o p u la tio n s. E v en  in  these  
p o p u la tio n s, i t  is im possib le  to  e s tim a te  how  m an y  ind iv id u a ls  dy ing  of m alaria , 
cholera  or in flu en za  m ig h t have  lived  to  g rea t age if  th e y  h ad  been spared .

D esp ite  th e  need  fo r  cau tion  in  in te rp re tin g  th e  in fo rm atio n  we hav e , it  
is possible th a t  fa c to rs  reducing  life ex p ec tan cy  in  o lder in d iv idua ls can  be 
id en tified  and , in  som e case, am elio ra ted . Im p ro v e d  u n d e rs tan d in g  o f th e  
etiologies of cancer a n d  of ca rd iovascu lar disease has p e rm itte d  tre a tm e n t and  
some p ro loga tion  o f life. A verage life ex p ec tan cy  in  th e  U .S.A . m ig h t be 
increased  b y  as m u ch  as 10— 15 years if  ca rd io v ascu la r disease an d  cancer 
w ere e lim in a ted  (S ie g e l  1975).
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O ver th e  p a s t  60 years, various an im al ex p erim en ts  h av e  show n th a t  ce rta in  
k inds o f d ie ta ry  re s tric tio n s  can  h av e  th e  e ffec t of increasing  life ex p ec tan cy . 
B eginning w ith  th e  w ork  of Osbo rn e  e t al. (1917), follow ed b y  th a t  o f McK a y , 
Cro w ell  an d  Ma y nard  (1935), an d  con tin u in g  th ro u g h  th e  40’s and  50’s 
w ith  th e  w ork  o f T a n n en ba u m  (1945, 1959), evidence o f beneficial effects o f 
a g ro w th -re s tric tin g  d ie t has accum ulated . O th e r  in v es tig a to rs  have  co n tin u ed  
th is  w ork, p ro d u c in g  a considerable body  o f evidence su p p o rtin g  th e  a rg u m en t 
th a t  d ie ta ry  re s tr ic tio n  an d  reduced  g row th  a re  associa ted  w ith  low er incidence 
o f tu m o rs  a n d  g rea te r  life expectancies in  a n u m b er o f species (K r a y b il l  
1963, R o ss  a n d  B ras 1971, P a y n e  1972, W a l fo r d , L iu  an d  G e r b a s e - 
D elim a  1973, J ose an d  Good 1973, J o se , Stutm an  a n d  Good 1973, D r o r i 
an d  F olman  1976, Ca ster  1976, H azzard 1976, R o ss  1976). R ecen t review s 
h av e  sum m arized  aspects  o f th e  find ings of th e se  stud ies from  severa l p erspec
tiv e s  (L ea f  1973, N a tio n a l  D a ir y  Co u n cil  1975, H a y fl ic k  1975, W a tk in s  
1976, W in ic k  1976, Sto ltzn er  1977, B arrow s  an d  K o k k o n en  1978, H o uck  
1979) re flec tin g  co n tin u ed  in te re s t in  th e  top ic .

Go o d rick  (1973, 1977a, 1977b, 1978) has w orked  w ith  no rm al an d  m u ta n t  
s tra in s  of m ice u n d e r d ie ta ry  regim es invo lv ing  re s tr ic tio n  o f p ro te in  an d  energy  
in tak es. O f p a r tic u la r  in te re s t here is h is conclusion (1978) th a t :  “ T he d u ra tio n  
an d  ra te  of b o d y  w eight in c rem en t . . . ap p e a r to  be m ore im p o r ta n t p red ic to rs  
o f lo n g ev ity  th a n  m ean  bo d y  w eight or food  in ta k e ” . P h ra sed  a n o th e r w ay, 
th e  longer th e  an im al grows before a t ta in m e n t o f m ax im um  size, th e  longer i t  
will li ve. S ta te d  in  y e t a n o th e r w ay, g row th  ra te  an d  lo n g ev ity  are  n eg a tiv e ly  
co rre la ted . T ab le  7 ( tak en  from  Goodrick  1977a) show s some o f th e  re su lts  
u n d erly in g  th is  conclusion. In  a d d itio n  to  th e  conclusion of G o o d r ic k , i t  
m igh t also be p o in ted  o u t th a t  th e  loss of b o d y  w eight occurring  b e tw een  th e  
a tta in m e n t o f p e a k  w eight and  w eight during  th e  la s t m o n th  of life w as m ost 
p ronounced  in  th e  fa s te s t grow ing, sh o rte s t-liv ed  sub jec ts .

Slowing o f th e  ra te  o f g row th  early  in  life will, if  su ffic ien tly  p ro longed , 
p rev en t th e  a t ta in m e n t o f th e  full genetic  p o te n tia l for body  size. T he red u c 
tio n  in  body  size u n d e r m ost c ircum stances is a llom etric . T hus, i t  m ay  be q u ite  
p ronounced  w ith o u t im p a irm en t o f fu n c tio n a l c a p ac ity  (P a rízk o vÁ an d

What can be learned from animal experiments?

Strain L(M onths) B W -P  (g) BW -LM  (g) GD (M onths)

Beige (bg) 23.4±1.08 30.4±0.18 27.6±0.47 17.4±1.09
Albino (c3) 24.4±1.52 32.5 ±0.31 32.0±0.40 22.3±1.67
Control (C57B1/6J) 27.9±0.93 35.3±0.42 30.6 ±0.34 21.3±1.60
Yellow (A) 22.2±0.84 53.7±1.61 35.5 ±5.01 16.3 ±0.47
Obese (ob) 13.0±1.89 55.2±5.76 27.3±6.56 7.6±0.62

Abbrevia tions:  L  =  L ife Span
BW -P =  P eak  B od y W eight
BW -LM  =  B od y  W eight at L ast M onth o f  Life Span  
G D =  G row th  Duration
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Mean and standard error of the mean for measures of longevity, peak body weight, body weight 
at last month of life span and month of peak body weight (growth duration) for mutant and
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Merh a u to v a  1970). W hen  i t  occurs, th e  effect is a red u c tio n  of b o th  p ro te in  
and  energy  req u irem en ts , especially  th e  la t te r  (N ich o ls  e t al. 1972). M oreover, 
th e  o rganism  genera lly  a d ju s ts  its  a p p e tite  to  th e  level of its  needs (W id d o w so n  
and  McCa nce  1975). T he resu lt m ay  be lifelong red u c tio n  in  n u tr ie n t re q u ire 
m ents. I f  a low er level of to ta l  energy  co n su m p tio n  sum m ed over a life tim e 
influences tissue changes associated  w ith  aging, one of th e  beneficial effects 
of re s tr ic te d  diets on lo n g ev ity  m ay  be so derived . O th er fac to rs  w hich m igh t 
be im p lica ted  are th e  red u c tio n  of th e  ra te  of tu m o r g row th  u n d e r cond itions 
of low p ro te in  in ta k e  (Shils  1975) and , possib ly  in  o th e r  cases, tu m o r in h ib itio n  
associa ted  w ith  ad ren a l h y p erfu n c tio n  (A lcantara  and  Spec k m a n n  1976). 
A v a r ie ty  of changes in  im m une fu n c tio n  can  arise from  d ie ta ry  m odifica tions 
(Good 1977, T yan  1979) so th a t  th e  p e rm u ta tio n s  an d  com binations possible 
in  th e  in te ra c tio n  o f  d ie t, g row th  an d  disease are  m any . B u t i t  does ap p ea r 
qu ite  possible fo r an  organism  to  a t ta in  a bo d y  size considerab ly  sm aller th a n  
its  genetic  p o ten tia l, rem ain  v iab le  an d  achieve a g rea te r life sp an  th a n  its  
la rger conspecifics u n d e r la b o ra to ry  cond itions. W h e th e r th is  is th e  case in  
w ild p o p u la tio n s h as  n o t been  show n. B u t, in  m o st of th e  species u sed  as 
ex p erim en ta l an im als, in d iv idua ls from  w ild p o p u la tio n s a re , on th e  average , 
sm aller th a n  d o m estica ted  s tra in s . W ith o u t m ore in fo rm a tio n  concern ing  
o n g ev ity  in  th e  w ild  s ta te , little  m ore can  be sa id .

A ging  and body com position

In  h u m an s, as in  la b o ra to ry  an im als, th e  process of aging is one in  w hich 
cell n u m b e r  decreases and  m etabo lic  r a te , th ere fo re , declines (F o r b es  1974, 
1976, Malina  1969, T za nkoff  and  N o rris  1978). T his does n o t m ean  th a t  th e  
ra te  o f energy  conversion  in  th e  in d iv id u a l cells has slowed. R a th e r , th e  red u c 
tio n  in  th e  n u m b er o f ac tiv e ly  m etabo lising  cells leads to  a n e t re d u c tio n  in  
th e  to ta l  n u m b er o f reac tions req u irin g  energy . T he m ain ten an ce  req u irem en ts  
of m ost tissues, d ep en d en t u p o n  a su p p ly  of am ino acids, do n o t decrease as 
ra p id ly  as do to ta l  energy  req u irem en ts  (M unro  an d  Y oung  1978, Masoro  et 
al. 1979). T hus, an  across-the-board  red u c tio n  in  food in tak e  to  a level a p p ro p ri
ate  to  th e  in d iv id u a l’s reduced  energy  req u irem en ts  m ay  lead  to  in a d e q u a te  
p ro te in  in ta k e  (Y oun g  and  Gerso v itz  1978). O nly  recen tly  have som e o f th e  
p h en o m en a  associa ted  w ith  th e  decline of h u m an  body  size w ith  age begun 
to  be u n d ersto o d . M uscle m akes a sm aller co n tr ib u tio n  to  to ta l  bo d y  p ro te in  
m etab o lism  in  o lder people th a n  in  y o u n g er ones (U any  e t al. 1978, Y oung  
1968, Y oung  e t al. 1963, Y oung  an d  G erso v itz  1978, Y oung  an d  M unro  
1978). U sually  b o d y  com position  is a lte re d  fav o rin g  th e  acqu is itio n  o f fa t  
(R o b e r t s , A n d r ew s  and  Ca ir d  1975, Masoro  1977). T hus, even w hen w eight 
s tay s  th e  sam e, m etabo lic  ra te , s tre n g th  and  speed  of reac tio n  all decline 
(Cl e m e n t  1974, L a m ph ea r e  an d  Mo n to y e  1976, Malina  1975, Masoro  1975). 
B o th  m ales and  fem ales are su b jec t to  th ese  changes (N ovak  1972) b u t  fem ales 
begin th e  aging process w ith  a h ig h er p ro p o rtio n  of f a t  an d  a low er basal 
m etabo lic  ra te  th a n  m ales an d  th e ir  fa te  of decline is th u s  n o t as p ronounced  
(B u r m e ist e r  1965, F lynn  e t al. 1970, N ovak  1973, N o ppa  e t al. 1979).

T he role of exercise in  age-associated  changes in  body  com position  is of 
considerab le  significance, as has been show n b y  s tud ies of h o sp ita lized  in d iv idua ls 
(MacL e n n a n , Ma r t in  and  Mason  1975) an d  b y  lo n g itu d in a l s tud ies o f in d iv id 
uals follow ing th e ir  no rm al ro u tin e  o f  a c tiv ity  (R obin so n  e t al. 1975). The
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beneficial effects o f exercise p rog ram s, ev en  w hen in s ti tu te d  in  th e  la te r  years 
of life, in d ica te  th a t  som e of th e  changes seen  in  th e  underexercised  and  overfed  
p o p u la tio n s  o f ind u stria lized  n a tio n s  are n o t  en tire ly  irreversib le  (Su o m in e n , 
H e ik k in e n  and  P a rk a tti 1977, P a rízková  1977, P arízková  an d  E is e l t  
1971, P arízková  e t al. 1971). Exercise, im p ro v ed  aerobic cap ac ity  an d  th e  
general im p ro v em en t in  cond ition  th ey  in d u ce  give evidence th a t  one im p o r
t a n t  face t of aging is a tre n d  to w a rd  chronic h y p o x em ia  (Ch e b t a r e v , K o r k u sh - 
ko an d  I vanov  1974). C erta in ly , perfo rm ance  of ex cep tiona l a th le te s  60 y ears  
old (P o lla ck , Mil l e r  and  W ilm o r e  1974a) an d  even up  to  age 75 (P o lla ck , 
M il l e r  an d  W ilm o r e  1974b) give ev idence th a t  th e  decline in  p h ysica l p e r 
fo rm ance need  n o t resem ble th e  p a tte rn  p re d o m in a n t in  th e  in d u stria lized  
n a tio n s  (Ca n tw ell  an d  W att 1974).

E arly  groicth , aging and death

I t  w as p o in ted  o u t earlier t h a t  life e x p e c ta n cy  a t  b ir th  has increased  th e  
m ost in  a reas w here th e  secular increase in  b o d y  size has been m ost p ro n o u n ced  
(Van  W ie r in g e n  1978). M oreover, these  a re  th e  sam e areas in  w hich m en ar- 
cheal age has also been  reduced  to  w hat n o w  appears to  be its  m in im um  (T a n 
n e r  1975). A lso, th e  p o p u la tio n s invo lved  a re  those  in  w hich sexual d im orph ism  
fo r b o d y  size is m ost p ronounced  and  w here  th e  difference in  m ale an d  fem ale 
life ex p ec tan cy  is g rea test.

A n u m b e r of, fac to rs  are im p lica ted  in  th e  p a tte rn  of g row th  p re v a le n t in  
co n tem p o ra ry  in d u stria lized  societies. Im p ro v e d  m edical care an d  d iets 
a b u n d a n t in  b o th  p ro te in  an d  energy sources are essen tia l e lem ents. I t  is 
u n ce rta in , how ever, w h e th e r th e  increase in  body  size, d im orph ism  an d  life 
e x p ec tan cy  can  all be a t tr ib u te d  to  th e  sam e d ie ta ry  co n stitu en ts . T he u n 
c e r ta in ty  is h e ig h ten ed  b y  a la ck  of p o p u la tio n s  w here W este rn  m edical care 
has been  a d o p ted  w hile n o n -W este rn  d ie ta ry  h a b its  h av e  been re ta in ed . L ack 
ing ev idence to  th e  co n tra ry , i t  could be a rg u ed  th a t  d ie ta ry  p rac tices th a t  
m axim ize g row th  m ay  also lim it life e x p e c ta n cy  (K agawa  1978, D ock  an d  
F u k u sh im a  1979).

M ale g ro w th  is m ore affected  th a n  fem ale  b y  en v iro n m en ta l fac to rs .T h ere  
is a g re a te r  increase of m ale b o d y  size th a n  fem ale arising  from  n u tr it io n a l 
ab u n d an ce . This ra ises th e  q u es tio n  of w h e th e r  en h an cem en t an d  accelera tion  
of m ale g ro w th  are  im p lica ted  in  th e  w iden ing  d isp a rity  betw een  m ale and  
fem ale life expectancies. O besity  has g en era lly  (if n o t alw ays accu ra te ly ) 
been conceded  to  have  a role in  pred isposing  th e  in d iv id u a l to  h e a r t  disease 
an d  cancer. B u t w here fa t  is increasing , i t  is o ften  th e  case th a t  lean  b o d y  
m ass is increasing  sim u ltan eo u sly  (F o r b e s  1964). E a rly  n u tr itio n a l in ta k e  
appears to  have  long -te rm  effects on b o d y  com position  (Sv eg er  e t al. 1975, 
Ch a r n e y  e t al., 1976, Me l b in  a n d  V u il l e  1976). I t  m ay  endow  th e  o rgan ism  
w ith  a m etabo lic  d em an d  th a t  is n o t only co s tly  to  sa tisfy  b u t  also p o te n tia lly  
d e tr im e n ta l to  th e  a tta in m e n t o f  m ax im u m  longev ity .

I t  has long been believed th a t  skeletal m uscle, like n ervous tissue , a tta in e d  
th e  a d u lt  com plem en t of cells a t  or before b ir th  (O l iv ie r  1869, H a y e r n  1875, 
B ompar  1887, MacCallum  1898, D u ra n te  1902, B ram w ell  and  Mu ir  1907, 
B a b let  an d  N orm et  1937). H ow ever, d a ta  from  o th e r stud ies in d ica te  a 
cap ac ity  fo r th e  a d d itio n  of ske le ta l m uscle cells ea rly  in  p o s tn a ta l life (Ch e e k  
1968, Ch e e k , B r a se l  and  Gra y sto n e  1968, Montgom ery  1962a), and  even
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as la te  as th e  f if th  decade of life (A dams an d  D e R u ec k  1973). W ork  w ith  
a u to p sy  m ate ria l from  severely  m alnourished  ind iv iduals (Montgom ery  1962b) 
gives evidence o f loss of fibers a lread y  p resen t a t  b ir th  ra th e r  th a n  a re d u c tio n  
in  th e  n u m b er o f new  fibers app earin g  in  th e  p o s tp a r tu m  period . T he re su lt  
is a sm aller com plem ent of m uscle fibers, each  of w hich appears to  be of n o rm a l 
size. E x p e rim e n ta l w ork  w ith  pigs sw itched  to  low p ro te in  d ie ts  im m ed ia te ly  
a fte r  w eaning (St in i  1972c) has y ielded  ev idence th a t  in  th a t  species, th e  
m echan ism  is m ost likely  one of f ib e r  loss. O th e r w ork  w ith  r a ts  (S id r a n s k y  
an d  Y e r n e y  1970) su p p o rts  t h a t  conclusion.

A lth o u g h  i t  is n o t know n w h e th e r m ild  u n d e rn u tr itio n  induces m uscle f ib e r  
loss, th e re  is su b s ta n tia l ev idence th a t  n u tr i t io n a l ab u n d an ce  s tim u la tes  le an  
b o d y  m ass g ro w th  th ro u g h  h y p e rtro p h y , h y p erp lasia , or possib ly  b o th . W o rk  
w ith  ex p erim en ta l anim als has show n th a t  forced  excess of n itro g en  in  th e  d ie t 
o f young  an im als will lead  to  re te n tio n  o f u p  to  90%  of th e  excess (A d o l ph  
1972). W in ic k , B rasel  an d  Rosso (1972), a t tr ib u te d  th is  re ten sio n  to  non- 
h y p e rp la s tic  fac to rs . L ow ry  (1973) has fo u n d  sim ilar re te n tio n  levels in  h u m a n  
in fan ts .

Chavez  and  his colleagues, w ork ing  in  a po o r ru ra l p o p u la tio n  in  M exico, 
reco rded  g rea te r  efficiency o f p ro te in  in ta k e  in  m ale ch ild ren  d u ring  b re a s t
feed ing  (Chavez  e t  al. 1973). I n  th e ir  s tu d y , m ale in fan ts  consum ed e sse n tia lly  
th e  sam e a m o u n t of b re a s t m ilk  d u ring  th e ir  f ir s t  y ea r of life b u t  gained  m o re  
w eigh t (5.13 kg in  m ales on th e  average an d  4.28 kg in  fem ales). Ch a v e z  
ca lcu la ted  a w eigh t increase o f 4.9  gram s p e r gram  of p ro te in  in gested  b y  m a le  
in fa n ts  and  3.7 gram s p er g ram  for fem ales. F ro m  these  d a ta , Chavez  c o n 
c luded  th a t  m ales are m ore e ffic ien t syn thesizers of carcass p ro te in  in  c irc u m 
stan ces of low p ro te in  in tak e . S im ilar sex differences have been reco rd ed  in  
b aboons (a species of p ronounced  sexual d im orph ism  fo r body  size), w here  
m ale efficiency o f w eight gain m easured  4.7 gram s p er gram  of p ro te in  a n d  
fem ale  3.7 gram s p er gram . In  adolescence, th e  h u m an  m ale grow s m uch m o re  
v igo rously  th a n  th e  fem ale (Ta n n er  1975, Zorab 1969) a lth o u g h  th e  fem ale  
m a y  possess slig h tly  m ore m uscle in  th e  low er lim b a t  ages 10 or 11 y e a rs  
(Ma r esh  1970). C erta in ly , m ale increase in  s tre n g th  is d isp ro p o rtio n a te ly  
la rg e  a fte r  adolescence (Carron  an d  Ba il e y  1974).

Conclusions

I t  w ould be p re m a tu re  to  claim  a d irec t cause-and-effect re la tio n sh ip  b e 
tw een  th e  en h an cem en t of m ale grow th , increased  sexual d im orph ism  fo r b o d y  
size an d  th e  increased  d isp a rity  be tw een  th e  life expectancies of m ales an d  
fem ales in  in d u stria lized  societies. N or w ould  i t  be possible to  assert s im p ly  
th a t  body  size increases are d e tr im e n ta l to  h u m an  longev ity . B u t, th e  fa c t 
rem ain s th a t  m ales have  h igher m o rta lity  ra te s  th ro u g h o u t m ost of th e  life 
cycle (w ith  th e  ex cep tion  of ages over 75 years) (Má d a i 1978, O machi 1978). 
M ale m o rta litie s  are h igher fo r m ost k inds o f cancer an d  th e  prognosis fo r  th e  
m ale p a tie n t is poo rer th a n  fo r th e  fem ale p a tie n t  upon  th e  diagnosis o f can ce r, 
w h a tev e r th e  stag e  of th e  disease or ty p e  of tre a tm e n t (Co rrea  an d  H a e n sz e l  
1975).

T he slow dow n of increases in  body  size in  th e  ind u stria lized  coun tries g ives 
ev idence th a t  m ax im um  bo d y  size is being  a tta in e d . A long w ith  increases in  
b o d y  size, th e re  has been earlie r a tta in m e n t o f a d u lt size an d  sexual m a tu r i ty
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in  b o th  sexes. In  Go o d r ic k ’s an im al exp erim en ts , red u c tio n s in  th e  tim e  tak en  
to  a t ta in  a d u lt body  size are c o rre la ted  w ith  red u c tio n s in  life sp an . W hile 
no co rre la tio n s of th is  n a tu re  have  y e t  been  id en tified  in  h u m a n  p o p u la tions, 
i t  is n o t possible to  ru le o u t th e  p o ss ib ility  th a t  accelera tion  o f g ro w th , m ax im i
za tio n  of b o d y  size an d  e a rly  a t ta in m e n t of sexual m a tu r ity  is n o t an  o p tim a l 
ou tcom e (St in i 1979). T h e  h u m an  g ro w th  curve is un ique  in  t h a t  i t  co n ta in s 
an  ado lescen t grow th s p u r t  follow ing 10 to  15 years o f slow b u t s te a d y  g row th . 
H u m a n  lo n g ev ity  is re la tiv e ly  g re a t co m p ared  to  th a t  of o th e r  m am m als and , 
in  general, la te  m a tu r ity  an d  g re a te r  lo n g ev ity  are co rre la ted  in  m am m alian  
species. I t  does ap p ear t h a t  h u m an s live longer th a n  w ould be p re d ic te d  on 
th e  basis o f to ta l  caloric a c tiv ity  p e r  k ilogram  of b o d y  w eight ca lc u la ted  over 
a life tim e (Cu t l e r  1979). W h e th e r th e  n u tr itio n a l h ab its  th a t  p rev a il in  m odern  
in d u s tr ia liz ed  nations h av e  th e  p o te n tia l  of a lte ring  th a t  re la tio n sh ip  is an  
open  qu estio n . The “ n a tu ra l”  d iet o f h u m an s is n o t know n fo r c e r ta in  (G ä u l e n  
an d  K o n n e r  1977). B u t i t  is h igh ly  u n lik e ly  th a t  i t  resem bled  th e  h ig h  p ro te in , 
h igh  fa t ,  h igh  energy, h igh  d ensity  one p rev a len t in  m uch of th e  w orld  to d a y . 
I t  m ay  be t h a t  d ie ta ry  fac to rs  responsib le  fo r th e  accelera tion  o f g ro w th  are 
also im p lica ted  in  th e  fa ilu re  of th e  a ff lu en t m em bers of th e  h u m a n  species 
to  a t ta in  th e ir  full longev ity .
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