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ABSTRACT 

Since  t h e  r o l e  of p r o t e i n  and i r o n  i n  oxygen t r a n s p o r t  and 

c e l l u l a r  energy product ion i s  c r u c i a l ,  and s i n c e  t h e  evidence regard ing  

t h e  p r o t e i n  and i r o n  requi rements  of a t h l e t e s  i s  c o n f l i c t i n g ,  t h e  

purpose of t h i s  s tudy w a s  t o  de te rmine  i f  t h e  a d d i t i o n  of p r o t e i n  and/or  

i r o n  d i e t a r y  supplements t o  t h e  r e g u l a r  d i e t  would i n c r e a s e  hemoglobin 

concen t r a t ion  and improve maximum oxygen uptake  and endurance performance. 

Th i r ty - th ree  male and t h i r t e e n  female middle and long d i s t a n c e  runners  

were randomly ass igned  t o  one of f o u r  t rea tment  groups ( p r o t e i n  and i r o n ,  ' 

p r o t e i n  and i r o n  placebo,  p r o t e i n  placebo and i r o n ,  and p r o t e i n  placebo 

+ 
and i r o n  placebo) .  The average t r a i n i n g  volume (Mean - SEM) f o r  t h e  male 

+ + 
and female runne r s  was 11.3 - 0.7 km/day and 9.8 - 0.8 km/day respec- 

t i v e l y .  A placebo,  double b l i n d ,  mixed experimental  des ign  wi th  two 

between-subject f a c t o r s  ( p r o t e i n  and i r o n )  and one wi th in-subjec t  f a c t o r  

( t ime) was used. The female s u b j e c t s  were grouped s e p a r a t e l y  from t h e  

male s u b j e c t s .  The p r o t e i n  supplement,  t aken  i n  a d d i t i o n  t o  t h e  r e g u l a r  

d i e t ,  was 0.5 g/kg body weight of p r o t e i n  from egg albumin, wh i l e  t h e  

i r o n  supplement was 32 mg. e lementa l  i r o n  per  day i n  t h e  form of f e r r o u s  

fumarate  capsules .  The d u r a t i o n  of t h e  supplementat ion per iod  was s i x  

weeks. Comprehensive hematology, serum chemis t ry ,  anthropometry, 

computerized d i e t a r y  a n a l y s i s ,  maximum oxygen uptake and t r e a d m i l l  

endurance performance measurements were taken  p r i o r  t o  t h e  a d m i n i s t r a t i o n  

of t h e  d i e t a r y  supplements (Cont ro l  Per iod)  and dur ing  t h e  l a s t  week of 

t h e  supplementat ion pe r iod .  I n  t h e  Cont ro l  Per iod ,  t h e  d i e t a r y  p r o t e i n  
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+ + 
i n t a k e  of t h e  male and female runne r s  was 1.82 - 0.07 g/kg and 1.32 - 

0.11 g/kg r e s p e c t i v e l y .  These i n t a k e s  a r e  cons iderably  h ighe r  t han  

t h e  Canadian RDI of 0.80 g/kg.  I n  bo th  t h e  male and female runne r s ,  

t h e  a d d i t i o n  of p r o t e i n  supplement t o  t h e  usua l  d i e t  had no b e n e f i c i a l  

e f f e c t s  on any of t h e  parameters  measured. Thus, i n  an a f f l u e n t  

country such a s  Canada, t h e  p r o t e i n  i n t a k e  from a t y p i c a l  balanced 

d i e t  should be  more than  adequate  f o r  meeting t h e  p r o t e i n  requi rements  

+ 
of endurance a t h l e t e s .  The d a i l y  d i e t a r y  i r o n  i n t a k e  w a s  18.4 - 0.9 

+ 
mg. f o r  t h e  male runne r s  and 11.7 - 0.9 mg. f o r  t h e  female runne r s  

dur ing  t h e  Cont ro l  Pe r iod .  Three percent  of t h e  male runne r s  and 82 

percent  of t h e  female r u n n e r s  had d i e t a r y  i r o n  i n t a k e s  l e s s  than  t h e  

Canadian R D I .  Although none of t h e  male runne r s  and only  one of t h e  

female runners  showed evidence  of i r o n  d e f i c i e n c y  anemia, 45 percent  

of t h e  males and 85 pe rcen t  of t h e  females  showed evidence of e i t h e r  

p r e l a t e n t  o r  l a t e n t  i r o n  d e f i c i e n c y ,  based on 

These percentages  a r e  h i g h e r  t han  t h o s e  found 

supplementat ion had no b e n e f i c i a l  e f f e c t s  f o r  

f o r  t h e  female runne r s  hemoglobin, hematocr i t  

serum f e r r i t i n  l e v e l s .  

i n  non-a th le tes .  I r o n  

t h e  male runners ,  bu t  

and red  blood c e l l  count 

were inc reased ,  wi thout  any corresponding i n c r e a s e  i n  VO 2 Or 

t r e a d m i l l  endurance performance. However, s i n c e  t h e  female t rea tment  

groups each conta ined  on ly  t h r e e  o r  fou r  s u b j e c t s ,  t h e s e  r e s u l t s  must 

be  regarded as sugges t ive ,  b u t  n o t  conclus ive .  I n  both t h e  male and 

female runners ,  t h e  six week pe r iod  of i r o n  supplementat ion caused no 

i n c r e a s e  i n  body i r o n  s t o r e s .  Th i s  f a c t  has  l e d  t o  t h e  sugges t ion  t h a t  

perhaps t h e  o r a l  i r o n  supplement dosage, i n  t h e  p re sen t  s tudy ,  should 



I 

have been cons iderably  l a r g e r ,  i n  t h e  range of 150-200 mg. of 

e lementa l  i r o n  per  day. The p o s s i b i l i t y  t h a t  higher  dosages of o r a l  

i r o n  supplements may be  b e n e f i c i a l  t o  both  male and female endurance 

a t h l e t e s  who show s i g n s  of e i t h e r  p r e l a t e n t  o r  l a t e n t  i r o n  d e f i c i e n c y ,  

cannot be  r u l e d  o u t .  However, t h e r e  i s  no b a s i s  f o r  recommending t h a t  

a l l  male and female endurance a t h l e t e s  should r o u t i n e l y  i n g e s t  o r a l  i r o n  

supplements f o r  p rophy lac t i c  purposes.  
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CHAPTER I 

INTRODUCTION AND LITERATURE REVIEW 

P r o t e i n  Requirements and A t h l e t i c  T ra in ing  

The necessary  requirement  of humans f o r  p r o t e i n  and i r o n  has  

long been e s t a b l i s h e d  (Committee f o r  Revision of t h e  Canadian Die t a ry  

Standard,  1976; Davidson -- et a l . ,  1975),  bu t  t h e r e  s t i l l  remains t h e  

ques t ion  of what c o n s t i t u t e s  t h e  optimum p r o t e i n  and i r o n  i n t a k e s  f o r a l l  

t h e  phys io log ica l  needs of t h e  organism. Increased  p r o t e i n  i n t a k e  

during s p o r t s  t r a i n i n g  h a s  o f t e n  been advocated. Only a  l i m i t e d  number 

of c o n t r o l l e d  s c i e n t i f i c  s t u d i e s  on t h e  e f f e c t s  of h igh  p r o t e i n  i n t a k e  

l e v e l s  on t r a i n i n g ,  however, have appeared i n  t h e  l i t e r a t u r e .  Fur ther -  

more, t h e  r e s u l t s  of t h e s e  s t u d i e s  have been c o n f l i c t i n g  and inconclus ive .  

A number of Japanese s t u d i e s  ( S h i r a k i  e t  a l . ,  1974 S h i r a k i  -- et a l . ,  1977; 

Yoshimura, 1965; Yoshimura, 1970) have r epor t ed  t h a t  an  anemia, 

a t t r i b u t a b l e  t o  t h e  d e s t r u c t i o n  of e r y t h r o c y t e s ,  could be produced when 

unt ra ined  human s u b j e c t s  were e x e r c i s e d  a t  workloads g r e a t e r  t han  seven 

t imes t h e  r e s t i n g  me tabo l i c  r a t e  (RMR) f o r  prolonged pe r iods  (2-4 hours) .  

Yoshimura (1970) proposed t h e  term s p o r t s  anemia f o r  t h i s  syndrome. 

This  anemia was always a s s o c i a t e d  w i t h  hypoproteinemia and i t  was shown 

t h a t  by i n c r e a s i n g  d i e t a r y  p r o t e i n  i n t a k e  from an average of 1 . 5  grams 

per  kilogram (g/kg) body weight pe r  day t o  more than  2.0 g/kg/day, w i t h  

more than  25 pe rcen t  of t h e  t o t a l  d i e t a r y  p r o t e i n  from animal sources ,  

s p o r t s  anemia w a s  prevented ( S h i r a k i  -- et  a l . ,  1974; S h i r a k i  - et -* a 1  9 1977; 



, 

yoshimura, 1965).  S h i r a k i  -- e t  a l .  (1974) a l s o  concluded t h a t  s p o r t s  

anemia d i d  n o t  occur  i n  we l l - t r a ined  s u b j e c t s  a f t e r  a  group of c y c l i s t s  

wi th  p r o t e i n  i n t a k e s  of 1.5 g/kg/day t r a i n e d  d a i l y  f o r  two hours  a t  

RMR 8.0 and showed no d e c r e a s e  i n  hemoglobin concen t r a t ion .  A workload 

of RMR 8.0, however, r e p r e s e n t s  a much lower percentage  of maximal 

work c a p a c i t y  i n  a  we l l - t r a ined  s u b j e c t  than  i n  an un t r a ined  s u b j e c t .  

Thus, i f  t h e  r e l a t i v e  i n t e n s i t y  of t r a i n i n g  had been s e t  as h igh  f o r  

t h e  we l l - t r a ined  s u b j e c t s  a s  f o r  t h e  un t r a ined  s u b j e c t s ,  a s p o r t s  anemia 

may w e l l  have been observed i n  t h e  wel l - t ra ined  s u b j e c t s  a l s o .  Although 

t h e  Japanese s t u d i e s  ( S h i r a k i  -- e t  a l . ,  1974; S h i r a k i  - e t  -- a 1  9 1977; 

Yoshimura, 1965;Yoshimura, 1970) i n v e s t i g a t e d  t h e  r e l a t i o n s h i p  between 

prolonged s t r enuous  e x e r c i s e ,  hemoglobin concen t r a t ion ,  and p r o t e i n  

in t ake ,  they  d i d  n o t  measure corresponding changes i n  maximal p h y s i c a l  

performance. 

Stucke -- et a l .  (1972) conducted an experiment w i t h  20 we l l - t r a ined  

s p o r t s  s t u d e n t s  i n  which they  adminis te red  2 .0  g/kg/day p r o t e i n  supple- 

ment i n  a d d i t i o n  t o  t h e  u s u a l  d i e t .  Af t e r  t e n  days,  hemoglobin - 

concen t r a t ion  was s i g n i f i c a n t l y  increased  and endurance t ime f o r  a 

s tandard  workload on a  b i c y c l e  ergometer was increased  by 1 5  percent .  

Reports  of Russian r e s e a r c h  (Williams, 1976; Yakolev, 1961) and o t h e r  

Eas te rn  European r e s e a r c h  ( J a r v e r ,  1975) have i n d i c a t e d  t h a t  amounts of 

p r o t e i n  r ang ing  from 2.0 t o  3.0 g/kg/day a r e  necessary  f o r  a t h l e t e s  

engaged i n  middle  and long  d i s t a n c e  running. This  is  cons ide rab ly  

h igher  t han  t h e  p r o t e i n  i n t a k e  of 0 .8 g/kg/day recommended by Western 

a u t h o r i t i e s  (Committee f o r  t h e  Revision of t h e  Canadian Die t a ry  Standard,  
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1976; Committee on Die t a ry  Allowances, 1974; Smith, 1976; Wil l iams,  

1976) 

While t h e  s t u d i e s  desc r ibed  above have demonstrated t h e  v a l u e  of 

p r o t e i n  supplementat ion f o r  s u b j e c t s  performing prolonged, s t r enuous  

e x e r c i s e ,  o t h e r  s t u d i e s  have found no b e n e f i c i a l  e f f e c t s  (Consolazio 

e t  a l . ,  1975; Dar l ing  e t  a 1  1944; P i t t s  e t  a 1  1944; Rasch e t  a 1  -- - ' 9 - -* 3 - -- 9 

1969; Steben and Boudreaux, 1978).  These s t u d i e s  are d e f i c i e n t  from 

s e v e r a l  a s p e c t s :  ( i )  t h e  i n t e n s i t y  of e x e r c i s e  t o  which t h e  s u b j e c t s  

were exposed w a s  t oo  low (Dar l ing  -- e t  a l . ,  1944); (ii) t h e  i n t e n s i t y  

of e x e r c i s e  w a s  n o t  a c c u r a t e l y  descr ibed  ( ~ o & o l a z i o  -- et al . ,  1975; 

P i t t s  -- e t  a l . ,  1944; Rasch -- et  a l . ,  1969; Steben and Boudreaux, 1978); 

( i v )  blood components were no t  measured (Darl ing - e t  -- a 1  9 1944; P i t t s  

e t  a 1  1944);  (v) procedures  f o r  a s s e s s i n g  p h y s i c a l  performance were - -. 3 

not  r epo r t ed  (Consolazio -- e t  a l . ,  1975). I n  t h e  s tudy  of Steben and 

Boudreaux (1978),  t h e  p r o t e i n  supplement group of s u b j e c t s  rece ived  a 

mere 1 . 4  grams of p r o t e i n  supplement pe r  day, a t o t a l l y  i n s i g n i f i c a n t  

amount. Rasch -- et a l .  (1969) a s se s sed  p h y s i c a l  performance us ing  t e s t s  

of power and l o c a l  muscular endurance such a s  p u l l u p s ,  squa t  t h r u s t s ,  

s tanding  broad jump and s i t -ups .  No t e s t  of ca rd iovascu la r  endurance 

w a s  made. Based on t h e  f i n d i n g s  of S h i r a k i  -- e t  a l .  (1974),  S h i r a k i s  

a l .  (1977), and Stucke  e t  a l .  (1972), however, one would expect  t o  s e e  - -- 

d e f i n i t e  b e n e f i c i a l  e f f e c t s  on c a r d i o r e s p i r a t o r y  ~ e r f o r m a n c e  r e s u l t i n g  

from p r o t e i n  supplementat ion.  



I r o n  Requirement and A t h l e t i c  T ra in ing  

I r o n  play.s a c r u c i a l  r o l e  i n  t h e  t r a n s p o r t  and u t i l i z a t i o n  of 

oxygen. It i s  an  e s s e n t i a l  component of hemoglobin, myoglobin and 

cytochrome molecules ,  i ron-sulphur  p r o t e i n s  i n  t h e  e l e c t r o n  t r a n s p o r t  

cha in  and a c o f a c t o r  f o r  many c e l l u l a r  enzymes (Lehninger,  1975).  

While i r o n  i s  important  t o  every i n d i v i d u a l ' s  w e l f a r e ,  i t  i s  p a r t i c u l a r l y  

important  t o  endurance a t h l e t e s  wishing t o  t r a i n  t h e i r  oxygen t r a n s p o r t  

and u t i l i z a t i o n  capac i ty .  

I r o n  d e f i c i e n c y  h a s  been shown t o  dec rease  p h y s i c a l  work capac i ty  

v i a  decreased  hemoglobin l e v e l s  (Andersen and Barkve, 1970; Edgerton 

e t  a l . ,  1972; Gardner et a1 1975; Woodson e t  a l . ,  1978) and a l s o  v i a  -- - -* 9 -- 

decreased c o n c e n t r a t i o n  of i r o n  con ta in ing  enzymes involved i n  o x i d a t i v e  

metabolism (Jacobs ,  1977).  There i s  c u r r e n t l y  disagreement  regard ing  

t h e  inc reased  b o d i l y  need f o r  i r o n  dur ing  heavy p h y s i c a l  t r a i n i n g .  

Reports  from E a s t  Germany i n d i c a t e  t h a t  swimmers r e c e i v e  d a i l y  i r o n  

supplements ( E d i t o r s ,  197.7). Russian r e s e a r c h e r s  have i n d i c a t e d  a  20 

percent  i n c r e a s e  i n  t h e  need f o r  i r o n  dur ing  a t h l e t i c  t r a i n i n g  (Williams, 

1976).  A hemato logica l  s tudy  by DeWijn -- et a l .  (1971) of a t h l e t e s  on 

t h e  1968 Dutch Olympic team c l a s s i f i e d  3.5 percent  of t h e  male a t h l e t e s  

and 7 .5  pe rcen t  of t h e  female a t h l e t e s  a s  be ing  i r o n  dep le t ed  based on 

measurements of serum i r o n  concen t r a t ion  and pe rcen t  t r a n s f e r r i n  

s a t u r a t i o n .  Haymes (1972) s tud ied  serum i r o n  concen t r a t ion  and t o t a l  

i r o n  b inding  c a p a c i t y  (TIBC) and c l a s s i f i e d  25 pe rcen t  of t r a i n e d  female 

f i e l d  hockey p l a y e r s ,  32 percent  of moderately a c t i v e  females ,  and e i g h t  

percent  of s eden ta ry  females  a s  being i r o n  d e f i c i e n t .  S t u d i e s  by Kilbom 



(1971) and B o t t i g e r  -- e t  a l .  (1971) showed a s i g n i f i c a n t  dec rease  i n  

serum i r o n  l e v e l s  i n  women exposed t o  a  p h y s i c a l  t r a i n i n g  program, whi le  

a s tudy  by Wirth -- et a l .  (1976) showed no change i n  serum i r o n  l e v e l s .  

However, n e i t h e r  Kilbom (1971) nor  B o t t i g e r  -- e t  a l .  (1971) employed 

c o n t r o l  groups i n  t h e i r  s t u d i e s ,  wh i l e  i n  t h e  s tudy  of Wirth -- e t  al .  

(1976) t h e  i n t e n s i t y  of t r a i n i n g  w a s  low. 

Kvanta of Sweden (Mann, 1976) r e p o r t s  t h a t  s p o r t s  anemia i s  common 

among male a t h l e t e s  and he  a t t r i b u t e s  t h i s  t o  a n  i r o n  de f i c i ency .  He 

b e l i e v e s  t h a t  t h i s  i r o n  d e f i c i e n c y  i s  c r e a t e d  through two mechanisms. 

S ince  sweat c o n t a i n s  from 0.3  t o  0.5 mg. i r o n  pe r  l i t e r  (Coltman and 

Rowe, 1966; Shephard and Kavanagh, 1978),  a v igo rous  male a t h l e t e  l o s i n g  

one l i t e r  of sweat d a i l y  i n  t r a i n i n g ,  would have a t o t a l  d a i l y  i r o n  l o s s  

30 t o  50 pe rcen t  h ighe r  than  t h e  d a i l y  i r o n  l o s s  of a  male nona th l e t e .  

The a t h l e t e ' s  i r o n  l o s s e s  would t h u s  be equa l  t o  o r  g r e a t e r  t han  those  

of a  r ep roduc t ive  female.  The o t h e r  mechanism of i r o n  d e f i c i e n c y  which 

Kvanta p o s t u l a t e d  was an  i n t e r f e r e n c e  w i t h  t h e  a b s o r p t i o n  of d i e t a r y  

i r o n .  Although, on a n a l y s i s ,  t h e  d i e t  of t h e  a t h l e t e  may con ta in  an  

adequate  i r o n  i n t a k e ,  providing excess  c a l o r i e s  by f a t  and o t h e r  n a t u r a l  

d i e t a r y  a n t a g o n i s t i c  f a c t o r s  such a s  phyta- tes ,  carbonates ,  phosphates,  

and c e r t a i n  s i d e r o p h i l i c  p r o t e i n  m a t e r i a l s  i n  animal  foods  may a c t u a l l y  

i n h i b i t  i r o n  abso rp t ion .  This  view i s  a l s o  shared by DeWijn -- e t  a l .  

(1971) and by Shephard and Kavanagh (1978). Kvanta (Mann, 19763 repor ted  

t h a t  admin i s t e r ing  a  beef hemoglobin i r o n  supplement t o  d i s t a n c e  runners  

increased  t h e i r  hemoglobin l e v e l s  by 20-40% and t h e i r  serum i r o n  l e v e l s  

by 25-30%. Kvanta, however, made t h i s  r e p o r t  a t  an I n t e r n a t i o n a l  



Symposium on t h e  N u t r i t i o n  of t h e  A t h l e t e ,  and he  h a s  no t  y e t  publ ished 

d e t a i l e d  methodology and r e s u l t s  s u b s t a n t i a t i n g  t h i s  work. 

Although i r o n  supplementat ion h a s  been shown t o  improve t h e  

hematological  s t a t u s  and phys i ca l  work c a p a c i t y  of i r o n  d e f i c i e n t ,  

anemic s u b j e c t s  (Andersen and Barkve, 1970; Edgerton -- e t  a l . ,  1972; 

Gardner -- et a l . ,  1975),  ve ry  l i t t l e  c o n t r o l l e d  r e s e a r c h  has  been done 

w i t h  a t h l e t e s .  I n  t h e  only  c o n t r o l l e d  s c i e n t i f i c  s tudy  on t h e  e f f e c t s  

of i r o n  supplementat ion on endurance a t h l e t e s  which appears  i n  t h e  

l i t e r a t u r e ,  Weswig and Winkler (1974) found t h a t  i r o n  supplementat ion 

had no e f f e c t  on hemoglobin l e v e l s  o r  serum i r o n  concen t r a t ions  i n  a 

group of male c o l l e g e  compet i t ive  s w i m m e r s .  However, e f f e c t s  on 

phys i ca l  performance were no t  monitored,  and t h e  s u b j e c t s '  r e g u l a r  

d i e t s  were n o t  analyzed. E r i c s son  (1970) i n v e s t i g a t e d  t h e  e f f e c t s  of 

i r o n  supplementat ion on t h e  phys i ca l  work c a p a c i t y  of normal s u b j e c t s ,  

57-71 y e a r s  of age. I r o n  and placebo t r e a t m e n t s  were employed. 

Nei ther  group showed an  i n c r e a s e  i n  hemoglobin concen t r a t ion  a f t e r  a  

t h r e e  month supplementat ion per iod .  The i r o n  t rea tment  group, however, 

showed a  s i g n i f i c a n t  i n c r e a s e  i n  p h y s i c a l  work capac i ty .  Thus, i r o n  

supplementat ion may improve p h y s i c a l  work c a p a c i t y  wi thout  i nc reas ing  

hemoglobin l e v e l s .  

Objec t ives  of t h e  P re sen t  Study 

Since  p r o t e i n  and i r o n  p l ay  a c r u c i a l  r o l e  i n  oxygen t r a n s p o r t  and 

c e l l u l a r  energy product ion,  and s i n c e  t h e  evidence r ega rd ing  p r o t e i n  

and i r o n  requi rements  of a t h l e t e s  i s  c o n f l i c t i n g ,  t h e  purpose of t h e  



presen t  s tudy  i s  to :  

(1) determine t h e  normal p r o t e i n  and i r o n  s t a t u s  of Canadian male 

and female d i s t a n c e  runners ,  and 

(2) determine i f  t h e  a d d i t i o n  of p r o t e i n  and/or  i r o n  d i e t a r y  

supplements t o  t h e  r e g u l a r  d i e t  i n c r e a s e s  hemoglobin concen t r a t ion  

and improves maximum oxygen untake  and endurance performance. 



CHAPTER I1 

MATERIALS AND METHODS 

Experimental Design 

+ 
The s u b j e c t s  were 33 male (20.9 f 1 .5  yea r s )  and 1 3  female (18.3 - 

1 . 5  yea r s )  middle and long  d i s t a n c e  runne r s  from Grea te r  Vancouver and 

V i c t o r i a .  The s tudy  began w i t h  40 male and 1 6  female s u b j e c t s .  

Sub jec t s  were l o s t  t o  t h e  s tudy  e i t h e r  because of a t h l e t i c  i n j u r y ,  

s i ckness ,  o r  job- re la ted  t r a v e l .  Most of t h e s e  a t h l e t e s  were h igh ly  

t r a i n e d ,  some even n a t i o n a l  and i n t e r n a t i o n a l  c l a s s  a t h l e t e s .  The 

+ 
average t r a i n i n g  volume f o r  t h e  male a t h l e t e s  was 11 .3  - 0.7 km/day 

+ 
whi le  t h e  average t r a i n i n g  volume,  f o r  t h e  female a t h l e t e s  w a s  9.8 - 
0.8 km/day. A d a i l y  r eco rd  of each s u b j e c t ' s  t r a i n i n g  w a s  kept  

throughout t h e  d u r a t i o n  of t h e  s tudy .  No a t tempt  was made t o  r i g i d l y  

c o n t r o l  and s t a n d a r d i z e  t h e  t r a i n i n g  programs of t h e  s u b j e c t s ,  a s  long 

a s  t h e  male a t h l e t e s  were running a t  l e a s t  70 km pe r  week and t h e  

female a t h l e t e s ,  60 lan pe r  week. A l l  t h e  s u b j e c t s ,  under t h e  d i r e c t i o n  

of t h e i r  coaches,  fol lowed t h e i r  own running programs and were 

unrecept ive  t o  any t y p e  of major change i n  t h e i r  programs. S ince  t h e  

s u b j e c t s  were s e r i o u s  compe t i t i ve  a t h l e t e s ,  t hey  t r a i n e d  r e g u l a r l y  a t  

a  moderate t o  a  h igh  i n t e n s i t y .  A placebo double b l i n d  mixed exper i -  

mental des ign  (Myers, 1972; Winer, 1971) w i t h  two between s u b j e c t  f a c t o r s  

( p r o t e i n  and i r o n )  and one w i t h i n  s u b j e c t  f a c t o r  ( t ime) was used. The 

experimental  des ign  i s  shown i n  Table 1. During t h e  s tudy ,  t h e  n a t u r e  



TABLE 1 

Experimental Design: Matr ix  f o r  a Mixed Design w i t h  Two 
Between-Subject Fac to r s  ( P r o t e i n  and I ron)  and One 

W i  th in-Subject  Fac to r  (Time) 

Cont ro l  Per iod  Experimental  Pe r iod  
(6 weeks) ( 6  weeks) 

P r o t e i n  

No P r o t e i n  

I r o n  (Group P I )  No supplementa- 0.5 gram/kg/day 

t i o n  p r o t e i n  supplement 
Normal d i e t s  

32 mg/day i r o n  
supplement 

No I r o n  (Group PNI) 

I r o n  (Group NPI) 

No I r o n  (Group NPNI) 

0.5 gram/kg/day 
p r o t e i n  supplement 
I r o n  placebo 

P r o t e i n  p lacebo 
32 mg/day i r o n  
supplement 

P r o t e i n  placebo 
I r o n  placebo 



1 

of t h e  d i e t a r y  supplements being i n v e s t i g a t e d  was no t  revea led  t o  t h e  

s u b j e c t s .  Using a  t a b l e  of random numbers (Kirk, 1968),  t h e  male and 

female s u b j e c t s  were d i v i d i e d  i n t o  f o u r  groups of 1 0  s u b j e c t s  and f o u r  

groups of 4  s u b j e c t s  r e s p e c t i v e l y .  Although t h e  females  r ece ived  t h e  

same exper imenta l  t r e a t m e n t s  a s  t h e  males ,  t h e  female s u b j e c t s  were 

grouped s e p a r a t e l y .  Th i s  s e p a r a t i o n  of male and female s u b j e c t s  w a s  

done t o  reduce  w i t h i n  group v a r i a b i l i t y  and thus  reduce t h e  p r o b a b i l i t y  

of making a  Type I e r r o r  i n  t h e  s t a t i s t i c a l  a n a l y s i s  (Kirk,  1968),  

s i n c e  women a r e  s i g n i f i c a n t l y  d i f f e r e n t  from men on c e r t a i n  physio- 

l o g i c a l  and hemato logica l  parameters  he strand and Rodahl, 1977 ; Henry 

e t  a l . ,  1974; Wintrobe e t  a l . ,  1974). The s u b j e c t s  i nges t ed  t h e  -- -- 

supplements a long  w i t h  t h e i r  u s u a l  d i e t s  f o r  s i x  weeks. The s u b j e c t s  

who rece ived  p r o t e i n  and/or  i r o n  supplements,  i n s t e a d  of p lacebos ,  had 

t h e i r  normal d a i l y  p r o t e i n  i n t a k e  increased  by 0.5 g/kg body weight 

and/or  t h e i r  d a i l y  i r o n  i n t a k e  increased  by32 mg. A l l  t e s t s  and 

measurements were performed on two s e p a r a t e  occasions--at t h e  s t a r t  of 

t h e  s tudy  b e f o r e  supplementat ion and dur ing  t h e  last  week of t h e  

supplementat ion per iod .  

Supplement Composition and Adminis t ra t ion  

Dried egg albumin powder, ob ta ined  from a l o c a l  s u p p l i e r ,  was used 

a s  t h e  p r o t e i n  supplement. The d r i e d  egg albumin powder was chosen a s  

t h e  p r o t e i n  supplement because it was a  reasonably pure  sou rce  of h igh  

q u a l i t y  p r o t e i n  which was r e a d i l y  a v a i l a b l e  and a l s o  r e l a t i v e l y  p a l a t a b l e .  

Egg albumin h a s  t h e  h i g h e s t  b i o l o g i c a l  v a l u e  f o r  human a d u l t s  of a l l  food 



p r o t e i n s  (Davidson -- e t  a l . ,  1975).  Since t h e  exac t  chemical composition 

of t h e  egg albumin powder w a s  no t  a v a i l a b l e  from t h e  s u p p l i e r  i t  w a s  

chemical ly analyzed (Horwitz, 1975) l o c a l l y  a s :  

Moisture 8.1% 

P r o t e i n  80.7% 

Crude F ibe r  0.0% 

F a t  0.2% 

Ash 6.2% 

Carbohydrate 4.8% 

These v a l u e s  a r e  i n  c l o s e  agreement w i t h  s tandard  a n a l y s i s  v a l u e s  

f o r  powdered egg wh i t e  (Cook and Briggs,  1973).  According t o  textbook . . 

v a l u e s  (Cook and Br iggs ,  1973),  t h e  a sh  breakdown would be: 

Calcium 0.07% 

Phosphorous 0.11% 

I r o n  0.001% 

Sodium 1.10% 

Potassium 1.00% 

The c o n c e n t r a t i o n  of v i t a m i n s  wi th  t h e  except ion  of r i b o f l a v i n  i s  

i n s i g n i f i c a n t  (Cook and Br iggs ,  1973).  S ince  t h e  d r i e d  egg albumin 

powder was on ly  80.7% p r o t e i n ,  0.62 grams of egg albumin were inges t ed  

t o  provide  0 .5  g/kg body weight of p r o t e i n .  S u b j e c t s  were advised t o  

i n g e s t  h a l f  of t h e i r  d a i l y  supplement a t  b r e a k f a s t  and h a l f  a t  t h e i r  

evening meal.  Most of t h e  s u b j e c t s  inges ted  t h e  albumin by mixing 15- 

20 grams w i t h  8 oz. of m i l k  i n  a  b lender  and f l a v o u r i n g  i t  w i t h  Nes t l e ' s  



Quik ,  v a n i l l a  e x t r a c t ,  nutmeg, e t c .  

The dose of 0.5 g'/kg body weight was chosen f o r  t h e  fo l lowing  

reasons :  

(1) S ince  Canadian men and women of comparable age  t o  our  

a t h l e t e s  have median d a i l y  p r o t e i n  i n t a k e s  of 1.54 g/kg and 1.18 g/lan 

( N u t r i t i o n  Canada, 1975),  a n  a d d i t i o n a l  0.5 g/kg/day would p r o j e c t  t h e  

p r o t e i n  i n t a k e  of our  s u b j e c t s  i n t o  t h e  range  of p r o t e i n  i n t a k e s  

recommended f o r  a t h l e t e s  i n  some o t h e r  n a t i o n s  ( J a r v e r ,  1975; Williams, 

1975; Yakolev, 1961).  

(2) P re l imina ry  exper imenta t ion  showed t h a t  i t  would n o t  be 

f e a s i b l e  t o  have t h e  s u b j e c t  from t h e  p re sen t  s tudy  i n g e s t  any more 

than  0.5 g/kg/day of p r o t e i n  i . e .  0.62 g/kg/day d r i e d  albumin powder, 

wi thout  caus ing  a s i g n i f i c a n t  a l t e r a t i o n  i n  t h e i r  normal d i e t a r y  h a b i t s .  

It w a s  a l s o  f e l t  t h a t  doses  h ighe r  than  0.5 g/km/day would g r e a t l y  

i n c r e a s e  t h e  p r o b a b i l i t y  of s u b j e c t  a t t r i t i o n .  

The p r o t e i n  placebo w a s  a  mixture  of ol igomers of g lucose  named 

I I Casco" and produced by Canada S t a r c h  Company, Burnaby, B.C. This  

product  was composed of 95% carbohydra tes  and 4% mois ture .  The 

composition of t h e  g lucose  w a s  analyzed by t h e  Canada S ta rch  Company 

as : 

Monosaccharides 19% 

Disacchar ides  14% 

Tr i saccha r ides  12% 

Te t r a saccha r ides  10% 

Pentasacchar ides  and 45% 

longe r  polysacchar ides  



The dose l e v e l  of t h e  g lucose  product  w a s  t h e  same a s  t h e  concen t r a t ion  

of t h e  albumin and t h e  same i n s t r u c t i o n s  f o r  i n g e s t i o n  were given.  The 

g lucose  product  w a s  wh i t e  i n  c o l o u r ,  wh i l e  t h e  albumin was yellow. 

Thus t h e  s u b j e c t s  knew t h a t  t h e  powders were d i f f e r e n t .  However, s i n c e  

t h e  s u b j e c t s  weren ' t  t o l d  which n u t r i e n t s  we were i n v e s t i g a t i n g  and 

s i n c e  they  weren ' t  t o l d  t h a t  t h e r e  were c o n t r o l  (placebo)  groups,  a l l  

s u b j e c t s  seemed t o  b e l i e v e  t h a t  t h e r e  were s p e c i a l  n u t r i e n t s  mixed wi th  

bo th  of t h e  powders. The i r o n  supplement c o n s i s t e d  of 400 mg. of f e r r o u s  

fumarate  powder i n  a  g e l a t i n  capsu le  (Adams Labora to r i e s ,  Sur rey ,  B.C. ) .  

Each capsu le  contained 32 mg. of i r o n .  Fe r rous  fumarate  i s  considered 

t o  be  a good source  of i r o n  (Underwood, 1971).  Research s t u d i e s  

i n d i c a t e  t h a t  t h e  presence  of meat and a s c o r b i c  a c i d  i n  t h e  d i e t  enhance 

t h e  abso rp t ion  of non heme i r o n  (Underwood, 1971).  For t h i s  reason ,  t h e  

s u b j e c t s  were advised  t o  i n g e s t  t h e i r  i r o n  supplements w i t h  a meal, 

p r e f e r a b l y  t h e  evening meal. The Canadian recommended d a i l y  i n t a k e  

(RDI) f o r  i r o n  i s  1 0  mg. f o r  men aged 19-35 y e a r s ,  and 14  mg. f o r  women 

aged 19-35 y e a r s  (Committee f o r  t h e  Revis ion  of t h e  Canadian Die t a ry  

Standard,  1976).  Thus, i n  t h e  Experimental  Pe r iod  t h e  i r o n  supplement 

r ep re sen ted  two t o  t h r e e  t imes  t h e  RDI f o r  i r o n .  

U n f o r t i f i e d  d e s s i c a t e d  l i v e r  powder was used as t h e  i r o n  placebo. 

It was chosen, r a t h e r  t han  a product  such as l a c t o s e ,  because i t s  brown 

co lou r  makes i t  i n d i s t i n g u i s h a b l e  from f e r r o u s  fumara te  powder. The 

composition of each 440 mg. capsu le  of d e s s i c a t e d  l i v e r  was as fo l lows  

(Adams Labora to r i e s ,  Sur rey ,  B.C.): 

P r o t e i n  365 mg. 



, 
Fa t  70 mg. 

R ibo f l av in  34 ug. 

Niacin 167 ug. 

Vitamin B & I r o n  I n s i g n i f i c a n t  1 2  

Unfor tuna te ly ,  t h e r e  w a s  no c e r t a i n  method which could ensure  t h a t  

s u b j e c t s  i nges t ed  t h e i r  proper  amount of supplement d a i l y .  A t  each 

p h y s i o l o g i c a l  t e s t i n g  s e s s i o n ,  t h e  s u b j e c t s  were quest ioned i n  a  

f r i e n d l y  manner r ega rd ing  t h e i r  adherence t o  t h e  supplement i n g e s t i o n  

schedule.  The i n v e s t i g a t o r  f e e l s  con f iden t  t h a t  t h e  ma jo r i t y  of t h e  

s u b j e c t s  answered t r u t h f u l l y .  S u b j e c t s  were 'advised  throughout t h e  

s tudy  no t  t o  change t h e i r  u s u a l  d i e t a r y  h a b i t s .  Sub jec t s  were a l s o  t o l d  

n o t  t o  commence any new v i t amin  o r  mine ra l  supplementat ion dur ing  t h e  

d u r a t i o n  of t h e  p r o j e c t ,  bu t  t o  con t inue  supplements t h a t  they  had 

a l r e a d y  been t ak ing  p r i o r  t o  t h e  s t a r t  of t h e  p r o j e c t .  

D ie t a ry  Survey 

I n  o r d e r  t o  a s s e s s  t h e  e a t i n g  h a b i t s  of t h e  s u b j e c t s  and t h e  

n u t r i e n t  composi t ion of t h e i r  u s u a l  d i e t s ,  seven day i n d i v i d u a l  d i e t a r y  

surveys  were taken.  On two s e p a r a t e  occas ions  each sub jec t  weighed 

and recorded a l l  t h e  food e a t e n  f o r  seven consecut ive  days. A seven 

day d i e t a r y  survey has  been shown t o  y i e l d  a more v a l i d  n u t r i t i o n a l  

a n a l y s i s  t han  e i t h e r  a  t h r e e  day o r  a  one day d i e t a r y  survey (Marr, 

1971). Furthermore, s u b j e c t  coope ra t ion  dec reases  when survey pe r iods  

las t  longer  t han  seven days. Each s u b j e c t  weighed a l l  h i s  o r  he r  food 

and f l u i d  i n t a k e  t o  t h e  n e a r e s t  gram us ing  a Hanson C a l o r i e  Counter 
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Die t  s c a l e .  One c a l i b r a t e d  s c a l e ,  d i e t  record ing  forms and a Master 

'Foods L i s t  (Watt and M e r r i l l ,  1963) were g iven  t o  each s u b j e c t  a t  t h e  

s t a r t  of t h e  p r o j e c t .  The Master Foods L i s t  which contained d e t a i l e d  

names and code numbers f o r  2500 d i f f e r e n t  common foods w a s  o r i g i n a l l y  

prepared by t h e  United S t a t e s  Department of Agr i cu l tu re  and was r e v i s e d  

a t  S.F.U. t o  s u i t  t h e  needs of t h i s . p r o j e c t  b e t t e r .  The n u t r i e n t  

composition of t h e  s u b j e c t s '  d i e t s  was determined from t h e  seven day 

d i e t a r y  r e c o r d s  us ing  a PLI computer program w r i t t e n  a t  S.F.U. and a 

2500 food d a t a  base supp l i ed  on magnetic t a p e  by t h e  U.S. Department 

of A g r i c u l t u r e  (Watt and M e r r i l l ,  1963). Th i s  food a n a l y s i s  computer 

program gave v a l u e s  f o r  t h e  fo l lowing  n u t r i e n t s :  percent  water ,  food 

energy, p r o t e i n ,  f a t ,  s a t u r a t e d  f a t t y  a c i d s ,  unsa tu ra t ed  f a t t y  a c i d s ,  

carbohydrate ,  calcium, i r o n ,  v i t a m i n  A, thiamine,  r i b o f l a v i n ,  n i a c i n  

and a s c o r b i c  a c i d .  The computer program provided a d a i l y  breakdown of 

t h e  s u b j e c t s '  i n t a k e  of each  n u t r i e n t  expressed a s  a raw v a l u e  and a l s o  

expressed i n  a ba r  graph a s  a f r a c t i o n  of t h e  Canadian R D I  (Committee 

f o r  t h e  Revision of t h e  Canadian D i e t a r y  Standard,  1976) f o r  t h a t  

n u t r i e n t .  I n  o rde r  t o  f a c i l i t a t e  handl ing  and process ing  of t h e  

d i e t a r y  record  d a t a ,  t h e  r eco rd ing  forms were designed t o  enable  t h e  

s u b j e c t s  t o  perform a l l  of t h e  p re l imina ry  coding work. The keypunch 

ope ra to r  t hen  only  had t o  e n t e r  t h e  food code weight and number i n t o  

t h e  computer. 

Phys io log ica l  Tes t ing  - Performance Assessment 

Endurance performance c a p a c i t y  was a s ses sed  from a timed 
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exhaus t ive  run  on a  s tandard  t r e a d m i l l  running pro tocol .  The s u b j e c t s  

r epo r t ed  f o r  each t e s t  having performed no s t renuous  phys i ca l  a c t i v i t y  

f o r  a t  l e a s t  12  hours  and taken  no l a r g e  meal f o r  a t  l e a s t  4 hours .  

Before beginning t h e  t r e a d m i l l  test ,  t h e  s u b j e c t  was r equ i r ed  t o  s ign  

an Informed Consent Form and f i l l  o u t  a Medical His tory  Form. The 

0 
temperature of t h e  l a b o r a t o r y  was maintained a t  approximately 21  C 

f o r  each t e s t .  A Quinton Ins t rumen t s  Model 24-72 t r e a d m i l l  w a s  used. 

The t r e a d m i l l  endurance run  then  began a t  11.5 mph, 0% grade  f o r  males 

and 10.5 mph, 0% grade  f o r  females .  A f t e r  t h e  f i r s t  two minutes ,  t h e  

t r e a d m i l l  speed w a s  i nc reased  -0.5 mph per  minute u n t i l  t h e  s u b j e c t  

could no longer  keep up w i t h  t h e  t r e a d m i l l .  Heart  r a t e  was monitored 

dur ing  t h e  l a s t  t e n  seconds of each minute of e x e r c i s e  u s ing  a Fukuda 

Denshi FD-13 e l ec t roca rd iog raph  and t h r e e  p rege l l ed  d i sposab le  e l e c t r o d e s  

a f f i x e d  i n  t h e  CR5 p o s i t i o n .  Treadmi l l  endurance t ime was recorded t o  

t h e  n e a r e s t  second. The t o t a l  number of t r e a d m i l l  b e l t  r e v o l u t i o n s  

dur ing  each t e s t  was a l s o  recorded  t o  check t h a t  t h e  t r e a d m i l l  speeds 

were s e t  c o r r e c t l y .  Maximum oxygen uptake  was measured dur ing  t h e  

t r e a d m i l l  endurance run  i n  s i x t e e n  of t h e  male s u b j e c t s  and e i g h t  of 

t h e  female s u b j e c t s .  Because of problems w i t h  equipment a v a i l a b i l i t y  

it was not  p o s s i b l e  t o  measure V02 maximum on a l l  of t h e  s u b j e c t s .  

The s u b j e c t s  i n  t h e  maximum a e r o b i c  c a p a c i t y  assessment were chosen 

equa l ly  from t h e  f o u r  t r ea tmen t  groups us ing  a  t a b l e  of random numbers 

(Kirk, 1968).  Since equal  numbers of s u b j e c t s  were chosen from each 

t rea tment  group f o r  t h e  a e r o b i c  c a p a c i t y  assessment ,  any between group 

b i a s i n g  e f f e c t  of r e s p i r a t o r y  equipment on t r e a d m i l l  endurance t ime 
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was c o n t r o l l e d .  Expired a i r  was c o l l e c t e d  us ing  a s tandard  mouthpiece, 

nosec l ip ,  low r e s i s t a n c e  b r e a t h i n g  v a l u e  (dead space - 70 ml ) ,  31.5 ~ I U  

i . d .  C o l l i n s  f l e x i b l e  hose ,  C o l l i n s  2  way c o l l e c t i o n  v a l v e  and C o l l i n s  

120 liter neoprene b a l l o o n s  (Warren E. C o l l i n s  Inc . ,  B r a i n t r e e ,  Mass.). 

Expired a i r  samples from t h e  ba l loons  were analyzed f o r  CO and O2 
2 

us ing  a  Godart Capnograph C02 Analyzer and an  Applied Elec t rochemis t ry  

S-3A/I O2 Analyzer.  Reference g a s e s  f o r  c a l i b r a t i n g  t h e  a n a l y z e r s  were 

v e r i f i e d  w i t h  Scholander a p p a r a t u s  (Scholander,  1947).  Gas volumes were 

measured by squeezing t h e  e x p i r e d  a i r  from t h e  ba l loons  through a 

Parkinson Cowan CD v e n t i l a t i o n  meter .  The volume of gas  used dur ing  
4 

gas  a n a l y s i s  w a s  a l s o  added t o  t h e  t o t a l  volume. The main c r i t e r i a  f o r  

a t t a i n i n g  V02 maximum were a l e v e l l i n g  o r  dec rease  i n  VO and h e a r t  
2 ' 

r a t e s  i n  excess  of 190 b/min. 

Anaerobic a l a c t a c i d  power w a s  measured according t o  t h e  procedure 

o u t l i n e d  by Margaria  -- et a l .  (1966).  Due t o  a r c h i t e c t u r a l  c o n s i d e r a t i o n s ,  

t h e  t ime of a s c e n t  w a s  measured between t h e  4 t h  and 8 t h  s t a i r s  i n s t e a d  

of between t h e  8 t h  and 1 2 t h  s t a i r s  a s  descr ibed  by Margaria -- e t  a l .  (1966). 

The t ime of a s c e n t  was measured t o  t h e  n e a r e s t  mi l l i s econd  us ing  a  Dekan 

Automatic Performance Analyzer (Dekan Timing Devices,  I l l i n o i s ) .  Each 

sub jec t  w a s  g iven  f o u r  p r a c t i c e  t r ia ls  and t h e  b e s t  of f o u r  t e s t  t r i a l s  

was then  recorded.  The power v a l u e  c a l c u l a t e d  from t h i s  t e s t  has  been 

shown t o  be  h i g h l y  c o r r e l a t e d  ( r  = 0.097) wi th  t h e  t ime of running t h e  

50 yard dash  (Mathews and Fox, 1976).  The main advantages of t h i s  t e s t  

a r e  t h a t  i t  can be  performed indoors  under c o n t r o l l e d  environmental 

cond i t i ons  and i t  i s  v e r y  r e l i a b l e  (Mathews and Fox, 1976). 



Anthropomet3  -. 

I n  o r d e r  t o  a s s e s s  any changes i n  body composition which occurred 

wi th  e i t h e r  p r o t e i n  o r  g lucose  supplementation v a r i o u s  an thropometr ic  

measurements were performed. Somatotype was determined by fo l lowing  

t h e  method used by Heath and Car t e r  (Heath and C a r t e r ,  1967).  Percent  

body f a t  was determined from s i x  sk in fo ld  measurements (Drinkwater and 

Ross,1979).  Sk in fo ld  measurements were obtained us ing  Harpenden 

sk in fo ld  c a l i p e r s ,  w h i l e  muscle g i r t h s  and bone d iameters  were obta ined  

us ing  s t e e l  t a p e s  and modif ied s l i d i n g  s t e e l  c a l i p e r s  r e s p e c t i v e l y .  

Hematology and Serum Chemistry 

Blood c o l l e c t i o n  and a n a l y s i s  was performed a t  a  l o c a l  commercial 

biomedical l a b o r a t o r y  (B.C. Biomedical Labora to r i e s  L t d . ) .  The auto- 

mated in s t rumen ta t ion  neces sa ry  f o r  performing m u l t i p l e  a n a l y s e s  on 

blood samples from a l a r g e  number of s u b j e c t s  was n o t  o the rwi se  

a v a i l a b l e .  

A d i u r n a l  v a r i a t i o n  i n  hemoglobin concen t r a t ion  has  been r epor t ed  

by some a u t h o r s  (Biggs and Al l ing ton ,  1951; McCarthy and Van Slyke,  1939; 

S tengle  and Schade, 1957).  Considerable  d i u r n a l  v a r i a t i o n  has  a l s o  been 

r epor t ed  i n  serum i r o n  and o t h e r  blood c o n s t i t u e n t s  (Card e t  a l . ,  1964; 

Mardell  and Z i l v a ,  1967; S tengle  and Schade, 1957) had been shown t o  

r a i s e  t h e  c o n c e n t r a t i o n  of both red  blood c e l l s  and hemoglobin due t o  

a s h i f t  of f l u i d  from t h e  plasma t o  t h e  i n t e r s t i t i a l  f l u i d  (Novosadova, 

1977; Van Beaumont -- e t  a l . ,  1972).  I n  order  t o  minimize t h e s e  sources  

of e r r o r ,  s u b j e c t s  were reques ted  t o  r e p o r t  t o  t h e  l a b o r a t o r y  a t  
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approximately 9:00 a.m. a f t e r  f a s t i n g  f o r  a t  l e a s t  two hours  and not  

t r a i n i n g  s i n c e  t h e  previous  day. Sub jec t s  who, f o r  v a r i o u s  r ea sons  

could n o t  r e p o r t  t o  t h e  l a b o r a t o r y  a t  9:00 a.m., were reques ted  t o  

r e p o r t  a t  t h e  same t ime of day f o r  each of t h e i r  two v i s i t s .  From a 

s u b j e c t ' s  arm v e i n ,  1 5  m l  of blood was taken i n t o  a  p l a i n  v a c u t a i n e r  

f o r  serum chemis t ry  a n a l y s i s ,  and 5 m l  of blood was taken  i n t o  a  vacu- 

t a i n e r  con ta in ing  EDTA an t i coagu lan t  f o r  hematology. Serum concen t r a t ions  

of B.U.N.  (March - e t  -a a 1  9 1965),  t o t a l  p r o t e i n  (Doumas e t  a l . ,  1971) ,  

albumin (Doumas -- e t  a l . ,  1971) ,  and b i l i r u b i n  ( Jendras s ik  and Grof ,  1938) 

were determined by s tandard  automated methods us ing  a  Technicon SMA 12/60 

Sequen t i a l  M u l t i p l e  Analyzer (Skeggs and Hochs t rasser ,  1964).  Serum i r o n  

concen t r a t ion  was measured us ing  t h e  f e r r o z i n e  spec t rophotometr ic  

procedure (Stookey, 1970),  wh i l e  t o t a l  i r o n  b inding  c a p a c i t y  was 

determined by t h e  method of P e r s i j n  -- e t  a l .  (1971). From t h e s e  measure- 

ments of serum i r o n  and t o t a l  i r o n  binding capac i ty ,  pe rcen t  t r a n s f e r r i n  

s a t u r a t i o n  was c a l c u l a t e d .  Serum f e r r i t i n  concen t r a t ion  was determined 

by a  mod i f i ca t ion  of t h e  radioimmunoassay procedure desc r ibed  by Miles  

e t  a l .  (1974),  u s ing  a  Ramco Labora to r i e s  serum f e r r i t i n  a s say  k i t .  -- 

Serum haptoglobin  concen t r a t ion  was determined us ing  M-Partigen 

immunodiffusion p l a t e s  suppl ied  by t h e  Behring I n s t i t u t e .  Hemoglobin 

concen t r a t ion ,  hema toc r i t ,  red  blood c e l l  count ,  mean corpuscular  volume, 

mean co rpuscu la r  hemoglobin, mean corpuscular  hemoglobin concen t r a t ion  

and wh i t e  blood c e l l  count were determined on seques t r ena t ed  blood us ing  

a  Coul te r  Counter Model S (Coulter  E l e c t r o n i c s ,  I n c . ,  Hia leah ,  F l o r i d a ) .  



Data Analysis  

+ 
Data i n  t h e  t e x t  and t a b l e s  a r e  g iven  a s  means - SEM. A t h r e e  

f a c t o r  LYOVA (2 grouping f a c t o r s  and 1 t r i a l  f a c t o r )  was used t o  t e s t  

f o r  s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  d a t a  between and w i t h i n  t h e  Control  

and Experimental Per iods  (Winer, 1971). Th i s  a n a l y s i s  was performed 

us ing  a  BMDP2V computer program. A f t e r  an F - ra t io  was found t o  be 

s i g n i f i c a n t  one t a i l e d  t - t e s t s ,  f o r  e i t h e r  independent o r  c o r r e l a t e d  

samples, were used t o  t e s t  t h e  s i g n i f i c a n c e  of d i f f e r e n c e  between 

i n d i v i d u a l  means. I n  a l l  t e s t s  p (  0.05 has  been taken  t o  i n d i c a t e  

s t a t i s t i c a l  s i g n i f i c a n c e .  I n f e r e n t i a l  s t a t i s t i c a l  procedures  were 

n o t  used t o  ana lyze  t h e  d a t a  c o l l e c t e d  from t h e  female s u b j e c t s  

because t h e  number of s u b j e c t s  i n  each of t h e  t rea tment  groups was 

very  small  (Winer, 1971).  Thus, t h i s  d a t a  must be  regarded a s  p i l o t  

p r o j e c t  da t a .  



CHAPTER I11 

RESULTS 

Phys i ca l  C h a r a c t e r i s t i c s  of S u b j e c t s  

The phys i ca l  c h a r a c t e r i s t i c s  of t h e  male and female s u b j e c t s  a r e  

shown i n  Tables  2 and 3. For t h e  male s u b j e c t s ,  a l l  f o u r  groups gained 

s l i g h t l y  i n  body weight ( range 0.7 t o  1 .4  kg) between t h e  Cont ro l  and 

Experimental Per iods .  Percent  body f a t  e i t h e r  remained cons t an t  o r  

i nc reased  s l i g h t l y  between t h e  Cont ro l  and Experimental Pe r iods .  Thus 

t a k i n g  t h e  p r o t e i n  supplement has  n o t  a l t e r e d  body composition. 

For t h e  female s u b j e c t s ,  a l l  f o u r  groups a l s o  gained s l i g h t l y  i n  

body weight ( range 0.9 t o  1 .5  kg) between t h e  Cont ro l  and Experimental 

Pe r iods .  This  i n c r e a s e  i n  body weight i s  probably due t o  t h e  f a c t  t h a t  

t h i s  t i m e  per iod  included t h e  Chris tmas season.  

D ie t a ry  Analys is  

The d a i l y  i n t a k e s  of energy,  p r o t e i n  and i r o n  f o r  t h e  Control  and 

Experimental Pe r iods  a r e  shown i n  Tables  4 and 5.  For t h e  Control  

+ 
Per iod  t h e  mean d a i l y  energy i n t a k e  f o r  a l l  male s u b j e c t s  was 3091-121 

+ + 
k c a l  o r  47.2-1.6 kca l /kg ;  t h e  mean p r o t e i n  i n t a k e  was 1.82- 0.07 g/kg, 

=i= 
and t h e  i r o n  i n t a k e  was 18.4-0.9 mg. During t h e  Cont ro l  Per iod  t h e r e  

were no s i g n i f i c a n t  d i f f e r e n c e s  i n  energy,  p r o t e i n  o r  i r o n  i n t a k e  

between t h e  f o u r  groups of male s u b j e c t s .  The mean energy i n t a k e  of 

a l l  f o u r  groups a l s o  remained cons t an t  dur ing  t h e  Experimental Period.  
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, 

However, a s  shown i n  Appendix 2 ,  t h e  l e v e l s  of n u t r i e n t  i n t a k e s  i n  

i n d i v i d u a l s  can sometimes v a r y  s u b s t a n t i a l l y  i n  d i f f e r e n t  t ime per iods .  

Th i s  obse rva t ion  has  a l s o  been made i n  a  number of o t h e r  s t u d i e s  (Marr, 

1971).  Adelson (1960) found t h a t  t h e  c o r r e l a t i o n  c o e f f i c i e n t s  between 

two s e p a r a t e  weeks weighed d i e t a r y  surveys ,  ca l cu la t ed  from food 

t a b l e s  f o r  39 a d u l t  men, ranged from means of 0.70 t o  0.83 f o r  v a r i o u s  

n u t r i e n t s .  

The t o t a l  d a i l y  p r o t e i n  i n t a k e  of t h e  two p r o t e i n  supplement groups 

+ 
(2.33-0.15 g/kg) w a s  much h ighe r  t han  t h e  p r o t e i n  i n t a k e  of t h e  two 

+ 
groups who d i d n ' t  r e c e i v e  p r o t e i n  supplement (1.70-0.11 g /kg ) ,  i n  t h e  

Experimental Per iod .  However, a s  shown i n  Appendix 2, t h e  p r o t e i n  

i n t a k e s  of f o u r  of t h e  e i g h t  s u b j e c t s  i n  Group P I  and t h r e e  of t h e  

e i g h t  s u b j e c t s  i n  Group PNI were increased  by l e s s  than  0.5 g/kg i n  t h e  

Experimental Per iod .  These s u b j e c t s  inges ted  t h e i r  p r o t e i n  supplements 

but  u n i n t e n t i o n a l l y  s l i g h t l y  decreased  t h e  p r o t e i n  i n t a k e  from t h e i r  

r e g u l a r  d i e t s .  The egg albumin p r o t e i n  which comprised t h e  p r o t e i n  

supplement, however, h a s  a n e t  p r o t e i n  u t i l i z a t i o n  (NPU) of 94 

(Davidson - e t  -- a 1  Y 1975) wh i l e  t h e  NPU of t h e  p r o t e i n  i n  a  t y p i c a l  

Canadian d i e t  has  been determined by a s say  t o  be 67 (Committee f o r  t h e  

Revision of t h e  Canadian D i e t a r y  Standard,  1976).  Thus, even i f  a l l  of 

t h e  s u b j e c t s  i n  Groups P I  and PNI d i d n ' t  i n c r e a s e  t h e  amount of p r o t e i n  

inges ted  i n  t h e  Experimental Pe r iod  by a s  much a s  planned (0.5 g lkg ) ,  

t h e  average q u a l i t y  of p r o t e i n  i n  t h e i r  d i e t s  was increased .  S i m i l a r l y ,  

i n  t h e  Experimental Pe r iod ,  t h e  t o t a l  d a i l y  mean i r o n  i n t a k e  of t h e  two 

+ 
i r o n  supplement groups (50.3-1.9 mg) was s i g n i f i c a n t l y  h igher  than  t h e  

i r o n  i n t a k e  of t h e  two groups who d i d n ' t  r e c e i v e  i r o n  supplements 
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+ 
(17.0-1.3 mg) .  A s  shown i n  Appendix 2 ,  a l l  of t h e  s u b j e c t s  i n  t h e  i r o n  

supplement groups (P I  and NPI) had much h igher  i n t a k e s  of i r o n  i n  t h e  

Experimental Pe r iod .  

During t h e  Cont ro l  Pe r iod ,  t h e  mean d a i l y  energy i n t a k e  f o r  a l l  

+ + 
female s u b j e c t s  was 1980-151 k c a l ,  o r  36.6-2.2 kca l /kg ;  t h e  mean d a i l y  

+ + 
p r o t e i n  i n t a k e  w a s  1.32-0.11 g/kg; and t h e  i r o n  i n t a k e  was 11.7-0.9 mg. 

During t h i s  t ime,  t h e  d a i l y  energy i n t a k e  of t h e  f o u r  groups w a s  s i m i l a r .  

Sub jec t s  i n  Group P I  i nc reased  t h e i r  energy i n t a k e  dur ing  t h e  Experimental 

Period compared t o  t h e  Cont ro l  Per iod .  The mean t o t a l  d a i l y  p r o t e i n  

+ 
i n t a k e  of t h e  two p r o t e i n  supplement groups (1.78-13 g/kg)  was only  

+ 
s l i g h t l y  h ighe r  t han  t h e  mean p r o t e i n  i n t a k e  of t h e  two groups (1.63- 

.29 g/kg) n o t  r e c e i v i n g  p r o t e i n  supplement dur ing  t h e  Experimental 

Per iod .  Th i s  d i screpancy  w a s  caused by one of t h e  t h r e e  s u b j e c t s  i n  

Group NPI i n a d v e r t e n t l y  doubling he r  p r o t e i n  i n t a k e  from 1 . 3  g/kg t o  

2.7 g/kg du r ing  t h e  Experimental  Per iod .  The p r o t e i n  i n t a k e s  of t h e  

remaining two s u b j e c t s  i n  Group NPI were s i m i l a r  dur ing  t h e  Cont ro l  

and Experimental P e r i o d s  (1.6 g/kg and 1 . 5  g/kg v e r s u s  1 . 3  g/kg and 1 .5  

g /kg) .  I n  t h e  Experimental  Pe r iod ,  t h e  d a i l y  i r o n  i n t a k e  of t h e  i r o n  

+ 
supplement s u b j e c t s  was much h ighe r  (48.8-4.1 mg) than  t h e  i r o n  i n t a k e  

+ 
of t h e  s u b j e c t s  (12.6-1.9 mg) not  r ece iv ing  t h e  i r o n  supplement. Table 

6  compares t h e  energy,  p r o t e i n  and i r o n  i n t a k e s  of t h e  a t h l e t e s  f o r  t h e  

Control  Pe r iod  t o  v a l u e s  f o r  t h e  gene ra l  Canadian popu la t ion  ( N u t r i t i o n  

Canada, 1975) and t o  Canadian RDI s t anda rds  (Committee f o r  t h e  Revision 

of t h e  Canadian D i e t a r y  S tandard ,  1976).  The p r o t e i n  i n t a k e  of t h e  male 

d i s t a n c e  runne r s  i s  s l i g h t l y  h ighe r  than  t h a t  of t h e  average  Canadian 
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male, wh i l e  energy and i r o n  i n t a k e  a r e  s i m i l a r .  The energy and p r o t e i n  

i n t a k e  of t h e  female d i s t a n c e  runners  a r e  s i m i l a r  t o  t hose  of o t h e r  

Canadian females ,  bu t  i r o n  i n t a k e  i s  s l i g h t l y  h ighe r .  Never the less ,  

91  pe rcen t  of t h e  female a t h l e t e s  a r e  c l a s s i f i e d  a s  having l e s s  than  

adequate  i r o n  in t ake .  The d a i l y  d i e t a r y  i n t a k e s  of a  number of o t h e r  

n u t r i e n t s  a r e  shown i n  Table 7. For t h e  male runners ,  t h e  t o t a l  group 

mean i n t a k e  of each n u t r i e n t  shown i n  Table 7  was above t h e  Canadian 

RDI (Committee f o r  t h e  Revision of t h e  Canadian Die ta ry  Standard,  1976). 

Except f o r  energy i n t a k e  and i r o n  i n t a k e ,  t h i s  was a l s o  t r u e  f o r  t h e  

female runners .  The male a t h l e t e s  r ece ived  34.5 pe rcen t  of t h e i r  

c a l o r i e s  from f a t ,  49.7 percent  from carbohy2ra tes ,  and 15.6 percent  

from p r o t e i n s .  The corresponding va lues  f o r  t h e  female a t h l e t e s  were 

r e s p e c t i v e l y  36.9 pe rcen t ,  49.1 percent  and 14.0 percent .  I n  a  t y p i c a l  

Canadian d i e t  f a t  p rovides  approximately 39-43 pe rcen t  of t h e  c a l o r i e s ,  

carbohydra tes ,  47-51 percent  and p r o t e i n ,  11-15 pe rcen t  (Nu t r i t i on  

Canada, 1975).  

Bematological Data 

Hematological d a t a  is  shown i n  Tables  8 and 9. There were no 

s i g n i f i c a n t  ( p L . 0 5 )  d i f f e r e n c e s  between groups o r  w i t h i n  groups i n  

red  blood c e l l  count ,  hemoglobin, mean co rpuscu la r  volume o r  mean 

corpuscular  hemoglobin f o r  t h e  male s u b j e c t s .  There was a  s i g n i -  

f i c a n t  i n c r e a s e  i n  h e m t o c r i t  ( pL0 .05 )  and a  s i g n i f i c a n t  decrease  i n  

1 I mean corpuscular  hemoglobin concen t r a t ion  w i t h i n  groups ( i  . e . )  f o r  t i ne . "  



TABLE 7 

Dietary  In t ake  of N u t r i e n t s  by Male and Female 
Runners During t h e  Cont ro l  Pe r iod  (MeantSEM) 

Male Runners Female Runners 
(n=29) RDI* (n=11) RDI *4 

Fa t  (g) 
S a t u r a t e d  Fa t  (g) 
O l e i c  Acid (g) 
L i n o l e i c  Acid (g) 
Cho le s t e ro l  (mg) 
Carbohydrate (g) 
F i b e r  (g) 
Sodium (mg) 
Potassium (mg) 
Phosphorus (mg) 
Energy (kca l )  
P r o t e i n  (g) 
Thiamine (mg) 
Niacin (mg) 
R ibo f l av in  (mg) 
Ascorbic  Acid (mg) 
Vitamin A (IU) 
Calcium (mg) 
I r o n  (mg) 

"RDI f o r  average Canadian male, age 19-35 y e a r s ,  weight  70 kg,  h e i g h t  
176 cm (Committee f o r  t h e  Revision of t h e  Canadian Die ta ry  Standard,  
19 76) 

**RDI f o r  average Canadian female,  age 16-35 y e a r s ,  weight  56 kg, h e i g h t  
1 6 1  cm. 
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The i n c r e a s e  i n  hematocr i t  from t h e  Control  Per iod  t o  t h e  Experimental 

Per iod  w a s  s i g n i f i c a n t  (p LO.05) only i n  Group P I  (t=1.84) and i n  

Group NPNI ( t=4.40) .  The decrease  i n  mean co rpuscu la r  hemoglobin 

concen t r a t ion  was a l s o  s i g n i f i c a n t  only i n  Group P I  ( t=2.47)  and 

Group NPNI ( t=3.61) .  

There was an  i n c r e a s e  i n  red  blood c e l l  count and hematocr i t  f o r  

t h e  two female groups (PI  and NPI) r e c e i v i n g  t h e  i r o n  supplement. 

Group NPI w a s  a l s o  t h e  only group t o  show a s u b s t a n t i a l  i n c r e a s e  i n  

hemoglobin concen t r a t ion .  A l l  female groups showed a d e c r e a s e  i n  mean 

corpuscular  hemoglobin concen t r a t ion  dur ing  t h e  Experimental  Per iod .  

Serum Chemistry 

Serum chemis t ry  d a t a  i s  shown i n  Tables  10 and 11. For t h e  male 

s u b j e c t s ,  t h e r e  were no s i g n i f i c a n t  between group o r  w i t h i n  group 

changes i n  f e r r i t i n ,  i r o n  binding capac i ty ,  haptoglobin ,  BUN, o r  t o t a l  

p r o t e i n .  Both serum i r o n  and percent  t r a n s f e r r i n  s a t u r a t i o n  showed 

s i g n i f i c a n t  w i t h i n  group changes f o r  t ime and a  s i g n i f i ~ a n t > ~ r o t e i n /  

i ron / t ime  i n t e r a c t i o n .  The l a r g e s t  i n c r e a s e s  i n  serum i r o n  concentra- 

t i o n  and p e r c e n t  s a t u r a t i o n  occurred i n  Groups P I  and NPNI. The 

i n c r e a s e  i n  serum i r o n  concen t r a t ion  from t h e  Cont ro l  Pe r iod  t o  t h e  

Experimental Pe r iod  was not  s i g n i f i c a n t  (p q . 0 5 )  i n  Group P I  ( t=1 .67) ,  

bu t  was s i g n i f i c a n t  i n  Group MPNI ( t=2 .11) .  The i n c r e a s e  i n  percent  

s a t u r a t i o n  from t h e  Control  Period t o  t h e  Experimental Per iod  was 

s i g n i f i c a n t  i n  both  Group P I  (t=1.76) and Group NPNI ( t = 2 . 9 7 ) .  For 
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albumin, t h e  F r a t i o s  f o r  t ime,  p r o t e i n l t i m e  i n t e r a c t i o n  and i r o n l t i m e  

i n t e r a c t i o n  were s i g n i f i c a n t .  Groups P I  ( t=2 .88) ,  PNI (t=4.24) and 

NPNI ( t=2 .10) ,  had s i g n i f i c a n t l y  h i g h e r  albumin concen t r a t ions  i n  

t h e  Experimental Period.  The no i r o n  groups,  Group PNI and Group 

NPNI had s i g n i f i c a n t l y  lower b i l i r u b i n  l e v e l s  (t=2.74) i n  t h e  

Experimental Per iod .  

For t h e  female d a t a ,  t h e  mean f e r r i t i n  concen t r a t ion  f o r  t h e  groups 

r e c e i v i n g  i r o n  supplenent  remained c o n s t a n t  between t h e  Cont ro l  Per iod  

and t h e  Experimental Per iod ,  wh i l e  t h e s e  l e v e l s  decreased  i n  t h e  two 

groups not  r ece iv ing  i r o n  supplement. Group NPI showed a s u b s t a n t i a l  

dec rease  i n  TIBC whi le  t h e  dec rease  i n  TIBC i n  t h e  o t h e r  groups was 

l e s s  pronounced. Serum i r o n  c o n c e n t r a t i o n  and pe rcen t  serum t r a n s f e r r i n  

s a t u r a t i o n  changed s i m i l a r l y  i n  t h e  i r o n  supplement groups compared t o  

t h e  non-iron supplement groups. Although Group NPI showed t h e  g r e a t e s t  

i n c r e a s e  i n  pe rcen t  t r a n s f e r r i n  s a t u r a t i o n ,  t h e  i n c r e a s e  was no t  l a r g e .  

Eaptoglobin and b i l i r u b i n  remained c o n s t a n t  i n  a l l  groups except  Group 

NPNI where haptoglobin  increased  dur ing  t h e  Experimental Per iod .  The 

mean b i l i r u b i n  l e v e l  was h ighe r  i n  Group P I ,  because one of t h e  two 

s u b j e c t s  had a  h igh  b i l i r u b i n  l e v e l  (2.3 mg/dl) o u t s i d e  t h e  normal 

range,  du r ing  t h e  Control  Per iod .  BUN, t o t a l  p r o t e i n  and albumin 

remained c o n s t a n t  between t h e  Cont ro l  and Experimental Pe r iods  i n  a l l  

groups except  Group N P N I ,  where BUN and t o t a l  p r o t e i n  concen t r a t ion  . 

decreased.  

Usfng c r i t e r i a  e s t a b l i s h e d  by Valberg e t  a l .  (1976) f o r  c l a s s i f y i n g  
7- 
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TABLE 12  

Pe rcen t  D i s t r i b u t i o n  of Male and Female Runners and Non-athletes 
i n  Categor ies  of I r o n  Deficiency Based on Serum F e r r i t i n  Levels  

La ten t  I r o n  P r e l a t e n t  I r o n  No I r o n  
Deficiency (%) Deficiency (%) Deficiency (%) 

Runners 
(Cont ro l  Per iod)  
(n= 33) 

Runners 
(Experimental Per iod)  6 
(n= 33) 

Non-athle t e s  + 
(n=95) 

Females 

Runners 
(Control  Per iod)  
(n= 13) 

Runners 
(Experimental Per iod)  38 
(n=13) 

+ Sub jec t s  from N u t r i t i o n  Canada Study ( ~ u t r i t i o n  Canada, 19 75) * Sub jec t s  a t  B. C. Biomedical Laboratory * S i g n i f i c a n t l y  d i f f e r e n t  from non-a th le tes  i n  N u t r i t i o n  Canada Study (p<.05) 

Laten t  i r o n  de f i c i ency  - serum f e r r i t i n  < 15 ng/ml ( N u t r i t i o n  Canada, 1975) 
P r e l a t e n t  i r o n  de f i c i ency  - serum f e r r i t i n  15-30 ng/ml 
No i r o n  de f i c i ency  - serum f e r r i t i n  > 30 ng/ml 
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l a t e n t  i r o n  d e f i c i e n c y  (serum f e r r i t i n  c o n c e n t r a t i o n L 1 5  nglml) and 

p r e l a t e n t  i r o n  de f i c i ency  (serum f e r r i t i n  concen t r a t ion ,  15-30 ng/ml) ,  

serum f e r r i t i n  va lues  f o r  our  a t h l e t e s  a r e  compared t o  v a l u e s  f o r  non- 

a t h l e t e s  c o l l e c t e d  a t  B.C.  Biomedical Laboratory and t o  v a l u e s  on 

Canadians c o l l e c t e d  i n  t h e  N u t f i t i o n  Canada Survey (Valberg e t  a l . ,  

1976) ,  i n  Table 12. Using a  chi-square t e s t  of goodness of f i t  

(Winer, 1971) t h e  male runners  i n  

2 
t h e  Experimental Pe r io6  (X =17.7) 

inc idence  of i r o n  d e f i c i e n c y  than  

Canada Study, The female runne r s  

2 
t h e  Control  Per iod  (X =41.0) an6 i n  

have a s i g n i f i c a n t l y  h ighe r  (p .O5) 

t h e  non-a th le tes  from t h e  N u t r i t i o n  

a l s o  appear t o  have a h ighe r  i nc idence  

of i r o n  d e f i c i e n c y  than  t h e  female non-a th le tes .  Table 12  a l s o  shows t h a t  

t h e  d i s t r i b u t i o n  of bo th  male and female a t h l e t e s  i n  t h e  t h r e e  i r o n  

de f i c i ency  c a t e g o r i e s  changed only s l i g h t l y  between t h e  Cont ro l  and 

Experimental Pe r iods .  I n  Table 1 3  a  d i f f e r e n t  s e t  of c r i t e r i a ,  pe rcen t  

t r a n s f e r r i n  s a t u r a t i o n ,  has  been used t o  c l a s s i f y  t h e  s t a g e s  of i r o n  

de f i c i ency .  A comparison of Tables  12 and 1 3  shows t h a t  t h e  d i s t r i b u -  

t i o n  of s u b j e c t s  i n  t h e  t h r e e  c a t e g o r i e s  of i r o n  de f i c i ency ,  can change 

s u b s t a n t i a l l y  a s  a  f u n c t i o n  of t h e  c l a s s i f i c a t i o n  system chosen. 

Performance Data 

Performance d a t a  i s  shown i n  Tables  14  and 15. For t h e  male 

s u b j e c t s ,  t h e r e  were no s i g n i f i c a n t  changes ( p L 0 . 0 5 )  i n  t r e a d m i l l  

endurance o r  g r o s s  VO max. ( l i t e r s l m i n . )  a f t e r  supplementat ion.  V02 
- .  

max., expressed pe r  kg body weight ,  was s i g n i f i c a n t l y  decreased (pL0.05)  

and power was s i g n i f i c a n t l y  i nc reased  w i t h i n  g roups 'du r ing  t h e  Experi- 



TABLE 1 3  

Pe rcen t  D i s t r i b u t i o n  of Male and Female Runners and Non-athletes 
i n  Categor ies  of I r o n  Deficiency Based Percent  T r a n s f e r r i n  

S a t u r a t i o n  Values 

La ten t  I r o n  P r e l a t e n t  I r o n  No I r o n  
Deficiency (%) Deficiency (%) Defic iency  (%) 

Males 

Runners 
(Cont ro l  Per iod)  
(n=33) 

Runners 
(Experimental Period)  
(n= 3  3) 

Females 

Runners 
(Cont ro l  Per iod)  33 

(n=13) 

Runners 
(Experimental Per iod)  50 
(n=13) 

-I- 
++ Sub jec t s  from N u t r i t i o n  Canada Study ( N u t r i t i o n  Canada, 1975) 

Sub jec t s  a t  B. C. Biomedical Laboratory 

La ten t  i r o n  de f i c i ency  - percent  t r a n s f e r r i n  s a t u r a t i o n  < 16 
( N u t r i t i o n  Canada, 19 75) 

P r e l a t e n t  i r o n  de f i c i ency  - percent  t r a n s f e r r i n  s a t u r a t i o n  16-20 
No i r o n  de f i c i ency  - pe rcen t  t r a n s f e r r i n  s a t u r a t i o n  > 20 



mental Per iod .  The decrease  i n  V02 max. (ml/kg/min) from t h e  Control  

Period t o  t h e  Experimental Period was s i g n i f i c a n t  i n  Groups PNI ( t=1.82) ,  

NPI (t=1.90) and NPNI ( t=1.97) .  VO (ml/kg/min) was s i g n i f i c a n t l y  2 

decreased a s  a  r e s u l t  of a  s l i g h t  dec rease  i n  g r o s s  VO max.  and an 2  

i n c r e a s e  i n  mean body weight i n  a l l  groups. Unfor tuna te ly ,  some s u b j e c t s  

from a l l  groups caught an  in f luenza  v i r u s  du r ing  t h e  Experimental  Period 

and missed a few days t r a i n i n g .  This  accounts  f o r  t h e  s l i g h t l y  lower 

t r a i n i n g  volume i n  t h e  Experimental Per iod .  The f o u r  male groups were 

no t  a s  equa l  i n  d a i l y  t r a i n i n g  volume a s  they  i d e a l l y  should have 

been. Group NPI sus t a ined  approximately a 50 pe rcen t  g r e a t e r  d a i l y  

t r a i n i n g  mileage than  Group PNI. 

For t h e  female s u b j e c t s ,  t r e a d m i l l  endurance, VO nax. ( l i t e r s / m i n . )  2  

and V02 max. (ml/kg/min.) were decreased i n  t h e  Experimental  Per iod  i n  

a l l  f ou r  groups. VO max. (ml/kg/min.) decreased  more than  g ros s  V02 
2  

max. ( l i t e r s l m i n . )  f o r  t h e  reasons descr ibed  above. Power was s l i g h t l y  

i nc reased  i n  a l l  groups i n  t h e  Experimental Per iod .  Dai ly t r a i n i n g  

volume remained cons t an t  dur ing  t h e  Cont ro l  and Experimental  Per iods  i n  

a l l  f o u r  groups. Group P I  had a  lower d a i l y  t r a i n i n g  volume than  t h e  

o t h e r  t h r e e  groups dur tng  bc th  per iods .  
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CHAPTER I V  

1 

DISCUSSION 

Phys i ca l  C h a r a c t e r i s t i c s  of S u b j e c t s  

The phys i ca l  c h a r a c t e r i s t i c s  (he igh t ,  weight,  somatotype, percent  

f a t )  of our  male runners  are ve ry  s i m i l a r  t o  t h e  phys i ca l  c h a r a c t e r i s t i c s  

which have been r epor t ed  f o r  o t h e r  groups of good male d i s t a n c e  runne r s  

(Pol lock -- e t  a l . ,  1977; C o s t i l l  -- e t  a l . ,  1970; Sprynarova and Parizkova,  

1971; de  Garay - e t  -. a 1  Y 1974).  Based on maximum oxygen uptake d a t a  and 

r a c e  performance t imes ,  ou r  male s u b j e c t s  would be c l a s s i f i e d  as good, 

bu t  no t  e l i t e ,  d i s t a n c e  runne r s  (Pol lock ,  1977).  The average percent  

body f a t  of our  male runne r s  (8.4%) i s  h ighe r  than  t h e  v a l u e s  of 4.7 

percent  which have been r epor t ed  f o r  e l i t e  d i s t a n c e  runners  (Pol lock  

e t  a l . ,  1977) bu t  lower t han  t h e  15  percent  body f a t  of t h e  average  -- 

c o l l e g e  age male (Mathews and Fox, 1976).  The average h e i g h t  and weight 

of our  female d i s t a n c e  runne r s  a r e  w i t h i n  t h e  narrow range of v a l u e s  

which have been r epor t ed  i n  o t h e r  s t u d i e s  on female d i s t a n c e  runners  

(Wilmore and Brown, 1974; Novak -- et  a l . ,  1977; Burke and Brush, 1979).  

The 11.3 percent  body f a t  of ou r  female runners  i s  t h e  lowest  v a l u e  

which has  been r epor t ed  f o r  any o t h e r  group of female a t h l e t e s .  Wilmore 

and Brown (1974) i n  t h e i r  s tudy  of 11 n a t i o n a l  and i n t e r n a t i o n a l  c a l i b e r  

female d i s t a n c e  runners  (mean age = 32.4  ears) showed an  average percent  

f a t  of 15.2. Novak -- e t  a l .  (1977) s tud ied  e i g h t  middle d i s t a n c e  runners  

(mean age = 24.2 yea r s )  a t  t h e  1972 Olympic Games and found an average 

percent  f a t  of 13.3. Burke and Brush (1979) i n  t h e i r  s tudy of 1 3  

female d i s t a n c e  runne r s  (mean age  = 16.2 yea r s )  found an  average percent  



f a t  of 12.8.  These v a l u e s  a r e  a l l  much lower than  t h e  v a l u e  of 23-25 

percent  body f a t  which h a s  been r epor t ed  f o r  normal c o l l e g e  age females  

(Wilmore and Behnke, 1970).  It i s  a l s o  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  

mean somatotype of our  female runne r s  (2.0 - 3.5 - 3.7) was almost 

i d e n t i c a l  t o  t h e  mean somatotype of female middle d i s t a n c e  runne r s  

(2.0 - 3.3 - 3.7) i n  t h e  1968 Olympics (de Garay e t  a l . ,  1974).  The 

VO max. of our  female runne r s  was a l s o  very  similar t o  t h e  v a l u e s  t h a t  
2 

have been r epor t ed  by Wilmore and Brown (1974), Novak e t  a l .  (1977),  

and Burke and Brush (1979). 

D ie t a ry  Analys is  

The Canadian RDI f o r  p r o t e i n  (Committee f o r  Revision of t h e  

Canadian Die t a ry  S tandard , l976) ,  adopted from t h e  recommendations of 

t h e  1973 J o i n t  FAO/WHO Report ( J o i n t  FAO/WHO Ad Hoc Expert Committee, 

1973),  f o r  a d u l t s  over  18  y e a r s  of age  i s  f o r  males,  0.80 g/kg/day and 

f o r  females  0.73 g/kg/day. I n  t h e i r  normal d i e t s  our  male and female 

runners  had mean p r o t e i n  i n t a k e s  2.3 and 1.8 t imes t h e  RDI r e s p e c t i v e l y .  

Thei r  p r o t e i n  i n t a k e s  a r e  a l s o  s l i g h t l y  h igher  than  t h e  median d a i l y  

p r o t e i n  i n t a k e s  of 1.54 g/kg and 1.16 g/kg which have been r epor t ed  f o r  

Canadian males and females ,  aged 20-39 yea r s  (Nu t r i t i on  Canada, 1975).  

The p r o t e i n  i n t a k e ' o f  our  male a t h l e t e s  was comparable t o  t h e  1.80 g/kg/ 

day p r o t e i n  i n t a k e  of male a t h l e t e s  on t h e  1968 A u s t r a l i a n  Olympic Team, 

wh i l e  t h e  i n t a k e  of our  female a t h l e t e s  was lower than  t h e  1.90 g/kg/ 

day p r o t e i n  i n t a k e  of female a t h l e t e s  on t h e  1968 A u s t r a l i a n  Olympic 

Team ( S t e e l ,  1970).  The normal d i e t a r y  p r o t e i n  i n t a k e s  of ou r  male 



and female a t h l e t e s ,  however, f a l l  s h o r t  of t h e  v a l u e s  recommended f o r  

a t h l e t e s  i n  Russ ia  (Yakolev, 1961; Williams, 1976),  Eas t e rn  Europe 

( J a r v e r ,  1975),  and Japan ( S h i r a k i ,  1974).  I n  t h e  Experimental Per iod ,  

male a t h l e t e s  who r ece ived  t h e  p r o t e i n  supplement had p r o t e i n  i n t a k e s  

w i th in  t h e  range  of t h e s e  recommendations. 

The d i e t a r y  i r o n  i n t a k e s  of our  a t h l e t e s  i n  t h e  Cont ro l  Per iod  were 

s i m i l a r  t o  t h o s e  of average  Canadian male and female a d u l t s  ( N u t r i t i o n  

Canada, 1975).  The male a t h l e t e s  had i r o n  i n t a k e s  t h a t  were w e l l  i n  

excess  of t h e  RDI  (10 mg/day), wh i l e  82 percent  of t h e  female a t h l e t e s  

had i r o n  i n t a k e s  below t h e  RDI  (14 mg/day). This  i s  i n  c o n t r a s t  t o  t h e  

women on t h e  1968 A u s t r a l i a n  Olympic Team who had i r o n  i n t a k e s  2.1 t imes 

t h e  R D I  ( S t e e l ,  1970).  A normal balanced Canadian d i e t  p rov ides  5 t o  6  

mi l l ig rams i r o n  per  1000 k c a l  (Cormnittee f o r  Revision of t h e  Canadian 

Die ta ry  Standard,  1976).  Our male a t h l e t e s  have h ighe r  i r o n  i n t a k e s  

from t h e i r  normal d i e t s  than  our  female a t h l e t e s  because they  have 

h igher  c a l o r i c  i n t a k e s .  The male a t h l e t e s  i n g e s t  168 k c a l  t o  g e t  one 

mi l l ig ram of i r o n  wh i l e  t h e  female a t h l e t e s  i n g e s t  169 k c a l  t o  g e t  one 

mi l l ig ram of i r o n .  Thus t h e  d i f f e r e n c e s  i n  i r o n  i n t a k e  between t h e  male 

and female a t h l e t e s  a r e  due t o  q u a n t i t y  of food i n t a k e ,  n o t  q u a l i t y  of 

food i n t a k e .  I n  t h e  Experimental Pe r iod ,  t h e  males and females  who 

rece ived  i r o n  supplements had i r o n  i n t a k e s  g r e a t l y  i n  excess  of t h e  RDI .  

The recommended d a i l y  energy i n t a k e  f o r  average Canadian males and 

females,  aged 19-35 y e a r s ,  i s  43 kca l lkg  and 37.5 kca l /kg  r e s p e c t i v e l y  

(Committee f o r  Revis ion  of t h e  Canadian Die t a ry  Standard,  1976). 

During t h e  Con t ro l  Per iod  24 pe rcen t  of t h e  male runners  and 63.6 percent  
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of t h e  female runners  had energy i n t a k e s  below t h e  RDI. However, t h e  

energy requirements  of our  runners  should be much h ighe r  t han  t h e  energy 

requi rements  of t h e  average  Canadian male o r  female non-a th le te .  Using 

a  g e n e r a l  formula of 1.0 k i l o c a l o r i e  per  ki logram body weight  pe r  

k i lometer  f o r  energy expendi ture  when running (Margaria et a l . ,  1963) ,  

t h e  mean d a i l y  energy expendi ture  on t r a i n i n g  du r ing  t h e  Experimental 

Period would be 671 k c a l  o r  10.2 kca l lkg  f o r  t h e  male runne r s  and 489 

k c a l  o r  9.0 k c a l l k g  f o r  t h e  female runners .  I f  we add t h e  energy 

requi rements  of our  runne r s  f o r  t r a i n i n g  t o  t h e  recommended d a i l y  

energy i n t a k e  f o r  average  Canadians, we a r r i v e  a t  d a i l y  energy i n t a k e  

requi rements  of 53 k c a l l k g  and 46.5 kca l lkg  f o r  our  male and female 

runners  r e s p e c t i v e l y .  During t h e  Cont ro l  Per iod  69 pe rcen t  of t h e  male 

runners  had energy i n t a k e s  l e s s  t han  53 k c a l l k g  and t e n  of e leven  

female runne r s  had energy i n t a k e s  l e s s  than  46.5 lccal/kg, w h i l e  dur ing  t h e  

Experimental Per iod  79 pe rcen t  of t h e  male runners  and 82 pe rcen t  of 

t h e  female runners  had energy i n t a k e s  below 53 kca l /kg  and 46.5 kca l lkg  

r e s p e c t i v e l y .  Based on t h e i r  average measured energy i n t a k e s  a s  

compared t o  t h e i r  average  c a l c u l a t e d  energy requi rements ,  our  male runners  

should have inges t ed  approximately 11 percent  more c a l o r i e s  and our  

female runne r s  should have inges t ed  27  percent  more c a l o r i e s .  However, 

dur ing  t h e  Experimental  Pe r iod ,  76 percent  of t h e  males  and 82 percent  

of t h e  females  i nc reased  t h e i r  body weight.  This  i n d i c a t e s ,  con t r a ry  

t o  t h e  c a l c u l a t i o n s  desc r ibed  above, t h a t  t h e  m a j o r i t y  of t h e  a t h l e t e s  

were r e c e i v i n g  an  adequate  energy in t ake .  

What f a c t o r s  could account  f o r  t h i s  d i screpancy  between t h e o r e t i c a l  



, 
energy requirements ,  measured energy i n t a k e ,  and a c t u a l  energy in t ake?  

Perhaps t h e  Food Composition Tables which were used do n o t  g i v e  an 

a c c u r a t e  a n a l y s i s  of t h e  n u t r i e n t  composition of t h e  foods most commonly 

e a t e n  by our  s u b j e c t s .  Chemical a n a l y s i s  of a l i q u o t  samples of food i s  

t h e  most a c c u r a t e  method of a s se s s ing  t h e  n u t r i e n t  composi t ion of a  

s u b j e c t ' s  d i e t  (Marr, 1971).  However, t h i s  method i s  very  t ime consuming 

and thus  i m p r a c t i c a l  i n  s i t u a t i o n s  where more than  a few s u b j e c t s  a r e  

be ing  s t u d i e d .  Widdowson and McCance (1943) i n  t h e i r  d i s c u s s i o n  on t h e  

scope and l i m i t a t i o n  of food t a b l e s  wrote: 

There a r e  two schools  of thought about  food t a b l e s .  One 
t ends  t o  regard  t h e  f i g u r e s  i n  them as having t h e  accuracy of 
atomic weight  de te rmina t ions ,  t h e  o t h e r  d i smis ses  them as 
v a l u e l e s s  on t h e  grounds t h a t  a  food s t u f f  may b e  s o  modif ied 
by t h e  s o i l ,  t h e  season,  o r  i t s  r a t e  of growth t h a t  no f i g u r e  
can b e  a  r e l i a b l e  guide t o  i t s  composition. The t r u t h ,  of 
course ,  l i e s  somewhere between t h e s e  p o i n t s  of view. 

Many t a b l e s  of food ana lyses  have been prepared  by n a t i o n a l  and 

i n t e r n a t i o n a l  a u t h o r i t i e s  (Davidson e t  a l . ,  1975).  The amount of 

p r o t e i n ,  carbohydra te  and f a t  i n  d i f f e r e n t  samples of t h e  same food is  

u s u a l l y  q u i t e  cons t an t .  The e r r o r  i n  us ing  t a b l e s  t o  c a l c u l a t e  t h e  

p r o t e i n  o r  carbohydra te  con ten t s  of a  d i e t  is  n o t  l i k e l y  t o  be  more 

than seven pe rcen t  (Davidson e t  a l . ,  1975). However, t h e r e  a r e  l a r g e  

v a r i a t i o n s  i n  t h e  f a t  con ten t  of d i f f e r e n t  he lp ings  of b e e f ,  mutton, 

o r  pork. These v a r i a t i o n s  can g r e a t l y  a f f e c t  t h e  c a l c u l a t e d  energy va lue  

of t h e  meat. For c a l c u l a t i n g  t h e  energy con ten t  of a  d i e t ,  t h e  e r r o r  

in t roduced  by t h e  use of t h e  t a b l e s  should n o t  b e  more than  10 percent  

un le s s  t h e  d i e t  con ta ins  l a r g e  q u a n t i t i e s  of meat (Davidson e t  a l ,  
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1975).  The v a r i a t i o n s  i n  t h e  v i tamin  and minera l  con ten t s  of foods,  

however, can be  g r e a t .  For example, t h e r e  a r e  enormous v a r i a t i o n s  

i n  t h e  i r o n  con ten t  of d i f f e r e n t  samples of t h e  same food (Davidson - et 

a l . ,  1975).  A s  one example of a  s tudy  which has  been performed t o  - 

compare chemical ly analyzed va lues  w i th  c a l c u l a t e d  v a l u e s  from t a b l e s  

of food composition, Bransby -- e t  a l .  (1948)- s t u d i e d  33 a d u l t s  f o r  3  days. 

The c o r r e l a t i o n  c o e f f i c i e n t s  between analyzed and c a l c u l a t e d  v a l u e s  were 

a s  fo l lows:  c a l o r i e s ,  0.93; p r o t e i n ,  0.91; f a t ,  0.81; carbohydra tes ,  

0.89; and i r o n ,  0.49).  These f a c t o r s ,  descr ibed  above, must be  

cons idered  when ana lyz ing  t h e  d i e t s  of t h e  s u b j e c t s  i n  t h e  p re sen t  

s tudy .  We do n o t  know t h e  a c t u a l  t o t a l  d a i l y  a c t i v i t y  p a t t e r n  and 

energy expendi ture  of our  a t h l e t e s .  Perhaps t h e  a t h l e t e s  p a r t i a l l y  

compensate f o r  t h e i r  t r a i n i n g  energy expendi ture  by being l e s s  a c t i v e  

than  normal, moderately a c t i v e  Canadians dur ing  t h e  r e s t  of t h e  day, and 

t h u s  t h e i r  d a i l y  energy expendi ture  i s  n o t  a s  h igh  a s  c a l c u l a t e d .  

Perhaps some of t h e  a t h l e t e s  were n e g l i g e n t  i n  r eco rd ing  a l l  of t h e i r  

d a i l y  food i n t a k e  on t h e  d i e t a r y  record  forms. There i s  now evidence 

t h a t  t h e  p r e c i s e  r e g u l a t i o n  of body weight by a p p e t i t e  does not  o p e r a t e  

on an  hour ly  b a s i s  o r  even on a  d a i l y  b a s i s ,  b u t  on a  t ime s c a l e  of 

s e v e r a l  days o r  even weeks (Davidson -- e t  a l . ,  1975) .  Perhaps dur ing  

t h e  week when t h e  s u b j e c t s  monitored t h e i r  d i e t s  t hey  consumed l e s s  

than  usua l  due t o  t h e  inconvenience of having t o  weigh and record  a l l  

food inges t ed  and a l s o  due t o  t h e  f a c t  t h a t  they  were suddenly made 

consc ious  of a l l  t h e  food ea ten .  

Fu tu re  r e s e a r c h  i n  t h i s  a r e a  should e s t a b l i s h  t h e  t o t a l  d a i l y  

a c t i v i t y  p a t t e r n  and energy i n t a k e  requirements  of groups of endurance 
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a t h l e t e s .  This  i s  important  i n  r e l a t i o n  t o  t h e  proper  u t i l i z a t i o n  

of d i e t a r y  p r o t e i n  because i f  carbohydra tes  .and f a t s  a r e  no t  consumed 

i n  s u f f i c i e n t  amounts, even from a  d i e t  con ta in ing  an  adequate  amount 

of p r o t e i n ,  some of t h e  amino a c i d s  w i l l  be  used a s  a source of energy 

and w i l l  n o t  b e  a v a i l a b l e  f o r  t h e  s y n t h e s i s  of body p r o t e i n  ( J o i n t  FAO/ 

WHO Ad Hoc Expert Committee, 1973; Crampton, 1964; Iyengar  and Rao, 

1979).  I f  t h e  d i e t a r y  r eco rds  obta ined  i n  t h i s  s tudy underest imate many 

of t h e  a t h l e t e s '  r e g u l a r  d i e t a r y  i n t a k e s ,  f o r  t h e  reasons  descr ibed  

above, t h i s  may a l s o  e x p l a i n  our  f i n d i n g  of inadequate  i r o n  i n t a k e s  i n  

many of t h e  female a t h l e t e s .  

Hematology 

Hemoglobin concen t r a t ion  v a l u e s  may be  a f f e c t e d  by many f a c t o r s  

such a s  d i f f e r e n t  a n a l y s i s  techniques  (Williams -- e t  a l . ,  1972; Koepke, 

1977),  i n t e r l a b o r a t o r y  d i f f e r e n c e s  u s ing  t h e  same a n a l y s i s  technique 

(Kaplow -- e t  a l . ,  1979; Koepke, 1977),  and age and sex of s u b j e c t s  

(Wintrobe -- e t  a l . ,  1974).  Kaplow -- e t  a l .  (1979) assessed  20  Veterans 

Adminis t ra t ion  h o s p i t a l  l a b o r a t o r i e s  f o r  accuracy and p r e c i s i o n  i n  

performing hematological  measurements u s ing  t h e  Coul te r  Counter Model 

S. An unexpected f i n d i n g  was t h a t  within-day v a r i a b i l i t y  was g r e a t e r  

than  day t o  day v a r i a b i l i t y  which was g r e a t e r  than  i n t e r l a b o r a t o r y  

v a r i a b i l i t y .  Based on College of American P a t h o l o g i s t s  Survey r e s u l t s ,  

+ 
Koepke (1977) sugges t s  t h a t  a  maximum d e v i a t i o n  of - 0.4 g / d l  a s  an 

+ 
a b s o l u t e  l e v e l  of good p r e c i s i o n  f o r  hemoglobin and - 0.8 g / d l  a s  

accep tab le .  The Survey of t h e  College of American P a t h o l o g i s t s  (Koepke, 
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1977) i n d i c a t e s  a  c o n s i s t e n t  b i a s  between t h e  manual cyanmethemoglobin 

c o l o r i m e t r i c  method f o r  hemoglobin de termina t ion ,  which is  t h e  

r e f e r e n c e  method (Williams, 1972) ,  and t h e  Coul te r  Counter Model S 

measurements. The Coul te r  S hemoglobin v a l u e s  a r e  i n v a r i a b l y  lower; 

t h e  d i f f e r e n c e  averages  0.3 g / d l  (Koepke, 1977).  I n  a  survey conducted 

by t h e  College of American P a t h o l o g i s t s  (Koepke, 1977),  it was shown 

t h a t  90 percent  of t h e  Coul te r  S u s e r s  used Coul te r  4C a s  t h e  primary 

c a l i b r a t o r  f o r  t h e i r  ins t rument  even though t h e  m a t e r i a l  i s  i n  f a c t  a 

"cont ro l"  r a t h e r  than  a " c a l i b r a t o r . "  The r e l a t i o n s i p  of Coul te r  4C 

t o  a  c e r t i f i e d  cyanmethemoglobin s t anda rd  i s  tenuous a t  b e s t  (Koepke, 

1977).  Coul te r  4C i s  manufactured and d i s t r i b u t e d  i n  monthly ba t ches  

and t h e s e  ba tches  can v a r y  s l i g h t l y  from month t o  month (Lafray,  1979).  

Furthermore, o t h e r  companies b e s i d e s  Coul te r  E l e c t r o n i c s ,  Inc .  

manufacture r eagen t s  f o r  u s e  w i t h  Coul te r  equipment. Using r eagen t s  

from d i f f e r e n t  companies can a l s o  a f f e c t  measurements obta ined  on t h e  

Coul te r  Counter Model S (Laf ray ,  1979).  Given t h i s  v a r i a b i l i t y  t h a t  

can occur  i n  hematology measurements, measurements taken  a t  d i f f e r e n t  

l a b o r a t o r i e s  o r  i n  t h e  same l a b o r a t o r y  i n  d i f f e r e n t  t ime pe r iods ,  cannot 

be  a c c u r a t e l y  compared. S t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  i n  

hematology measurements between groups measured a t  d i f f e r e n t  l a b o r a t o r i e s ,  

may be l a r g e l y  due t o  sys t ema t i c  d i f f e r e n c e s  i n  a n a l y s i s  techniques.  

I n  t h e  p re sen t  s tudy ,  t h e  e f f e c t s  of p r o t e i n  and/or  i r o n  supplementa- 

t i o n  on hematological  parameters  can  be eva lua ted  because d i f f e r e n c e s  

i n  a n a l y s i s  techniques  over  t ime i n  t h e  same l a b o r a t o r y  were accounted 

f o r  by having a  group of s u b j e c t s  which rece ived  placebos.  However, i t  
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is not possible to accurately compare the hematological measurements 

for the male and female runners to normal Canadians or to values on 

other groups of athletes from different studies in different laboratories. 

For example, the Nutrition Canada Survey, conducted in 1970-1973 

(Nutrition Canada, 1975) reported the median hemoglobin concentration 

of males and females aged 20-39 years to be 15.7 g/dl and 13.8 g/dl 

respectively. Comparing the hemoglobin concentration of our athletes 

to the Nutrition Canada data would result in our male runners appearing 

to have a statistically significant lower hemoglobin level, when much 

of the difference between the two groups could be due to analysis 

technique differences. In order to evaluate whether or not our athletes 

had significantly lower hemoglobin levels than normal non-athletes, a 

group of male and a group of female age-matched non-athletes should have 

been monitored at the same time and in the same laboratory. Since this 

was not done,conclusions about whether or not our male and female runners 

had "sports anemia" cannot be drawn. All that can be concluded is 

whether or not the hematology measurements from our subjects fall within 

the accepted clinically normal ranges as shown in Tables 8, 9 and 16. 

These ranges are sufficiently broad to account for differences in 

analysis techniques. Compared to the B.C. Biomedical Laboratory normal 

ranges shown in Tables 8 and 9, the values of all the hematology 

measurements for our male and female runners fall within the normal 

range. 

For the male runners, the significant increase in hematocrit and 

significant decrease in mean corpuscular hemoglobin concentration (MCHC), 



TABLE 16 

Blood C e l l  Values i n  a Normal Popula t ion  
(Williams e t  a l . ,  1972) 

Men Women 

Red c e l l  count ,  
(x 106/p1 blood)  

Hemoglobin, 
(gm/100 m l  blood) 

Hematocrit  
(m1/100 m l  blood)  

Mean corpuscular  
hemoglobin 
( ~ g / r e d  c e l l )  

Mean corpuscular  
hemoglobin 
concen t r a t ion ,  
(gm/100 m l  RBC) 

Note: The s t u d i e s  were performed on 186 normal a d u l t  men and 270 
normal a d u l t  women, w i t h  the Coul te r  Counter Model S. 
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which occurred even i n  Group NPNI was probably due t o  a  sys t ema t i c  

a n a l y s i s  e r r o r .  I n  t h e  Coul te r  Counter Model S hematocr i t  is  n o t  

measured d i r e c t l y .  It i s  de r ived  from t h e  e l e c t r o n i c  m u l t i p l i c a t i o n  

of t h e  r ed  blood c e l l  count and t h e  mean c e l l  volume measurement 

(Williams -- e t  a l . ,  1972).  Although t h e  p r e c i s i o n  of t h e  r ed  c e l l  count 

and t h e  mean c e l l  volume (MCV) us ing  t h e  Coul te r  S i s  g r e a t l y  improved 

over t h a t  a t t a i n a b l e  by manual means (Koepke, 1977),  t h e r e  s t i l l  can be 

sys t ema t i c  sou rces  of e r r o r  i n  v a l u e s  obta ined  from t h e  Cou l t e r  S 

(Williams -- e t  a l . ,  1972; .  Koepke, 1977).  I n  Group NPNI t h e  mean c e l l  

volume inc reased  from a mean of 87.1 i n  t h e  Cont ro l  Per iod  t o  a  mean 

of 90.0 i n  t h e  Experimental  Pe r iod ,  wh i l e  t h e  r ed  c e l l  count  d i d  no t  

change. Thus, t h i s  i n c r e a s e  i n  MCV caused t h e  i n c r e a s e  i n  hematocr i t .  

With t h i s  i n c r e a s e  i n  hema toc r i t ,  mean hematocr i t  f o r  t h e  male runners  

i n  t h e  Experimental  Per iod  f a l l s  i n t o  t h e  normal range  f o r  hemotocri t  

shown i n  Table 1 6 ,  wh i l e  i n  t h e  Cont ro l  Period t h e  mean hematocr i t  f o r  

t h e  male runne r s  was below t h e  normal range  shown i n  Table 16. 

On t h e  Cou l t e r  Counter Model S, MCHC i s  a l s o  de r ived  from computations 

which a r e  performed e l e c t r o n i c a l l y  by analog dev ices  and subsequent ly 

d i g i t i z e d  f o r  ou tpu t  t o  a  p r i n t e r  o r ,  a l t e r n a t i v e l y ,  d i r e c t l y  t o  a  eom- 

puter* MCHC i s  de r ived  by d i v i d i n g  t h e  hemoglobin va lue  by t h e  computed 

hematocr i t  (Williams -- e t  a l . ,  1972).  Thus, low hematoc r i t  v a l u e s  a s  

obta ined  i n  t h e  Cont ro l  Per iod  f o r  t h e  male runne r s ,  au toma t i ca l ly  

r e s u l t  i n  h igh  MCHC v a l u e s  which were observed i n  t h e  Cont ro l  Per iod .  

Thus, what appear  t o  be  e r roneous ly  low MCV measurements i n  t h e  c o n t r o l  

Period h a s  r e s u l t e d  i n  t h e  computation of e r roneous ly  low hematocr i t  
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va lues  and er roneous ly  h igh  MCHC va lues .  Problems such a s  a d i r t y  

a p e r t u r e  on t h e  a p e r t u r e  tube  of t h e  Coul te r  S i n  t h e  t ime pe r iod  when 

t h e  Cont ro l  Pe r iod  measurements were performed could r e s u l t  i n  a  

s y s t e m a t i c a l l y  low MCV r ead ing  (Lafray,  1979; Howard, 1972).  This  

same exp lana t ion  can a l s o  be used t o  e x p l a i n  much of t h e  change i n  

hematocr i t  and MCHC between t h e  Cont ro l  and Experimental  Pe r iods  i n  

t h e  female runners .  

A s  expla ined  above, i t  i s  n o t  p o s s i b l e  t o  conclude whether our  

a t h l e t e s ,  a s  a  group, have a  s i g n i f i c a n t l y  lower hemoglobin concentra- 

t i o n  than  average  non-a th le tes .  There is  widespread b e l i e f  among 

a t h l e t e s  and s p o r t s  phys i c i ans  t h a t  a  mild degree  of anemia i s  common 

among d i s t a n c e  runners .  Yet t h e r e  i s  no f i r m  evidence f o r  t h i s  b e l i e f  

which may have a r i s e n  from t h e  wide s c a t t e r  of r e s u l t s  ob ta ined  by 

hemoglobin de t e rmina t ions  i n  d i f f e r e n t  l a b o r a t o r i e s  throughout  t h e  world 

us ing  d i f f e r e n t  a n a l y s i s  techniques .  The only s t u d i e s  i n  t h e  l i t e r a t u r e  

where hemato logica l  parameters  on endurance a t h l e t e s  and age-matched 

non-a th le te  c o n t r o l  s u b j e c t s  have been measured toge the r  a r e  those  of 

Brotherhood -- e t  a l .  (1975) and Mart in  -- e t  a l .  (1977). The s u b j e c t s  i n  

both of t h e s e  s t u d i e s  were e l i t e  runners  whose t r a i n i n g  mileage ranged 

between 75-130 m i l e s  per  week. Some of t h e  hematology measurements 

from t h e s e  two s t u d i e s  a r e  shown i n  Table 17. I n  t h e  s tudy  of 

Brotherhood -- e t  a l .  (1975),  t h e  hemoglobin, hematocr i t  and r e d  blood 

c e l l  v a l u e s  a r e  lower,  b u t  no t  s i g n i f i c a n t l y  lower,  i n  t h e  runners .  

I n  t h e  s tudy  of Mar t in  -- e t  a l .  (1977), hematocr i t ,  b u t  no t  hemoglobin 

concen t r a t ion ,  w a s  s i g n i f i c a n t l y  lower i n  t h e  runners  a s  compared t o  



TABLE 17 

S e l e c t e d  Hematology Measurements f o r  Endurance Runners and Age- 
Matched Non-Athletes from the  S tud ie s  of Brotherhoo $---, e t  a 1  (1975) 

and Mart in  e t  a l . ,  (1977) (Mean-S.D.) -- 

Hemat o c r i  t 
Hemoglobin % RBC ( lo6)  

Brotherhood e t  a l .  

Runners (n= 39) 14.6120.72 43.0t2.0 4.77k0.27 

Non-athletes (n=12) 15.06k0.98 44.0k2.0 4.9720.45 

Mart in  e t  a l .  

Runners (n= 20) 15.5OkO.90 *43.8k2.5 5.11k0.35 

Non-athletes (n=95) 15.80k1.11 *47.2k3.3 - - 

* S i g n i f i c a n t  a t  t h e  0.05 l e v e l  
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t h e  non-a th le te .  Martin -- e t  a l .  (1977) d i d  n o t  e x p l a i n  t h e  lower 

hematocr i t  v a l u e s  i n  t h e i r  runners .  Thus, t h e s e  two s t u d i e s  provide  

no d e f i n i t i v e  answer a s  t o  whether o r  n o t  d i s t a n c e  runners  have a  mild 

degree of anemia. However, Table 1 7  does i l l u s t r a t e  t h e  importance of 

c o l l e c t i n g  d a t a  on a t h l e t e s  and n o n - a t h l e t e s ' i n  t h e  same l abo ra to ry .  

The hemoglobin va lues  i n  t h e  s tudy  of Brotherhood e t  a l .  (1975) f o r  

bo th  runners  and non-a th le tes  were lower than  t h e  va lues  i n  t h e  s tudy  of 

Mart in  -- e t  a l .  (1977). I f  t he  runne r s  i n  t h e  s tudy  of Brotherhood -- e t  a l .  

were compared w i t h  t h e  non-a th le tes  from t h e  s tudy  of Mart in  -- e t  a l .  

(independent T t e s t ,  p  - 0.05) a  s i g n i f i c a n t  d i f f e r e n c e  i n  hemoglobin 

l e v e l s  would be  obtained.  

S c i e n t i s t s  a t  conferences o c c a s i o n a l l y  r e p o r t  t h a t  they have 

observed t h e  phenomenon of s p o r t s  anemia i n  endurance a t h l e t e s ,  wi thout  

a c t u a l l y  d e s c r i b i n g  experiments o r  p r e s e n t i n g  any d a t a  (Mann, 1976; 

Mann, 1977).  However, t h e r e  have been only a  s m a l l  number of publ i shed  

s t u d i e s  i n  which s p o r t s  anemia has  been shown t o  occur  ( S h i r a k i  e t  a l . ,  

1974; S h i r a k i  e t  a l . ,  1977; Lindemann -- et  a l . ,  1978; O'hara and Radomski, 

1978). I n  a l l  of t h e s e  s t u d i e s  t h e  s u b j e c t s  were exposed t o  s t renuous  

and prolonged p h y s i c a l  a c t i v i t y  and they were monitored l o n g i t u d i n a l l y  

over a  pe r iod  of days o r  weeks. The Japanese  ( S h i r a k i  -- e t  a l . ,  1974; 

S h i r a k i  -- e t  a l . ,  1977) performed a number of s m a l l  s t u d i e s  w i t h  humans, 

r a t s ,  and dogs i n  which s u b s t a n t i a l  dec reases  i n  hemoglobin and r ed  

c e l l  count were shown i n  un t r a ined  s u b j e c t s  exposed t o  s t renuous  and 

prolonged e x e r c i s e .  The i r  r e s u l t s  i n d i c a t e d  t h a t  s p o r t s  anemia d id  

no t  occur i n  men on h igh  p r o t e i n  d i e t s  ( 2.0 g/kg/day) o r  t r a i n e d  



men. However, t h e  t r a i n i n g  load which they adminis te red  

t o  t h e i r  t r a i n e d  s u b j e c t s  was n o t  r e l a t i v e l y  a s  s t renuous  as t h e  load 

adminis te red  t o  t h e i r  un t r a ined  s u b j e c t s .  I n  t h e  s tudy  of Lindemann 

e t  a l .  (1978) unt ra ined  male c a d e t s  p a r t i c i p a t e d  i n  a  combat course  f o r  -- 

f o u r  days dur ing  which t ime they  worked a t  an  average  workload of 35 

percent  of maximum capac i ty  f o r  21-23 hours  per  day. Dai ly  blood samples 

showed a s t eady  decrease  i n  hemoglobin and hematocr i t  l e v e l s .  Over t h e  

f o u r  day pe r iod ,  mean hemoglobin l e v e l s  were reduced by 4.0 g/100 m l  

(24%) wh i l e  mean hematocri t  l e v e l s  were reduced by 9.2 percent  a b s o l u t e  

(20%). I n  t h e  s tudy of Lindemann -- e t  a l .  (1978) and i n  a number of t h e  

Japanese s t u d i e s  (Sh i r ak i  -- e t  a l ,  1974; S h i r a k i  -- et  a l . ,  1977) ,  t h e  r e s u l t s  

were n o t  analyzed wi th  i n f e r e n t i a l  s t a t i s t i c s ,  perhaps because of smal l  

s u b j e c t  numbers. This  f a c t o r  l e a v e s  t h e  v a l i d i t y  of t h e i r  r e s u l t s  open 

t o  susp ic ion .  

I n  t h e  s tudy  of O'hara and Radomski (1978),  16  Canadian n a t i o n a l  

c a l i b e r  male and female swimmers were monitored weekly f o r  20 weeks dur ing  

t h e  w i n t e r  season,  and 24 male and female swimmers were monitored weekly 

f o r  10  weeks i n  t h e  summer season.  I n  t h e  win te r  phase of t h e  s tudy  

s i g n i f i c a n t  decreases  i n  hemoglobin, hematocr i t  and r ed  c e l l  count 

occurred i n  t h e  male swimmers a f t e r  t h e  week of most i n t e n s i v e  t r a i n i n g  

(76 km swam i n  s i x  days) .  T h e r e a f t e r  hemoglobin and hematocr i t  va lues  

increased  dur ing  t h e  s w i m  t a p e r  per iod  towards i n i t i a l  va lues ,  whereas 

RBC counts  remained depressed.  The changes i n  t h e  female swimmers, 

a l though s i m i l a r  i n  p a t t e r n  t o  t h e  males ,  were no t  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 n  t h e  summer phase of t h e  s tudy ,  however, t h e  c o r r e l a t i o n  
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between hemoglobin concen t r a t ion  and t r a i n i n g  i n t e n s i t y  was poor. Thus, 

a l though t h e  au tho r s  i n  t h i s  s tudy  r e p o r t e d  t h e  occurrence of s p o r t s  

anemia (O'hara and Radomski, 1978),  t h e  r e s u l t s  a r e  no t  conclus ive .  In 

t h e  p r e s e n t  s tudy ,  t h e  t r a i n i n g  i n t e n s i t y  of t h e  male and female runners  

i n  t h e  Cont ro l  and Experimental P e r i o d s  w a s  r e l a t i v e l y  cons t an t  and t h u s  

i n d i v i d u a l  l o n g i t u d i n a l  a n a l y s e s  of t h e  r e l a t i o n s h i p  between hemoglobin 

concen t r a t ion  and t r a i n i n g  i n t e n s i t y  could no t  be performed. 

I n  t h e  s t u d i e s  desc r ibed  above, t h e  dec rease  i n  hemoglobin 

concen t r a t ion  a s s o c i a t e d  w i t h  prolonged s t r enuous  phys i ca l  a c t i v i t y  

was a t t r i b u t e d  t o  a c c e l e r a t e d  r ed  blood c e l l  d e s t r u c t i o n  because of 

mechanical damage ( S h i r a k i  -- e t  a l . ,  1974; S h i r a k i  -- e t  a l . ,  1977; Lindemann 

e t  a l . ,  1978; O'hara and Radomski, 1978).  A number of s t u d i e s  us ing  -- 

a t h l e t e s  a s  s u b j e c t s  (Poortmans and Haralambie, 1979; Refsum -- e t  a l . ,  

1976; B ich le r  -- e t  a l . ,  1972; Williams and Ward, 1979) have a l s o  shown 

t h a t  i n t r a v a s c u l a r  hemolysis occu r s  a s  a r e s u l t  of prolonged s t renuous  

e x e r c i s e  (5-10 hours ) .  Th i s  hemolysis  i s  evidenced by decreased serum 

haptoglobin  l e v e l s ,  increased  serum b i l i r u b i n  l e v e l s  and increased  

l e v e l s  of f r e e  hemoglobin i n  t h e  plasma. I n  t h e s e  s t u d i e s ,  t h e  t o t a l  

e x t e n t  of t h e  hemolysis was so  i n s i g n i f i c a n t  t h a t  hemoglobin concentra- 

t i o n  was e i t h e r  unchanged o r  on ly  decreased  ve ry  s l i g h t l y .  However, 

t h e r e  a r e  two main d i f f e r e n c e s  between t h e s e  s t u d i e s  and those  of 

S h i r a k i  -- e t  a l .  (1974), S h i r a k i  e t  a l .  (1977),  Lindemann e t  a l .  (1978) and -- -- 

O'hara and Radomski (1978). F i r s t l y ,  t h e  s u b j e c t s  i n  t h e  s t u d i e s  of 

Poortmans and Haralambie ( 1 9 7 9 ) , e t c .  were a l l  we l l - t r a ined  wh i l e  t h e  

s u b j e c t s  i n  t h e  s t u d i e s  of S h i r a k i  -- e t  a L  (1974),  S h i r a k i  -- e t  a l .  (19.?7), 
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and T,indemann e t  a l .  (1978) were un t r a ined .  Secondly, wh i l e  t h e  e x e r c i s e  -- 

i n  t h e  s t u d i e s  of Poortmans and Haralambie (1979), e t c .  w a s  more prolonged 

and seve re ,  it w a s  on ly  performed once. I n  t h e  s t u d i e s  of S h i r a k i  et a l .  -- 

(1974), e t c .  t he  e x e r c i s e  was l e s s  s e v e r e ,  b u t  i t  was performed d a i l y  f o r  

a  per iod  of days o r  weeks. These two d i f f e r e n c e s  may account f o r  t h e  

more pronounced hematological  response  i n  t h e  s t u d i e s  of S h i r a k i  -- et a l .  

(1974), S h i r a k i  -- e t  a1. (1977), Lindemann e t  a1, (1978), and 0 ' ha ra  and -- 
Radomski ( 1978 ) . 

I n  t h e  p re sen t  s tudy ,  based on serum haptoglobin  and b i l i r u b i n  

l e v e l s  t h e r e  was no c o n s i s t e n t  ev idence  t h a t  i n t r a v a s c u l a r  hemolysis 

was occurr ing .  The b e s t  i n d i c a t i o n  of hemolyt ic  anemia i s  a h igh  

r e t i c u l o c y t e  count (Hillman and Finch ,  1974).  Measurement of t h i s  

parameter i n  t h i s  s tudy  and i n  t h e  s t u d i e s  d iscussed  above would have 

y i e lded  more conclus ive  evidence about  t h e  occurrence of hemolysis. 

However, given t h e  r e l a t i v e l y  moderate mean t r a i n i n g  load of our  s u b j e c t s ,  

compared t o  t h e  s t u d i e s  i n  which hemolysis  has  been r epor t ed ,  one would 

probably no t  expect  hemolysis t o  be  occu r r ing  i n  t h e  p re sen t  s tudy.  

No explana t ion  f o r  why t h e  two male no-iron groups (PNI and NPNI) had 

s i g n i f i c a n t l y  lower serum b i l i r u b i n  l e v e l s  i n  t h e  Experimental Period 

i s  a v a i l a b l e .  

P r o t e i n  Supplementation 

For both  t h e  male and female runne r s  p r o t e i n  supplementat ion had 

no b e n e f i c i a l  e f f e c t s .  Hemoglobin l e v e l s  were n o t  changed, nor were 

t r e a d m i l l  endurance t ime o r  VO max. improved i n  any of t h e  groups who 
2 
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rece ived  p r o t e i n  supplements.  Our r e s u l t s  ag ree  wi th  those  of Rasch 

e t  ale (1969), Consolazio e t  a l .  (1975),  Steben and Boudreaux (1978),  P i t t s  -7 -- 
e t  a l .  (1944)~ and Dar l ing  et a l .  (1944) . Our r e s u l t s  d i s a g r e e  wi th  t h o s e  -- 7- 

of S h i r a k i  -- e t  a l .  (1974), S h i r a k i  et a l .  (1977) and Stucke e t  a l .  (1972). -- -- 

S h i r a k i ' s  s t u d i e s  can be  d i s t i n g u i s h e d  from our  s tudy  and o t h e r  s t u d i e s  

by t h e  s i z e  of t h e  t r a i n i n g  s t r e s s  p laced  on t h e  s u b j e c t s .  R e l a t i v e  t o  

f i t n e s s  l e v e l s ,  S h i r a k i ' s  s u b j e c t s  were t r a i n e d  much ha rde r  t han  t h e  

s u b j e c t s  i n  our  s tudy  and o t h e r  s t u d i e s ,  except  t h e  s tudy  of Steben and 

Boudreaux (1978). In  S teben ' s  s tudy  h igh  school  runners  r a n  70-100 m i l e s  

per  week. Th i s  would b e  cons idered  t o  be  heavy t r a i n i n g  f o r  a t h l e t e s  of 

t h i s  age.  The r e s u l t s  of S t eben ' s  s tudy ,  however, must be d iscounted  

because t h e  e x t r a  p r o t e i n  r ece ived  by t h e  p r o t e i n  supplement group was 

very  small  (1.4 g/day) .  Another d i f f e r e n c e  between t h e  Japanese s t u d i e s  

(Sh i r ak i  e t  a l . ,  1974; S h i r a k i  -- e t  a l . ,  1977) and ou r  s tudy  is  i n  t h e  

q u a l i t y  of p r o t e i n  inges t ed  i n  t h e  r e g u l a r  d i e t s .  I n  S h i r a k i ' s  s t u d i e s  

t h e  s u b j e c t s  rece ived  25-33 pe rcen t  of t h e i r  p r o t e i n  from animal  sources ,  

whi le  i n  t h e  t y p i c a l  Canadian d i e t  approximately two-thirds  of t h e  p r o t e i n  

comes from animal sou rces  and one- th i rd  from vege tab le  sou rces  (Committee 

f o r  t h e  Revision of t h e  Canadian Die t a ry  Standard,  1976).  The n e t  

p r o t e i n  u t i l i z a t i o n  (NPU) v a l u e  of a  t y p i c a l  Canadian d i e t  i s  h ighe r  

than  t h e  NPU v a l u e  of a t y p i c a l  Japanese  d i e t  (Davidson -- e t  a l . ,  1975). 

A given q u a n t i t y  of balanced e s s e n t i a l  amino a c i d s  can be obta ined  from 

a  smal le r  i n t a k e  of p r o t e i n  from a h igh  q u a l i t y  p r o t e i n  d i e t  than  from 

a lower q u a l i t y  p r o t e i n  d i e t .  I n  f a c t ,  S h i r a k i  e t  a l .  (1974) i n  one of 

t h e i r  s t u d i e s  showed t h a t  s u b j e c t s  who consumed 1.25 g/kg p r o t e i n  p e r  

day of very  h igh  q u a l i t y  p r o t e i n  (NPU = 90) and who were exposed t o  
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prolonged s t r enuous  e x e r c i s e  d id  n o t  show evidence of s p o r t s  anemia. 

Thus p r o t e i n  q u a l i t y  i s  a n  important  f a c t o r  t o  cons ider  when determining 

p r o t e i n  requirements .  

For both  our  male and female runners ,  t h e  mean v a l u e s  f o r  BUN, serum 

t o t a l  p r o t e i n ,  and serum albumin were a l l  w i th in  t h e  normal c l i n i c a l  

range a s  de f ined  by B.C.  Biomedical Laboratory, f o r  a l l  groups i n  both 

t h e  Cont ro l  and Experimental  Pe r iods .  Thus, t h e r e  was no evidence of 

p r o t e i n  d e f i c i e n c y  i n  any of t h e  male o r  female a t h l e t e s .  BUN and 

serum t o t a l  p r o t e i n  l e v e l s  were n o t  increased  by p r o t e i n  supplementat ion.  

This  absence of a change i n  BUN would be expected w i t h  a moderate 

i nc rease  i n  p r o t e i n  i n t a k e  w i t h  normally func t ion ing  kidneys.  Our 

r e s u l t s  f o r  serum albumin, BUN and serum t o t a l  p r o t e i n  l e v e l s  ag ree  w i t h  

those  of Consolozio -- e t  a l .  (1975), and Rasch e t  a l .  (1969) b u t  d i s a g r e e  -- 

with  t h e  r e s u l t s  of S h i r a k i  -- e t  a l .  (1974) and S h i r a k i  e t  a l .  (1977). -- 

There were s i g n i f i c a n t  i n c r e a s e s  i n  serum albumin between t h e  Cont ro l  

and Experimental Pe r iods .  Serum albumin l e v e l s  increased  n o t  on ly  i n  

t h e  two male p r o t e i n  supplement groups (PI  and PNI) bu t  a l s o  i n  t h e  

placebo group (NPNI). Thus t h e  i n c r e a s e  i n  serum albumin l e v e l s  was 

q u i t e  p o s s i b l y  caused by some ext raneous  v a r i a b l e  such a s  a sys temat ic  

d i f f e r e n c e  o r  e r r o r  i n  a n a l y s i s  techniques .  

I f  s t r enuous  p h y s i c a l  a c t i v i t y  r e s u l t s  i n  a g r e a t e r  d e s t r u c t i o n  
. . 

of t i s s u e  p r o t e i n  and causes  an  increased  p r o t e i n  requirement  a s  shown 

by S h i r a k i  -- e t  a l .  (1974),  and S h i r a k i  -- e t  a l .  (1977), then  how i s  t h e  

p r o t e i n  be ing  l o s t  from t h e  body? An increased  p r o t e i n  requirement  

must i n d i c a t e  an  inc reased  p r o t e i n  turnover  and l o s s  from t h e  body. 
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There a r e  s e v e r a l  r o u t e s  of l o s s :  

(1) There i s  always a c e r t a i n  amount of n i t r o g e n  exc re t ed  i n  

t h e  u r i n e  because of t h e  endogenous metabolism of p r o t e i n ,  t h e  p r o t e i n  

turnover  t h a t  occu r s  cont inuous ly  i n  t h e  t i s s u e s .  Although t h e r e  i s  

v a r i a b i l i t y  i n  u r i n a r y  n i t r o g e n  (N) exc re t ion ,  t h e  mean e s t i m a t e  f o r  

men and women i s  about  37 mg N/kg body weight pe r  day ( J o i n t  FAO/WHO 

Ad Hoc Expert  Committee, 1973).  P r o t e i n  i s  r e g u l a r l y  found i n  t h e  

u r i n e  a f t e r  moderately s e v e r e  t o  s eve re  e x e r c i s e  (Wesson, 1974; 

Cas tenfors ,  1977).  Th i s  phenomenon has  been termed e x e r c i s e  p r o t e i n u r i a  

and i s  d i f f e r e n t  from march hemoglobinuria and e x e r c i s e  myoglobinuria 

which a r e  r a r e  p a t h o l o g i c a l  c o n d i t i o n s  (Ohno -- e t  a l . ,  1975; S t a h l ,  1957).  

P r o t e i n  appears  i n  t h e  u r i n e  dur ing  t h e  f i r s t  30 minutes  a f t e r  e x e r c i s e  

and f o r  15-60 minutes  i s  exc re t ed  a t  10-20 t imes  t h e  c o n t r o l  r a t e s .  A 

l e s s e r  e x c r e t i o n  r a t e  a t  2-10 t imes  t h e  c o n t r o l  r a t e  may p e r s i s t  f o r  

24 hours  (Wesson, 1974; Cas t en fo r s ,  1977).  The amount of p r o t e i n  

normally exc re t ed  by h e a l t h y  humans a t  r e s t  has  been e s t ima ted  a t  between 

30 and 70 mg p e r  day (Poortmans and Jean loz ,  1968).  Thus, u s ing  t h e  

above f i g u r e s ,  t h e  maximum amount of p r o t e i n  t h a t  would eve r  p o s s i b l y  

be exc re t ed  i n  t h e  u r i n e  i n  t h e  24 hours  fo l lowing  s t r enuous  e x e r c i s e  

would be approximately 750 mg. Th i s  i s  an  i n s i g n i f i c a n t  amount when i t  

i s  cons idered  t h a t  t h e  average  d a i l y  d i e t a r y  p r o t e i n  i n t a k e  f o r  our  male 

and female a t h l e t e s  i n  t h e  Cont ro l  Period was 120.2 grams and 70.7 grams 

r e s p e c t i v e l y .  Furthermore, even i n  ve ry  seve re  e x e r c i s e ,  p r o t e i n u r i a  

may not  be observed i n  a l l  s u b j e c t s .  I n  p a r t i c u l a r ,  t h e  degree  of 

p r o t e i n u r i a  a t  a  g iven  e x e r c i s e  l e v e l  i s  r e l a t e d  t o  t h e  degree  of 



I 

phys i ca l  f i t n e s s  o r  t r a i n i n g  of t h e  s u b j e c t  (Taylor ,  1960). The 

increased  p r o t e i n  e x c r e t i o n  seen  i n  e x e r c i s e  p r o t e i n u r i a  comes almost 

e n t i r e l y  from t h e  serum proteins--albumins and g l o b u l i n s  (Coye and 

Rosandich, 1960).  

(2) There i s  a l s o  l o s s  of N i n  t h e  f e c e s ,  even when no p r o t e i n  

is  being consumed, presumably because of l o s s  of c e l l s  and s e c r e t i o n s  

from t h e  i n t e s t i n a l  t r a c t .  There i s  no sugges t ion  t h a t  e x e r c i s e  has  

an  i n f l u e n c e  he re .  

(3) Normally, about  200 mg of n i t r o g e n  pe r  day i s  l o s t  dermally 

(Calloway -- e t  a l . ,  1971).  Sweating a s  a  r e s u l t  of v igorous  p h y s i c a l  

a c t i v i t y  i n c r e a s e s  N l o s s  (Calloway -- e t  a l . ,  1971; Durnin, 1978) and 

t h i s  may amount t o  a t o t a l  of about  600 mg i n  a  one hour per iod  of 

s t renuous  e x e r c i s e  (VO = 3.0 - 4.0 l i t e r s / m i n . )  i n  t r a i n e d  s u b j e c t s  
2  

(Calloway -- e t  a l . ,  1971) .  Even i f  t h i s  s t renuous  l e v e l  of e x e r c i s e  

l a s t e d  f o r  two hours ,  r e q u i r i n g  an  energy expendi ture  of approximately 

1800-2400 k c a l ,  t h e  N l o s s  i n  t h e  sweat would be  1.2 grams, r e q u i r i n g  

an e x t r a  (N x  6.25) 7.5 grams of p r o t e i n  t o  r e p l a c e  t h i s  loss--not a  very  

l a r g e  amount! 

The R D I  f o r  p r o t e i n  f o r  a d u l t  males i s  0.80 g/kg o r  56 grams 

per  day f o r  a  70 kg man ( J o i n t  FAO/WHO Ad Hoc Expert  Committee, 1973).  

This  p r o t e i n  requirement  i s  s t a t e d  i n  terms of " sa fe  l e v e l s  of in take"  

which accounts  f o r  i n d i v i d u a l  v a r i a b i l i t y  i n  p h y s i o l o g i c a l  requirements  

and d i f f e r e n c e s  i n  p r o t e i n  q u a l i t y  i n  v a r i o u s  d i e t s .  Considering 

maximal p r o t e i n  l o s s e s  t h a t  have been r epor t ed  i n  u r i n e  and sweat a s  a  

r e s u l t  of s t r enuous  e x e r c i s e  (0.75 g  + 7.5 g ) ,  t h e  d a i l y  p r o t e i n  
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requirement  f o r  a  very  f i t  70 kg man engaging i n  s t r enuous  e x e r c i s e  f o r  

two hours  p e r  day could poss ib ly  be increased  from 56 grams t o  

approximately 64 grams, o r  0.91 g/kg. Th i s  v a l u e  i s  s u b s t a n t i a l l y  l e s s  

t han  t h e  average  d a i l y  p r o t e i n  i n t a k e  of Canadian a d u l t  m a l e s  o f .1 .54  

g/kg ( N u t r i t i o n  Canada, 1975),  and t h e  average  d a i l y  p r o t e i n  i n t a k e  of 

our  male runne r s  of 1 .82 g/kg. S imi l a r  c a l c u l a t i o n s  could be performed 

f o r  females .  

Furthermore, a l though t h e r e  a r e  a  few r e p o r t s  t o  t h e  c o n t r a r y  

( S h i r a k i  -- e t  a l . ,  1974; Gonteza -- e t  a l . ,  1974) ,  t h e  m a j o r i t y  of n i t r o g e n  

ba lance  s t u d i e s  which have been conducted have shown t h a t  t h e  n i t r o g e n  

e x c r e t i o n  does n o t  s i g n i f i c a n t l y  r i s e  fo l lowing  muscular work (Durnin, 

1978).  Consolazio -- e t  a l .  (1975) s t u d i e d  n i t r o g e n  r e t e n t i o n  i n  men 

consuming e i t h e r  1 .4 o r  2.8 g/kg/day p r o t e i n  du r ing  heavy p h y s i c a l  

t r a i n i n g .  Nitrogen r e t e n t i o n  w a s  h ighe r  f o r  s u b j e c t s  consuming t h e  

h ighe r  p r o t e i n  l e v e l s ,  bu t  a l l  s u b j e c t s  were i n  p o s i t i v e  n i t r o g e n  ba lance  

throughout  t h e  s tudy.  S c i e n t i f i c  r e p o r t s  have e s t a b l i s h e d  t h a t ,  a l though 

t h e  metabolism of amino a c i d s  and o t h e r  n i t rogenous  subs t ances  i s  

increased  by prolonged e x e r c i s e  ( F e l i g  and Wahren, 1971; Brodan -- e t  a l . ,  

1976; Dohm -- e t  a l . ,  1977) ,  when t h e  c a l o r i c  supply i s  s u f f i c i e n t l y  h igh  

p r o t e i n  i s  n o t  used a s  a  f u e l  t o  any a p p r e c i a b l e  e x t e n t  (Poortmans, 

1973).  It seems more l i k e l y  t h a t ,  i n  e x e r c i s e ,  p r o t e i n  metabolism 

occurs  t o  p rov ide  an  amino ac id  source  f o r :  (1) pyruvate  removal 

and/or  gluconeogenesis  ( F e l i g  and Wahren, 1.971; Brodan -- e t  a l . ,  1976),  

and (2) main ta in ing  t h e  l e v e l  of c e r t a i n  Krebs c y c l e  i n t e rmed ia t e s  

(Brodan -- e t  a l . ,  1'976; Dohm -- e t  a l . ,  1977). 
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Thus t h e o r e t i c a l  c o n s i d e r a t i o n s  suppor t  t h e  f i n d i n g  of our  s tudy  

and o t h e r  s t u d i e s  (Rasch -- e t  a l . ,  1969; Consolazio -- e t  a l . ,  1975) which 

have shown t h a t  a  we l l  balanced abundant d i e t  w i l l  e a s i l y  meet t h e  

p r o t e i n  needs of people engaged i n  s t r enuous  p h y s i c a l  a c t i v i t y .  

I r o n  Supplementation 

When t h e  body i s  i n  a state of n e g a t i v e  i r o n  ba lance ,  increased  

i r o n  d e f i c i e n c y  r e s u l t s .  The term " i ron  de f i c i ency"  i s  used t o  

d e s i g n a t e  a cond i t i on  i n  which t h e  t o t a l  body i r o n  con ten t  has  been 

dep le t ed ,  no ma t t e r  what t h e  cause.  S ince  body s t o r e s  of i r o n  must 

be exhausted be fo re  r ed  c e l l  p roduct ion  i s  r e s t r i c t e d ,  anemia i s  a  l a t e  

s t a g e  of i r o n  d e f i c i e n c y  (Williams, 1972).  Three phases  of i r o n  

d e f i c i e n c y  can  b e  recognized (Jacobs ,  1974).  I n  t h e  f i r s t  phase i r o n  

i s  g radua l ly  mobil ized from t h e  body s t o r e s  t o  meet t h e  needs f o r  

hemoglobin s y n t h e s i s  and o t h e r  metabol ic  a c t i v i t i e s .  Th i s  process  

con t inues  u n t i l  t h e  s t o r e s  have been g r e a t l y  decreased .  Th i s  phase 

has  been c a l l e d  p r e l a t e n t  i r o n  d e f i c i e n c y  (Jacobs ,  1974).  Fu r the r  i r o n  

d e p l e t i o n  r e s u l t s  i n  a  f a l l  i n  serum i r o n  c o n c e n t r a t i o n  and percent  

t r a n s f e r r i n  s a t u r a t i o n ,  a l though t h e  blood hemoglobin concen t r a t ion  

remains above t h e  lower l i m i t  of normal. Th i s  phase i s  termed l a t e n t  

i r o n  de f i c i ency .  I n  t h e  t h i r d  phase of i r o n  d e f i c i e n c y ,  mani fes t  i r o n  

d e f i c i e n c y ,  a  r educ t ion  i n  i r o n  supply t o  t h e  bone marrow l e a d s  t o  i r o n  

d e f i c i e n t  e r y t h r o p o e s i s  and a  f a l l i n g  hemoglobin concen t r a t ion .  A t  t h i s  

s t a g e  when hemoglobin concen t r a t ion  f a l l s  below 14.0 g/100 m l  i n  a d u l t  

males and 12 .0  g/100 m l  i n  a d u l t  females ,  i r o n  d e f i c i e n c y  anemia e x i s t s  
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(Williams - e t  -* a 1  Y 1972). 

The sequence of changes occu r r ing  du r ing  t h e  development of i r o n  

d e f i c i e n c y  a r e  g e n e r a l l y  agreed upon (Jacobs ,  1974; Williams, 1972).  

However, t h e r e  i s  no t  f u l l  agreement on t h e  p r e c i s e  l e v e l s  of t h e  va r ious  

parameters  t h a t  should be  app l i ed  i n  d e s c r i b i n g  t h e  v a r i o u s  s t a g e s .  

The preva lence  of i r o n  d e f i c i e n c y  desc r ibed  f o r  a  g iven  popula t ion  is  

a r e f l e c t i o n  of t h e  l e v e l s  s e t  f o r  d i a g n o s t i c  c r i t e r i a  (Beaton, 1974).  

V a r i a t i o n s  i n  d e f i n i t i o n  makes t h e  comparison of d a t a  i n  t h e  l i t e r a t u r e  

p a r t i c u l a r l y  d i f f i c u l t .  The s e r i o u s n e s s  of t h i s  problem can be 

a i p r e c i a t e d  by comparing Tables  1 2  and 1 3  where two d i f f e r e n t  c r i t e r i a  

have been used t o  c l a s s i f y  t h e  s t a g e s  of i r o n  de f i c i ency ,  us ing  d a t a  

from t h e  p r e s e n t  s tudy  and t h e  N u t r i t i o n  Canada Study ( N u t r i t i o n  

Canada, 1975).  Using serum f e r r i t i n  l e v e l s  a s  compared t o  percent  

t r a n s f e r r i n  s a t u r a t i o n  v a l u e s  t o  c l a s s i f y  t h e  s t a g e s  of i r o n  de f i c i ency  

r e s u l t s  i n  markedly d i f f e r e n t  numbers of s u b j e c t s  being c l a s s i f i e d  a s  

having no i r o n  d e f i c i e n c y .  Even when t h e  same parameter such a s  percent  

t r a n s f e r r i n  s a t u r a t i o n  i s  used t o  c l a s s i f y  t h e  s t a g e s  of i r o n  de f i c i ency ,  

d i f f e r e n t  a u t h o r i t i e s  w i l l  u s e  d i f f e r e n t  cut-off  p o i n t s  f o r  t h e  v a r i o u s  

s t a g e s  ( N u t r i t i o n  Canada, 1975; Wintrobe - e t  -- a 1  Y 1974; Beck - e t  -a a 1  9 

1978; DeWijn -- e t  a l . ,  1971). While t h e  terms p r e l a t e n t ,  l a t e n t ,  o r  

man i f e s t  i r o n  d e f i c i e n c y  a r e  o f t e n  app l i ed  (Jacobs,  1974),  t h e  terms 

i r o n  d e p l e t i o n ,  and i r o n  d e f i c i e n c y  w i t h  o r  wi thout  anemia have a l s o  

found f avor .  Both systems imply comparable s t a g e s  of d e p l e t i o n  (Beaton, 

1974).  

Making a  d i a g n o s i s  of i r o n  d e f i c i e n c y  anemia i s  not  d i f f i c u l t .  
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A h i s t o r y  of blood l o s s ,  hypochromic anemia, and g r e a t l y  diminished 

t r a n s f e r r i n  s a t u r a t i o n  (.L10%) and serum f e r r i t i n  concen t r a t ion  ( L 1 5  ng/ 

ml) a r e  c h a r a c t e r i s t i c  f e a t u r e s  (Wintrobe e t  a l . ,  1974).  Using t h e s e  

c r i t e r i a  none of t h e  male a t h l e t e s  and only  one of t h e  female a t h l e t e s  

showed evidence of i r o n  de f i c i ency  anemia i n  t h e  Cont ro l  Per iod .  This  

inc idence  of i r o n  de f i c i ency  anemia remained t h e  same i n  t h e  Experimental  

Per iod .  P r e l a t e n t  and l a t e n t  i r o n  d e f i c i e n c y  a r e ,  however, more 

d i f f i c u l t  t o  accu ra t e ly  d e t e c t .  It has  been shown i n  a  number of s t u d i e s  

t h a t  t h e r e  is  a s u b s t a n t i a l  d i u r n a l  and a l s o  day t o  day b i o l o g i c  

v a r i a t i o n  i n  serum i r o n  and pe rcen t  t r a n s f e r r i n  s a t u r a t i o n  ( S t a t l a n d  and 

Winkel, 1977; S t a t l a n d  e t  a l . ,  1976; Hover, 1944; Hamilton e t  a l . ,  1950). 

This  v a r i a t i o n  i n  normal s u b j e c t s  l i m i t s  t h e  d i a g n o s t i c  va lue  of t h e s e  

measurements. It has a l s o  been shown t h a t  l e v e l s  of serum i r o n  and 

percent  t r a n s f e r r i n  s a t u r a t i o n  c o r r e l a t e  poor ly  w i t h  d i r e c t  measurements 

of bone marrow i r o n  s t o r e s  and o t h e r  a c c u r a t e  methods of a s s e s s i n g  i r o n  

s t a t u s  (Beck - e t  a 1  9 1978; Mazza -- e t  a l . ,  1978). Serum i r o n  concen t r a t ion  

and percent  t r a n s f e r r i n  s a t u r a t i o n  a r e  o f t e n  w i t h i n  normal l i m i t s  i n  

people w i th  p r e l a t e n t  i r o n  de f i c i ency  (Mazza e t  a l . ,  1978). Furthermore, 

commonly used c r i t e r i a  f o r  d iagnos ing  i r o n  de f i c i ency  based on measure- 

ments of serum i r o n  concen t r a t ion  and pe rcen t  t r a n s f e r r i n  s a t u r a t i o n  have 

been shown t o  have an unacceptably h igh  e r r o r  r a t e  (Beck - e t  -* a 1  , 1978; 

Mazza - e t  Po a 1  9 1978).  F e r r i t i n  is  a  high-molecular weight i r o n  con ta in ing  

p r o t e i n  t h a t  func t ions  i n  t h e  body a s  an  i r o n  s t o r a g e  compound. It i s  

found i n  a  number of t i s s u e s  i n  t h e  body (Harr i son  -- et  a l . ,  1974) and t h e  

r e c e n t  development of a  s e n s i t i v e  immunoradiometric assay  f o r  f e r r i t i n  



(Mil-es e t  a l . ,  

c o n s t i t u e n t  of 

, 
1974) h a s  r e s u l t e d  i n  i t s  demonstrat ion a s  a normal 

serum. Serum f e r r i t i n  concen t r a t ion  i n  h e a l t h y  a d u l t s  

i s  p ropor t iona l  t o  t h e  s i z e  of body i r o n  s t o r e s  (Jacobs e t  a l . ,  1972; 

Cook - et -- a 1  Y 1974).  A h igh ly  s i g n i f i c a n t  c o r r e l a t i o n  has  been found 

between serum f e r r i t i n  concen t r a t ion  and two o t h e r  i n d i c e s  of body 

i r o n  s t a t u s :  hemosiderin con ten t  of bone marrow (L ipsch i t z  e t  a l . ,  

1974); and s i z e  of body i r o n  s t o r e s  a s  measured by q u a n t i t a t i v e  

phlebotomy (Walters  -- e t  a l . ,  1973) .  Furthermore, t h e  serum f e r r i t i n  

concen t r a t ion  i s  a s e n s i t i v e  index of t h e  e a r l i e s t  s t a g e  of i r o n  

de f i c i ency ,  a dec rease  i n  body i r o n  s t o r e s  (Cook e t  a l . ,  1974; 

L ipsch i t z  -- et a l . ,  1974).  Thus, a system f o r  c l a s s i f y i n g  t h e  s t a g e s  of 

i r o n  de f i c i ency  based on serum f e r r i t i n  l e v e l s ,  a s  shown i n  Table 12 ,  

w i l l  be  more a c c u r a t e  t han  a  system based on percent  t r a n s f e r r i n  

s a t u r a t i o n ,  as shown i n  Table 13.  However, u n t i l  r e c e n t l y ,  commercial 

sources  of serum f e r r i t i n  a s say  k i t s  have not  been r e a d i l y  a v a i l a b l e .  

Thus t h e  r o u t i n e  t e s t s  used by phys i c i ans  f o r  a s s e s s i n g  i r o n  s t a t u s  

a r e  s t i l l  serum i r o n  concen t r a t ion ,  t o t a l  i r o n  binding c a p a c i t y ,  and 

percent  t r a n s f e r r i n  s a t u r a t i o n ,  i n  s p i t e  of t h e i r  l i m i t a t i o n s  (Lafray,  

1979).  I n  t h e  f u t u r e ,  measurement of serum f e r r i t i n  c o n c e n t r a t i o n  

w i l l  pos s ib ly  r e p l a c e  t h e s e  o t h e r  l e s s  a c c u r a t e  t e s t s .  

What exp lana t ions  can  be  advanced t o  exp la in  t h e  lower l e v e l s  of 

serum f e r r i t i n  i n  our  a t h l e t e s  a s  compared t o  normal Canadians? A s  

d i scussed  above, t h e  d i e t a r y  i r o n  i n t a k e s  of our  male and female 

a t h l e t e s  were s i m i l a r  t o  t hose  of normal Canadian males and females  of 

s i m i l a r  age ( N u t r i t i o n  Canada, 1975).  There i s  no exper imenta l  o r  



t h e o r e t i c a l  evidence t o  sugges t  t h a t  i r o n  abso rp t ion  i n  endurance 

a t h l e t e s  should be  any d i f f e r e n t  from non-athletes .  The t o t a l  q u a n t i t y  

of endogenous i r o n  l o s t  i n  t h e  u r i n e ,  f e c e s ,  and sweat amounts t o  0-6- 

1.0 mg/day i n  t h e  average  i n d i v i d u a l  (Underwood, 1971). A l o s s  of t h i s  

magnitude is n o t  i ncons ide rab le  when i t  i s  r e a l i z e d  t h a t  t h e  average  

amount of i r o n  absorbed from o rd ina ry  d i e t s  i s  about  10 pe rcen t  of t h e  

d i e t a r y  i n t a k e  of i r o n  (Underwood, 1971).  The i r o n  con ten t  of sweat has  

been r epor t ed  t o  be i n  t h e  range of 0.2-0.5 m g / l i t e r  (Underwood, 1971; 

Coltman and Rowe, 1966).  Shephard and Kavanagh (1978) recorded  sweat 

concen t r a t ions  f o r  i r o n  of 0.46 m g / l i t e r  i n  a  group of pos t  coronary 

d i s t a n c e  runne r s  p a r t i c i p a t i n g  i n  t h e  Boston Marathon. From p i l o t  

p r o j e c t  d a t a ,  we have e s t ima ted  t h a t  t h e  average d a i l y  t r a i n i n g  volume 

of our a t h l e t e s  (approximately 10 km/day) would r e s u l t  i n  a n  extra 

sweat product ion  of approximately 0.5 l i t e r s  pe r  day. This  would mean 

an e x t r a  i r o n  l o s s  of approximately 0.2 mg/day. Assuming a n  average  

d i e t a r y  i r o n  a b s o r p t i o n  of 10 pe rcen t  i n  our  male and female a t h l e t e s  

(Davidson -- e t  al . ,  1975),  a n  e x t r a  2.0 mg of i r o n  would have t o  b e  

inges t ed  i n  o r d e r  t o  g e t  an e x t r a  0.2 mg,.absorbed i n t o  t h e  body t i s s u e s .  

Thus our male runne r s  would have t h e i r  d i e t a r y  i r o n  requirement  

increased  by 20 pe rcen t  a s  compared t o  male non-a th le tes ,  w h i l e  our  

female runners  would have t h e i r  d i e t a r y  i r o n  requirement  i nc reased  by 

1 4  percent  a s  compared t o  female non-a th le tes .  This  argument assumes 

t h a t  w i th  inc reased  i r o n  l o s s e s  v i a  sweat t h e r e  a r e  n o t  p a r t i a l  compen- 

s a t o r y  dec reases  i n  t h e  l o s s  of i r o n  v i a  u r i n e  and f eces .  No s t u d i e s  

of t h i s  ma t t e r  have been found. Thus, increased  sweat l o s s  of i r o n  

could poss ib ly ,  a t  l e a s t ,  p a r t i a l l y  exp la in  the  lower body i r o n  
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s t o r e s  i n  our  a t h l e t e s  a s  compared t o  normal Canadians ( N u t r i t i o n  Canada, 

1975).  

A s  shown i n  Table 1 2 , . 4 5  percent  of t h e  male runne r s  and 85 percent  

of t h e  female runne r s  have e i t h e r  a p r e l a t e n t  o r  l a t e n t  i r o n  de f i c i ency .  

Given t h i s  h i g h  inc idence  of i r o n  d e f i c i e n c y ,  a r e l e v a n t  ques t ion  i s  

what e f f e c t ,  i f  any, i r o n  d e f i c i e n c y  without  anemia has  on e x e r c i s e  

performance? One can only  s p e c u l a t e  as t o  whether o r  n o t  t h e s e  l e v e l s  

of i r o n  d e f i c i e n c y  a r e  s i g n i f i c a n t  enough t o  cause i r o n  s h o r t a g e s  a t  

t h e  c e l l u l a r  l e v e l .  I n  a d d i t i o n  t o  t h e  hemoglobin molecule ,  i r o n  i s  

an  important  c o n s t i t u e n t  of o t h e r  haem i r o n  compounds such a s  myoglobin 

and cytochromes, i ron-sulphur  p r o t e i n s  of e l e c t r o n  t r a n s p o r t ,  and many 

important  enzymes such as s u c c i n a t e  dehydrogenase, c a t a l a s e ,  glycero-  

phosphate dehydrogenase, e t c .  (Underwood, 1971).  A wide range  of t i s s u e  

abnorma l i t i e s  have been desc r ibed  bo th  i n  i r o n  d e f i c i e n t  p a t i e n t s  and 

i n  exper imenta l  animals  and t h e s e  abnorma l i t i e s  occur  a t  d i f f e r e n t  

s t a g e s  i n  t h e  p roces s  of i r o n  d e p l e t i o n  (Jacobs,  1977; Dallman, 1974).  

Most of t h e s e  s t u d i e s ,  however, have r e s t r i c t e d  t h e i r  s u b j e c t s '  d i e t a r y  

i r o n  i n t a k e  and t h u s  have produced a  more seve re  i r o n  d e f i c i e n c y  than  

i s  seen i n  our  a t h l e t e s .  

For t h e  male runne r s  i r o n  supplementat ion had no b e n e f i c i a l  e f f e c t s .  

Hemoglobin l e v e l s  were no t  changed, nor  were t r e a d m i l l  endurance t ime 

o r  VO max. improved i n  t h e  groups (PI  and NPI) who rece ived  i r o n  
2 

supplements. Serum i r o n  concen t r a t ion  and percent  t r a n s f e r r i n  

s a t u r a t i o n  inc reased  s i g n i f i c a n t l y  i n  t h e  Experimental Per iod  i n  Group 

P I  and a l s o  i n  Group NPNI, which was t h e  double placebo group. Thus, 
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t h i s  i n c r e a s e  i n  serum i r o n  c o n c e n t r a t i o n  and pe rcen t  t r a n s f e r r i n  

s a t u r a t i o n  must be due t o  some f a c t o r  o t h e r  t han  i r o n  supplementation. 

For t h e  female runne r s ,  i r o n  supplementat ion d i d  cause  s u b s t a n t i a l  

i n c r e a s e s  i n  hemoglobin concen t r a t ion ,  red  c e l l  count  and hematocr i t  

i n  t h r e e  of t h e  f o u r  s u b j e c t s  i n  Group NPI. These t h r e e  s u b j e c t s  had 

b o r d e r l i n e  hemoglobin l e v e l s  (12.0-12.4 g/100 ml) i n  t h e  Cont ro l  Per iod .  

The o t h e r  s u b j e c t s  i n  Group NPI and t h e  two s u b j e c t s  i n  Group P I  had 

normal hemoglobin l e v e l s  i n  t h e  Cont ro l  Period and showed l e s s  

s u b s t a n t i a l  i n c r e a s e s  i n  hemoglobin concen t r a t ion ,  r e d  c e l l  count and 

hematocr i t  a f t e r  i r o n  supplementat ion.  It must be  remembered t h a t  t h e  

s u b j e c t  numbers i n  t h e  female t rea tment  groups were ve ry  smal l  and no 

t e s t s  of s t a t i s t i c a l  i n f e r e n c e  were performed. Thus, t h i s  d a t a  i s  

sugges t ive  b u t  by no means conclus ive .  Furthermore, t h e  s u b j e c t s  i n  

Group NPI had lower hemoglobin l e v e l s  and poorer  i r o n  s t a t u s  than  t h e  

o t h e r  t h r e e  groups i n  t h e  Cont ro l  Per iod .  Thus Group NPI w a s  b iased  

because i t  i n i t i a l l y  had a  h ighe r  p r o b a b i l i t y  of being b e n e f i t t e d  by 

i r o n  supplementat ion.  The s t u d i e s  of Kilbom (1971),  B o t t i g e r  -- e t  a l .  

(1971),  and Wirth -- e t  a l .  (1976) a r e  a l l  l a ck ing  i n  t h e i r  a t t empt s  t o  

determine i f  t h e r e  i s  a s i g n i f i c a n t  i r o n  c o s t  a s s o c i a t e d  w i t h  phys i ca l  

t r a i n i n g  i n  women. Each of t h e s e  s t u d i e s  only measured serum i r o n  l e v e l s  

i n  o r d e r  t o  e v a l u a t e  i r o n  s t a t u s .  They should i d e a l l y  have measured 

serum f e r r i t i n  concen t r a t ions ,  o r  a t  l e a s t ,  t o t a l  i r o n  b inding  capac i ty  

o r  pe rcen t  t r a n s f e r r i n  s a t u r a t i o n .  Since they  d id  n o t  do t h i s ,  t h e i r  

conclus ions  r ega rd ing  t h e  i r o n  c o s t  of phys i ca l  t r a i n i n g  cannot be 

accepted .  The r e s u l t s  of t h e  p re sen t  s tudy  a r e  i n  agreement wi th  t h e  
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r e s u l t s  of r e c e n t l y  publ ished s t u d i e s  d e a l i n g  wi th  t h e  i r o n  s t a t u s . a n d  

requi rements  of a t h l e t e s  (F i t ch ,  1977; Cooter and Mowbray, 1978; P a t e  

e t  a l . ,  1979).  F i t c h  (1977), i n  a  s tudy  of t h e  1976 A u s t r a l i a n  Olympic -- 

swimming team noted t h a t  f o r  bo th  male and female a t h l e t e s ,  t h e  

hemoglobin l e v e l s  and percent  t r a n s f e r r i n  s a t u r a t i o n  of t h o s e  a t h l e t e s  

t ak ing  i r o n  supplements were no h ighe r  than  i n  a t h l e t e s  n o t  t ak ing  i r o n  

supplements. However, A u s t r a l i a n  a t h l e t e s  ( S t e e l ,  1973),  e s p e c i a l l y  

females ,  have d i e t a r y  i r o n  i n t a k e s  much h ighe r  than  those  of average 

Canadians ( N u t r i t i o n  Canada, 1975) and our  a t h l e t e s .  Whereas i n  our  

s tudy  t h e  serum f e r r i t i n  l e v e l s  were no t  i nc reased  i n  t h e  i r o n  supple- 

ment groups,  t h e  serum f e r r i t i n  l e v e l s  of the  A u s t r a l i a n  swimmers 

were tw ice  as h igh  i n  t h e  male i r o n  supplement group and 5% t imes  a s  

h igh  i n  t h e  female i r o n  supplement group. Our s u b j e c t s ,  however, 

i nges t ed  i r o n  supplements f o r  on ly  s i x  weeks wh i l e  t h e  A u s t r a l i a n  

swimmers had been t ak ing  h igh  dosages of i r o n  supplements (average of 

120 mg e lementa l  i r o n  per  day) f o r  a per iod  of yea r s .  

Cooter and Mowbray (1978), and P a t e  -- e t  a l .  (1979) have r e c e n t l y  

i n v e s t i g a t e d  t h e  e f f e c t s  of d i e t a r y  i r o n  supplementat ion on female 

a t h l e t e s .  Cooter and Mowbray (1978) used b a s k e t b a l l  p l a y e r s  as s u b j e c t s  

whi le  P a t e  -- e t  a l .  (1979) used female c o l l e g e  a t h l e t e s  from a number of 

s p o r t s ,  such a s  s o f t b a l l ,  t e n n i s ,  b a s k e t b a l l ,  gymnast ics  and swimming. 

No d e t a i l s  of t r a i n i n g  i n t e n s i t y ,  t r a i n i n g  frequency,  o r  f i t n e s s  l e v e l s  

of s u b j e c t s  were given i n  e i t h e r  of t h e s e  s t u d i e s .  Furthermore, no 

measurements of phys i ca l  performance were taken .  I n  bo th  of t h e s e  

s t u d i e s  i r o n  supplementat ion was of no v a l u e  i n  r a i s i n g  serum i r o n  
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concen t r a t ion ,  t o t a l  i r o n  b inding  c a p a c i t y ,  percent  t r a n s f e r r i n  s a t u r a t i o n  

o r  hemoglobin l e v e l s .  Serum f e r r i t i n  l e v e l s  were n o t  measured, s o  an  

a c c u r a t e  assessment of changes i n  i r o n  s t a t u s  was no t  ob ta ined .  

Even though, i n  t h e  p re sen t  s tudy ,  85 percent  of t h e  female . 

a t h l e t e s  and 45 percent  of t h e  male a t h l e t e s  showed evidence of e i t h e r  

p r e l a t e n t  o r  l a t e n t  i r o n  d e f i c i e n c y ,  body i r o n  s t o r e s  a s  a s se s sed  by 

serum f e r r i t i n  l e v e l s ,  were n o t  i nc reased  i n  t h e  i r o n  supplement groups. 

Although hemoglobin l e v e l s  were inc reased  i n  some of t h e  women who 

r ece ived  i r o n  supplement, serum f e r r i t i n  l e v e l s  d i d  no t  i nc rease .  This  

l a c k  of change i n  body i r o n  s t o r e s  may b e  a n  i n d i c a t i o n  t h a t  t h e  s i z e  

of t h e  d a i l y  i r o n  supplement was t o o  small .  Many sources  recommend 

t h a t  f o r  t h e  therapy  of i r o n  d e f i c i e n c y  i n  a d u l t s ,  t h e  o r a l  dosage should 

be  s u f f i c i e n t  t o  provide  between 150 and 200 mg of e lementa l  i r o n  d a i l y  

(Wintrobe -- e t  a l . ,  1974; Williams -- e t  a l . ,  1972; Hillman and Finch,  1974).  

With t h i s  dosage low hemoglobin l e v e l s  w i l l  be  r e tu rned  t o  normal 

w i t h i n  one month. I n  o r d e r  t o  f u l l y  r e p l e n i s h  and b u i l d  up d e f i c i e n t  

i r o n  s t o r e s ,  it i s  recommended t h a t  t h i s  therapy  be  cont inued f o r  a t  

l e a s t  six months (Wintrobe e t  a l . ,  1974; Williams -- e t  a l . ,  1972).  I n  

t h e  p re sen t  s tudy  t h e  dosage of i r o n  supplement was 32 mi l l ig rams of 

e lementa l  i r o n  pe r  day f o r  six weeks, wh i l e  Weswig and Winkler (1974) 

adminis te red  60 mg, s i x  days per  week f o r  fou r  months. Cooter and 

Mowbray (1978) adminis te red  18  mg of e lementa l  i r o n  f i v e  days per  week 

f o r  fou r  months and P a t e  -- e t  a l .  (1979) adminis te red  50 mg per  day f o r  

5-9 weeks depending on t h e  s p o r t  a  p a r t i c u l a r  s u b j e c t  was involved i n .  

A l l  of t h e s e  dosages a r e  much lower than  t h e  dosages recommended f o r  



I 

i r o n  d e f i c i e n t  a d u l t s  (Wintrobe -- et  a l . ,  1974; Williams - e t  * a 1  9 1972; 

Hillman and Finch, 1974).  I f  an  o r a l  i r o n  dosage of 150-200 mg of 

e lementa l  i r o n  per  d a y ' h a d  been admin i s t e r ed  i n  t h e s e  a t h l e t e ,  

s t u d i e s ,  perhaps s i g n i f i c a n t  i n c r e a s e s  i n  hemoglobin l e v e l s ,  

body i r o n  s t o r e s  and p h y s i c a l  performance would have been obta ined .  

Reports  from c o u n t r i e s  i n  E a s t e r n  Europe such a s  Rumania i n d i c a t e  

t h a t  male and female d i s t a n c e  r u n n e r s  a r e  r e g u l a r l y  given in t ramuscular  

i n j e c t i o n s  of i r o n  dex t r an  (Imferon) .  It i s  s t i l l  commonly be l ieved  

t h a t  p a r e n t e r a l  i r o n  the rapy  produces a much f a s t e r  response than  o r a l  

i r o n  therapy  i n  t h e  t r ea tmen t  of i r o n  def ic ienayxanemia .  T h i s  view i s  

no t  supported by t h e r a p e u t i c  comparisons by McCurdy (1965) o r  Olsson 

(1975). P a r e n t e r a l  i r o n  a d m i n i s t r a t i o n  does ,  however, have a  d e f i n i t e  

p l a c e  i n  therapy.  I n  t h e  s m a l l  number of p a t i e n t s  w i th  i n t e s t i n a l  

malabsorp t ion  problems o r  i n t o l e r a n c e  t o  o r a l  i r o n  p r e p a r a t i o n s  

p a r e n t e r a l  i r o n  a d m i n i s t r a t i o n ,  e i t h e r  i n t r amuscu la r ly  o r  in t ravenous ly ,  

may be  r equ i r ed .  I n  t h e  g r e a t  m a j o r i t y  of c a s e s ,  however, o r a l  i r o n  i s  

s a f e r ,  cheaper ,  and e q u a l l y  e f f e c t i v e  (Williams -- et  a l . ,  1972; Olsson, 

1975).  The r e l a t i v e  e a s e  w i t h  which i r o n  dex t r an  can be adminis te red  

should no t  l ead  one t o  extend t h e  i n d i c a t i o n s  f o r  p a r e n t e r a l  i r o n  

t r ea tmen t ,  s i n c e  a  number of unp leasan t  s i d e - e f f e c t s  can occur  

(Williams -- e t  a l . ,  1972).  Thus, u n t i l  i t  i s  proven t h a t  p a r e n t e r a l  i r o n  

t rea tment  g ives  s u p e r i o r  r e s u l t s  i n  a t h l e t e s ,  o r a l  i r o n  therapy  should 

be used t o  c o r r e c t  i r o n  d e f i c i e n c y  problems i n  a t h l e t e s .  
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Conclusions 

Within t h e  l i m i t a t i o n s  of t h i s  s tudy ,  t h e  fol lowing conclus ions  

seem j u s t i f i e d :  

(1) For male and female d i s t a n c e  runne r s ,  t h e  a d d i t i o n  of p r o t e i n  

supplements t o  an a l r e a d y  ba lanced  and abundant d i e t  has  no e f f e c t s  on 

hemoglobin concen t r a t ion ,  VO max. o r  performance on a maximal running 2 

t a s k  of seven t o  t e n  minutes  du ra t ion .  I n  a n  a f f l u e n t  country such as 

Canada where h igh  q u a l i t y  p r o t e i n  is  r e a d i l y  a v a i l a b l e  and comprises 

about  two-thirds  of t h e  p r o t e i n  inges tdd  i n  a  t y p i c a l  d i e t ,  t h e  p r o t e i n  

i n t a k e  from a  t y p i c a l  ba lanced  d i e t  should  b e  more than adequate  f o r  

meeting t h e  p r o t e i n  requi rements  of endurance a t h l e t e s .  

(2) There i s  a  h igh  inc idence  of p r e l a t e n t  i r o n  de f i c i ency  among 

male and female d i s t a n c e  runne r s .  Adult  male runners  have normal 

d i e t a r y  i n t a k e s  of i r o n  w e l l  i n  excess  of t h e  RDI. For male d i s t a n c e  

runners ,  a t  t h e  l e v e l  of t r a i n i n g  of t h e  s u b j e c t s  i n  t h e  p r e s e n t  s tudy  

i.e., 60-90 k i lome te r s  of running p e r  week, t h e  i n g e s t i o n  of 32 m i l l i -  

grams of e lementa l  i r o n  p e r  day, i n  a d d i t i o n  t o  t h e  usua l  d i e t  f o r  a 

per iod  of s i x  weeks, has  no b e n e f i c i a l  e f f e c t s  on hemoglobin concentra-  

t i o n ,  V02 max., performance on a  maximal running t a s k  of seven Co t e n  

minutes du ra t ion ,  o r  body i r o n  s t o r e s .  However, t h e  p o s s i b i l i t y  t h a t  

h ighe r  dosages of o r a l  i r o n  supplements,  i n  t h e  o rde r  of 150-200 

mi l l ig rams of e lementa l  i r o n  pe r  day, may be  b e n e f i c i a l  t o  male endurance 

a t h l e t e s  who show s i g n s  of e i t h e r  p r e l a t e n t  o r  l a t e n t  i r o n  de f i c i ency ,  

cannot be r u l e d  o u t .  
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Although the sample size of female distance runners was too small to 

enable us to form any definite conclusions, it appears that many female 

distance runners have inadequate dietary intakes of iron, and many of 

them, especially those with hemoglobin concentrations bordering on 

clinical anemia, could increase their hemoglobin concentrations by 

increasing their iron intake. However, there is no proof in the 

present study that increasing the hemoglobin concentration in female 

runners via iron supplementation will result in improved endurance 

performance. There is also no basis for recommending' that all female 

endurance athletes should routinely ingest oral iron supplements for 

prophylactic purposes. Coaches, trainers, or team physicians should 

periodically monitor hemoglobin concentrations and assess body iron 

stores from measurements of serum ferritin concentration, in both male 

and female endurance athletes. They should pay particular attention to 

the female athlete who has a heavy menstrual flow. Oral iron supplements 

should be administered at a dosage of 150-200 milligrams of elemental 

iron per day to those athletes who are iron deficient,until the iron 

deficiency is corrected. 

(3 )  Since a group of age-matched non-athletes were not monitored 

in the present study, it is not possible to determine whether 

male and female distance runners have lower hemoglobin concentrations 

than non-athletes. Given the variability that occurs in hemoglobin 

measurements using different analysis techniques or the same analysis 

technique in different laboratories, in order to determine whether 

sports anemia exists in endurance athletes, athletes and age-matched 
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non-a th le tes  must b e  monitored i n  t h e  same l abo ra to ry  i n  t h e  same 

t i m e  pe r iods .  There is y e t  no conclus ive  proof t h a t  s p o r t s  anemia 

occurs  i n  endurance a t h l e t e s .  

Future  Research 

Since  t h e  p r e s e n t  s tudy  i s  t h e  only  one t h a t  has  been conducted on 

t h e  e f f e c t s  of i r o n  supplementat ion on serum f e r r i t i n  concen t r a t ion ,  

hemoglobin c o n c e n t r a t i o n  and endurance performance i n  male and female 

endurance a t h l e t e s ,  a d d i t i o n a l  i n v e s t i g a t i o n  i s  warranted.  The e f f e c t s  

of high doses  of o r a l  i r o n  supplements (150-200 mg of e lementa l  i r o n  per  

day) on v a r i o u s  hematology measurements, VO max., endurance performance 2 

and body i r o n  s t o r e s  i n  male and female endurance a t h l e t e s  should be  

i n v e s t i g a t e d .  Add i t iona l  in format ion  i s  needed on t h e  e f f e c t s  of v a r i o u s  
! 
1 s t a g e s  of i r o n  d e f i c i e n c y  on i r o n  con ta in ing  c e l l u l a r  enzymes. Research 

s t u d i e s  a r e  a l s o  needed t o  compare t h e  e f f e c t s  of o r a l  v e r s u s  p a r e n t e r a l  
1 
I 
I i r o n  supplementat ion on a t h l e t e s  who a r e  i r o n  d e f i c i e n t .  S ince  t h e  
I 

i presen t  s tudy  h a s  shown t h a t  male and female endurance a t h l e t e s  have 

comparable d i e t a r y  i n t a k e s  of i r o n  t o  non-a th l e t e s  bu t  lower body i r o n  
I 

s t o r e s  than  non-a th l e t e s ,  r a d i o i s o t o p e  i r o n  abso rp t ion  s t u d i e s  should be 

performed w i t h  endurance a t h l e t e s  t o  t r a c e  t h e  r o u t e s  of i r o n  l o s s  from 

t h e i r  bodies .  Fu tu re  experimental  p ro toco l s  should i n c l u d e  an  adequate  

number of s u b j e c t s  t o  g i v e  h igh  s t a t i s t i c a l  power (Kirk,  1968),  a  long 

and s t r enuous  t r a i n i n g  regimen, computerized d i e t a r y  a n a l y s i s ,  and an  

accu ra t e  method of a s s e s s i n g  body i r o n  s t o r e s .  For t h e  female a t h l e t e s ,  

r eco rds  should a l s o  be  kept  of any changes i n  mens t rua l  c y c l e s  s i n c e  

amenorrhea may accompany heavy t r a i n i n g  i n  female a t h l e t e s  ( u l l y o t ,  1979). 
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Fur the r  s t u d i e s  a r e  needed t o  determine i f  s p o r t s  anemia occurs  i n  

endurance a t h l e t e s .  Endurance a t h l e t e s  should be  followed l o n g i t u d i n a l l y  

along w i t h  a group of age-matched non-a th le tes .  V a r i a t i o n s  i n  hematology 

measurements, i f  any, could be noted as t h e  volume and i n t e n s i t y  of 

t r a i n i n g  was changed. The presence  of t h e  age-matched non-a th l e t e s  

would c o n t r o l  f o r  any ex t raneous  v a r i a b l e s  which could a f f e c t  t h e  

measurements being taken .  I n  a d d i t i o n  t o  t h e  hematology measurements 

performed i n  t h e  p re sen t  s tudy ,  measurements of blood volume, t o t a l  

body hemoglobin, e r y t h r o c y t e  osmotic f r a g i l i t y ,  and r e t i c u l o c y t e  c o u n t -  

should be done r e g u l a r l y  i n  o rde r  t o  determine i f  any decrease  i n  

hemoglobin concen t r a t ion  i s  due t o  a n  i n c r e a s e  i n  plasma volume o r  t o  

a c t u a l  d e s t r u c t i o n  of e r y t h r o c y t e s .  

F i n a l l y ,  s i n c e  f a d  d i e t s  and misconcept ions regard ing  n u t r i t i o n  a r e  

p reva len t  i n  a t h l e t i c s  more information is needed about  t h e  n u t r i t i o n a l  

knowledge and a t t i t u d e s  of Canadian coaches and a t h l e t e s ,  and t h e  

d i e t a r y  h a b i t s  of a t h l e t e s  i n  a v a r i e t y  of s p o r t s .  A t h l e t e s  w i l l  no t  

achieve  opt imal  r e s u l t s  from t h e i r  t r a i n i n g  programs i f  t h e i r  d i e t s  a r e  

inadequate .  
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APPENDIX 1 

I n d i v i d u a l  Data on P h y s i c a l  C h a r a c t e r i s t i c s  and 

Racing Performance C h a r a c t e r i s t i c s  During 

the  Control  and Experimental  Per iods  

Key 

C: Cont ro l  Pe r iod  

E:  Experimental  P e r i o d  



Male Runners - Group P I  

BEST PERFORMANCE 
Age Height Weight 1500 meters 5000 meters 

Subjec ts  (Years) (cm) (kg) Somatotype % f a t  min:sec min:sec 



Male Runners - G r o u ~  P N I  

BEST PERFORMANCE 
Age Height Weight 1500 meters 5000 meters  

Sub jec t s  (Years) (cm) (kg) Somatotype % f a t  min:sec min:sec 



Male Runners - Group NPI 

BEST PERFORMANCE 
Age Height Weight 1500 meters 5000 meters  

Subjec ts  (Years) (cm) (kg) Somatotype % f a t  min:sec min : s e c  



Male Runners - Group N P N I  

BEST PERFORMANCE 
Age Height  Weight 1500 meters  5000 meters  

Sub jec t s  (Years) (cm) (kg) Somatotype % f a t  min:sec min:sec 



, 

Female Runners - Group P I  

BEST PERFORMANCE 
Age Height  Weight 1500 meters 5000 meters  

S u b j e c t s  (Years.) (cm) (kg) Somatotype % f a t  min:sec min:sec 

Female Runners - Group PNI 

BEST PERFORMANCE 
Age Height  Weight 1500 meters 5000 meters  

S u b j e c t s  (Years) (cm) (kg) Somatotype % f a t  min:sec min:sec 



Female Runners - Group NPI 

BEST PERFORMANCE 
Age Height Weight 1500 meters 5000 meters 

Subjec ts  (Years) (cm) (kg) Somatotype % f a t  min:sec min:sec 

Female Runners - G ~ O U D  N P N I  

BEST PERFORMANCE 
1500 meters 5000 meters Age Height Weight 

Subjec ts  (Years) (cm) (kg) Somatotype % f a t  min:sec , min:sec 



APPENDIX 2 

I n d i v i d u a l  Data on t h e  Daily Die ta ry  I n t a k e s  of 

Energy, P r o t e i n ,  and I r o n  i n  t h e  Cont ro l  and 

Experimental Pe r iods  

Key 

C: Control  Pe r iod  

E: Experimental Pe r iod  

% RDI: Percentage of t h e  Canadian 
recommended d a i l y  i n t a k e  



Male Runners - Group PI  

Energy Energy P r o t e i n  P r o t e i n  I r o n  
Sub jec t s  (kca l )  % RDI (kcal /kg)  (grams) % RDI (g/kg) (mg) % RDI 

Dietary records no t  rece ived  
31 E 



Male Runners - Group PNI 

Energy Energy P r o t e i n  P ro te in  I r o n  
S u b j e c t s  (kca l )  % R D I  (kca l lkg)  (grams) % RDI (g/kg) (mg) % RDI 

Die tary  r ecords  not  received 



Male Runners - G r o u ~  NPI 

Energy Energy P r o t e i n  P r o t e i n  I r o n  
Sub jec t s  (kca l )  % RDI (kca l lkg)  (grams) % RDI (g/kg) (mg) % RDI 



Male Runners - Group NPNI 

Energy Energy P r o t e i n  P r o t e i n  I r o n  
Sub jec t s  (kca l )  % RDI (kca l lkg )  (grams) % RDI (glkg)  (mg) % R D I  

Die ta ry  records  n o t  rece ived  

Die ta ry  records  n o t  rece ived  



Female Runners - Group PI  

Energy Energy P r o t e i n  P r o t e i n  I r o n  
Subjects  (kcal )  % RDI (kcal/mg) (grams) % RDI @/kg) (mg) % RDI 

Female Runners - Group PNI 

Energy Energy Pro te in  P r o t e i n  I r o n  
Subjects  (kca l )  % RDI (kcallmg) (grams) % RDI (k/kg) (mg) % RDI 

Female Runners - Group NPI 

Energy Energy P r o t e i n  P ro te in  I r o n  
Subjects  (kcal )  % RDI  (kcallmg) (grams) % RDI (k/kg) '(mg) % RDI 

Die tary  records not  received 
42 E 



Female Runners - Group NPNI 

Energy Energy P r o t e i n  P r o t e i n  I r o n  
Sub jec t s  (kca l )  % RDI (kcal/mg) (grams) % RDI (g/kg) (mg) % RDI 

Dietary  records  n o t  rece ived  
46 E 



APPENDIX 3 

I n d i v i d u a l  Data on Se lec t ed  Hematology 

Measurements i n  t h e  Cont ro l  and 

Experimental Per iods  

C: Cont ro l  Per iod  

E: Experimental  Pe r iod  

MCV: Mean C e l l  Volume 

MCH: Mean C e l l  Hemoglobin 

MCHC: Mean C e l l  Hemoglobin Concentrat ion 



Male Runners - Group P I  

Hemoglobin Hematocri t  MCV Mm MCHC 
Sub jec t  RBC ( l o 6 )  ( g l d l )  

3 3 
(urn > (pg 



, 

Male Runners - Group PNI  

Hemoglobin H e m a t  o c r i t  MCV 6 3 MCH MCHC 
(% j 

3 
Subject RBC (10 ) (g /d l )  (um > (pg ) (%) 



Hemoglobin Hematocr i t  MCV 3 MCH MCHC 

(%I 
3 

S u b j e c t  RBC ( l o6 )  ( g l d l )  ( p g )  (2) 

Male Runners - Group NPI 



Male Runners - G r o u ~  N P N I  

Hemoglobin Hematocri  t MCV MCH MCHC 3 3 
S u b j e c t  RBC ( l o6>  ( d d l )  (%> (um > ( ~ g  > (2) 



I 

Female Runners - Group P I  

Hemoglobin Hematocrit  MCV 
3 MCH MCHC 

Sub jec t  RBC ( lo6)  ( g l d l )  (XI (Pg3) (a 

Female Runners - Group PNI  

Hemoglobin Hematocrit  MCV 
3 

MCH MCHC 
Subjec t  RBC ( lo6 )  ( g / d l )  ( z )  (um (Pg3) (2) 

Female Runners - Group NPI  

Hemoglobin Hematocrit  MCV 
3 

MCH MCHC 
Subjec t  RBC (10 ti ) ( g / d l )  (%I (urn)  (Pg3) (%I 



Female Runners - G ~ O U D  NPNI 

Hemoglobin Hematocrit  
MCV 

3 MCH MCHC 
Subjec t  RBC ( l o6 )  ( g / d l )  (%I  cum) ( ~ g )  (%) 

3 



APPENDIX 4 

I n d i v i d u a l  Data on Serum Chemistry Measurements 

; i n  t h e  Cont ro l  and Experimental Per iods  

Key 

C: Cont ro l  Pe r iod  

E : Experimental  Per iod  

TIBC: T o t a l  I r o n  Binding Capacity 



Male Runners - Group P I  

F e r r i -  Serum 
t i n  I r o n  TIBC % t r a n s  Hapto- BUN T o t a l  Al- B i l i -  
(ng/ (ug/ (ug/ f e r r .  g lob in  (mg/ P r o t e i n  bumin rub in  

Sub jec t s  ml) d l )  d l )  s a t u r .  (mg/100 ml) d l )  ( g / d l )  ( g / d l )  (mg/dl) 



I 

Male Runners - Group PNI - -- 

F e r r i -  Serum Hap to-  
t i n  I r o n  T I B C % t r a n s g l o b i n  BUN T o t a l  Al- B i l i -  
(ng/ (ug/ (ug/ f e n -  (mg/ (mg/ P r o t e i n  bumin rub in  

Sub jec t s  ml) d l )  d 1 ) s a t u r .  1 0 0 m l )  d l )  (g /d l )  ( g / d l )  (mg/dl) 



Male Runners - Group NPI 

F e r r i -  Serum Hap to- 
t i n  I r o n  TIBC % t r a n s  g lob in  BUN T o t a l  A l -  B i l i -  
(ng/  (ug/ (ug/ f e n .  (mg/ (mg/ P r o t e i n  bumin r u b i n  

S u b j e c t s  ml) d l )  d l )  s a t u r .  100 ml) d l )  ( g /d l )  ( g / d l )  (mg/dl) 



Xale Runners - Group NPNI 

Fe r r i -  Serum Hap to- 
t i n  I r o n  TIBC % t r a n s  g lobin  BUN T o t a l  A l -  B i l i -  
(ng/ (ug/ (ug/  f e r r .  (mg/ (mg/ P r o t e i n  bumin rub in  

Sub jec t s  d l )  d l )  d l l s a t u r .  1 0 0 m l )  d l )  (g /d l )  (g /d l )  (mg/dl) 



Female Runners - Group P I  

Fe r r i -  Serum Hap to- 
t i n  I r o n  T I B C % t r a n s g l o b i n  BUN T o t a l  A l -  B i l i -  
(ng/ (I%/ (4 f e n .  ( m d  (mg/ P r o t e i n  bumin rub in  

Sub jec t s  d l )  d l )  d l )  s a t u r .  100 ml) d l )  ( g l d l )  ( g / d l )  (mg/dl) 

I 
Female Runners - Group PNI 1 F e r r i -  Serum Hapto- 

i t i n  I r o n  TIBC % t r a n s  g lob in  BUN T o t a l  A l -  B i l i -  
I (ng/ (ug/  (ug/  f e r r -  (mg- (mg/ P r o t e i n  bumin rub in  
i 

Sub jec t s  d l )  d l )  d l )  s a t u r .  100 ml) s l )  ( g / d l )  ( g / d l )  ( m d d l )  



Female Runners - G r o u ~  NPI 

F e r r i -  Serum Hapto- 
t i n  I r o n  TIBC % t r a n s  g lob in  BUN T o t a l  A l -  B i l i -  
(ng/ ( 4  (ug/ fen - .  (mg/ (mg/ P r o t e i n  bumin rub in  

Sub jec t s  d l )  d l )  d l )  s a t u r .  100 ml) d l )  (g /d l )  ( g / d l )  (mg/dl) 

Female Runners - Group N P N I  

F e r r i -  Serum Hap to- 
t i n  I r o n  T I B C % t r a n s g l o b i n  BUN T o t a l  A l -  B i l i -  
( n g l  ( u g l  ( u g l  f e r r .  (mg/ (mgl P r o t e i n  bumin rubin  

Sub jec t s  d l )  d l )  d l )  s a t u r .  100 ml) d l )  ( g l d l )  ( g l d l )  (mg/dl) 



APPENDIX 5 

I n d i v i d u a l  Data on Maximal Treadmi l l  Performance, 

Muscular Power, and Tra in ing  Volume i n  t h e  Cont ro l  

and Experimental  Per iods  

Key 

C: Cont ro l  Pe r iod  

E: Experimental  Per iod  



Male Runners - G r o u ~  P I  

Treadmi l l  
VO max. VO max 

2 
Power 

Endurance 2 2 3 Tra in ing  
Sub jec t s  (sec). ( l /min) (ml/kg/min) (kgm / s e c  ) (km/day) 



, 
Male Runners - Group PNI 

Treadmi l l  
V02 max VO max 

2 
Power 

Endurance 
2 3 Tra in ing  

S u b j e c t s  ( s ec )  (l /min) (ml/kg/min) (kgm / s e c  ) (km/day) 



Male Runners - Group NPI 

V O ~  max vo max 
2  

Power 
Endurance 2  3 

Tra in ing  
S u b j e c t s  ( sec)  ( l /min)  (ml/kg/min) (kgm / s e c  ) (km/day) 



I 

Male Runners - Group N P N I  

vo max vo max 
2 

Power 
Endurance 2 

2 3 Tra in ing  
Sub jec t s  ( sec)  ( l /min)  (ml/kg/min) (kgm / s e c  ) (km/day) 



I 

Female Runners - Group P I  

vo rnax vo rnax 
2 2 

Power Endurance 
2 3 Training 

Subjec ts  (sec)  (l/min) (ml/kg/min) (kgm / s e c  ) (km/day 

Female Runners - Group PNI 

Treadmill VO rnax VO max 
2 2 

Power 
Endurance 2 Training 

Subjects  (sec) ( l lmin)  (mllkglmin) (kgm / see  ) (kmlday) 



Female Runners - G r o u ~  NPI 

L 

i Treadmi l l  
i Endurance V02 max VO 2 max Power 

2 3 Tra in ing  
Sub jec t s  ( s ec )  ( l /min)  (ml/kg/min) (kgm / s e c  ) (km/day) 

Female Runners - G ~ O U D  NPNI 

Treadmi l l  
VO max VO max 

2 2 
Power 

Endurance 2 3 Tra in ing  
Sub jec t s  ( s ec )  (l/min) (ml/kg/min) kgm / s e c  ) (km/day) 



APPENDIX 6 

Explanat ion of Computerized D i e t a r y  Analys is  

and I n s t r u c t i o n s  t o  Sub jec t s  f o r  Monitor ing 

Thei r  D i e t s  



SFU SPORT-NUTRITION STUDY 

The purpose of t h i s  p r o j e c t  i s  t o  de te rmine  t h e  n u t r i e n t  composition 

of your USUAL d i e t .  We w i l l  f eed  t h e  informat ion  you g i v e  u s  i n t o  t h e  

computer, and you w i l l  r e c e i v e  a p r in t -ou t  of t h e  r e s u l t s .  Using t h e  

r e s u l t i n g  informat ion ,  we can make s p e c i f i c  recommendations f o r  

improvement i n  your d i e t .  

S ince  we a r e  i n t e r e s t e d  i n  your NORMAL d i e t ,  we do no t  want you 

suddenly t o  change your e a t i n g  h a b i t s  du r ing  t h e  survey week. Be s u r e  

t o  record  every th ing  you e a t  and d r i n k  du r ing  t h e  week, and keep i n  mind 

t h a t  your d i e t a r y  informat ion  w i l l  be  kep t  c o n f i d e n t i a l .  

ABOUT THE SFU NUTRITION PROGRAM 

Due t o  day-to-day v a r i a t i o n s  i n  t h e  average  pe r son ' s  d i e t ,  a 

r e l i a b l e  n u t r i t i o n a l  a n a l y s i s  r e q u i r e s  food i n t a k e  informat ion  f o r  a 

minimum per iod  of 7  days.  Your own d a i l y  e a t i n g  h a b i t s  w i l l  be  more 

apparent  t o  you when you r e c e i v e  your p r in t -ou t .  

The computer a s s e s s e s  each food by i ts  WEIGHT i n  GRAMS. Th i s  

means t h a t  l i q u i d s  must be weighed, a s  w e l l  a s  s o l i d s .  

A t  t h e  p re sen t  t ime,  t h e  SFU N u t r i t i o n  Program can provide  an  

a n a l y s i s  of almost 2500 v a r i a t i o n s  of common foods.  Each v a r i a t i o n  

h a s  a  unique 7 -d ig i t  number, which can be  found i n  t h e  Master Foods 

L i s t .  These numbers must be recorded on a  d a t a  record ing  form i n  

o r d e r  f o r  your food i n t a k e  t o  b e  analyzed p rope r ly .  It i s  impossible  

t o  o v e r - s t r e s s  t h e  importance of your accuracy  i n  f i n d i n g  and copying 

t h e s e  numbers. The a n a l y s i s  you r e c e i v e  can be  no more r e l i a b l e  than  

you a r e  i n  record ing  t h e  proper  number f o r  each  food you e a t .  I n  

a d d i t i o n ,  it i s  e s s e n t i a l  t h a t  you weigh your food a c c u r a t e l y ;  t h e  

f u r t h e r  you a r e  from a n  exac t  weight ,  t h e  l e s s  r e l i a b l e  w i l l  b e  your 

f i n a l  n u t r i t i o n a l  a n a l y s i s .  Thus, i f  you e s t i m a t e  your i n t a k e ,  r a t h e r  

t hen  weigh i t ,  o r  i f  you n e g l e c t  t o  s u b t r a c t  food waste  from t h e  t o t a l  

weight ,  you in t roduce  i n t o  your d a t a  a  measure of e r r o r  f o r  which no 

c o r r e c t i o n  can be made. I n  t h e  same way, i f  you do no t  t a k e  t h e  t ime 

t o  f i n d  t h e  code number f o r  e x a c t l y  what you a t e ,  you cannot expect t o  

r e c e i v e  an  a c c u r a t e  assessment  of your n u t r i t i o n a l  i n t ake .  



ABOUT THE MASTER FOODS LIST 

The Master Foods L i s t  is  ar ranged  i n  t h r e e  columns. The f i r s t  

column, on t h e  f a r  l e f t ,  c o n t a i n s  t h e  common food name ( s e e  examples). 

Genera l ly ,  t h i s  food name i s  l i s t e d  only  once, i n  o rde r  t o  f a c i l i t a t e  

r ead ing  through t h e  l is t .  The second column, i n  t h e  c e n t e r  of t h e  

page, c o n t a i n s  d e s c r i p t i o n s  of t h e  food. These d e s c r i p t i o n s  can  

r e l a t e  t o  v a r i e t i e s  and/or  p a r t s  and/or  p repa ra t ions  of t h e  food ( s e e  

examples).  Where no p a r t  of t h e  food i s  s p e c i f i e d ,  t h e  whole of t h e  

e d i b l e  p o r t i o n  i s  assumed. On t h e  same l i n e  a s  t h e  food d e s c r i p t i o n s ,  

i n  t h e  r ight-hand column, is  t h e  food code number f o r  t h a t  food a s  

desc r ibed  e x a c t l y  as i t  appea r s ,  on t h e  record ing  shee t .  Some foods,  

such a s  n u t s ,  are l i s t e d  on ly  by t h e i r  common name, w i t h  no d e s c r i p t i o n  

i n  t h e  c e n t e r  column. However, t h e  code name i s  on t h e  same l i n e ,  

appear ing  a s  always i n  t h e  last  column on t h e  r i g h t .  

EXAMPLES 

BRAUNSCHWEIGER. SEE SAUSAGE, COLD CUTS & LUNCHEON MEATS 

BRAZILNUTS 0443000 

BREAD CRACKED WHEAT, PLAIN 0444000 

CRACKED WHEAT, TOASTED 0445000 

ITALIAN, ENR, PLAIN 0450000 

ITALIAN, UNENR, PLAIN 0451000 

WHOLE WHEAT, W WATER, PLAIN 0473000 

WHOLE WHEAT, W WATER, TOASTED 0474000 

BREADCRUMBS DRY, GRATED 0475000 

BREAD PUDDING W RAISINS 047 6000 

BREAD STICKS, VIENNA. SEE SALT STICKS 

EGGS, CHICKEN RAW, WHOLE, FRESH & FZN 0968000 

R A W ,  YOLKS, FRESH 0970000 

CKD/FRIED ; 0973000 

Due t o  space  r e s t r i c t i o n s ,  a b b r e v i a t i o n s  a r e  employed i n  some of 

t h e  food d e s c r i p t i o n s .  A complete  l i s t i n g  of t h e s e  a b b r e v i a t i o n s  

precedes t h e  food l i s t .  A qu ick  r ead ing  through them be fo re  you begin 

t o  u s e  t h e  Master Food L i s t  w i l l  probably save  you a  g r e a t  d e a l  of 



t ime i n  t h e  f u t u r e ,  s i n c e  many b f  t h e  a b b r e v i a t i o n s  w i l l  b e  f a m i l i a r  

t o  you, and almost a l l  of them a r e  obvious. 

Some foods  a r e  l i s t e d  under  broader  names than  t h e i r  commonly 

used ones.  I n  most of t h e s e  c a s e s ,  you w i l l  f i n d  a  r e f e r e n c e  t o  t h e  

broader  food name i n  t h e  a l p h a b e t i c a l  l i s t i n g  ( s e e  examples).  The 

fo l lowing  a r e  t h e  main broad c a t e g o r i e s  of foods which a r e  n o t  l i s t e d  

a l p h a b e t i c a l l y ,  bu t  under t h e s e  headings:  

BABY FOODS 

BEVERAGES, ALCOHOLIC 

BEVERAGES, CARBONATED NON-ALCOHOLIC 

BREAD 

CAKES 

CANDIES 

COOKIES 

PIES 

PLATE OR TV DINNERS 

SAUSAGE, COLD CUTS & LUNCHEON MEATS 

SOUPS, COMMERCIAL 

I n  a d d i t i o n ,  a l l  muscle meats  are l i s t e d  by type ,  i e . ,  BEEF, 

CHICKEN, PORK, e t c .  Organ meats  a r e  l i s t e d  under t h e  name of t h e  

organ,  i e . ,  HEART, LIVER, e t c .  F l o u r s  and c e r e a l s  a r e  l i s t e d  under 

t h e  name of t h e  g r a i n  from which they  a r e  made, ie. ,  WHEAT, RICE, OATS, 

e t c .  

RECORDING YOUR DATA 

The r eco rd ing  form 

You w i l l  need a  s e p a r a t e  r eco rd ing  shee t  f o r  each day dur ing  t h e  

r eco rd ing  per iod .  Make s u r e  t h a t  your name and s u b j e c t  number appear  

on every s h e e t  i n  t h e  a p p r o p r i a t e  spaces ,  and be s u r e  t o  w r i t e  i n  t h e  

number of day you a r e  r eco rd ing  ( # I ,  #2, #3, e t c .  --not d a t e s ) .  You 

have been g iven  e x t r a  forms, i n  c a s e  you e a t  more than  you have room 

t o  r eco rd  on one shee t .  I f  you u s e  a second s h e e t ,  be  s u r e  t o  mark i t  

w i t h  t h s  proper  day number. 



The record ing  form providek l i n e s  f o r  t h e  raw data--what you ate, 

and how much--and marked b l anks  f o r  t h e  food code number and weight  i n  

grams of t h e  p o r t i o n  you a t e .  

Recording what you eat 

A s  you e a t  du r ing  t h e  day,  r eco rd  your food on t h e  l i n e s  i n  t h e  

"food ea t en  column" i n  any way t h a t  makes sense  t o  you, s o  t h a t  you 

can f i n d  t h e  proper  food i n  t h e  Master Foods L i s t .  I n  t h e  "amount" 

column, w r i t e  down t h e  weight  i n  grams of t h e  food. Record your 

i n t a k e  w i t h i n  1 5  minutes  of e a t i n g ,  so  t h a t  you w i l l  be a b l e  t o  

remember t h e  l i t t l e  t h ings - -bu t t e r ,  c a t sup ,  e t c .  Carry your form w i t h  

you dur ing  t h e  day, s o  t h a t  you d o n ' t  f o r g e t  t o  record your snacks.  

Be s u r e  t o  break  t h i n g s  l i k e  sandwiches and s a l a d s  down i n t o  

t h e i r  component p a r t s ,  because  each one i s  d i f f e r e n t ,  and only  t h e  

i n g r e d i e n t s  w i l l  be  found i n  Master Foods L i s t .  I n  a d d i t i o n ,  i f  

you have made a  s p e c i a l  r e c i p e  of some food t h a t  I S  l i s t e d  (such as 

beef s tew o r  m e a t l o a f ) ,  you should break  t h a t  down a s  w e l l ,  l i s t i n g  

t h e  p o r t i o n  you a t e  of each  i n g r e d i e n t .  Remember, t h e  more a c c u r a t e  

you a r e  i n  r eco rd ing  your d a t a ,  t h e  more r e l i a b l e  your a n a l y s i s  w i l l  

be. 

Weighing your food 

Weigh cooked food AFTER p repa ra t ion .  Don't f o r g e t  t o  s u b t r a c t  

waste--ie. bones, s k i n ,  f a t ,  and f r u i t  c o r e s  and p i t s - - f r o i  t h e  t o t a l  

weight ,  i n  o r d e r  t o  o b t a i n  t h e  weight of what you a c t u a l l y  a t e .  

Do n o t  compute t h e  gram weight of t h e  food you e a t  from a 

measure, u n l e s s  a b s o l u t e l y  necessary  ( see  "Eating out" ) ,  as t h i s  

i n t roduces  e r r o r .  Use t h e  Hanson C a l o r i e  Counter Die t  Sca l e ,  which 

you have been g iven ,  t o  weigh your food t o  t h e  n e a r e s t  5 grams. Once 

you have weighed a p o r t i o n  of a g iven  f l u i d  i n  your f a v o r i t e  g l a s s  o r  

cup, you may u s e  t h e  weight  as a  s tandard  t h e r e a f t e r ,  so  long as you 

keep t h e  p o r t i o n  s i z e  cons t an t .  Although s o l i d s  a r e  e a s i e r  t o  weigh, 

t h e  same p r i n c i p l e  a p p l i e s  t o  them. I f  you e a t  1 cup of c o r n f l a k e s  

every morning, weight t h e  p o r t i o n t h e  f i r s t  t ime,  and a s  long a s  you 



keep t h e  p o r t i o n  s i z e  cons t an t ,  i t  i s  n o t  necessary  t o  reweigh t h e  

food each t ime you e a t  i t .  Thus, i t  i s  no t  necessary  t o  weight EVERY 

food EVERY t ime you e a t  i t .  You should,  however, weigh each NEW food,  

even though you may u s e  t h e  same type  of g l a s s  o r  d i s h  each time. 

There is  a 25 gram d i f f e r e n c e  between t h e  weight of 8 oz of water  and 

t h e  same volume of bu t t e rmi lk .  S imi l a r  d i f f e r e n c e s  e x i s t  w i t h  many 

foods.  

Although t h e  s c a l e  comes w i t h  i t s  own d i s h ,  you may f i n d  v a r i o u s  

o t h e r  c o n t a i n e r s  more convenient  f o r  c e r t a i n  foods. A p l a s t i c  o r  

meta l  measuring cup, a margarine o r  yogurt  c o n t a i n e r ,  o r  t h e  styrofoam 

t r a y  from packaged meat may be v e r y  handy i n  some cases .  J u s t  b e  s u r e  

t o  a d j u s t  t h e  p o i n t e r  t o  ze ro  (by means of t h e  screw i n  back) w i t h  t h e  

con ta ine r  o r  t h e  s c a l e ,  be fo re  you weigh your food. You should check 

t h e  p o i n t e r  every  t i m e  you weigh food,  always making s u r e  t h a t  i t  

r eads  zero  wi thout  food on i t - - j u s t  t o  make s u r e  you a r e  n o t  r eco rd ing  

t h e  weight of t h e  c o n t a i n e r  a long  wi th  what you a t e !  

To make it e a s i e r :  

1 )  de te rmine  t h e  weight of foods  ea t en  i n  smal l  q u a n t i t i e s  by 

weighing t h e  e n t i r e  con ta ine r  b e f o r e  and a f t e r  you t a k e  t h e  food ou t ;  

t h e  d i f f e r e n c e  between t h e  two weights  is  t h e  amount you a t e .  

2) i f  t h e  c o n t a i n e r  i s  t o o  heavy f o r  t h e  s c a l e ,  pour some of t h e  I 

food i n t o  a  sma l l e r  con ta ine r  and weigh t h a t .  

3) i f  you e a t  some foods i n  smal l  q u a n t i t i e s  throughout  t h e  day, 

such a s  mi lk  and sugar  w i t h  c o f f e e ,  put  some of each i n t o  smal le r  

c o n t a i n e r s  (from which no one e l s e  w i l l  t ake  t h e  food) ,  and weigh them 

i n  t h e  morning and a g a i n  i n  t h e  evening;  t h e  d i f f e r e n c e  r e p r e s e n t s  

what you a t e  du r ing  t h e  day, and can be  recorded a s  a  lump sum on your 

record ing  s h e e t .  

4 )  make a n o t e  of t h e  weights  of foods you always e a t  i n  t h e  same 

po r t ion - s i ze s ;  you may f i n d  i t  u s e f u l  t o  do t h i s  next  t o  t h e  food 

l i s t i n g  i n  t h e  Master Foods L i s t ,  s o  t h a t  t h e  informat ion  w i l l  be  t h e r e  

f o r  t h e  next  survey  pe r iod .  



Eat ing  o u t  

It i s n ' t  necessary  t o  d rag  your s c a l e  t o  a r e s t a u r a n t  i f  you 

dec ide  t o  e a t  ou t .  Make a r easonab le  e s t ima te  of t h e  gram weight of 

each food you e a t ,  u s ing  p rev ious ly  weighed p o r t i o n s ,  where p o s s i b l e .  

I f  you have e a t e n  a s i m i l a r l y  s i z e d  p o t a t o  o r  p i ece  of chicken,  p i e  o r  

cake,  you can  make a f a i r  e s t i m a t e  from t h e  weight you have-Already 

determined.  You may a l s o  f i n d  t h e  fo l lowing  list h e l p f u l ,  b u t  PLEASE 

u s e  i t  ONLY when you have no o t h e r ,  b e t t e r  way of de te rmining  t h e  gram 

weight of t h e  food you have ea t en .  Th i s  l i s t  i s  n o t  in tended  f o r  u s e  

when you have t h e  oppor tun i ty  t o  weigh on your s c a l e ;  t h e  measures 

a r e  on ly  approximate.  

1 s l i c e  bread = 25 grams 

1 T j a m ,  j e l l y ,  marmalade, p re se rves  o r  honey = 28 grams 

2 p a t s  b u t t e r  o r  margar ine  (IT)  = 1 5  grams 

1 T s a l a d  d r e s s i n g ,  mayonnaise, o r  o i l  = 1 5  grams 

1 T c a t s u p  = 17 grams 

1 f r a n k f u r t e r  (3/4 x 7") = 50 grams 

2 s l i c e s  bacon = 1 6  grams 

4 oz of meat o r  f i s h  = 115 grams 

1 med baked p o t a t o  = 100 grams 

1 0  p c s  f r e n c h  f r i e s  = 60 grams 

1 cup mashed p o t a t o  w m i l k  & b u t t e r  - 200 grams 

1 cup n o o d l e s  = 160 grams 

1 cup pudding = 200 grams 

1 cup w h i t e  r i c e  = 190 grams 

1 s l i c e  cake  w i c i n g  = 120 grams 

1 s l i c e  p i e  (1/7 of 9" diameter )  = 135 grams 

1 cake  doughnut = 35 grams 

1 cup i c e  cream = 190 grams 

2 cups bee r  (16 oz)  = 480 grams 

1 oz hard  l i q u o r  = 28 grams 

1 / 2  cup wine = 120  grams 

1 2  oz soda pop = 350 grams 

1 cup c o f f e e  o r  t e a  = 230 



2 T mi lk  = 25 grams I 

1 teaspoon wh i t e  sugar  = 4 grams 

1 cup yogurt  = 250 grams 

2 cups popcorn w o i l  & s a l t  = 30 grams 

1 pc cheese  p i zza  (1 /8  of 14" d iameter )  = 75 grams 

Finding  t h e  food code number 

Loca t ing  t h e  proper  food code number is  a s imple  procedure.  

F i r s t ,  f i n d  t h e  common food name i n  t h e  a l p h a b e t i c a l  l i s t i n g  of t h e  

Master Foods L i s t .  Next, look  t h r u  t h e  d e s c r i p t i o n s  i n  t h e  c e n t e r  

column, u n t i l  you f i n d  t h e  one which is  c l o s e s t  t o  what you ate. The 

number t o  t h e  r i g h t ,  on t h e  same l i n e ,  is  t h e  food code number f o r  

t h a t  food. 

It i s  n o t  necessary  t o  look up a food every day,  even though you 

may e a t  i t  t h a t  o f t e n .  Once you a r e  s u r e  t h a t  you have t h e  r i g h t  

number, you can copy i t  r a t h e r  t han  sea rch  t h e  Master  Foods L i s t  f o r  

it. 

To make i t  e a s i e r :  

1 )  u s e  a card  o r  r u l e r  under t h e  food d e s c r i p t i o n s  t o  h e l p  you 

keep your p l a c e ,  and t o  keep t h e  numbers s t r a i g h t .  

2) c i r c l e  t h e  foods  you e a t  o f t e n  so t h a t  you can f i n d  them r i g h t  

away du r ing  t h e  next  survey per iod .  

3)  keep a s e p a r a t e  l i s t  of t h e  food code numbers f o r  t h e  t h i n g s  

you e a t  o f t e n ;  t h i s  w i l l  e l i m i n a t e  both  us ing  t h e  Master Foods L i s t  

e x c e s s i v e l y ,  and searching  t h e  r eco rds  of p rev ious  days.  ' 

Recording t h e  food code numbers and t h e  weight i n  grams 

The food code numbers and t h e  weight i n  grams a r e  t h e  only  

informat ion  t h a t  w i l l  be  f e d  i n t o  t h e  computer. The person  who types  

t h i s  d a t a  i n t o  t h e  computer w i l l  no t  check i t  a g a i n s t  t h e  Master Foods 

L i s t ,  t o  c o r r e c t  f o r  mistakes.  Therefore ,  it i s  impera t ive  t h a t  you 

f i n d  t h e  c o r r e c t  numbers and e n t e r  them a c c u r a t e l y .  A t  t h e  end of t h e  

day,  f i n d  t h e  food code numbers and e n t e r  them i n  t h e  proper  spaces.  

Every food code number has  7 d i g i t s ,  and every one of them must be  

recorded i n  t h e  a p p r o p r i a t e  b lanks .  



Because of t h e  amount of t ime it t a k e s  t o  p roces s  a  s e t  of d a t a ,  

i t  i s  important  t o  c o n s o l i d a t e  t h e  informat ion  be ing  f ed  i n t o  t h e  

computer. Therefore ,  each food code w i l l  appear  only  once on each 

d a y ' s  record .  If you eat t h e  same food more than  once, record  i t  on t h e  

l i n e s ,  bu t  a t  t h e  end of t h e  day, add up t h e  number of grams you a t e  

each t i m e ,  and record  only  t h e  TOTAL, nex t  t o  t h e  food code f o r  t h a t  

food,  which w i l l  appear  ONE TIME ONLY, nex t  t o  t h e  f i r s t  occurrence of 

t h e  food name i n  your raw d a t a  l i s t .  I n  o t h e r  words, i f  you d r i n k  5-8 

oz (250 grams) g l a s s e s  of whole mi lk  du r ing  t h e  day, t hen  "whole milk" 

w i l l  be  on your l i s t  5 t imes;  however, t h e  code number "1321000" w i l l  

appear  once,  nex t  t o  t h e  f i r s t  l i s t i n g .  I n  t h e  column f o r  t h e  weight 

i n  grams, you w i l l  w r i t e  "1250"--or whatever number of grams you had 

f o r  t h e  whole day. Ignore  t h e  b lank  l i n e s  which w i l l  appear i n  t h e  

"food code number" and "wt i n  grams" columns; j u s t  be  s u r e  t o  g e t  t h e  

code number next  t o  t h e  f i r s t  l i s t i n g  of t h e  food. (Don't f o r g e t  t h a t  

we a r e  t a l k i n g  h e r e  about  EXACTLY t h e  same food;  whole wheat bread and 

whole wheat t o a s t  a r e  two DIFFERENT foods ,  and i f  you e a t  them both i n  

t h e  same day, you w i l l  have two food code numbers l i s t e d  f o r  them.) 

Because of computer keypunching requi rements ,  t h e  weight i n  grams 

must be recorded a s  i f  i t  were a  4 -d ig i t  number. I n  o t h e r  words, t h e  

f i n a l  d i g i t  of each number must appear i n  t h e  f a r - r i g h t  space of t h e  w t  

i n  grams column, t h u s  

5 grams = 5 

25 grams = 25 

370 grams = 370 

1255 grams = 1255 

You may f i l l  i n  t h e  blank spaces  t o  t h e  l e f t  of t h e  number wi th  

z e r o s  i f  you l i k e ,  b u t  t h i s  i s  no t  impor tan t .  It I S ,  however, VERY 

IMPORTANT t o  r eco rd  t h e  u n i t s ,  t e n s ,  hundreds and thousands d i g i t s  i n  

t h e  proper  columns. 

Recording n u t r i t i o n a l  supplements 

Record t h e  composition of any n u t r i t i o n a l  supplement(s) you a r e  

t ak ing  on a  s e p a r a t e  r eco rd ing  s h e e t .  Wri te  t h e  name of each ing red ien t  



t on a s e p a r a t e  l i n e ,  and on t h e  same l i n e  i n  t h e  ' w t  i n  grams' column, 
f 

i r eco rd  t h e  number of mi l l ig rams of t h a t  i n g r e d i e n t .  Also i n d i c a t e  

on t h a t  record ing  shee t  how o f t e n  you t ake  each supplement. It i s  no t  

neces sa ry  t o  record your supplementat ion anywhere e l s e .  



A P P E N D I X  7 

C o m p u t e r  P r o g r a m s  for  D i e t a r y  Analysis 



/ / D L R O S  J O B  JOB ( 0 9 7 9 , U 6 1 4 4 )  , 'FOODS' ;REGION=~OOK,MSGCLASS=R 

/ / EXEC P L I C K C G  * P R O C E S S  NOATTRIBUTES , NOXREF, NOAGGREGATE, STORAGE, NOOPTIONS ; 

USAFDS : PROCEDURE OPT I O N S  (MAIN)  ; 

.................................................................... 
/ * * / 
/ * USA FOODS - RUNNERS STUDY VERSION 1.3 MAY 23 7 8  */ 
I* * l 
/ * * / 
/* N U T R I T I O N A L  A N A L Y S I S  PROGRAM - STUDENT VERSION * /  
I* * / 
/* WRITTEN B Y  DON DRINKWATER */ 
/* K I N E S I O L O G Y  DEPARTMENT * /  
/ * S I M O N  FRASER U N I V E R S I T Y  1977 */ 
/ * * 1 
/* T H I S  PROGRAM I S  D E S I G N E D  T O  ENABLE THE NAIVE USER WHO * / 
/ *  H A S  L I T T L E  I F  ANY E D E R I E N C E  I N  COMPUTER P R O C E S S I N G  T O  *I 
/ *  ENTER D I E T A R Y  INTAKE DATA FOR AN I N D I V I D U A L  OR ENTER A L I S T  O F  * /  
/* FOOD I T E M S ,  SUCH A S  I N  A R E C I P E ,  AND R E C E I V E  A COMPREHENSIVE */ 
/*  ANALYSIS  OF T H I S  DATA. * l 
/ * * / 
/ * INFORMATION I S  ENTERED I N T O  T H I S  PROGRAM ON PUNCHED * / 
/* CARDS. THE DATA REQUIRED AND T H E  ORDER I N  WHICH I T  MUST B E  */ 
/*  L I S T E D  I S  A S  FOLLOWS: * / 
/ * * / 
/ * * IMPORTANT NOTE * * / 
/ * * l 
/* ALL DATA ENTERED MUST B E G I N  I N  THE F I R S T  COLUMN O F  THE * / 
/*  GROUPS OF  COLUMNS I N D I C A T E D .  A L L  NUMERIC DATA * / 
/* MUST I N D I C A T E  THE P O S I T I O N  O F  THE DECIMAL P O I N T ,  I E .  * /  
/* H E I G H T S ,  WEIGHTS,  AGES,  Q U A N T I T I E S ,  ETC. MUST B E  L I S T E D  A S  * /  
/* 180.5 7 6 .  23. 5.0 . F A I L U R E  T O  I N D I C A T E  THE DECIMAL P O I N T  */ 
/* W I L L  RESULT I N  ERRORS I N  CALCULATION I N  THE PROGRAM. ' * /  
/ * * / 
/ * * / 
/*  DATA CARD 1 : COL 1 - 2 5  NAME O F  S U B J E C T  * / 
/ * 2 8 - 3 0  S U B J E C T  # (3 D I G I T S )  * / 
/ * 3 2-3 3 SEX OF SUBJECT (M,F, I,FP,FL) * /  
/ * * / 
/* M FOR MALES,  F FOR FEMALES,  * / 
/* I FOR I N F A N T S  TO 1 YEAR OLD, *I 
/* FP FOR PREGNANT F M A L E S ,  * / 
/ * n FOR LACTATING FEMALES * /  
I* * / 
/ * 35-39 AGE O F  S U B J E C T  I N  YEARS * /  
I* * I  
/* 4 0 - 4 4  WEIGHT O F  S U B J E C T  (KG) */ 
/ * 45-49 H E I G H T  O F  S U B J E C T  (CM) * / 
I* *I 



/ * & 50-54 LEAN BODY MASS O F  S U B J E C T  
I* & 55-59 E S T I M A T E D  MUSCLE MASS O F  S U B J E C T  
/ * & 61-63 F R A M E S I Z E  O F  S U B J E C T  
/ * (SML,MED,LRG) 
/ * 
/ * & T H E S E  VALUES ARE DETERMINED U S I N G  
/ * THE 'DRINKWATER TACTIC' FOR BODY COMPOSITION. 
/* F R A M E S I Z E  I S  DETERMINED FROM THE 
I* SKELETAL MASS OF SUBJECT. SMALL (SML) BEING 
/* -0.5 Z-VALUES OR SMALLER THAN THE 'PHANTOM', 
/ * MEDILPl(MED) B E I N G  -0.5 T O  0.5 Z-VALUES, AND 
/ * LARGE ( L R G )  B E I N G  GREATER THAN +0.5 Z-VALUES. 
I* 
/ * 65-67 A C T I V I T Y  L E V E L  O F  S U B J E C T  
/ * (SED,LOW,MOD,HIG,VIG)  

/ * 
/*  SEDENTARY ( S E D )  -- I N A C T I V E  MOST OF  THE DAY. 
/ * VERY L I T T L E  STANDING OR WALKING. 
/ * 
/ * LOW (LOW) -- S E A T E D  A MAJOR PORTION O F  THE 
/* DAY. ABOUT FOUR HOURS O F  STANDING AND 
/ * WALKING. T Y P I C A L  O F  THE O F F I C E  WOP,I(ER 
/* AND T H O S E  W I T H  S I M I L A R  OCCUPATIONS.  
1 * 
I* MODERATE (MOD) -- STANDS A S  OFTEN A S  I S  
/ * SEATED.  T Y P I C A L  O F  THE TEACHER, YOUNG 
/ * H O U S E W I F E ,  S A L E S  CLERK,  ETC. 
I* 
I* H I G H  ( H I G )  -- S T A N D I N G  AND WALKING MOST O F  
/ * T H E  DAY. VERY L I T T L E  S I T T I N G .  T Y P I C A L  O F  
/ * T H E  FACTORY WORKER, FARMER, CONSTRUCTION 
/ * WORKER, ETC. 
I* 
/* VIGOROUS ( V I G )  -- VERY HARD P H Y S I C A L  WORK. 
/ *  T Y P I C A L  O F  THE LUKBERJACK OR THE ATHLETE 
/ * I N  T R A I N I N G .  
/ * 
/ * 7 0-73 DAY-BY-DAY A N A L Y S I S  WANTED?? 
/ * (YES OR NO - DEFAULT IS 'YES') 
I* 
/*  DATA CARD 2: C O L  1- 3 S U B J E C T  
I* 4- 5 P E R I O D ( D A Y )  
I* 
/*  DATA CARD 3: C O L  1- 7 FOOD NUMBER 
/ * 8-1 1 WEIGHT O F  FOOD I N  GRAMS 
/*  (NO FRACTIONAL GRAMS ) 
I* 
/ *  DATA CARD 4 ,5 ,6 . .  . . SAME A S  CARD 3, R E Q U I R E  ONE CARD 
/ * FOR EVERY FOOD I T E M  B E I N G  ENTERED 
/ * 
/ * F I N A L  DATA CARD: C O L  1- 3 S U B J E C T  # 



/ * 4-  5 THE LETTERS 'ND' *I 
/ * * I 
/*  * NOTE - THE FINAL CARD SIGNALS THE END OF THE INPUT AND * /  
/*  I S  NEEDED TO ENSURE THAT THE PROGRAM RUNS CORRECTLY. * /  
I* * / 
I* *I .................................................................... 

DCL FOODLST F I L E  RECORD KEYED ENV(REGIONAL(3)) ,  
RCMDD F I L E  KEYED ENV(REGIONAL(2)), 
COVER F I L E  RECORD SEQL INPUT, 
1 F ( - l : l ) ,  

2  NUM P I C  ' 9 9 9 9 9 9 9 ' ,  
2  ITEM CHAR(30) ,  
2  PREP CHAR(50) ,  
2  G P  CHAR(3) ,  
2  AMT(3 ,2 )  FLOAT BIN,  
2  V ( 2 : 8 7 , 2 )  FLOAT BIN,  

1 RK, 
2 G P  CHAR(2) ,  
2  CTGRY CHAR(9) ,  
2 R D A ( 2 0 ) ,  

3 NUTR CHAR(15) ,  
3 UNITS CHAR(3) ,  
3 VAL FLOAT BIN,  

1 s,  
2  NAME CHAR(30) VARYING I N I T  (' ' ) , 
2 SEX CHAR(2) I N I T  (' ' ) ,  
2 AGE F I X E D ( 5 , l )  I N I T ( O ) ,  
2  WT F I X E D ( 6 , l )  I N I T ( O ) ,  
2  HT FIXED ( 6 , l )  I N I T ( 0 )  , 
2 LBM F I X E D ( 6 , l )  I N I T ( O ) ,  
2  MUSC F I X E D ( 6 , l )  I N I T ( O ) ,  
2  FRMSZ CHAR(3),  
2  ACTLVL CHAR(3) I N I T ( '  '), 
2 DAILY CHAR(3) I N I T  ( 'YES') ,  

IDEAL FLOAT B I N ,  
INSERT CHAR ( 1  6 ) ,  
T ITLE CHAR(30)  I N I T  ( 'PERIOD'), 
SERVINGS FIXED ( 5 , l )  I N I T  (0) ,  

1 R,  
2  FOOD# CHAR(7)  I N I T ( '  '), 
2 AMT F I X E D ( 4 )  I N I T ( O ) ,  

Z ( 2 0 )  FLOAT B I N  I N I T ( O ) ,  
CODE P I C  ' 9 9 9 9 9 9 9 9 ' ,  



, 
P E R I O D  C H A R ( 2 )  I N I T  ('1 ') , 
FDNUM P I C  ' 9 9 9 9 9 9 9 ' ,  
CVR C H A R ( 8 0 )  I N I T  (' ' ) ; 

DCL L ( 8 7 )  C H A R ( 1 0 )  I N I T ( ' W T  GM ','WATER GM ', 
'ENRGY KAL ', 
'CHO GM ','CHO KAL ' , 'ALCHLGM ', 
' F I B R E  GM ' , 'T.FAT GM ' , 'FAT KAL ', 
'S .FAT GM ' , 'U.FAT GM ','ARACH GM ', 
' L I N O L  GM ' , 'OLEIC GM ','OTH.U GM ', 
'CHLST MG ', 'T.PRO GM ', 'PROT KAL ', 
'ESSAA GM ' , 'NESSA GM ','S- AA MG ', 
'CYS MG ' , ' H I S  MG ' , ' I S L  MG ', 
'LEU MG ', 'LYS MG ','MET MG ', 
' PHE MG ','THR MG ', 'TRY MG ', 
'TYR MG ','VAL MG ', 'ALA MG ', 
' A S P  MG ', 'ARG MG ', 'CYS MG ', 
'GLU MG ', 'GLY MG ','HPR MG ', 
'PRO MG ' , 'SER MG ' , 'OTHAAMG ', 
'PURIN KG ','PYRIM MG ', 
' V I T A  I U  ' , 'ASCRB MG ' , 'VITD I U  ', 
'VITE MG ','VITK MG ','THIAK MG ', 
'RIBO MG ','NIAC MG ','FOLA MG ', 
' PANT0 MG ' , ' B I O T  MG ' , 'B6  MCG ', 
' ~ 1 2  MCG ', 'CHOL MG ','CAE MG ', 
'CHLOR MG ','CHROM MG ','COBLT MG ', 
'COPPR MG ', 
'FLUOR MG ' , ' I O D I N  MG ' , ' IRON MG ', 
'MAGN MG ' ,'MANGN MG ' , 'MOLYB MG ' , 
'NICKL MG ' ,'PHOSP MG ' , 'POTAS MG ' , 
'SELEN MG ' , ' S I L C N  MG ', 'SOD MG ', 
'SULFR MG ', 
' T I N  MG ' , 'VANADMG ' , 'Z INC MG ', 
'OTHR1 MG ' , 'OTHR2 MG ' , 
' I N O S  MG ' , ' L I P 0 1  MG ' , 'OTHRl MG ', 
'OTHR2 MG ' , 'OTHR3 MG ' , 'COST C T S  '1; 

DCL (I, J, K,M,N, GTT, CNT) FLOAT B I N  I N I T  (0)  ; 

BEGIN : F.V=O; N=O; 
ON ENDFILE (COVER) GO TO CONT; 
ON ENDFILE (SYSIN) STOP; 
ON KEY(FO0DLST)  B E G I N ;  
PUT FILE (SYSPRINT) S ~ P ( I  ) EDIT(R.AMT,'GRAMS' ,R. FOOD#, 

'* NOT LISTED')(F(9,3),X(3),A(10),X(3),A(30),X(l ) , A ( l 2 ) ) ;  
GO TO GET&; 
END ; 

OPEN F I L E  (COVER) SEQL I N P U T ;  
OPEN F I L E  (FOODLST) D I R E C T  INPUT,  

F I L E  (RCMDD ) D I R E C T  INPUT ; 



IF S. SEX='M' THEN INSERT='MALE' ; 
IF S. SEX='F' THEN INSERT='FEMALE' ; 
IF S.SEX='I' THEN INSERT='INFANT'; 
I F  S.SEX='FP' THEN INSERTz'PREGNANT FEMALE'; 
IF S.SEX='FL' THEN INSERT='LACTATING FEMALE'; 

I F  SUBSTR (R. FOOD!!, 4,2)='ND' THEN W ; 
I F  DAILY=' ' JDAILY='YES' THEN PUT F I L E  (SYSPRINT) PAGE ; 
J=0; GTT=l ;  
I F  DAILY=' ' IDAILY='YES' THEN CALL ANALYSS ; 
GO TO GRTOTL ; - 

END ; 

I F  SUBSTR(R.FOOD#,6,2)=' ' THEN DO; 
SERVINGS=l ;  N=N+l;  PERIOD=SUBSTR(R. FOOD#, 4 , 2 )  ; 
I F  N=l THEN DO ; 

IF DAILY=' 'IDAILY='YES' THEN CALL HEADER; 
GO TO GET&; 

END; 
I F  N>1 THEN DO; 

GO TO NEXT; 
END; 

END; 

I F  CNT>=48 THEN CALL HEADER; 

FDNUM=R. FOOD#; 
J=FDNUM/~ 00; 
CODE=MOD (J, 2 4 9 ) + 1 ;  
READ FILE(FO0DLST)  I N T O ( F ( 1 ) )  KEY(R.FOOD#~   CODE); 



C NT =C NT+4 ; 
END ; 

GO TO GETR; - 

NEXT : I F  DAILY=' ' IDAILY='YES' THEN PUT FILE (SYSPRINT) PAGE ; 
J=O;GTT=l ; 
IF DAILY=' ' IDAILY='YES' THEN DO; 
CALL ANALYSS ; CALL HEADER ; 
GO TO GETR* - 9 

END ; 
ELSE GO TO GETS; 

GRT - OTL: TITLE='GRAND TOTAL' ; 
J--1; 
GTT=N ; PUT FILE (SYSPRINT) PAGE ; 
PUT F I L E  (SYSPRINT) SKIP  ( 0 )  EDIT ('AVERAGE DIETARY INTAKE FOR', 

N, ' PERIOD(S)')  ( c o L ( ~ O )  , A ( 2 6 )  , F ( 4 )  , A ( 1 0 ) ) ;  
CALL ANALYSS ; CALL GRAPH ; 

HEADER: PROCEDURE ; 
CNT=O; 
PUT F I L E  (SYSPRINT) PAGE ; PUT FILE (SYSPRINT) SKIP  ( 1  ) ; 
PUT F I L E  (SYSPRINT) SKIP  EDIT (TITLE, PERIOD) ( A ( 3 0 )  , A ( 2 ) )  ; 

PUT FILE (SYSPRINT)  SKIP(^ ) EDIT ('TOTAL NUTRIENT', 
' INTAKE PER FOOD') ( c O ~ ( 5 4 )  , A ( 1 4 )  , A ( 1 6 ) )  ; 

PUT FILE(SYSPR1MT) S I U P ( 1 ) ;  

PUT F I L E  (SYSPRINT) SKIP  EDIT ('FOOD', ( L  (1)DO 1 = 1  , 
2 , 3 , 1 7 , 8 , 4 , 7 , 5 9 ) )  ( C 0 ~ ( 2 6 ) , A ( 4 )  ,COL(53)  , 8  A ( 1 0 ) ) ;  

PUT FILE(SYSPR1NT) SKIP  EDIT ( ( L  (1)DO I= 
i ' l , 6 6 , 7 5 , 7 2 ,  4 5 , 5 O Y 5 l  , 5 2 1 )  (COL(531, 8 A ( 1 0 ) ) ;  

PUT F I L E  (SYSPRINT) SKIP  EDIT ( (L ( I  )DO I= 



RETURN; 
END HEADER; 

ANALYS S : PROCEDURE ; 
DCL GG F I X E D ( 2 )  I N I T ( O ) ,  

GGP CHAR (2 ) , 
G P  C H A R ( 6 ) ,  
(EA,EB,NEWNRGY) FLOAT BIN I N I T ( O ) ,  
L l ( 2 0 )  C H A R ( 3 0 )  I N I T  ('ENERGY' , 'PROTEIN'  ,'THIAMINE', 

'NIACIN', 'RIBOFLAVIN' ,'FAT' ,'CARBOHYDRATE', 
'FIBER' ,'VITAMIN C','VITAMIN A','SODIUM','POTASSIUM', 
'CALCIUM' ,'WATER' ,'SATFAT' ,'OLEIC ACID' , 'IRON', 
'CHOLESTEROL','LINOLEIC ACID' , 'PHOSPHORUS~) ,  

L 2 ( 2 0 )  CHAR(3)  I N I T  ('KAL','GM ' ,'MG ','MG ','MG ', 
'GM ','GM ','GM ','MG ' , ' I U  ','MG ','MG ','MG ', 
'GM ','GM ','GM ','MG ','MG ','GM ','MG '); 

.................................................................... 
/*  T H I S  ROUTINE DETERMINES THE RDA VALUE GROUP FOR AGE AND S E X  */  .................................................................... 

I F  S. SEX='18 THEN I F  AGE 
ELSE GG=2; 
I F  S. SEX='M' I S.  SEX='F ' THEN I F  AGE 
IF S. SEX='M' I s . SEX='F ' THEN IF AGE 
I F  S.SEX='M' THEN I F  AGE>6 THEN GG=5; 
I F  S. SEX='F'  THEN I F  AGE>6 THEN GG=12; 
I F  AGE>=7 THEN 



I F  AGE>=lO THEN 
I F  AGE>=13 THEN 

I F  AGE >=I 6 THEN 
I F  AGE >=19 THEN 

I F  AGE>=35 THEN 
I F  AGE>=50 THEN GG=GG+6; 

ELSE GG=GG+5; 
ELSE GG=GG+4; 

ELSE GG=GG+3; 
ELSE GG=GG+2 ; 

ELSE GG=GG+l ; 
ELSE GG=GG; 
I F  S. SEX='FP' THEN GG=19; 
I F  S. SEX='FL' THEN GG=20; 
GP=GG; 
GGP=SUBSTR(GP, 4 , 2 ) ;  

READ.FILE (RCMDD) INTO(RK) KEY (GGP) ; 

.................................................................... 
/ * * / 
/ * ANTONETTI'S ALGORITHM FOR ENERGY EXPENDITURE * / 
/* (AMERICAN JOURNAL OF CLINICAL NUTRITION 2 6 : l  J A N  1 9 7 3 )  ' */ 
/* * / 
I* MODIFIED FOR METRIC MEASURE OF HEIGHT AND WEIGHT * /  
/ * * / .................................................................... 

I F  ACTLVL='SED' THEN EA=WT*8.10; 
I F  ACTLVL='LOW' THEN EA=WT*9.50; 
I F  ACTLVL='MOD' THEN EA=WT*12.65; 
IF ACTLVL='H IG' THEN EA=WT*~ 7 .60 ;  
I F  ACTLVL='VIG8 THEN EA=WT*27.06; 
I F  ACTLVL=' ' THEN EA=WT*12.65; 

IF SEX='M' THEN DO; 
I F  AGE 



I F  AGE > = 3 5  1 AGE 
I F  AGE > = 5 5  THEN EB=WT**O. 425*HT**O. 7 2 5 * 5 . 8 5 ;  

END; 

ELSE DO ; 
I F  AGE 
IF  AGE >=351AGE 
I F  AGE > = 5 5  THEN EB=WT**O. 425*HT**O. 7 2 5 * 4 . 8 8 ;  

END; 

PUT F I L E  ( S Y S P R I N T )  S K I P ( 2 )  E D I T  ('ADJUSTED ENERGY REQUIREMEFR' , 
'BASED ON YOUR SEX, SIZE, AND ACTIVITY LEVEL IS' ,NEWNRGY, 
' KAL8)(C0L(46),A(28),A(47),F(6),A(4)); 

DO 1=1 T O  5 , 9 , 1 0 , 1 3 , 1 7 ;  
PUT F I L E ( S Y S P R I N T )  S K I P  E D I T ( R K . N U T R ( I + 2 ) , Z ( I ) ,  

RDA.VAL(I+2),RDA.UNITS(I+2), 
z(I)/RDA.vAL(I+~)*~~~,'%' , z ( I ) / s . W T , Z ( I ) / S * L E ~ M ,  
z(I)/s.MuSC)(A(~~),F(~~,~),X(~),F(~~,~),X(~ ) , A ( 3 ) , X ( 8 ) ,  
F ( 6 ) , A ( l  ),X(7),F(8,1~,X(9)yF(8,1),X(10)yF(~y~)); 

END ; 

RETURN; 
END ANALYSS; 

GRAPH : PROCEDURE ; 
.................................................................... 
/ *  T H I S  PROCEDURE PLOTS A LOGARITHMIC GRAPH O F  TOTAL NUTRIENT * / 
/ *  INTAKF, A S  DETERMINED BY THE ANALYSIS PROCEDURE. * / 
.................................................................... 



DCL X ( 1 7 )  F I X E D ( 6 ) ;  
ON ZERODIVIDE B E G I N ;  
X ( I ) = O ;  
END; 
PUT F I L E ( S Y S P R 1 N T )  S K I P ( 5 ) ;  

PRNTLP : DO 1=1 T O  5 , 9 , 1 0 , 1 3 , 1 7 ;  
X (I )=Z (I ) IRK. VAL ( I + 2  ) *loo; 
I F  X ( 1 )  =O THEN DO ; 
X ( I ) = L O G l O ( X ( 1 ) ) * 2 0 ;  
END; 
I F  X ( I ) > 1 0 0  THEN X ( I ) = 1 0 0 ;  
PUT F I L E  ( S Y S P R I N T )  S K I P ( 1 )  E D I T  (RKeNUTR(I+2)  ,' 1 ' , 

REPEAT('*' , x ( I ) ) )  ( A ( l 4 )  , C O L ( 1 5 )  , A U )  , C O L ( 1 6 )  , A ( X ( I ) ) ) ;  
PUT S K I P ( 0 )  F I L E ( S Y S P R 1 N T )  E D I T  (' I ' ) ( C O L ( 5 5 ) , A ( 1 ) ) ;  

NDLP : END PRNTLP; 

PUT S K I P ( 1 )  F I L E  ( S Y S P R I N T )  E D I T  (REPEAT(' I ' ,8) ,' 1 ' ) 
( C O L ( l 5 )  , A ( 8 O )  , A ( l ) ) ;  

PUT S K I P ( 2 )  F I L E ( S Y S P R 1 N T )  E D I T  ( 'O ' , 'L0 ' , ' 100 ' ,  
'1000' , ' lOOOO') 
( C O L ( 1 5 ) , A ( l ) , X ( 5 ) , 5  ( X ( 1 4 ) , A ( 6 ) ) ) ;  

PUT F I L E  ( S Y S P R I N T )  S K I P ( 0 )  
E D I T  (REPEAT ( ' 2 3 5 7 ' , 4 ) )  
( C O L ( 1 5 ) , A ( 8 0 ) ) ;  

PUT S K I P  ( 2 )  F I L E  ( S Y S P R I N T )  E D I T  ('PERCENT OF MINIMUM' , 
' RECOMMENDED DAILY INTAKE')  ( C O L ( 4 3 )  , A ( 1 8 )  , A ( 2 5 ) )  ; 

RETURN ; 
END GRAPH ; 

S T O P P  : PUT F I L E ( S Y S P R 1 N T )  S K I P ( 2 )  EDIT('PR0GRA.M WRITTEN BY ', 
'DON DRINKWATER, KINESIOLOGY DEPARTMENT -- SIMON FRASER', 
' U N I V E R S I T Y ,  BURNABY 2 ,  B.C., V5A l S 6 ' )  ( A ( 1 9 )  , A ( 5 4 ) ,  
A ( 3 7 ) ) ;  

CLOSE FILE(FOODLST),FILE(COVER), 
F I L E  (RCMDD) ; 

PUT F I L E  ( S Y S P R I N T )  PAGE ; 
GO TO BEGIN ; 

END USAFDS; 

//GO. COVER DD DSN=SC.A0791 .  FCOVER,UNIT=DISK,DISP=(OLD,EP) 
//GO. FOODLST DD DSN=SC.A0791 .USDA,UNIT=DISK,DISP=(OLD,KEEP) 
//GO.RCMDD DD DSN=SC.A0791 . FRDA, UNIT=DISK,DISP=(OLD,KEEP) 
//GO. S Y S I N  DD * 



/ / A 2 9 4 D E B C  JOB ( 0 7 9 1 ,  U 5 2 5 9 )  
/ /  EXEC PLICKCG 
//PLI.SYSCIN DD * 

/***k*************t****kk****k******k********************************/ 

/* NUTRITIONAL ANALYSIS PROGRAM * /  
/* WRITTEN BY DON DRINKWATER */ 
/* KINESIOLOGY D E E .  S.F.U. * I  
/* * 1 
/ * FRDA PROCEDURE */ 
I* * / 
/ * T H I S  ROUTINE LOADS THE 1 9 7 5  E D I T I O N  OF THE CANADIAN */ 
/* RECOMMENDED DAILY ALLOWANCE TABLES FOR INFANTS,  MEN AND WOMEN */ 
/* FROM 1 YEAR OF AGE TO > 65  YEARS. THE TABLE I S  LOADED ONTO */ 
/* D I R E C T  ACCESS D I S C  AND I S  KEYED BY S E X  AND AGE VIA A ROUTINE */ 
/* GENERATED BY THE MAIN PROGRAM, 'SURVEY'. FOURTEEN N U T R I E m S  */ 
/* ARE L I S T E D  BY THE TABLES A S  BEING ESSENTIAL TO HEALTH. * / 
/* VALUES ARE ALSO GIVEN FOR PREGNANT AND LACTATING FEMALES. * /  
I* * / .................................................................... 

REQUIRE: PROC OPTIONS (MAIN);  
DCL RCMDD F I L E  RECORD KEYED ENV(REGI0NAL ( 2 )  ) , 
1 GROUP, 

2 G P  C H A R ( 2 ) ,  
2 CTGRY C H A R ( 9 ) ,  
2 R D A ( 2 0 ) ,  

3 NUTR C H A R ( 1 5 ) ,  
3 U N I T S  C H A R ( 3 ) ,  
3 VAL FLOAT B I N ;  

OPEN FILE (RCMDD) DIRECT OUTPUT ; 
ON E N D F I L E ( S Y S 1 N )  GO T O  NEXT; 
ON ENDFILE(RCMDD) GO TO FINISH; 

I N  : GET F I L E  ( S Y S I N )  L I S T  (GROUP) ; 
WRITE F I L E  (RCMDD) FROM(GR0UP) KEYFROM(GP) ; 
GO TO I N ;  

NEXT : CLOSE FILE(RCMDD); 
OPEN FILE (RCMDD) s EQL UPDATE ; 

AGAIN : READ F I L E  (RCMDD) I N T O  (GROUP) ; 
PUT F I L E  ( S Y S P R I N T )  S K I P  L I S T  (GROUP) ; 
GO TO AGAIN; 

FINISH : CLOSE FILE(RCMDD); 

END REQUIRE;  
I* 
//Go.RcMDD DD DSN=SC.A0791 .  FRDA, UNIT=DISK,DISP=(NEW ,CATLG) , 
/ /  DCB= (RECFM=F, BLKS I Z E = 4 8 9 ,  DSORG=DA, KEYLEN=2), 
/ /  SPACE=(CYL, (1 , l ) )  
//GO. S Y S I N  DD * 



/ / A ~ ~ ~ D E B D  J O B  ( 0 7 9 1  , U 5 2 5 9 )  
/ /  EXEC P L I C K R  
/ / G O . S Y S C I N  DD * 

/ * * * * * * * f * *k****** * * * * * * * * *k****** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * /  

/ * N U T R I T I O N A L  A N A L Y S I S  PROGRAM * / 
/ *  WRITTEN BY DON DRINKWATER * /  
/ *  K I N E S I O L O G Y  D E P T .  S.F.U.  * / 
/ * * 1 
/ * COVERPAGE PROCEDURE */ 
1 * * / 
/ * T H I S  R O U T I N E  LOADS A SEQUENTIAL DATA S E T  WHICH */ 
/ *  GENERATES THE COVERPAGE FOR THE N U T R I T I O N A L  A N A L Y S I S  M A I N  * / 
/ *  PROCEDURE 'SURVEY'. T H I S  F I L E  I S  A L S O  LOADED ONTO D I S K  FOR */ 
/* R A P I D  A C C E S S .  * /  
/ * * / .................................................................... 

P R E T T Y  : PROC O P T I O N S  (MAIN) ; 
D C L  COVER F I L E  RECORD, 

CVR C H A R ( 8 0 ) ,  
A F L O A T  B I N ;  

ON E N D F I L E ( S Y S 1 N )  GO T O  NEXT;  
ON E N D F I L E ( C 0 V E R )  GO T O  F I N I S H ;  

O P E N  F I L E  (COVER) S E Q L  OUTPUT ; 
I N  : GET F I L E  ( S Y S I N )  E D I T  (CVR) ( A ( 8 0 ) )  ; 

W R I T E  F I L E  (COVER) FROM(CVR) ; 
GO T O  I N ;  

NEXT : C L O S E  F I L E  (COVER) ; 

O P E N  F I L E  (COVER) S E Q L  I N P U T  ; 
A G A I N  : READ F I L E ( C 0 V E R )  I N T O ( C V R ) ;  

P U T  F I L E  ( S Y S P R I N T )  S K I P  E D I T  (CVR) (A( 80) ) ; 
GO T O  A G A I N ;  

F I N I S H  : CLOSE F I L E  (COVER);  
END P R E T T Y ;  

/* 
//GO. COVER DD D S N = S C . A 0 7 9 1 .  FCOVER,UNIT=DISK,DISP=(NDJ,CATJ~G) , 
/ /  D C B = ( R E C F M = F B , L R E C L = 8 0 ,  B L K S I Z E = 4 4 8 0 )  ,SPACE=(TRK,  ( 2 , l ) )  
/ /GO.SYSIN DD * 

** ** ** ** ** *** 





( 
/ /  EXEC P L I X C G  

0 9 7 9 , U 6  

/ /PLI. S Y S C I N  DD * 
0 N = 3 0 0 K 7  MSGCLA 

.................................................................... 
/ * N U T R I T I O N A L  ANALYS I S  PROGRAM * / 
/*  WRITTEN BY DON DRINKWATW */ 
/*  K I N E S I O L O G Y  DEPT.  S.F.U. * / 
/ * * / 
/ * DATAGET PROCEDURE * 1 
/ * * / 
/ * T H I S  ROUTINE TRANSFERS THE MASTER FOODS DATA S E T  FROM * 1 
/ *  D I R E C T  A C C E S S  D I S C  TO A S E Q U E N T I A L  F I L E  I N  CARD IMAGE FORMAT */ 
/*  FROM WHERE I T  MAY B E  TRANSFERRED T O  T A P E  F O R  PERMANENT STORAGE.*/ 
/ * * / .................................................................... 

DTAGET : PROC OPT I O N S  (MAIN) ; 
DCL INFOOD FILE RECORD KEYED ENV(REGIONAL (311, 

OUTFOOD F I L E  STREAM, 
1 F, 

2 NUM P I C  '9999999', 
2 I T E M  C H A R ( 3 0 ) ,  
2 P R E P  C H A R ( 5 0 ) ,  
2 G P  C H A R ( 3 ) ,  
2 A M T ( 3 , 2 )  FLOAT B I N ,  
2 V ( 2 : 8 7 , 2 )  FLOAT B I N ;  

ON ENDFILE (INFOOD) GO TO NEXT ; 
ON E N D F I L E  (OUTFOOD) S T O P  ; 
O P E N  F I L E  ( I N F O O D )  S E Q L  I N P U T ,  F I L E  (OUTFOOD) OUTPUT ; 

I N  

OUT 

NEXT 

: READ F I L E  ( I N F O O D )  I N T O  (F) ; 

GO T O  I N ;  

: C L O S E  F I L E  (OUTFOOD) ; 
OPEN F I L E  (OUTFOOD) I N P U T  ; 



PUT FILE(SYSPR1NT) SKIP(1) EDIT(NUM,ITE'M) (A(1 O),A(30)); 
GO TO AGAIN; 

END DTAGET; 
/ * 
//GO. INFOOD DD DSN=SC.A0791 .USDA, UNIT=DISK,DISP=(OLD, E E P )  
//GO. OUTFOOD DD DSN=DTD.OUTFOOD, UNIT=DISK,DISP=(NEW,CATLG) , 
/ /  DCB=(RECFM=FB,LRECL=80, BLKSIZE=3120) ,SPACE=(TRK, (300,lO)) 
//GO.SYSIN DD * 



4 
Z 

/ *  TEMPORARY D I S C  STORAGE T O  PERMANENT STORAGE. * / 
I* A REGIONAL KEY I S  GENERATED F O R  EACH FOOD FROM */ 
/* T H E  F I R S T  THREE D I G I T S  O F  A UNIQUE NUMBER F O R  THAT FOOD. * / 
/ * * / .................................................................... 

DTAPUT:  PROC O P T I O N S  (MAIN)  ; 
D C L  FOQDLST F I L E  RECORD KEYED E N V ( R E G I O N A L ( 3 ) ) ,  

NEWDATA F I L E  STREAM I N P U T ,  

1 F, 
2 NUM P I C  '9999999', 
2 I T E M  C H A R ( 3 0 ) ,  
2 P R E P  C H A R ( 5 0 ) ,  
2 G P  C H A R ( 3 ) ,  
2 AMT ( 3 , 2 )  FLOAT B I N ,  
2 V ( 2 : 8 7 , 2 )  FLOAT B I N ,  

(I, J) FLOAT B I N  I N I T ( ' O ' ) ,  
CODE P I C  '99999999'; 

ON ENDFILE(NEWDATA)  GO TO NEXT;  
ON ENDF I L E  (FOODLS T )  S T O P  ; 
OPEN F I L E  ( F O O D L S T )  D I R E C T  OUTPUT ; 

/ / A ~ ~ ~ D E B B  J O B  ( 0 9 7 9 ,  ~ 6 1 4 4 )  , T I M E = 3 , R E G I O N = 3 O O K  
/ /  EXEC P L I X C G  
/ /PLI .  S Y S C I N  DD * 
.................................................................... 
/ * N U T R I T I O N A L  A N A L Y S I S  PROGRAM * / 
/* WRITTEN B Y  DON DRINKWATER * / 
/*  K I N E S I O L O G Y  D E J T .  S.F.U. * /  
/* * / 
/* DATAPUT PROC EDURE */ 
/ * * / 
/ * T H I S  R O U T I N E  LOADS THE MASTER FOODS DATA S E T  FROM * /  

J = N U M / ~  00; 
CODE=MOD (J, 2 49)+1; 

W R I T E  F I L E  ( F O O D L S T )  FROM(F)  KEYFROM(NUM I I CODE) ; 

GO T O  I N ;  



NEXT : CLOSE F I L E  (FOODLST)  ; 
OPEN F I L E  (FOODLST)  S E Q L  I N P U T  ; 

A G A I N  : READ F I L E  (FOODLST)  I N T O ( F )  ; 
J = N U M / ~  00; 
CODE=MOD(J ,  2 4 9 ) + 1 ;  
P U T  F I L E ( S Y S P R 1 N T )  S K I P ( 1 )  EDIT(NUM,CODE)  ( A ( 7 ) , A ( 8 ) ) ;  
GO TO A G A I N ;  

END DTAPUT ; 
I* 
//GO. FOODLST DD DSN=DTD.USDA, UNIT=DISK,DISP=(NEW,CATLG) , 
/ /  DCB=(RECFM=F,BLKSIZE=802,DSORG=DA, K E Y L E N = l 5 ) ,  
/ / SPACE= (TRK,  ( 250 , l )  ) 
//GO. NEWDATA DD DSN=DTD. TEMPFDS,  U N I T = D I S K ,  D I S P = ( O L D ,  KEEP) 
//GO.SYSIN DD * 



//KINOS JOB JOB ( 0 7 9 1  , U5259)  ,REGION=240Ky TIME=l ,MSGCLASS=R 
/ /  EXEC PLICKCG 
//PLI.SYSCIN DD * 
................................................................... 
/ * NUTRITIONAL ANALYSIS PROGRAM * / 
/ * *I 
/* WRITTEN BY DON DRINKWATER VERSION 1 . 4  MAY 2 3  7 8  */ 
/* KINESIOLOGY DEPT. S.F.U. * /  
/ * * / 
/ * ADDATA PROCEDURE * /  
/ * * / 
/ * THIS PROCEDURE ALLOW THE ADDITION OF DATA TO THE PIASTER */ 
/* DATA SET. THE PROGRAM CHECKS FIRST TO SEE I F  THE FOOD (NUM) */ 
/*  CURRENTLY EXISTS. IF SO, A FOOD UNDER THAT NAME CANNOT BE */ 
/ *  ADDED. TO UPDATE EXISTING RECORDS, USE PROCEDURE {~CHDATA. * /  
/ * * / ................................................................... 

ADDATA : PROC OPTIONS (MAIN); 
DCL FOODLST FILE RECORD KEYED ENV(REGIONAL(3)), 

1 F ,  
2 NUM P I C  '9999999 ' ,  
2 ITEM CHAR(30) I N I T ( '  '1, 
2 PREP CHAR(50) I N I T ( '  ' )  , 
2 GP CHAR(3) I N I T  (' ' ) , 
2 AMT ( 3 , 2 )  FLOAT BIN, 
2 V(2: 8 7 , 2 )  FLOAT BIN, 

1 G, 
2 NUM PIC '9999999 ' ,  
2 ITEM CHAR(30) I N I T  (' ' ) , 
2 PREP CHAR(50) I N I T  (' ' )  , 
2 GP CHAR(3) I N I T ( '  ' )  , 
2 AMT(3,2) FLOAT BIN, 
2 V ( 2 : 8 7 , 2 )  FLOAT BIN, 

( I ,  J )  FLOAT BIN INIT ( 0 ) ,  
CODE PIC '99999999 ' ;  

OPEN FILE (FOODLST) DIRECT UPDATE; 

ON KEY(FO0DLST)BEGIN; 
WRITE FILE(FOODLST) FROM(G) KEYFROM(G.NUM~ /CODE) ;  
PUT FILE(SYSPR1NT) S K I P ( 1 )  EDIT(G.NUM,G-ITEM) 

( A ( 7 )  , C O L ( l l >  , A ( 3 0 ) ) ;  
GO TO I N ;  
END ; 



I N  : GET F I L E ( S Y S 1 N )  E D I T  (G.NUM,G. I T E M , G *  P R E P ,  
( G . V ( I , l ) D O  1=2,3,17,8,4,7,59,71,66,75,72,45,50,51,52,46, 

10,14,13,16))  
( C O L ( 1 )  , ~ ( 7 )  , C O L ( l )  , A ( 3 O )  , A ( 5 O )  , C O L ( l )  , 8  F (10 ,3 ) ,  

C O L ( l ) , 8  F ( 1 0 , 3 ) , C O L ( 1 ) , 4  F(8 ,3) ) ;  

DO 1=2,3,17,8,4,7,59,71,66,75,72,45,50,51,52,46, 
46,10,14,13,16; 
F . V ( I ,  2)=99; 

END; 

J = G . N U M / ~  00; 
CODE=MOD(J ,  2 4 9 ) + 1 ;  
READ F I L E  (FOODLST)  I N T O  (F) KEY (G. NUM I I CODE) ; 
PUT FILE(SYSPRINT)  SKIP(^) EDIT('FOOD' ,G. ITEM,G.NUM, 

'PRESENTLY E X I S T S  I N  MASTER DATA S E T ' )  ( C O L ( 1 0 )  , 
A ( 5 > , A ( 3 2 )  , A ( 8 ) , A ( 3 0 ) ) ;  

GO T O  I N ;  

F I N I S H  : CLOSE F I L E  (FOODLST)  ; 
ENIl ADDATA; 

I* 
/ /GO. FOODLST DD D S N = S C . A 0 7 9 1  .USDA, U N I T = D I S K , D I S P = M O D  
/ / G O . S Y S I N  DD * 



/ /KINOS JOB JOB ( 0 7 9 1 ,  ~ 5 2 5 9 )  , R E G I O N = ~ ~ O K , T I M E =  
/ /  EXEC PLICKCG 
/ / P L I -  SYSCIN DD * 
................................................................... 
/ * NUTRITIONAL ANALYSIS PROGRAM * / 
I* * / 
/*  WRITTEN BY DON DRINKWATER VERSION 1 .4  MAY 2 4  7 8  */ 
/* KINESIOLOGY DEFT. S.F.U. * / 
/ * * 1 
/ * CXDATA PROCEDURE */ 
/ * * / 
/ * THIS PROCEDURE ALLOWS THE CHANGING OF DATA I N  THE MASTER */ 
/*  DATA SET. THE PROGRAM CHECKS FIRST TO SEE I F  THE FOOD (NUM) */ 
/*  CURRENTLY EXISTS. I F  SO, A FOOD UNDER THAT NAME CAN BE * /  
/*CHANGED. THIS FEATURE DOES NOT ALLOW THE CREATION OF NEW * /  
/* RECORDS. I T  I S  BETTER TO USE PROCEDURE #ADDATA TO */ 
/ *  PERFORM THIS FUNCTION. * / 
/ * * / ................................................................... 

CHDATA : PROC OPTIONS (MAIN); 
DCL FOODLST FILE RECORD KEYED ENV(REGIONAL(3)), 

1 F, 
2 NUM PIC '9999999 ' ,  
2 ITEM CHAR(30) I N I T  (' * )  , 
2 PREP CHAR(50) I N I T  (' * )  , 
2 GP CHAR(3) I N I T ( '  ' ) , 
2 AMT(3,2) FLOAT BIN, 
2 V ( 2 : 8 7 , 2 )  FLOAT BIN, 

1 G, 
2 NUM PIC '9999999 ' ,  
2 ITEM CHAR(30) I N I T  (' ' ) , 
2 PREP CHAR(50) I N I T  (' * )  , 
2 GP CHAR(3) I N I T  (' * ) , 
2 AMT(3,2) FLOAT BIN, 
2 V ( 2 : 8 7 , 2 )  FLOAT BIN, 

( 1 , J )  FLOAT BIN I N I T ( O ) ,  
CODE PIC '99999999 ' ;  

ON ENDFILE(SYS1N) GO TO FINISH; 

OPEN FILE (FOODLST) DIRECT UPDATE; 

ON KEY(FO0DLST)BEGIN; 
PUT FILE (SYSPRINT)  SKIP(^) EDIT('FOOD' ,G. ITEM,G.NUM, 

'PRESENTLY EXLSTS I N  MASTER DATA S E T ' ) ( C O L ( ~ O ) ,  
A ( 5 ) , A ( 3 2 ) , A ( 8 > , A ( 3 0 ) ) ;  

GO TO I N ;  
END ; 



DO 1=2,3,17,8,4,7,59,71,66,75,72,45,50,51,52,46, 
46,10,14,13,16; 
F. V ( I , 2 ) = 9 9 ;  

END ; 

J=G. N U M / ~ O O ;  
CODE=MOD (J, 249)+1; 
READ F I L E  (FOODLST)  I N T O  (F) KEY (G. NUM I I CODE) ; 
REWRITE F I L E  (FOODLST)  FROlI(G)  KEYFROM(G. NUM I I CODE) ; 
P U T  F I L E  ( S Y S P R I N T )  S K I P  (1 ) E D I T  (G. NUM, G. I T E M )  

( A ( 7 ) , c O L ( l l ) , A ( 3 0 ) ) ;  
GO T O  I N ;  

F I N I S H  : CLOSE F I L E ( F O 0 D L S T ) ;  
END CHDATA ; 

I* 
/ /GO.FOODLST DD DSN=SC.A0791.USDA,UNIT=DISK,DISP=MOD 
/ /GO. SYS I N  DD * 


