
15.8. 1976 Speeialia 1081 

originally learned compos i t ion  (optical, acoustical,  
scenic, etc. components )  in ter  alia due to the  h igher  
p robab i l i ty  of appearance  of one e lement  which p romotes  
the  re t r ival  of the  o the r  componen t s .  Addi t ion  of new or 
dev ia t ing  p a t t e r n  e lements  leads to  new ' ideas ' ,  weaken-  
ing, d i s tor t ion  or suppress ion  of original impressions,  or 
repressions if the  fil ters are set  to block passage of pa t t e rn s  
of unp leasan t  experience.  I t  is seen t h a t  ne i ther  R N A  
modif ica t ion nor  loops are requi red  to  explain the  var ious  
phenomena .  

In  simple language,  our  t h ink ing  m a y  a m o u n t  to 
s t imula t ing  a ' p robab i l i ty  fil ter s y s t em '  which then  sees 
to i t  t h a t  the  p a t t e r n s  passed  on to  the  conscious mind  
cor respond to our world of exper ience,  We ' t ap '  the  
sys tem,  feeding in th is  and  t h a t  s t imulus  which  we be- 
lieve is re levant .  If  the  brain  has been  proper ly  fed wi th  
in fo rmat ion  and was well ma in t a ined  in the  past ,  it  m a y  
t h e n  supply  us wi th  the  desired flow of thought ,  re la ted 
t ra ins  of ideas m a y  be tr iggered,  and  when  we u l t imate ly  
t ry  to go to  sleep, the  bra in  m a y  refuse to be siIenced. 
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Summary. Rela t ions  among  circadian r h y t h m s  in serum iron, glucagon and  insulin and ur inary  cyclic A M P  excret ion 
differ dras t ica l ly  when  diurnal ly  active, noc turna l ly  res t ing h u m a n  adul ts  consume all dai ly  food for one week as break-  
fas t  only and for ano the r  week as d inner  only  - a f inding of in teres t  to  diverse fields, e.g., for op t imiz ing  cer ta in  kinds 
of t h e r a p y  or for a be t t e r  ut i l izat ion of calories. 

Introduction. Variables  a t  several  levels of biological 
organiza t ion  in pigeons and mice have  been d o c u m e n t e d  
to exh ib i t  a c i rcadian r h y t h m  pers is t ing in the  absence of 
all food and  water ,  unt iI  dea th  f rom s t a rva t ion  and 
d e h y d r a t i o n  2 % This  c i rcadian r h y t h m  pers is tence also 
has been d e m o n s t r a t e d  by  APFELBAUN et  al. 8 and REIN- 
BERG 7 for obese h u m a n  subjec ts  on a hypocalor ic  diet.  
In  the  la t te r  s tudies,  re la t ive ly  minor  if no t  negligible 
a l te ra t ions  were found in the  r h y t h m s '  t iming  when  a 
single 250 calorie meal  was consumed  at  d i f fe rent  t imes.  

By contras t ,  t ime  re la t ions  among  circadian r h y t h m s  
in mice could be shown to differ according to the  locat ion 
along the  24-hour scale of a 4-hour  span  of access to  
food, a span  designed to s imulate  a subs tan t i a l  ye t  single 
dai ly meal  8. 

Moreover,  when  dai ly  food consumpt ion  was res t r ic ted  
to t he  s t a r t  of the  usual  span  of ac t iv i ty  - ' b reakfas t  only '  
- noc tu rna l ly  act ive mice  on a schedule of l ight  al ter-  
na t ing  wi th  darkness  a t  12-hour intervals ,  had  a lower 
body  weight  t h a n  was the  case when  food was consumed 
as 'd inner  only ' ;  i.e., when  mice were allowed access to 
food only dur ing ear ly  light,  p r e sumab ly  the  equiva len t  
of a ve ry  late supper  or s leep- in te r rup t ing  snack. The 
same f inding also appl ied to h u m a n  beings. Diurnal ly  
act ive  volunteers  had  a re la t ive  b o d y  weight  loss when  
t h e y  ate  2000 calories per  day  only  in the  morning,  as 
compared  to  a span  when  t h e y  ate  the  same a m o u n t  only  
in the  evening ~. S ta t i s t ica l ly  s ignif icant  differences in 
in te rna l  re la t ions of h u m a n  ci rcadian r h y t h m s  d e p e n d e n t  
upon  mea l - t iming  were also observed and  will be de- 
scr ibed herein.  

Materials and methods. For  2 consecut ive  1-week spans,  
5 male and 2 female p r e s u m a b l y  hea l ty  h u m a n  volunteers  
followed a more  or less s e d e n t a r y  rout ine  of wakefulness  
f rom 06.30 h to  23.30 h and  res t  (most ly sleep) dur ing the  
r emainder  of each 24-hour span.  

All sub jec t s  were given a comple te  phys ica l  examina-  
t ion,  which  did no t  uncover  organic disease;  t h e y  were 

in te rv iewed  to  es t imate  usual  caloric intake,  food 
preferences,  and ea t ing  t imes  before es tabl ishing a meal  
plan.  An average  dai ly level of 2000 calories was deter-  
mined  and  used as the  basis for a ca techolamine-f ree  
con t ro l l ed -nu t r i en t  plan. The 2000 calories were distri-  
bu t ed  as 50% ca rbohydra te ,  15% pro te in  and  35% fat. 
A l though  the  calcula ted pro te in  in take  remained  cons tan t  
f rom day  to day, amino acid c o n t e n t  and food com- 
posi t ion did vary.  I ron  in take was f ixed a t  13 mg. The 
to ta l  fluid in take  f rom the  diets  (milk, frui t  juice, soft  
dr inks  and  water)  was set  a t  3,000 ml /day  to  ensure 
adequa te  urine ou tpu t .  The in take  of non-caloric  dr inks  
was no t  res t r ic ted  in t ime.  For  3 subjec ts  b reakfas t  and  
d inner  menus  differed in kind,  t h o u g h  no t  in to ta l  
calories ; for t he  o the r  4 subjects  (including the  3 described 
in the  Figure  and  Table II),  menus  were the  same dur ing 
the  week on b reakfas t  and t h a t  on dinner .  The subjects  
were moni to red  b y  the  staff  of the  General  Clinical Re-  
search Center  a t  the  Univers i ty  of Minnesota .  
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Table  I. Circadian relations among  hemic variables altered b y  tinting of single dai ly meal  in 7 p re sumab ly  hea l thy  volunteers  

Variable No. of No. of % Rhythm Amplitude Acrophase (4) ~ 
Subjects observations (P) �9 (SE) ~ reference: 00.00 h ~re fe rence :  meal  

o n s e t  b 

(95% C.I.) Clock h (95% C.I.) 
degrees min degrees 

Breakfas t -only  
P lasma  insulin 7 56 27 < 0.001 75.6 22.0 - -  156 (--  119 - -  191) 10.24 51 (--  14 - -  86) 
P l a smag lucagon  7 56 42 < 0.001 29.8 6.2 - -  169 ( - -  144 - -  193) 11.16 - -  64 ( 39 - -  88) 
S e r u m i r o n  6 50 46 < 0.001 38.1 7.7 - -  109 ( - -  86 - -  133) 07.16 - -  4 ( +  19 - -  28) 

Dinner-only 
P l a sma  insulin 7 56 39 < 0.001 100.9 22.5 - -  299 (--  272 - -  326) 19.56 - -  37 ( 0 - -  54) 
P l a s m a g l u c a g o n  7 56 5 1  < 0.001 33.9 5.9 - -  16 ( - -  356 --  35) 01.04 - -  114 ( 84 - -  123) 
S e r u m i r o n  6 52 10 0.075 15.4 - -  - -  240 - -  16.00 + 22 --  

~Percentage of var iabi l i ty  accounted for by  cosine curve,  bBreakfast  f rom 07.00 ( - -08 .00  h);  dinner  f rom 17.30 ( 18.30 h). ~ ~ ~ 24 h; 
15 ~ = l h ;  C. I. = Confidence In te rva l .  

Two of the  subjec ts  s t a r t ed  wi th  ' b reakfas t  only '  a t  
07.00 h and  the  o ther  5 w i th  'd inner  only '  a t  17.30 h, each 
meal  being inges ted  wi th in  1 h. Subjec ts  a te  the  ent i re  
2000 calorie meal  wi th  bu t  minor  deviat ions .  Af te r  1 week 
on these  schedules,  the  t iming  of the  single dai ly meal  was 
changed  so t h a t  those  who had  been on ' b reakfas t  only '  
were now on 'd inner  only '  and vice versa.  These new 
schedules  con t inued  for ano the r  week. On the  last  day  of 
each  1-week span  blood and  urine samples  were ob ta ined  
dur ing  a 24-hour span, a t  in tervals  va ry ing  among  
sub jec t s  f rom 2 to  4 h. 

Tota l  se rum iron per  100 ml was de t e rmined  as de- 
scr ibed by  NELSON 1~ Insul in  was measured  by  double  
a n t i b o d y  prec ip i ta t ion  r ad io immunoassay  using iodine 125- 
labeled insulin 11. Glucagon was de t e rmined  d i rec t ly  on 
p l a sma  by  a r ad io - immunoassay  using Unger ' s  a n t i b o d y  
30K, p r e s u m a b l y  specific for pancrea t ic  glucagon. Dex-  
t r an -coa t ed  charcoal  was used for the  separa t ion  of 
b o u n d  and  free hormone .  The sens i t iv i ty  of the  assay is 
in the  range of 20 to 1000 pg per  ml. Cyclic adenosine  
3 ' , 5 ' m o n o p h o s p h a t e  (cyclic AMP) was de t e rmined  in 
ur ine by  the  m e t h o d  of GILMAN 12. All da t a  series were 
f i t t ed  b y  least  squares  wi th  24-hour cosine curves  to t e s t  
the  poss ibi l i ty  of zero ampl i tude  (i.e., no rhy thm)  and, 
w h e n  th is  hypo thes i s  was rejected,  to ob ta in  f rom the  bes t -  
f i t t ing  curve  po in t  and 95 % confidence in te rva l  e s t imates  
of two  character is t ics ,  one a measure  of e x t e n t  of change,  

the  ampl i tude  (the d is tance  f rom the  midl ine to  the  peak),  
the  o ther  a measure  of t iming,  t he  acrophase  (the lag 
of the  peak  f rom local midnight )  la. 

Results.  On ei ther  meat  schedule,  the  subjec ts  ex-  
h ib i ted  a p r o m i n e n t  c i rcadian group r h y t h m  (p < 0.01) 
in da t a  expressed  as pe rcen t  of mean  for se rum iron and  
p lasma  insulin and  glucagon, as summar ized  in Table I, 
on the  basis of the  single cosinor methodla .  Peak  values  
for b o t h  p lasma  glucagon and  insulin are found af ter  the  
consumpt ion  of the  meal,  a l though  the  re la t ion of the  
peak  in glucagon to the  single meal  is d i f ferent  on the  
regimen of ' b reakfas t  only '  as compared  to  t h a t  on 
'd inner  only '  (p < 0.05). Peak  values  for serum iron are 
found in blood w i t h d r a w n  near  or before the  t ime of ea t ing  
on b o t h  meal  schedules.  The t ime  course along the  24-hour 
scale, including the  pos t -p rand ia l  drop of serum iron, 
differs af ter  b reakfas t  as compared  to dinner ,  w h a t e v e r  
the  unknown  under ly ing  factors  m a y  be. 

On 'b reakfas t  only ' ,  g lucagon and  insulin show a close 
t ime re la t ion to  one another .  Sir~ce 3 6 0 0 _  - 24 h and  

10 C. V. NELSON, Am.  J .  med.  Techn.  30, 71 (1964). 
11 F. C. GOETZ, ]~. Z. GREENBERG, J. ELLIS and C. MEINERT, J .  cIin. 

Endocr .  Metab. 23, 1237 (1963). 
12 A. GILMAN, Proc. natn.  Acad.  Sei., USA 67, 305 (1970). 
13 F. HALBERG, 2 .  A. JOHNSON, W. NELSON, W. RUNGE and R. 

SOTNERSr, Physiol. Teacher  7, 1 (1972). 

Table  I I .  Circadian r h y t h m  in ur inary  cyclic AMP excret ion b y  3 p re sumab ly  hea l thy  men  consuming single dai ly meal  as breakfas t  or d inner  

Subject  No. of observat ions Mesor (SE) Ampl i tude  (SE) Aerophase  (~) a 
(years of age) (% Rhy thm)  �9 nM/hr  ~ reference : 00.00 h 

degrees Clock h 
min  

degrees 

Breakfas t -only  (07.00-08.00 h) 
1 (24) 27 (71)o 207.9 (3.3) 36.2 (4.7) --251 16.44 
2 (21) 28 (39) ~ 241.8 (8.7) 49.0 (12.7) - - 2 3 3  15.32 
3 (19} 19 (66) o 290.8 (8.0) 65.3 (11.7) - - 2 3 7  15.48 

Dinner-only (17.30-18.30 h) 
1 (24) 28 (40)~ 214.9 (4.2) 24.4 (6.0) --190 12.40 
2 (21.) 18 (35) b 218.2 (5.7) 24.3 (8.5) --224 14.56 
3 (19) 18 (36) b 281.5 (7.8) 30.6 (10.6) --290 14.20 

(--  238 - -  265) 
(--  207 - -  259) 
( -  219 - 255) 

( -  164 - 216) 
(--  192 - -  256) 
(--  249 - -  330) 

�9 % R h y t h m ,  percentage  of var iabi l i ty  accounted for by  cosine curve;  bp % 0.05; ~ ~ 0.01, ~1360 ~ ~_ 24 h; 15 ~ = 1 h 
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hence  15 ~ = 1 h, po in t  e s t i m a t e s  for t he  ac rophases  of t he  
insu l in  a n d  g lucagon  r h y t h m s ,  a t  - -156  ~ a n d  - - 1 6 9  ~ 
co r respond  to  10.24 h a n d  11.16 h, respect ive ly .  Th i s  
difference of 13 ~ is less t h a n  1 h and  the  conf idence  
in t e rva l s  over lap  wide ly ;  no  s ignif icance is a t t a c h e d  to  
a n y  dif ference in t i m i n g  of r h y t h m s  in these  two va r i ab le s  
on  t h e  r eg imen  of b r e a k f a s t  only.  The  s e rum i ron  acro- 
phase  a t  - - 1 0 9  ~ leads t he  ac rophase  for g lucagon,  
w i t h o u t  over lap  be tw een  t he  95% conf idence  in t e rva l s  
of these  two va r i ab le s  - a f ind ing  d e n o t i n g  cons e r va t i ve ly  
a s t a t i s t i ca l ly  s ign i f ican t  di f ference in t iming .  

On ' d i n n e r  only ' ,  p o i n t  e s t ima te s  for t he  ac rophase  of 
r h y t h m s  in g lucagon  and  insu l in  of p l a s m a  were 77 ~ 
(over 5 h) apa r t ,  and,  as c an  be  seen in Tab le  I, t h e i r  95% 
conf idence  in t e rva l s  d id  n o t  over lap.  This  non - ove r l ap  
d o c u m e n t s  t he  s t a t i s t i ca l  s ignif icance of a di f ference in 
i n t e r n a l  t i m i n g  of g lucagon  and  o t h e r  r h y t h m s  in subj  ects  
on t he  ' d i nne r  only '  reg imen,  whereas  no such  dif ference is 
seen in t he  ' b r e a k f a s t  only '  group.  The  f ind ing  as a whole  
e x t e n d s  to h u m a n  be ings  t he  ear l ier  resu l t s  o b t a i n e d  on  
o t h e r  va r i ab le s  of t he  mouse  s d e m o n s t r a t i n g  t h a t  t h e  
i n t e r n a l  t i m i n g  of r h y t h m s  can  be  m a n i p u l a t e d  b y  t he  
t i m i n g  of meals .  

The  F igure  shows a s t a t i s t i ca l ly  s ign i f ican t  c i rcad ian  
r h y t h m  in u r i n a r y  cyclic A M P  excre t ion ,  a va r i ab l e  
e x a m i n e d  t h u s  fa r  in t he  ur ines  of on ly  3 male  sub jec t s  of 
th i s  s tudy .  Resu l t s  on o t h e r  var iables ,  for these  3 sub jec t s  
only,  also are d e m o n s t r a t e d  in th i s  figure. On t he  average,  
t he  r h y t h m  in cyclic A M P  excre t ion  h a d  a s imi lar  t i m i n g  
on  b r e a k f a s t  a n d  on  d i n n e r  a I t h o u g h  ind iv idua l  sub jec t s  
showed  differences  in t iming ,  Tab le  I I .  As to  t h e  effect  
of mea l  t i m i n g  u p o n  t he  e x t e n t  of u r i n a r y  cyclic A M P  
excre t ion  in t h e  3 sub jec t s  examined ,  t he  a m p l i t u d e  of 
t he  c i rcad ian  r h y t h m  was h ighe r  on  b r e a k f a s t  as com- 
p a r e d  to d inner ,  Tab le  I I .  All  in  all, t he  g rouped  or t he  
i nd iv idua l  changes  in t he  t i m i n g  of t he  c i rcad ian  r h y t h m  
in u r i n a r y  cyclic A M P  excre t ions ,  in  t he  smal l  sample  of 3 
sub jec t s  examined ,  d id  n o t  co r respond  to t he  m u c h  more  
ex tens ive  change  in t he  t i m i n g  of r h y t h m s  in glucagon,  
insu l in  or i ron of blood.  

Discussion.  The  s t a t i s t i ca l ly  s ign i f ican t  di f ference in 
i n t e r n a l  t i m i n g  of g lucagon  a n d  insu l in  on  ' d i nne r  only ' ,  
as c o m p a r e d  to t he  s t a t e  on  ' b r e a k f a s t  on ly ' ,  m a y  
c o n t r i b u t e  to  t he  re la t ive  loss in b o d y  we igh t  on ' b r eak -  
fas t  only". However ,  d i f ferences  in  overa l l  b o d y  a c t i v i t y  
h a v e  n o t  been  ru led  ou t  as a f ac to r  u n d e r l y i n g  such  
results .  One m a y  be  more  ac t ive  on a r eg imen  of ' b r eak -  
f a s t  on ly '  t h a n  on a r eg imen  of ' d i n n e r  only ' .  On t he  o the r  
h a n d ,  m o t o r  or o t h e r  a c t i v i t y  m a y  be  assoc ia ted  w i t h  a 
d i f fe ren t  caloric  ' cos t '  a t  d i f fe ren t  c i rcad ian  t imes ,  so 
t h a t  a re la t ive  b o d y  we igh t  loss m a y  occur  w h e n  a g iven  
a m o u n t  is c o n s u m e d  a t  one p red i c t ab l e  t ime  as c o m p a r e d  
to a n o t h e r  even  if t o t a l  b o d y  a c t i v i t y  were iden t ica l  or 
a t  leas t  s imilar ,  as was l ikely t he  case for t he  sub jec t s  here  

e x a m i n e d  on  b r e a k f a s t  only.  
As ear ly  as 1814 VIREV ~ wro te  of a ' d i f f e ren t  t e m -  

p e r a m e n t '  as a func t ion  of w h e t h e r  one ea ts  a single 
da i ly  mea l  in  t he  m o r n i n g  or in  t he  evening.  The  h o r m o n a l  
f ind ings  here  q u a n t i t a t i v e l y  d o c u m e n t e d  are also con-  
s i s t en t  w i t h  t h e  poss ib i l i ty  t h a t  t he  me tabo l i c  fa te  of a 
mea l  will differ  a t  d i f fe ren t  c i rcad ian  (meal) t imes ,  
i n t e r  alia, because  of wide ly  di f fer ing h o r m o n a l  re la t ions ,  
qu i te  a p a r t  f rom a n y  differences  in  e x t e n t  or t i m i n g  of 
m o t o r  ac t iv i ty .  The  f ind ings  should  be  v iewed in t he  
c o n t e x t  of sugges t ions  b y  Po t t e r ,  E h r e t  a n d  o the r s  ~5-17 
t h a t  meals  as well  as d rugs  be  m a n i p u l a t e d  in t i m e  in 
va r ious  s tud ies  of r h y t h m s .  Those  i n t e r e s t ed  t heo re t i c a l l y  
in  t he  p o s t - p r a n d i a l  k ine t ics  of insulin,  g lucagon  or i ron 
in h u m a n  b lood  can  a n t i c i p a t e  c i r c a d i a n - s t a t e - d e p e n d e n t  
responses  to  be  v iewed aga i n s t  r epo r t s  of 'mea l - i nduced '  

r h y t h m s  in t he  syn thes i s  of h e p a t i c  enzymes .  I n  a n y  
even t ,  c i r cad ian  ch ronok ine t i c s  also are of app l ied  
i n t e r e s t  - for m a n i p u l a t i n g  t h e  re la t ions  a m o n g  h o r m o n a l  
r h y t h m s  in order  to  op t imize  t he  u t i l i za t ion  of food or 
d rugs  17. 

Changes  in i n t e r n a l  c i r cad ian  t i m i n g  fol lowing re- 
s chedu l ing  of meals  in t he  LOU r a t  ca r ry ing  a t r a n s p l a n t e d  
i m m u n o c y t o m a  coinc ided  w i t h  a n  overa l l  i m p r o v e m e n t  
in  resul t s  of c h r o n o t h e r a p y  w i t h  a d r i a m y c i n  18,19, b u t  t he  
respons ib le  r h y t h m i c  fac to rs  r e m a i n  to  be  e luc ida ted .  
The  poss ib i l i ty  r ema ins  t h a t  c i rcad ian  r h y t h m s  in se- 
r u m  ls-3~ or u r i n a r y  i ron 21, a m o n g  o t h e r  va r i ab les  such  as 
po lyamines ,  m a y  serve as m a r k e r s  gu id ing  e h r o n o t h e r a p y  
in h u m a n  be ings  a n d  r a t s  is 20. 

I n  connec t ion  w i t h  t he  r h y t h m  in s e rum iron, poss ib ly  
r h y t h m i c  increases  in  t he  b ind ing  of i ron to t r a n s f e r r i n  
come to  mind .  C i rcad ian  v a r i a t i o n  in p l a s m a  i ron  t u r n -  
ove r  ha s  been  n o t e d  b y  LOCKNER ~ who  sampled  twice  
on  each  of his  subjec ts ,  b e t w e e n  18.00 h and  20.00 h 
(1 or 2 h a f te r  d inner)  a n d  on  t h e  fol lowing morn ing ,  
a f t e r  fas t ing.  Hence  his  d a t a  are n o t  comparab le .  Our  
resu l t s  c e r t a in ly  e x t e n d  t h e  scope of ear l ier  work  d e m o n -  
s t r a t i n g  t h a t  the  s e rum i ron  r h y t h m  pers is ts  in p r e s u m a b l y  
h e a l t h y  vo lun t ee r s  c o n s u m i n g  e q u i d i s t a n t  isocaloric  
mea ls  w i t h  equa l  i ron c o n t e n t  33. This  fac t  n o t w i t h s t a n d -  
ing, i t  is i m p o r t a n t  to  con t ro l  mea l  t ime  in s tud ies  on  
s e r u m  iron.  One m u s t  sea rch  for possible  differences,  i.a., 
in  mea l  schedules  w h e n  t he  t i m i n g  of p r o m i n e n t  c i r cad ian  
r h y t h m s  in se rum i ron var ies  g rea t ly  a m o n g  indiv iduals ,  
as d o c u m e n t e d  b y  WERNER a n d  GLADTKE 24, in t he  c o n t e x t  
of k ine t ic  s tudies .  

C i rcad ian  v a r i a t i o n  in u r i n a r y  cyclic A M P  has  been  
r epo r t ed  ear l ier  25 27 a n d  m a y  ref lect  changes  in cyclic 
A M P  of muscIe.  I t  will be  i n t e r e s t i ng  to s t u d y  v a r i a t i o n s  
in  th i s  va r i ab l e  a t  the  si tes of h o r m o n e  act ion.  T h e r e b y  
new means  of ana lyz ing  (and ru l ing  out) ob l iga to ry  med ia -  
to rs  are avai lable .  Thus ,  to  t he  e x t e n t  t h a t  a n y  r h y t h m s  
in cyclic A M P  in b lood  and  a t  the  cel lular  sites of h o r m o n e  
ac t ion  b e h a v e  s imi lar ly  to  t he  t ime  course of cycl ic  A M P  
in ur ine,  and  to t he  e x t e n t  t h a t  a n y  such  r h y t h m s  in 
cyclic A M P  m a y  sh i f t  on ly  s l igh t ly  or n o t  a t  all, fol lowing 
a change  f rom b r e a k f a s t  to  d inner ,  a degree of inde-  
p e n d e n c e  of cyclic A M P  m e d i a t i o n  f rom the  h o r m o n e  
effect  is es tabl i shed.  The  in te res t  in  these  s tud ies  s t a n d s  
f rom the  i m p o r t a n t  d i f ferences  in  b o d y  we igh t  change  on  
, b r e a k f a s t  on ly '  as c o m p a r e d  to ' d i n n e r  only '  2s. 
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