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The diurnal rhythm of parameters of external respiratory function was studied in 67 clinically 
healthy persons aged from 20 to 62 years by spirography and pneumotachometry. Tests were 

carried out 4 times a day: at 2 and 7 a.m., 12 noon, and 9 p.m. In the younger and middle- 
aged subjects a statistically significant decrease was found in the minute respiratory volume 
at night and an increase in the power of inspiration in the evening. The ~espiration rate, the 
02 consumption per minute, the maximal ventilation of the lungs and their vital capacity, the 
coefficient of oxygen utilization, and the power of expiration did not vary significantly during 
the 24-h period. In healthy subjects of the older group a significant decrease was found in 

the respiration rate, the maximal ventilation of the lungs, and the index of the rate of air 
movement at night; the minute volume of resoiration was increased in the afternoon and eve- 

ning and reduced at night, the values of Tiffeneau's test and the power of expiration were in- 
creased at midday, while the respiratory reserve was reduced in the afternoon and evening. 
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About 75 different physiological functions characterized by a diurnal rhythm have now been studied in 
man [8]. The rhythm of diurnal fluctuations of some parameters of lipid metabolism and the hemodynamics 
has been studied [I, 3, 4, 6, 9]. However, very little attempt has been made to study the diurnal rhythm of 
the parameters of external respiration under normal and pathological conditions. Only a few papers de-- 
scribing investigations of the diurnal rhythm of some parameters of external respiration could be found in 
the accessible literature [5, 7, 9]. Meanwhile the study of the diurnal rhythm of the parameters of external 

respiratory function (ERF) could provide an indirect criterion of variation in the severity of congestive 

changes in the lungs in cardiac decompensation, the subject of clinical as well as theoretical interest. How- 
ever, before the diurnal rhythm of fluctuations of ERF in patients with circulatory failure can be correctly 
assessed, the problem must first be studied in clinically healthy persons. 

The present investigation was carried out for this purpose. 

EXPERIMENTAL 

Hepeated determinations were made of the lung volumes and bronchial patency by means of spiro- 
graphy and pneumotachornetry. The tests were carried out 4 times a day: at 7 a.m. (under basal metabolic 
conditions), at noon, 9 p.m., and 2 a.m. The respiration rate (RR) per minute, the minute volume of res- 
piration (MVR), the oxygen consumption per minute (OC), the vital capacity of the lungs (VCL), the maximal 
ventilation of the lungs (MVL), the respiratory reserve, the index of the rate of air movement (RAM), and 
the power of inspiration and expiration were studied. The values obtained for the lung volurneswere reduced 
to volumes at 0~ and ?60 mm Hg. The group of clinically healthy persons consisted of 67 individuals aged 
from 20 to 62 years, including 40 men and 27 women. Clinical, functional-diagnostic, and laboratory tests 
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T A B L E  1. Diurna l  R h y t h m  of E R F  P a r a m e t e r s  in Cl in ica l ly  Heal thy 
P e r s o n s  Aged f r o m  20 to 50 Y e a r s  

Parameter of ERF ] 
7 a.m 

I 

f 
RR, per minute 15,9---0,45 
MVR (in liters/rain) 13,2+--0,53 
OC (in ml/min) 244+9,6 
COU (in ml/liter) 21,4-----l,49 
VCL (in liters) 4,0-----0,17 
MVL (in liters/rain) 78,8-+3,53 
ResNratorv reserve 6,6• 

(ih literg/min) 
RAM (i{] liters/min/ 19• 

liter) 
Power of." 

inspiration (in liters / 
sec) 4,2+0,16 

expiration (in liters / 
sec) 3,7~0,20 

T A B L E  2. Diurna l  R h y t h m  
Aged 50-62  Y e a r s  

Parameter o( ERF 

RR, per minute 
MVR (in liters/rain) 
OC (in ml/min) 
COU (in ml/liter) 
VCL (in liters) 
Tiffeneau's test (in %) 
MVL (in liters/rain) 
Respiratory reserve (in 

liters/rain) I 
RAM (in liters/min/liter) I 
Power of: I 

inspiration ({n liters/ 
sec) i 

expiration (in-iiters/sec) I 

7a.m 

15-+-0,6 
I0,5• 
250~ 15,3 
25~2,28 

3,1~0,01 
59• 
68~5,07 

6,84-0,74 

22• 

3,5-+0,2 
3,3+0,22 

Time 

12 noon I P 

15,7• 0 
12,4-+0,541 0,2 
251-+9,2 ] 0,2 

27,7• 1,461 O~I 
4,0• 

78,1+---2,90[ 0 
7,1-+0,521 0,3 

19,5• 0 

4,2• 0 

4,0-----0,17 0 

9 p . m  [ 

16,3-~0,49[ 0,3 
12,8• 0,2 
286~38,6[ O, I 

22,8+1,461 0,2 
3,9• 0,3 

76,7 +--1,23 0,3 
6,5-+0,39 0 

3,6~0,201 0 

I 
P 2 a.m I p 

15,7-----0,44 0 
11,8• 05 
227-----9,9 I 0,2 
24-----1,521 0,1 

4,0• 0 
76,7• 0,3 
7,0-+0,47 0,3 

19,0-+-0,73 0 

4,5-----0,17 0,! 

4,5--~-0,19 0,! 

of E R F  P a r a m e t e r s  in Heal thy P e r s o n s  

Time 
[ 12noon[ p ] 9p.m. 

I 

15~0,74 [ 0 15-----0,64 
11• 11~0,71 

259 -+- 16,0[ 0 I 277• 
23• 1 0,2 / 25• 

3,1-----0,011 0 ] 3,1+0,01 
79+2,2 1<0,051 65-+2,2 
65• I 0,2 J 66• 

5,9• KO,051 5,9• 

21+1,22 0,2 l[ 2l-----1,3 

3,7-+0,24 I 0,1 [ 3,5-----0,15 
3, - o,24i<o,o51 3,,• 

P [ 2a.m. 

i 5/ 10+0'79 0 9,2"+0,7 
230 -+- 15,4 
26----- 2,93 

3,1-+-0,02 
0,2 I 62-----0,25 
0 3 62• 46 

Q0', 05 7,2-'-0,92 

0,2 19• 

0 3,4-----0,15 

P 

<0,01 
<0,05 

0,1 
0,3 
0 

O,l 
~0,05 

0,2 

<o,ol 

0,2 
0,1 3,2~0,181 0,2 

on all  these  sub jec t s  ru l ed  out the p r e s e n c e  of  d i s e a s e s  of  the in te rna l  o rgans .  The data  w e r e  sub jec ted  to 
s t a t i s t i c a l  a n a l y s i s  by v a r i a n c e  and d i f f e r ence  methods .  The p a r a m e t e r s  of  E R F  at noon, 9 p .m. ,  and 2 a .m.  
w e r e  c o m p a r e d  with the i r  c o r r e s p o n d i n g  va lues  at  7 a .m.  D i f f e r ences  w e r e  r e g a r d e d  as s igni f icant  for 
which P < 0.05. 

R E S U L T S  

The r e s u l t s  of  the s tudy of  the d iu rna l  r h y t h m  of va r i a t i ons  in the ERF  p a r a m e t e r s  in c l in ica l ly  hea l thy  
sub jec t s  aged f r o m  20 to 50 y e a r s  a re  given in Table  1. They  show that  RR at 7 a .m,  under  basa l  metabol ic  
condi t ions  a v e r a g e d  15.9 • 0 .45 /min .  No s t a t i s t i ca l l y  s ign i f ican t  d i f f e rence  was  found be tween the value of  
RR at 7 a .m,  and a t .o the r  t imes  du r ing  the 24 h. Under basa l  me tabo l i c  condi t ions  the m e a n  value o f  MVR 
was  13.2 =~ 0.53 l i t e r s / m i n .  At  night the re  was  a s t a t i s t i ca l l y  s ign i f ican t  d e c r e a s e  in MVR c o m p a r e d  with 
i ts  value at 7 a .m.  (P <0.05). At  midday  and in the even ing  no s igni f icant  changes  w e r e  r e c o r d e d  in MVR. 
OC pe r  minute  at  midday  and du r ing  the even ing  and night l ikewise  showed no s t a t i s t i ca l l y  s igni f icant  v a r i -  
ation. The coef f ic ien t  of  oxygen  u t i l iza t ion  (COU) was  s l ight ly  i n c r e a s e d  at noon, 9 p .m. ,  and 2 a .m . ;  how-  
eve r ,  these  d i f f e r e nc e s  w e r e  not s t a t i s t i ca l l y  s ignif icant .  No s ign i f ican t  changes  w e r e  found in VCL. Under  
ba sa l  me tabo l i c  condi t ions  MVL was  78.8 • 3.53 l i t e r s / r a i n .  Dur ing  the evening  and night a s m a l l  d e c r e a s e ,  
not s t a t i s t i c a l l y  s igni f icant ,  was  o b s e r v e d  in MVL. Var i a t ions  in the r e s p i r a t o r y  r e s e r v e  du r ing  the 24 
h o u r s  w e r e  not s t a t i s t i ca l l y  s igni f icant .  Changes  in RAM (the r a t io  be tweem MVL and VCL) du r ing  the 24 h 
l ikewise  w e r e  not s ignif icant .  The power  of  i n sp i r a t ion  at 7 a .m,  was  4.2 • 0.164 l i t e r s / s e c .  By 9 p.m. an 
i n c r e a s e  to 4.6 J= 0.76 l i t e r s / s e e  was  o b s e r v e d  ( s ta t i s t i ca l ly  s igni f icant ,  P <0.05). At  noon and at night this 
p a r a m e t e r  did not d i f fe r  s ign i f i can t ly  f r o m  its leve l  at 7 a .m,  The power  of  exp i ra t ion  at 7 a .m.  was  3.7 • 
0.20 l i t e r s / s e c .  No s ign i f i can t  va r i a t i ons  in the value of  this p a r a m e t e r  w e r e  o b s e r v e d  dur ing  the 24 h. 

Ana lys i s  of  the r e s u l t s  of  the inves t iga t ion  o f  the d iurna l  r h y t h m  of f luc tua t ions  in the E R F  p a r a m e t e r s  
in hea l thy  p e r s o n s  aged 50-62 y e a r s  showed a r e g u l a r  d iu rna l  r h y t h m  that  d i f fe red  somewha t  f r o m  that  in 
the hea l thy  sub jec t s  of  the younge r  and m i d d l e - a g e d  g roups  (Table 2). 

The r e s u l t s  in Table  2 show a s t a t i s t i c a l l y  s igni f icant  d e c r e a s e  in RR at 2 a .m. ,  an i n c r e a s e  in MVR 
in the a f t e rnoon  and even ing  and a d e c r e a s e  at  night,  an i n c r e a s e  in the r e s u l t s  of  T i f f eneau ' s  t es t  at noon, 
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a d e c r e a s e  in MVL at night, a d e c r e a s e  in the r e s p i r a t o r y  r e s e r v e  at noon and in the evening, a d e c r e a s e  in 
RAM at night, and an i nc r ea s e  in the power  of expi ra t ion  at noon. 
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