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PRO N A T U R A I N T E G R A  

Agreement in Endpoints from Circadian Rhythmometry  on Healthy Human Beings Living on 
Different Continents 

In  an a t t e m p t  to  de te rmine  whe the r  a given value is 
' no rmal '  or ' abnormal ' ,  clinicians as well as biologists 
cus tomar i ly  s t u d y  m a n y  r h y t h m i c  var iables  on the  basis  
of single samples  - w i thou t  qual i fy ing such values in 
t e rms  of the  phases  of t he  var ious  r h y t h m s  con t r ibu t ing  
to t he  var iable  sampled,  even t hough  i t  has  been  po in ted  
ou t  t h a t  a single d a t u m  can meaningfu l ly  be qualif ied as 
to  c i rcadian  sy s t em phase / .  Here in  we d o c u m e n t  t h a t  
f rom re la t ively  few samples  - some of t h e m  on var iables  
ex tens ive ly  ut i l ized by  biologists and clinicians - reason- 
ab ly  reliable new and po ten t i a l ly  useful endpo in t s  of 
r h y t h m s  can be ob ta ined  for several  physiologic vari-  
ab les ,  -4. 

This  no te  does no t  dwell  on the  k inds  of subjec ts  pro-  
v iding the  samples  analyzed,  nor  on the i r  age, sex, e thnic  
background  or nu t r i t iona l  s ta te .  The biophysical  or bio- 
chemical  m e t h o d s  used in sampl ing  are largely ignored, 
as are the  c i rcumstances  of obse rva t ion  to  be s t anda rd -  
ized, as indica ted  earlier2; bu t  while  such detai ls  remain  
beyond  our scope, t h e y  obviously  are indispensable  for 
rout ine  work  and  will have  to  be tho rough ly  considered 
in a n y  specific r h y t h m o m e t r i c  s t u d y  of ampl i tudes  as 
well as levels. In  th is  note  the  ampl i tude  serves pr imar i ly  
for the  weight ing  of the  acrophase,  def ined as t he  crest  
of t he  function(s)  used for approxima4cing a r h y t h m .  

P l a s m a  corticosteroids.  D a t a  f rom 2 groups of subjects ,  
b o t h  living on a rout ine  of diurnal  ac t iv i ty  and noc turna l  
rest,  reveal  s imilar  ex te rna l  t iming  5 for t he  r h y t h m  in 
p lasma  17-hydroxycor t icos tero id  (17-OHCS). 1 group of 
20 hea l t hy  adul t  whi te  male  subjec ts  was s tudied  in 1958 
at  Minneso ta  by  sampl ing  at  in tervals  of abou t  3 h over 
a day  and  a half  ; blood was w i t h d r a w n  th rough  indwell ing 
venous  ca the te r s  and the  p lasma  17-OHCS were deter-  
mined  according to the  m e t h o d  of W u  and  MASON 6. 

In  a second s t udyL  p lasma  cortisol  was de t e rmined  by  
the  double  isotope der iva t ive  procedure  of KLI~AN and 
~PETERSON s, wi th  a similar  sampl ing  schedule involving 
3-hourly in tervals  over  30 h. This work was done in 1963 
on 8 hea l thy  adul t  male  whi tes  l iving in Austral ia .  

E s t i m a t e s  of the  acrophase  (crest) and of the  ampl i tude  
of the  bes t - f i t t ing  24-h cosine func t ion  - w i th  local mid-  
n igh t  serving as phase  reference - were  obtaJned for each 
series in each s t u d y  by  means  of a c o m p u t e r  p rog ram 
provid ing  a least  squares  f i t  of h a r m o n i c  Iunc t ionsL 
These impu ta t i ons  served for the  c o m p u t a t i o n  of a vec tor  
sum and  an error  ellipse by the  cosinor program1~ sepa- 
r a t e ly  on the  samples  of shor t  t i m e  series f rom Minneso ta  
and on those  f rom Austral ia ,  as shown in the  Figure.  

The Figure  reveals  the  e x t e n t  of ag reemen t  in the  
t iming  of the  c i rcadian acrophases  in p lasma  17-OHCS 
and cortisol  in these  s tudies  carr ied out  w i th  d i f ferent  
me thods  on 2 con t inen t s  several  years  apar t .  

I t  can be seen, first,  t h a t  ne i ther  of these  error  ellipses 
over laps  the  center  of t he  plot ,  t he  so-called pole. This  
f inding indica tes  t h a t  b o t h  popula t ions  exh ib i t  a s ta t is t i -  
cally s ignif icant  c i rcadian r h y t h m  of p lasma  cortisol. The 
acrophase  of t he  r h y t h m  occurs dur ing  the  local forenoon 
in t he  d a t a  f rom Aust ra l ia  as well  as in those  f rom 
Minnesota .  The aerophase  es t imates  in t he  Figure  are 
de te rmined  objec t ive ly  f rom all avai lable  data ,  r a the r  
t h a n  by  subjec t ive ly  inspect ing  the  t empora l  locat ion of 
crests  in 'zig-zags '  r epresen t ing  t ime  plo ts  of original 

da t a  - the  chronograms.  Of course, the  so-called 'micro-  
scopic '  eva lua t ion  of the  c i rcadian c o m p o n e n t  in the  
Figure does  no t  con t rad ic t  the  'macroscopic '  impress ion  
f rom the  ch ronogram;  r a the r  it  serves for objec t ive  
quant i f ica t ion .  

Agreement in results of circadian rhythmometry on certain adreno- 
cortical hormones in human blood analyzed by eosinor. In each case, 
0 ~ is midnight local clock time. Neither error ellipse overlaps the pole; 
both samples thus are characterized by statistically significailt 
circadian rhythms. The overlap of 95% confidence arcs indicates 
failure to detect a statistically significant difference between the 
circadian acrophases in the 2 studies 3. Synchronizer schedule for 
the month preceding sampling in Australia shown on outer circular 
scale. Corresponding values for the Minnesota study (not shown) 
are: 'lights off', 23.00 (--345 ~ and 'lights on', 07.00 (--105~ 
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Table I. Circadian rhy thm of h u m a n  hydroxyeortieosteroid and potassium excretion in samples of time series from different geographic 
locations 

Site of s tudy  No. of subjects Noise to P Circadian Author(s) 
(No. of days) signal r h y t h m  Reference 
[At, h] [SE"/C] detection Amplitude, C Acrophase ~ 

(95% confidence limits) 

Hydroxycorticosteroid (mg]h) 

USA (Minnesota) 4 (5) [2-9] 
(Minnesota) 8 (1) [3] 
(Maryland) 7 (2) [3] 
(Pennsylvania) 9 (1) [8] 

9 (1) [8] 
(Minnesota) 1 (34) [3.3] 

Mexico 1 (20) [4, 8] 
1 (12) [4, 8] 
1 (8) [4, 8] 
1 (9) [4, 8] 
1 (12) [4, 8] 
1 (6) [4, 8] 

South Dutch Guiana i0 (2) [2] 
10 (2) [2] 

Scotland 10 (2) [2] 
lO (2) [2] 

France 12 (1) [4] 
6 (2) [4] 
6 (2) [43 
7 (1) [4] 

Germany 9 (2) [3-15] 
9 (2) [3-15] 

Austria 10(3) [1.5,10] 
10 (25) [1.5, 10] 
10 (25) [1.5, 10] 
10 (25) [1.5, 10] 
I0 (3) [1.5, i0] 

I ta ly  31 (t) [2] 

Ceylon 7 (1) [4] 

Thailand 13 (1) [6] 

Austral ia  8 (1) [,~3] 
(tetrahydro-F) 

Potassium (mEq/h) 

USA (Minnesota) 1 (52) [3.3] 
(Minnesota) 5 (5) [4,8] 
(Minnesota) 8 (I) [33 
(New York) 8 (1) [4,9] 

Mexico 

France 

Germany 

5 (14) [3-8] 
1 (20) [4, 83 
1 (3) [4, 8] 
1 (12) [4, 8] 
1 (8) [4,8] 
1 (9) [4,8] 
1 (12) [4, 83  
1 (6) [4, 8] 
1 (3) [4, 8] 

1 ( 2 1 )  [ 2 - 7 3  

7 (1) [4] 
4 (1) [43 

9 (2) [3-15] 
9 (2) [3-15] 

0.21 s 

0.125 
0.268 
0.160 
0.190 
0.180 
0.243 

0.392 

0.136 

0.06~ 
0.334 
0.17 x 
0.171 
0.18 s 
0.720 
0.167 
0.288 

0. i i  I 

< 0.03 0.15 (0.04-0.26) 
0.12 (0.06-0.17) 

< 0.002 0.11 (0.06-0.16) 
< 0.002 0.09 (0.04-0.14) 
< 0.009 0.16 (0.05-0.26) 
< 0.005 0.17 (o.13-o.2o) 

< 0 . 0 0 5  
< 0 . 0 0 5  

< 0 . 0 0 5  
< 0 . 0 0 5  

< 0 . 0 0 5  
< 0 . 0 1  
< 0 . 0 2 5  
< 0 . 0 0 9  

< 0 . 0 0 1  
< 0 . 0 0 7  

< 0 . 0 5  
< 0 . 0 0 5  
< 0 . 0 0 5  
< 0 . 0 0 5  
< 0 . 0 0 5  

< 0 . 0 0 1  

< 0 . 0 0 7  

< 0 . 0 0 2  

< 0 . 0 0 5  
<0.o01 
<0.OOl 

< 0 . 0 5  

< 0 . 0 0 2  
< 0 . 0 2 5  

< 0.002 
< 0.02 

0.05 0.04-0.06) 
0.03 0.01-0.05) 
0.10 0.08-0.12) 
0.09 0.07-0.11) 
0.07 0.05-0.09) 
0.04 0.02-0.06) 

0.08 (0.05-0.11) 
0.11 (0.07-0.15) 

0.18 (0.06-0.23) 
0.19(0.11-0.28) 

0.07(0.05-0.09) 
0.08~.04-0.12) 
0.06 (0.01.O.11) 
0.11(0.04-0.19) 

0.15 (0.08-0.22) 
0.18 (0.07-0.29) 

0.9 (o.1-~.6) 
3.6 (2.4-4.7) 
3.7 (2.1-5.3) 
4.5 (2.8-6.2) 
2.8 (1.3-4.4) 

0.17 (0.15-0.19) 

0.14 (0.08-0.20) 

0.06 (0.02-0.10) 

0.06 (0.03-0.09) 

1.6 (1.1-2.2) 
1.3 (0.7-1.9) 
2.1 (1.4-2.8) 
1.4 (0.9-1.9) 

0.5 (0.04-0.9) 
i .6 (1.4-1.8) 
1.7 (o.6-2.7) 
1.4 (1.o-1.9) 
1.4 (0.9-1.9) 
2.1 (1.4-2.9) 
0.5 
2.0 (1.4-2.7) 
0.8 (0.4-1.2) 

1.2 (0.9-1.4) 
1.6 (0.8-2.3) 
1.3 (0.6-2.1) 

1.0 (0.5-1.5) 
1.6 (0.4-2.8) 

- -129~  - 83 to - -200)  
- -153~ 128 to - -  177) 
- -154~ to--181)  
- -144~  - 104 to - -  183) 
-- 143~ to - -  168) 
-- 130~ 117to -- 144) 

- -159~ to- -173)  
- -133~  - 103 to - -  163) 
- -112~  - 771o--130) 
- -110~ 87 to- -132)  
- -118~  - 109 to - -  139) 
- -  1 1 5 ~  - 1051o--  142) 

- -169~ 143 to - -  192) 
-- 164~ - 134 to - -  202) 

-- 165~ - 152 t o -  175) 
- -157~  - 133 t o -  182) 

- -138~ to- -155)  
- -  1 4 6 ~  - 1 1 5 t o - -  176) 
--135"1--  77 to - -  191) 
-- 157~ 1251o-- 192) 

- - 1 4 3 ~  - 1271o--  195) 
-- 142~ - 1 2 1 t o - - I 7 8 )  

- -  166~ - 89 to - -223)  
-- 173~ 150 to - -  194) 
-- 188~ - 165 to - -  206) 
- -  1 7 6 ~  - 1 5 4 t o - -  195) 
- -169~  to- -196)  

- -1344(--  124 t o - -  143) 

- -  1 3 3 ~  - 1 1 1  t o - -  184) 

-- 150~ - 106 to - -  194) 

--I03~ - 85to--133) 

-- 171~ - 156 to - -  186) 
- -161~  - 981o--202)  
- -  1 5 7 ~  - 1 3 0  t o - - 1 8 1 )  

- -117~  - 95 to - -171)  

--165~ - 94 to - -242)  
- -  152~ - 145 to - -  160) 
- - 1 7 2 ~  - 1351o--210) 
- -  145~ 126to-- 165) 
-- 124~ - 104 to - -  143) 
- -114~  - 93 to - -135)  
- -182 ~ 
- -1 2 6 ~  - 1071o-- 145) 
- - 1 2 9 ~  - 96 to - -161 )  

-- 159~ - 146 to- -172)  
2-140~ 104 to -- 158) 
- -151~  - 87 to - -189)  

- -  149~ - 125to--215)  
- - 1 5 6 ~  - 126 to -- 189) 

HALBERG a n d  HAUS b 

D o E  ~l 
BARTTER et  a l .  2o 

CURTIS e t  a l f l  4 

HAUS and HALBs 22 

PENA b 

HALBERG and SIMPSON 20 

HALBERG a n d  SIMPSON $0 

I~EINBERG b 

] ~ E I N B E R G  e t  a l ,  25 

GHATA et al. b 

HALHUBER et al. "o 

GON'rlIER et al. ~ 

CERESA 27 

GHATA e t  a l .  b 

I~AROTTA et a130 

GORDON et a13 

HAUS and HALBERG 22 

[-~ALBERG b 

DoE m 
~RIEGER 31 

GARCIA SAINZ b 
pE~IA b 

REINBERG b 

GHATA et al. b 
I~EINBERG et al. 3~ 

HALHUBER et al. ~ 
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A u s t r i a  

Spec i a l i a  

10 (3) [1.5, 10] < 0.01 1.6 (0 .8-2 .3)  
10 (25) [1.5, 10] < 0.01 1.8 (1 .2-2 .4)  
10 (25) [1.5, 10] < 0.01 1.5 (1 .0-2 .1)  
10 (25) [1.5, 10] < 0.01 1.5 (0 .8-2 .2)  
10 (3) [1.5, 10] < 0.01 1.3 (0 .6-1 .9)  

- -  158 ~ (--  132 to - -  177) 
- -  155 ~ (-- 139 to - -  174) 
- -  150 ~ (--  137 to  --  174) 
- -  140 ~ (-- 123 t o - -  167) 
- -  150 ~ (-- 117 to - -  187) 

GONTHER et  al .  ~8 

C e y l o n  7 (1) [4] < 0.002 1.4 (0.8-2.0) - 174 ~ ( -  154 t o -  231) GHATA et  al.b 

A u s t r a l i a  8 (1) [ ~ 3 ]  < 0.001 2.6 (1.6-3.3)  - -  123 ~ (--  92 t o - -  143) GORDON et  a13 
5 (1) [4] < 0.05 1.6 (0 .1-2 .0)  - -  133 ~ (--  102 to - -  138) GHATA et  al .  b 

1 0 9  

a T  = 24 h = 360~ 1 h = 15 ~ ~ r e f e r ence  = m i d d l e  of  h a b i t u a l  s leep  span .  b U n p u b l i s h e d .  

T a b l e  I I .  C i r cad i an  r h y t h m  of  s e v e r a l  s y s t e m i c  f u n c t i o n s  in  s a m p l e s  of  h u m a n  t i m e  ser ies  f r o m  d i f f e r en t  g e o g r a p h i c  l oca t i ons  

Si te  of  s t u d y  No.  of  s u b j e c t s  Noise  to P C i r cad i an  A u t h o r ( s )  
(No.  of  days )  s igna l  r h y t h m  Re fe r ence  
[At ,  h]  [SE" /C]  d e t e c t i o n  A m p l i t u d e ,  C A c r o p h a s e  ~ 

(95% con f idence  l imi t s )  

Oral temperature (~ 

U S A  (Minneso ta )  
(Minneso ta )  
(Minneso ta )  
( M a r y l a n d )  
(Minneso ta )  

(Minneso ta )  

1 (725) [~-~ 8] 0.050 0.14 (0 .13-0 .15)  
1 (20) [2-12]  0.260 0.11 (0 .05-0 .17)  
1 (39) [3-24]  0.167 0.18 (0 .12-0 .24)  

14 (12-30)  [6] < o.001 0.21 (0 .13-0 .28)  
5 (5) [4, 8] ~ 0.01 0.28 (0 .24-0 .32)  
1 (5) [4, 8J 0.123 0 .34  (0 .26-0 .42)  
1 (5) [4, 8] 0.179 0.29 (0 .19-0.39)  
1 (5) [4, 8] 0.180 0.27 (0 .17-0 .37)  
1 (5) [4, 8] 0.143 0.31 (0 .22-0.40)  
1 (5) [ 4 , 8 j  0.350 0.22 (0 .07-0.37)  

11 (1) [1.5] < 0.005 0.27 (0 .20-0.33)  

5 (15) [3-8]  < 0.03 0.16 (0 .04-0.27)  
1 (16) [4, 8] 0.107 0.28 (0 .22-0 .34)  

I (21) [2-10]  0.071 0.50 (0 .42-0.58)  
7 (1) [4] < 0.006 0.18 (0 .07-0 .29)  

Mexico  

F r a n c e  

A u s t r i a  10 (3) [1.5, 10] < 0.005 0.23 (0 .13-0 .33)  
10 (25) [1.5, 10] < 0.005 0.26 (0 .19-0.33)  
10 (25) [1.5, 10] < 0.005 0.22 (0 .13-0.31)  
10 (25) [1.5, 10] < 0.005 0.27 (0 .18-0 .35)  
10 (3) [1.5, 10] < 0.025 0.31 (0.08-O.53) 

C e y l o n  

A u s t r a l i a  

7 (1) [4] < 0.02 0.13 (0 .03-0 .22)  

8 (14) [ ~ 3 ,  8] < 0.005 0.27 (0 .23-0 .31)  
5 (1) [4] < 0 .004 0.14 (0 .08-0 .20)  

Heart rate (beats[rain) 

U S A  (Minneso ta )  5 (5) [4, 8] 

F r a n c e  1 (21) [2-10]  

A u s t r i a  10 (25) [1.5, 10] 
10(25)  [1.5, 10] 
10 (25 )  [1.5,101 
lO(3)  [1 .5 ,1o]  

0.11 a 

< 0.01 8.5 (3 .1-13.8)  

9.3 (7 .2-11.4)  

< 0.01 2.7 (1.7-3.7)  
< 0.01 2 .6  (1 .1-4 .1)  

0.01 2.5 (0 .7-4 .3)  
< 0.05 3 .9  (1 .1-6 .6)  

Time estimation (arbitrary units) 

U S A  (Minnesota)  i (516) [ ~ 8 ]  0 .19 a 2.7 (1 .7-3 .7)  
5 (5) [4, 8] < 0.001 5.2 (4 .7-5 .8)  

10 (25) [1.5, 10] < 0.01 3.6 (0 .8-6 .4)  
10 (25) [1.5, 10] < 0.01 4.5 (1.7-7.2)  
10 (25) [1.5, 10] < 0.01 5.3 (2 .7-7 .9)  

--  200 ~ --  1 9 3 t o - -  206) 
- -  229 ~ - -  199 to --  258) 
- -  197 ~ --  178 t o - -  216) 
- -  200 ~ --  179 to - -  221) 
- -  203 ~ --  191 to - -  209) 
- - 2 0 5  ~ --  191 t o - -  219) 
- -  197 ~ - -  1 7 7 t o - -  217) 
- -  204 ~ - -  1 8 4 t o - -  224) 
- -  205 ~ --  1 8 9 t o - -  221) 
- -  195 ~ --  1 5 5 t o - -  235) 
- -  199 ~ - -  1 8 1 t o - -  220) 

- -  221 ~ (-- 199 to --  345) 
- -  246 ~ (--  234 to --  258) 

- - 1 8 5 ~  
- -  183~  _ 135 t o - -  219) 

- -  2 2 5 ~  207 to - -  268) 
- -  2 1 9 ~  - 204 t o - -  236) 
- - 2 3 1 ~  t o - - 2 5 6 )  
- -  2220(  _ 2 0 5 t o - -  238) 
- -  194~  - 1 7 1 t o - -  221) 

--  157~  - 125 t o - -  202) 

- -  2 1 5 ~  - 198 t o - -  232) 
- -  2050(  _ 150 t o - -  255) 

- -  2 1 0 ~  _ 187 t o - -  273) 

- - 2 1 9 ~  - 203 t o - -  236) 

- - 2 0 6 0 (  _ 160 t o - -  236) 
- -  2 2 8 ~  to  --  263) 
- - 2 2 5 ~  _ 195 t o - -  291) 
--  196~  _ 1 6 9 t o - -  277) 

- -  2 0 (  - 341 t o - -  24) 
- -  70(  - 3 4 4 t o -  98) 
- -  1 8 ~  - 355 t o - -  64) 
- -  3 4 ~  - 1 9 t o - -  42) 
- -  200(  _ 1 4 t o - -  72) 

HALBERG b 

KOGL b 

HALBERG b 

BARTTER et  a l l  a 
ITIALBERG b 

HALBERG 

GARCIA SAINZ b 
PENA b 

REINBERG b 

GnATA et  al.b 

G V N T H E R e t a l .  26 

GHATA e t  al .b 

GORDON et  al.7 
GHATA e t  al.b 

HALBERG b 

REINBERG b 

GONTHER e t  al.26 

H A L B E R G  b 

HALBERG b 

GONTHER e t  a l .  28 

a "r = 24 h = 360~ 1 h = 15 ~ ~ r e f e r ence  = m i d d l e  of  h a b i t u a l  s leep  span .  b U n p u b l i s h e d .  
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The  r ep roduc ib i l i t y  of t he  e s t ima tes  of e x t e r n a l  t i m i n g  
m a y  be  j u d g e d  b y  t a n g e n t s  d r a w n  to t he  er ror  ellipses, 
i n d i c a t i n g  t h e  v a r i a b i l i t y  e n c o u n t e r e d  in each  s tudy .  Th i s  
p o i n t  is v i sua l ized  b y  t he  two shaded  areas  in  t h e  Figure.  
W h a t e v e r  t h e  m e t h o d  of ana lys i s  used, i t  c an  agairt  be  
n o t e d  t h a t  t h e  ac rophase  of t he  24-h-synchron ized  cir- 
c a d i a n  r h y t h m  in p l a s m a  cor t isol  occurs  r e l a t ive ly  ea r ly  
d u r i n g  t he  s p a n  of h a b i t u a l  ac t iv i ty .  I n  d iu rna l l y  ac t ive  
m e n  o n  b o t h  con t inen t s ,  as in  t h e  n o c t u r n a l l y  ac t ive  
mouse  u or r a t  12-15, a c i r cad ian  per iodic  a d r e n a l  cor t ica l  
a c t i v a t i o n  s t a r t s  d u r i n g  t h e  h a b i t u a l  r e s t  s p a n  ; t hus ,  i t  is 
' p r e p a r a t o r y '  for  t h e  n e x t  a c t i v i t y  phase  11,1~ ( r a the r  t h a n  
a n  i m m e d i a t e  ' r esponse '  t o  ex t e rnM st imul i ) ,  j u s t  as 
ce r t a in  u t e r ine  changes  d u r i n g  t h e  sex cycle are ' p r epa ra -  
t o r y '  t o  o v u l a t i o n  a n d  t h e  egg 's  fe r t i l i za t ion  a n d  im-  
p lan ta t ion1% 

R h y t h m o m e t r y  on  o the r  h u m a n  da ta ,  car r ied  ou t  w i t h  
t he  cosinor  m e t h o d  b y  LUNEDEI, CAGNONI e t  al. 1~, revea ls  
cons iderab le  a g r e e m e n t  w i t h  t he  resul t s  of t i le 2 s tud ies  
s u m m a r i z e d  in t h e  Figure,  even  t h o u g h  cond i t ions  of 
obse rva t ion ,  s amp l ing  schedules  a n d  chemica l  m e t h o d s  
are n o t  t h e  same.  

Urinary  corticosteroid and potass ium excretion, body core 
temperature, heart rate and time estimation. The  resu l t s  of 
r h y t h m o m e t r y  on  u r i n a r y  cor t icos te ro id  a n d  p o t a s s i u m  
d e t e r m i n a t i 6 n s  f rom severa l  i n d e p e n d e n t  s tud ies  are  
shown  in Tab le  I ;  t h e  co r r e spond ing  s u m m a r y  of d a t a  
on  b o d y  core t e m p e r a t u r e ,  h e a r t  r a t e  a n d  t h e  ab i l i t y  
to  e s t ima te  t h e  passage  o f  2 ra in  cor rec t ly  is p r e sen t ed  
in Tab le  I I .  Whi l e  t he  c o m p a r i s o n  of levels a n d  to  some  
e x t e n t  t h a t  of a m p l i t u d e s  of, say, u r i n a r y  cor t icos te ro id  
exc re t ion  m u s t  a w a i t  t h e  s t a n d a r d i z a t i o n  of b iochemica l  
t e chn iques  used, t he  a g r e e m e n t  a m o n g  ac rophases  is 
sa t i s fac to ry  for al l  of these  var iab les .  

B o d y  t e m p e r a t u r e ,  t h e  c l in ic ian ' s  old m a i n s t a y ,  ga ins  
new m e a n i n g  f rom r h y t h m o m e t r y ,  in  t h a t  i t  is n o t  on ly  
a per iodic  va r i ab l e  in  i ts  own  r igh t  33, b u t  can  also 
serve r a t h e r  genera l ly  as a re ference  s t a n d a r d  for  phase  
to  wh ich  t he  ac rophases  of o t h e r  func t ions  can  e v e n t u a l l y  
be  re la ted .  F r o m  th i s  v iewpoin t ,  i t  is pa r t i cu l a r l y  impor -  
t a n t  to  no t e  f rom Tab le  I I  t he  s t ab i l i t y  of t h e  c i r cad ian  
b o d y  t e m p e r a t u r e  ac rophase  in h e a l t h y  subjects .  I n  one  
case only, namely ,  in  t h e  cos inor  s u m m a r y  on  5 subjec ts ,  
each  s tud ied  for 5 days,  shown  in  row 5 of T a b l e  I I ,  t h e  
same d a t a  are  p r e s e n t e d  twice, since t h e  same  sub jec t s  
also are  dea l t  w i t h  i nd i v i dua l l y  in  rows 6-10 of th i s  
Table .  The  s t a b i l i t y  of t he  ora l  t e m p e r a t u r e  ac rophase  
w h e n  d a t a  are  ava i l ab le  for 5 days  on ly  t h u s  comes  to  
t he  fore. Fo r  t h e  11 subjects ,  each  s tud ied  for  on ly  1.5 
days,  s u m m a r i z e d  b y  cosinor  in  row 11 of Tab le  II ,  t h e  
v a r i a b i l i t y  of i n d i v i d u a l  ac rophases  is on ly  s l ight ly  la rger  
(not  shown  here).  

Obstacles to rhythmometry.  T he  a g r e e m e n t s  ref lec ted  in 
t h e  F igure  a n d  in t h e  Tab les  here  p r e sen t ed  m u s t  n o t  
p r o m p t  complacency .  W e  need  diagnoses  for t he  ind iv idua l ,  
ye t  we are dea l ing  p a r t l y  w i t h  g roup  s tud ies  s u m m a r i z e d  
b y  cosinor  - a c i r c u m s t a n c e  a p p a r e n t  f rom t he  c o l u m n  
en t i t l ed  'No. of sub jec t s '  in  Tab le s  I a n d  I I .  B u t  in sev- 
eral  cases we are describing endpoints  [or single subjects. 
The  e n d p o i n t s  t h e m s e l v e s  are  ' i m p u t e d  '~~ in a spec t ra l  
w indow b y  leas t  squares ;  t h e  conf idence  arc for t h e  acro- 
phases  is o b t a i n e d  on  t he  basis  of t he  noise- to-s ignal  ra t io  
b y  a m e t h o d  desc r ibed  ear l ier  (see pages  40-41 in  
reference  10). 

Resu l t s  s h o w n  s t e m  f rom t h e  f i t  of a s ingle cosine cu rve ;  
these  va lues  are  i n t e n d e d  on ly  as f i rs t  r ough  a p p r o x i m a -  
t ions  ~to b e  c o m p l e m e n t e d  b y  e n d p o i n t s  f rom o t h e r  
procedures ,  n o t a b l y  w h e n  t h e  w a v e f o r m  of a r h y t h m  
dev ia t e s  f r o m  a s inusoida l  shape.  T h e  app l i ca t i on  of 

a p p r o p r i a t e  m e t h o d s  will  requi re  more  f r e q u e n t  s amp l ing  
t h a n  is c u r r e n t l y  prac t iced .  The  t e c h n o l o g y  for  th i s  
pu rpose  seems to  be  read i ly  avai lable .  

B u t  even  w h e n  such  des ide ra t a  are met ,  severa l  k inds  
of di f f icul t ies  m i g h t  p r o m p t  c l in ic ians  to  r e f r a in  f rom 
col lec t ing and  u t i l i z ing  i n fo rn l a t i on  on  r h y t h m s .  

(a) I n  m a n y  ins tances ,  t h e r e  will  r e m a i n  t h e  d i f f icul ty  
of de r iv ing  re l iab le  e n d p o i n t s  f rom t h e  macroscop ic  in- 
spec t ion  of t i m e  plots ,  t h e  so-called ch ronograms .  

(b) A n  ear l ier  obs tac le  m a y  be  e n c o u n t e r e d  in o the r  
cases, n a m e l y  t h e  inab i l i t y  to  ca r ry  ou t  ser ial  de t e rmi -  
na t ions ,  such  as those  of cor t icos teroids ,  suf f ic ient ly  
p r o m p t l y  to  p e r m i t  decisions a t  t h e  bedside .  

(c) E v e n  w h e n  t he  foregoing obs tac les  are overcome,  
t he  excessive cos t  of ser ia l  d e t e r m i n a t i o n s  as c o m p a r e d  
to t h a t  of a s ingle  ana lys i s  m a y  lead one to  l im i t  t he  
n u m b e r  of obse rva t ions .  

Interpretat ion of results. E v e n  s t u d e n t s  of r h y t h m s ,  
m u c h  less c l in ic ians  t r a i n e d  in t h e  classical  h o m e o s t a t i c  
approach ,  do n o t  as a rule  a t t e m p t  to  isola te  a r h y t h m  
f rom a p p r o p r i a t e l y  col lected d a t a ;  t h e y  rely  i n s t ead  on  
a 'macroscop ic '  i n spec t ion  of t h e i r  r aw  d a t a  or  u p o n  
averages  p l o t t e d  as a func t ion  of t ime,  w i t h  a t  m o s t  t he  
classical  d ispers ion  indices.  So long as t h e y  do no t  invo lve  
biologic 'noise '  r emova l ,  such  s tud ies  c an  be  labeled  in a 
t e rmino logy  used earl ier  ls,19 as 'macroscop ic '  r a t h e r  t h a n  
'microscopic ' .  
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Such  macroscopic  d isp lays  in  t he  t i m e  d o m a i n  m a y  
suffice for t he  de tec t ion ,  b u t  n o t  for t h e  m e a s u r e m e n t ,  of 
r h y t h m s  in  d a t a  f rom e x p e r i m e n t a l  an imMs  k e p t  u n d e r  
r igorous ly  s t a n d a r d i z e d  condi t ions .  B y  s t a n d a r d i z i n g  t h e  
c i r c u m s t a n c e s  of obse rva t ion ,  one t e n d s  to  reduce  va r i a -  
b i l i ty  - also refer red  to  as 'biologic noise '  - w h e t h e r  i t  
depends  u p o n  genet ic  factors,  t he  p a s t  h i s t o r y  of t he  
i n d i v i d u a l  or ou ts ide  inf luences  i m p i n g i n g  r a n d o m l y  
u p o n  t h e  organism.  T he  r h y t h m s  of c e r t a i n  l a b o r a t o r y  
roden t s  t h e n  s t a n d  o u t  clearly.  However ,  for  ce r t a in  
cl inical  or  field s tud ies  such  s t a n d a r d i z a t i o n  can  be  car- 
r ied o u t  on ly  up  to  a ce r t a in  poin t .  Fo r  ins tance ,  con t ro l  
of genet ics  or r e m o t e  pa s t  h i s t o r y  m a y  be  i m prac t i c a l  
or undes i rab le .  Biologic noise removal ,  such  as t h a t  unde r -  
t a k e n  for a r r i v ing  a t  t he  resul t s  of t he  F igu re  a n d  Tab le  I 
b y  t h e  use of m a t h e m a t i c a l  filters,  t h e n  becomes  as 
essent ia l  as is, of course, a s t a n d a r d i z a t i o n  of t he  con- 
d i t ions  of obse rva t i on  a n d  s amp l ing  p r e f e r a b l y  b y  in ter -  
n a t i o n a l  agreements .  

Delay in results reaching the clinician. Some of t h e  p rob-  
lems of so-called ' t u r n - a r o u n d  t ime ' ,  i.e. t h e  t i m e  needed  
for c o m p l e t i n g  t he  chemica l  work -up  of t he  d a t a  ( apa r t  
f rom t h e  t i m e  needed  for t h e  comple t i on  of numer i ca l  
analysis) ,  can  be solved by  a u t o a n a l y z e r  m e t h o d s  t h a t  
are  qu ick ly  a n d  eff ic ient ly  app l icab le  to  r e l a t ive ly  large 
n u m b e r s  of u r ine  samples .  However ,  u n t i l  a more  d i rec t  
sens ing of physiologic  va r i ab les  m a y  b e c o m e  possible  for 
b iophys ica l  func t ions  a n d  for subs t ances  in  b lood and  
urine,  t he re  r e m a i n s  t he  t a sk  of col lect ing re l iable  samples  
r e p e a t e d l y  over  a p p r o p r i a t e l y  long spans.  I n  th i s  con-  
nec t ion  i t  shou ld  be  possible  to  deve lop  chemosensors  
c o m p a r a b l e  in pe r fo rmance  to t h a t  of b iophys ica l  sensors 
a l r eady  ava i l ab le  for m o n i t o r i n g  va r i ab le s  such  as b o d y  
core t e m p e r a t u r e .  I f  th i s  technologic  t a s k  can  e v e n t u a l l y  
be accompl i shed ,  m a n y  of t he  diff icul t ies  a n d  hurd les  
now faced b y  b o t h  s ub j ec t  and  obse rve r  engaged in 
r h y t h m o m e t r y  as well  as t he  cost  assoc ia ted  w i t h  t he  
col lec t ion of b iochemica l  d a t a  for r h y t h m o m e t r y  will be  
g rea t ly  reduced.  A few s teps  t o w a r d  such  goals h a v e  
a l r eady  been  t a k e n  u n d e r  t he  sponsorsh ip  of t he  N a t i o n a l  
Ae ronau t i c s  and  Space A d m i n i s t r a t i o n  of t he  U n i t e d  
S ta t e s  b y  t he  d e v e l o p m e n t  of an  a u t o m a t e d  m i n i a tu r i z ed  
' w e t - c h e m i s t r y '  s y s t e m  for  the  analys is  d u r i n g  space f l ight  
of a p r i m a t e ' s  u r ine  e~. 

Cost. Disregard  of r h y t h m s  appea r s  r easonab le  u p o n  
economic  g rounds ;  i t  is expens ive  to ana lyze  more  t h a n  
a s ingle  sample .  F u r t h e r m o r e ,  on a s ingle s ample  of 
t issue,  b lood  or urine,  m o d e r n  b i ochem i s t s  c an  pe r fo rm  
m a n y  diverse  d e t e r m i n a t i o n s ;  i t  wou ld  be  exceedingly  
cos t ly  to  do all of these  on serial  samples .  The  t e m p t a t i o n  
is g r e a t  to  explo i t  t h e  o p p o r t u n i t y  for  a m u l t i - v a r i a b l e  
a p p r o a c h  on  single samples  (whe the r  or no t  t he  va r i ab le s  
i n v e s t i g a t e d  are p e r t i n e n t  to  t he  cond i t i on  u n d e r  s tudy)  
r a t h e r  t h a n  to focus upon  r h y t h m s  in one or  more  per~ 
t i n e n t  var iables .  'Mu l t a  sed n o n  m u l t u m '  m a y  resu l t  f rom 
the  a t t i t u d e  t h a t ,  in  t h e  absence  of p e r t i n e n t  i n f o r m a t i o n  
a l lowing t h e  s ingl ing o u t  of one or a few funct ions ,  one 
shou ld  s t u d y  all poss ible  va r iab les  in  s ingle samples  - 
even  t h o u g h  some, or p e r h a p s  all, of t h e  va r i ab le s  a l r eady  
are k n o w n  to be  r h y t h m i c .  

W h e n e v e r  m a n y  d e t e r m i n a t i o n s  are done  on  more  t h a n  
1 s a m p l e  f rom a g iven  pa t i en t ,  t h e  necessa ry  l a b o r a t o r y  
work -up  a n d  t he  numer i ca l  ana lyses  are  indeed  costly.  Up  
to now, l a b o r a t o r y  t echno logy  has  deve loped  in such  a 
w a y  t h a t  i t  is o f t en  as easy  to ca r ry  o u t  12 d i f fe ren t  
ana lyses  on, say, a single sample  of b lood  as i t  is to  
d e t e r m i n e  a single va r iab le .  I n  ce r t a in  labora tor ies ,  t h e  
a u t o a n a l y z e r s  are  rou t ine ly  p r o g r a m m e d  to  pe r fo rm  12 
k inds  of de t e rmina t ions ,  w h e t h e r  or n o t  t h e y  are  des i rab le  
or r eques ted .  ( I t  should  be  possible to  schedule  t h e  use 

of ava i l ab le  i n s t r u m e n t a t i o n  to  do r o u t i n e l y  a g iven  k ind  
of, say, b iochemica l  d e t e r m i n a t i o n  on  12 d i f fe ren t  samples  
- for  r h y t h m o m e t r y  - a t  no  g r ea t e r  cos t  t h a n  t h a t  of 12 
d i f fe ren t  b iochemica l  ana lyses  on  a single sample . )  

I n  t he  s t u d y  of t h e  source of a disease or in  t h e  fol lowing 
of i ts  course,  i nc lud ing  t he  effects  of t r e a t m e n t ,  s a m p l i n g  
m u s t  o f t en  be  r e p e a t e d  a t  i n t e rva l s ;  t h i s  r ender s  t h e  
cost  of t h e  m a n y  a n d  d iverse  l a b o r a t o r y  p rocedures  
pa r t i cu l a r l y  excessive - even  w i t h o u t  a n y  cons ide ra t ion  
of r h y t h m s .  I t  t h e n  seems aga in  jus t i f i ab le  in  p rac t i ce  to  
ignore r h y t h m s  so long as def in i t e  i nd ica t ions  for r h y t h m o -  
m e r r y  h a v e  n o t  been  es t ab l i shed  - if for  no  o t h e r  r eason  
t h a n  for t h e  sake  of p r a c t i c a b i l i t y  a n d  economy,  since 
th i s  a p p r o a c h  t a x e s  n o t  on ly  t he  capac i t y  of a l a b o r a t o r y  
b u t  also t he  resources  of t he  pa t i en t .  

In/erences. R h y t h m o m e t r y  could be  fac i l i t a t ed  a n d  
acquire  more  genera l  usefulness  if a n  i n t e r n a t i o n a l  f o r u m  
could e s t ab l i sh  a g r e e m e n t  on  p h a s e  reference,  t he  appro-  
p r i a t e  n u m b e r  a n d  schedu l ing  of samples ,  t h e  k i n d s  of 
b iochemica l ,  b iophys i ca l  and  b e h a v i o r a l  m e t h o d s  used 
for m e a s u r e m e n t s ,  a n d  t he  c i r cums tances  of obse rva t ion ,  
inc lud ing  t he  choice  of diets.  An  ear ly  d iscuss ion of such  
p r o b l e m s  a n d  o the r s  as is p l a n n e d  w i t h i n  t he  f r a m e w o r k  of 
a chronobio log ic  p ro j ec t  now be ing  cons idered  for incor-  
p o r a t i o n  i n to  t h e  I n t e r n a t i o n a l  Biologic P rog ram.  

Desp i t e  i ts  obv ious  l im i t a t i ons  s t e m m i n g  f rom he te ro-  
geneous m e t h o d s  a n d  samples ,  t h e  ev idence  i l l u s t r a t ed  
in t he  F igure  a n d  Tables  I and  I I  suffices to  i nd i ca t e  
t h a t  a r igorous  a s se s smen t  of t he  e x t e n t  to  wh ich  r h y t h -  
m o m e t r y  can  c lar i fy  p rob l ems  of genera l  b io logy on  t he  
one h a n d ,  and  can  c o n t r i b u t e  to  med ica l  p rac t i ce  on  
t he  o t h e r  h a n d ,  is overdue .  A g a i n s t  t h e  b a c k g r o u n d  of 
i n f o r m a t i o n  de r ived  f rom single samples ,  e n d p o i n t s  of 
r h y t h m s  can  now ac tua l l y  be  t e s t ed  for t h e i r  usefulness ,  
e.g. in  diagnosis ,  w i t h  respec t  to  ind ica t ions  for t r ea t -  
men t ,  and  for  a n  op t ima l  t i m i n g  of med ica t ion .  

Should  r h y t h m o m e t r y  p rove  to be useful  for a n y  one 
of these  aims,  i t  will t h e n  become  the  super ior  p rocedure  
and  t he  more  economica l  approach .  E v e n  cos t ly  s tud ies  
r epea t ed  over  m o n t h s  or years  m a y  no t  de t ec t  f rom single 
samples  a r h y t h m  a l t e r a t i on  t h a t  m i g h t  be  clarif ied b y  
app ly ing  r h y t h m o m e t r y  only  once. 

The  t e c h n o l o g y  of r h y t h m o m e t r y  is w i t h i n  t he  ' s t a t e  
of t he  a r t '  - b o t h  t he  m e t h o d s  for d a t a  col lec t ion  and,  
more  i m p o r t a n t l y ,  t he  t echn iques  for n u m e r i c a l  analys is .  

The  necessa ry  change  in concep ts  u n d e r l y i n g  a t t i -  
t udes  a n d  ac t ions  in t he  b io logis t ' s  l a b o r a t o r y  as well  as 
a t  a p a t i e n t ' s  beds ide  is p e r h a p s  t h e  m a j o r  r e m a i n i n g  
obstacle .  More specifically,  t he  ev idence  here  p r e s e n t e d  
should  no t  be  i n t e r p r e t e d  as a mere  sugges t ion  to control ,  
say, t he  t i m e  of day  of sampl ing!  I n  t he  long run ,  t h e  
a s s u m p t i o n  t h a t  e n d p o i n t s  of r h y t h m s  in va r i ab l e s  such  
as p l a s m a  cor t isol  c o n c e n t r a t i o n  can  be  ignored  - a n  
a s s u m p t i o n  t h a t  con t inues  to  be  m a d e  in p l a n n i n g  
' h o m e o s t a t i c '  l a b o r a t o r y  work,  w i t h  or w i t h o u t  con t ro l  
of t h e  c lock h o u r  of s ampl ing  - m a y  be  m u c h  more  
expens ive  a n d  more  was te fu l  t h a n  r h y t h m o m e t r y ,  n o t  
on ly  of m a t e r i a l  resources  b u t  also of h u m a n  h e a l t h  a n d  
life. 

I n  h e a l t h y  h u m a n  beings,  t h e  ac rophases  (crest -phases)  
of c e r t a i n  c i r cad i an  r h y t h m s  in severa l  sys temic  func t ions  
and  in s u b s t a n c e s  of b lood  a n d  ur ine  can  ob j ec t i ve ly  
a n d  read i ly  be  d e t e r m i n e d  b y  e lect ronic  c o m p u t a t i o n  as 
will be  e v e n t u a l l y  also t he  level,  t h e  a m p l i t u d e  a n d  t h e  
w a v e f o r m  of a r h y t h m .  These  ac rophases  agree  r e m a r k a b l y  
well  in  s tud ies  car r ied  ou t  b y  d i f fe ren t  i nves t i ga to r s  work-  
ing m a n y  years  a n d  miles  a p a r t  w i t h  di f fer ing b iophys ica l ,  
b iochemica l  a n d  b e h a v i o r a l  me thodo logy ,  u n d e r  d i ss imi la r  
s t a n d a r d i z a t i o n  of t he  cond i t ions  chosen  for  o b s e r v a t i o n  
and  of t he  k i n d  a n d  e x t e n t  of sampl ing .  



112 Specialia EXPERIENTIA. 25/1 

This  agreement  among  endpoints  suggests t ha t  i t  is 
t ime  for p lanning  a t  an in te rna t iona l  level  of t he  con- 
dit ions and techniques  t h a t  m a y  be adopted  general ly 
to ob ta in  s tandardized endpoints  of r hy thms  in hea l th  
and to check out  these procedures  in different  laboratories  
around the  world, wi th  a v iew toward  subsequent ,  
broader-scale  s tudy  of a l tera t ions  of r h y t h m  in var ious  
diseases a~. 

Zusammen[assung. Circadiane Akrophasen  - Gipfel der 
ungef/ ihren 24-h-Periodik - yon  131ut- und Harnkor t i -  
kosteroiden,  Ka l ium im Harn ,  KGrper temperatur ,  Puls- 
ra te  und 2-min-Sch~tzung wurden  mi t te ls  elektronischer 
Anpassung einer Kos inusfunkt ion  vermGge der Methode 
der  kleinsten Quadra te  bes t immt .  Solche Charakter is t ika  
circadianer  R h y t h m e n  empfehlen  sich als IReferenzstan- 
darde  dem Mediziner und 13iologen durch ihre zufrieden- 
stel lende 13bereinst immung in Da ten  yon Unte rsuchungen  
auf verschiedenen Kon t inen t en  mi t  zum Tell unter-  
schiedlichen Methoden.  
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C O N G R E S S U S  

S w i t z e r l a n d  Israe l  

Four th  Internat iona l  C o n g r e s s  of  P h a r m a c o l o g y  

in Basel 74-78 July 1969 

organized on behalf  of the  In te rna t iona l  Union  of Pharma-  
cology I U P H A R .  Main lectures, symposia  and round- 
table  conferences, t r igger  meet ings  and demonstrat ions .  
Fu r the r  informat ion  by :  Pharmakologie-Kongress  1969, 
Post fach 30, 4000 13asel 4 (Switzerland).  

2nd In ternat iona l  S y m p o s i u m  on A n i m a l  T o x i n s  

zn Tel Aviv 22 February-1 March 1970 

to be held  under  t he  auspices of the  In te rna t iona l  Society 
on Toxicology.  
Address  for informat ion  on the  scientific program:  Prof. 
A. de Vries, P. O. 13. 85, Pe t ah  T ikva  (Israel). 
In fo rma t ion  on travel ,  Hote l  and excursions:  Kenes, 
30 Dizengoff  Street,  Tel A v i v  (Israel). 


