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THE DEPTH AND RATE OF RESPIRATION IN
NORMAL AND PSYCHOTIC SUBJECTS

BY

ARTHUR S. PATERSON, LONDON

INTRODUCTION

IN recent years an increased interest has been taken in the respiration of
psychotic subjects. Many observations pointed in this direction as possibly
a fruitful method of approach to the physical side of mental disease. Golla,
Mann and Marsh 1 in 1928 found that the response of these patients to the
inhalation of CO2 is different from that of healthy subjects. That the well-
known effect of CO2 in temporarily abolishing catatonic stupor 2 is not due
to mere fright, is borne out by recent work 3 by Paterson and Richter, who
showed by exact measurements that the catatonia-like state of monkeys
poisoned by bulbocapnine is increased by small doses of the drug and abolished
by large doses.

The following report describes the result of an investigation of the depth
and rate of respiration in schizophrenics and melancholics.

It had long been remarked clinically that the subjects of dementia
precox appear to breathe more shallowly and more rapidly than normal
*subjects. The exact measurement of the depth and form of respiration,
however, has been beset by difficulties. Most observations recorded in the
literature have been made by means of a stethograph, that is to say, a rubber
tube of some kind fixed round the thorax or abdomen. As such an apparatus
may direct the subject's attention to his breathing, the value of the results
obtained may be vitiated. Moreover, such a method cannot record accurately
the magnitude of each respiration, although observations of the magnitude of
the respiratory movements in psychotics taken by this method have been
published.4'5 Another objection is that the stethograph is only measuring
one part of the respiratory mechanism, and at any moment the respiration
may change from thoracic to abdominal or vice versa. In the course of one of
my experiments in which records of the thorax and abdomen were being made
.simultaneously, the movements of the abdomen became smaller and those of
the thorax greater without altering the amount of air respired, as measured
simultaneously by the plethysmograph. The excursion recorded therefore in
one case by this method cannot be compared quantitively with that recorded
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ORIGINAL PAPERS

in another, or even with the excursion in the same individual at different
times.

TECHNIQUE

The apparatus described by Golla and Antonovitch 6 disposes of these
difficulties. It consists essentially of a wooden box with a removable lid
and front piece, both of which can be clamped firmly into position by means of
a handscrew. The subject for experiment sits in the box and only his head
projects through a hole in the roof. The box is air tight and the opening for
the neck is occluded through the subject's wearing an inflatable rubber collar,
to which an 'apron' is attached all round. The latter is clamped between
two boards in the roof of the box. These collars are made of varying sizes.
The air space in the box communicates with the recording plethysmograph
by a wide tube.

The recorder itself is of the simple float pattern, rectangular, and having
a capacity of about 4 litres. The float is balanced on knife edges at its
posterior end, the edges resting in corresponding notches on the wall of the
water bath.

With this apparatus I have recently taken over 300 records of patients
and normal subjects at the Maudsley and Colney Hatch Hospitals with a view
to studying the form, rhythm, reaction to stimuli, etc., of psychotics in
comparison with normal subjects. In the present paper, I propose merely to
record the results of observations on the depth and rate of respiration. The
results of the other studies will form the subject of a further communication.

Several precautions were taken to keep the conditions uniform throughout
the experiments. No external stimuli were allowed to disturb the patient.
He merely sat quietly in the box, and was unable to see any of the recording
apparatus. He was unaware that his respiration was being examined. His
attention was therefore not directed towards his respiratory movements, a.
circumstance which would ipso facto have rendered the results less valuable.
Factors which might interfere with the processes of metabolism were kept
uniform. The subject sat still until he had become accustomed to his environ-
ment. If he was obviously alarmed, a fact which seldom occurred, the
experiment was abandoned. No record was taken after the subject had been
active physically, or soon after a meal. A minimum of clothing was.
employed in order to prevent undue warmth inside the box.

RESULTS

The accompanying table shows the results of these investigations. In
this series 217 subjects were examined, including 44 normal men and 18
nornmal women. These were members of the staffs of the Maudsley and
Colney Hatch Hospitals, and to them my thanks are due; 85 schizophrenic
males and 36 schizophrenic females- were examined. Most of these were
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suffering from a considerable degree of dementia. By way of comparison,
six males and 26 patients who were melancholic but not demented were
examined.

TABLE I

Mean ~~Mean Ma
Mean vol~~~~,% ofn Presumed effective

Ma

Num- Cas Mean area of ofa Mean rate of Vo. sf,ize of ventila- effective
bers indsqmetres tVo~l.o reperanions re-spira- dead tion per ventila-NbUer B Cl i Sq. metrtbdad air rsrations pe tion perinq.metes in c.c. prni. min. in space repr- min in

lirs in c.c. tion ltelitres ~~~inc.c. lte

MALES
44 Normiials 1-815 ± *012 572 16-77 ± *329 9-59 180 392 6-57
85 Schizophrenics 1-592 ± *008 442 19-61 ± *293 8-67 180 262 5-14
6 Melancholics 1-630 623 18-67 11-65 180 443 7-84

FEMALES
18 Normals 1-578 ± *016 429 18-61 ± -494 7-98 137 292 5-43
36 Schizophrenics 1-509 ± *020 339 22-67 ± *363 7-68 137 202 4-58
19 Melancholics 1-517 ± *020 402 19-55 ± *685 7-86 137 265 5-18
8 Normals (d o z i n g

state) 1-578 491 13-50 6-62 137 354 4-79
8 Nornmals (sleeping

state) . 1-578 317 15-00 4-76 137 180 2-70

When one compares the amount of air respired as between two groups,
the size of the subjects must be taken into consideration. One would expect
a large individual to breathe more deeply than a small one. The factor used
by physiologists to make possible a comparison of the oxygen consumption
of two individuals of different size is the area of body surface, and this has
been used in the present study. It was calculated from the height and weight
of each patient by means of Boothby and Sandiford's nomograph.7 The
mean size of each group is shown in the first column in square metres of area
of body surface. The second column shows the mean volume of the tidal air
of each group measured in cubic centimetres. The third column shows the
mean number of respirations per minute for each group. When this is
multiplied by the figure giving the tidal air we obtain the volume of air
breathed per minute, here given in litres in the fourth column.

Looking at the volume of air respired (tidal air) as recorded in the second
column, one finds that the figure for normal males is a little higher than that
usually given in text-books for subjects at rest. The usual figure is 500, but
the present figure is 571. The reason for this is that the subject was sitting,
not lying, and that the temperature inside the box was rather higher than
normal.

In order to allow for the fact of difference in size, the mean size of each
group, normals, schizophrenics and female melancholics, was calculated.
The probable error and standard deviation were worked out together with the
correlation coefficient of volume of respiration with area of body surface.
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TABLE II

Area of Body Surface in Square Metres

Mfean Standard deviation

MALES
Normals . 1815 ± 0012 0-1138
Schizophrenics 1. 592 + 0008 0-1153

FEMALES
Normals . 1578 ± 0016 0-1021
Schizophrenics . 1509 ± 0-015 0-1372
Melancholics 1.. 517 ± 0020 0-1315

Comparison of Size ofNormals and Schizophrenics.-It will be noticed in
Table II that the mean area of body surface of male schizophrenics (1.592) is
very much smaller than that of normals (1.815), the difference being
significant. For females the schizophrenics have a mean area which is smaller
than for normals to an extent which is just significant, the difference being
three times the probable error (0.069 ± 0.02).

TABLE III
Volume of Tidal Air in Relation to Size of Subject

Volume of tidal air Standard Correlation coefficient
in c.c. deviation with area of body surface

MALES
Normals . 572 143 r = + 0-2216
Schizophrenics . 442 79 r = + 0-1096

FEMALES
Normals . . . 429 74 (Too few cases)
Schizophrenics . . 339 52 r = - 00419
Melancholics . . . 402 57 (Too few cases)

For males, the schizophrenics have a much smaller mean volume of tidal
air and also a variability which is much less than for normals. Part of the
difference in the means results from their smaller size, but this can be taken
into account since the correlation of volume of tidal air with area of body
surface is known. The volume of tidal air which normal subjects with an
area of body surface of 1-592 square metres would be expected to have is
510 c.c. Actually, the male schizophrenics had a mean volume of 442 c.c.
Hence the difference between the actual and expected is 68 c.c. As its
probable error is ± 15-6 c.c., the difference is more than four times its
probable error after correction for difference in size, and is therefore significant.
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For females there is no sensible correlation between volume of tidal air
and area of body surface, and therefore there is no need to correct for the
slight difference in mean area of body surface. The mean volumes may

therefore be compared as they stand. For female schizophrenics the difference
from normals is 90 13-0 c.c. Since the difference is about seven times its
probable error, it is certainly significant.

Rate of Respiration.-Since there is no correlation between rate of
respiration and area of body surface, there is no need to correct for difference
in area of body surface. For males the rate for normals (see Table I) was

16-77 + 0-329, and for schizophrenics 19-61 ± 0-293. The difference is
2-83 + 0-441, which is six times its probable error, and is therefore certainly
significant.

For females, the normals show a rate of 18-61 0-494, while that of
schizophrenics is 22-67 + 0-363, a difference of 4-06 0-613. Since the
difference is over six times the probable error, it is again certainly significant.

From these results then it appears that schizophrenics breathe more

shallowly and more rapidly than normals.
The question arises whether rapid shallow breathing is as effectual a

method of ventilating the lungs as deep slow breathing. At first sight the fact
that the total volume breathed per minute in each case is about the same

might seem to show that each is equally effective, but certain considerations
are against this view.

The degree to which the lungs are effectively ventilated depends on the
amount of the socalled dead-space, or the space within the respiratory
passages which prevents a certain proportion of the tidal air from reaching
the alveoli. It is still a matter for controversy among physiologists as to how
much the dead-space varies in size under different conditions of breathing.
It is probable that it varies little, and if this is so, increased depth of respira-
tion is much more important than increased rate, to bring about the effective
ventilation of the lungs.

The following figures from Roaf's * Physiology show how, if the depth

Effective ventilation
Volume of respiration Dead-space (obtained by subtracting the

second from the first)

300 c.c. 172 c.c. 128 c.c.
400 c.c. 172 c.c. 228 c.c.
500 c.c. 172 c.c. 828 c.c.
700 c.c. 172 c.c. 528 c.c.
900 c.c. 172 c.c. 728 c.c.

1,200 c.c. 172 c.c. 1,028 c.c.
4 times 8 times

* A. E. Roaf, Textbook of Physiology, 1924, p. 237.
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of respiration in one subject is four times that of another, the effective ventila-
tion of the former is eight times, not only four times, that of the latter, given
that the dead-space and rate of respiration are the same in both cases.

If, however, the rate of respiration is four times as fast in one subject as
in another, where the depth is the same, then the effective ventilation is only
four times as great.

Supposing, therefore, as is not unlikely, that the dead-space of the
schizophrenic patients is of the same magnitude as that of normals, then the
fact that they breathe more shallowly will not be compensated for by the
greater rate of respiration.

The next three columns in the table represent an attempt to take into
consideration the dead-space. If we do this, we shall obtain a more accurate
idea of how much less effectively the lungs are ventilated in schizophrenics
than in normals. The theoretical size of the dead-space in a normal subject,
whose tidal air is, as in this group, 572 c.c., is 180 c.c., according to a well-
known theoretical formula,* if there is an average percentage of 02 and CO2
in the alveolar air. If we suppose for the present purpose that the dead-space
in the different classes of male subjects under investigation is about the same,
then we shall get as figures for effective ventilation those shown in the table.
In the group of normal males the mean tidal air is 572 c.c. If we subtract
from that figure 180 c.c. of dead-space, we obtain the amount of air passing
into the alveoli. If this is multiplied by the rate of respiration per minute,
16-77, we get 6-57 litres, or the effective ventilation per minute.

In the second line, the dead-space for schizophrenics is presumed to be
the same as for normal males, namely, 180 c.c. If this is so, and it is probably
about the same, then the effective ventilation, per respiration, is 262 c.c., and,
per minute, 5-14 litres. This figure is only 78 per cent. of the normal figure,
whereas if the dead-space were neglected the respiration would be 90 per cent.
of the normal.

Similarly for females, we find that the mean volumes of respiration for
normals and schizophrenics are 7-98 and 7-68 litres respectively, while the
mean effective volumes of respiration are 5-43 and 4-58 litres respectively.
The effective ventilation of schizophrenic women, therefore, is only 84 per
cent. of that of normals, whereas the total ventilation is 96 per cent. of normals.
These figures again show that the shallow rapid method of respiration is less
efficient than the deep slow method.

Melancholics.-Nineteen female melancholics were found to have an
area of body surface which was smaller than that of normal females (Table I).

*D=E(a -e)*D = (a-i where D = volume of dead-space in c.c.

E = volume of tidal air in c.c.; e = percentage of CO2 in the expired air (average
4-1); a = percentage of CO2 in alveolar air (average 6-0); and i = per-
centage of CO2 in inspired air (average 0 04).
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The smaller size, however, was barely significant. The volume of tidal air
was smaller than that of normal females, but the difference (27 ± 14-70 c.c.)
was also not significant.

Regarding their rate of respiration, for 19 female melancholics this was
19*55 ± 0685 as against 18'61 + 0494 for normal females. This difference
was not significant.

It would appear, therefore, that the difference in volume and rate of
respiration in schizophrenics does not apply to melancholics. The number of
male melancholics (six) was too small to give significant results. These on the
average breathed more deeply and rapidly than normals (Table I).

Comparison of Schizophrenics with Normal Subjects in a Dozing and
Sleeping State.-In the last two lines figures are given showing the respiratory
depth and rate of normal women first in a dozing and secondly in a sleeping
state, in order to show the difference from schizophrenics. In these experi-
ments the subject was lying in a chest made on the same principle as the box
described above. I am indebted to Dr. Antonovitch for these records. It
will be seen that in the dozing state the breathing is slow and deep, but the
effective ventilation per minute is about the same as for schizophrenics,
-4*60 litres per minute as against 4-64. In sleep the depth is greatly diminished,
being rather smaller than that olf schizophrenics (317 as against 339 c.c.); the
rate becomes slightly faster than in the dozing state, and the total effective
ventilation is about half of that of normal subjects.

DISCUSSION

The fact which stands out most clearly from the foregoing results is that
schizophrenic patients on the average breathe more shallowly and more
rapidly than normal subjects. Melancholic patients do not show the same
type of breathing, but resemble normals.

Inefficiency of Schizophrenics' Type of Respiration.-It has been shown
that where the total ventilation is the same the shallow rapid type is less
efficient than the deep slow type. It does not follow from this, however, that
the oxygen consumption is necessarily less in these subjects than in normals.
'This can only be ascertained by direct measurement, and further work on
-this subject remains to be done. At present we can only suspect that the
inefficient action of the respiratory bellows might lead to deficient oxygen
consumption.

With regard to patients in a more severe catatonic state, Gullotta 4 has
remarked that catatonics breathe more slowly than other schizophrenics.
My own observations support this view. It may be, therefore, that the shallow
breathing of schizophrenics is ordinarily compensated for by the increased
rapidity of respiration, but that when the rate falls during an increase in the
catatonic state then failure of oxidation ensues, with cyanosed extremities
and increased torpor of mind. The qucsticn as to how far this condition is
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dependent on deficient oxygen consumption could best be solved by giving
these patients pure oxygen and seeing whether their state improved. So far,
certain facts indicate that increase of breathing from administration of CO2
or from forced exercise (Peters 8) improves the condition. It is possibly this
improvement of respiration which explains why there are fewer catatonics
to be seen in those mental hospitals where the patients are encouraged to take
a relatively large amount of exercise.

Effect of Type of Respiration on Reaction to CO2 Inhalation.-The fact
found by Golla and co-workers that schizophrenics failed to respond with
increased ventilation so quickly or to the same extent as normal subjects may
perhaps best be explained by supposing a depression of the respiratory centre.
It is possible, however, that the schizophrenic by virtue of the shallowness of
his breathing does not allow the CO2 to accumulate so quickly in the alveoli,
and that therefore the respiratory centre is not affected so quickly.

Comparison of Type of Respiration in Schizophrenics with that in Sleep.-
One rather paradoxical fact has emerged, namely, that the type of respiration
is the exact opposite of that found in individuals who are in the drowsy state
between sleeping and waking. A German writer 9 has made a thorough study
of the resemblances of the condition to schizophrenia. Yet the breathing in
the drowsy state is deep and slow. It is when the drowsiness is replaced by
sleep that the respiration takes on the same shallow character as in schizo-
phrenics; in sleep, however, it remains much slower.

Bearing of Type of Respiration on Susceptibility to Tuberculosis.-The
type of respiration in schizophrenics is of interest in another connexion. As
is well known, tuberculosis is particularly frequent among these patients.
This has often been attributed to their poor physique generally. The present
study, however, suggests that the shallow character of their respiration might
render the lungs more liable to the disease, owing to their insufficient
expansion.

SUMMARY

1. Sixty-two normal subjects and 121 schizophrenics were examined
as to the depth and rate of their respiration by means of a plethysmographic
apparatus. The schizophrenics were found to breathe more shallowly and
more rapidly than the normals, the difference being significant. This
difference did not apply to 25 melancholic patients.

2. It was pointed out that the type of respiration employed by the
schizophrenics was an inefficient one. The significance of this different type
is discussed in relation to oxygen consumption, and to its possible bearing
on the catatonic state with its stupor and cyanosed extremities; also in
connexion with the relation of schizophrenics to tuberculosis, and to the
dozing and sleeping states.

This work was done during the tenure of a Commonwealth Research
Fellowship at the Maudsley Hospital, London. The collation and elaboration
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of results were worked out during the tenure of a Pinsent-Darwin Studentship
from Cambridge University.

My thanks are due to Dr. F. L. Golla, at whose suggestion this work was
carried out, for his unfailing interest and help, and to Drs. E. Mapother and
J. Brander for giving me access to the patients of the Maudsley and Colney
Hatch Hospitals. Dr. Percy Stocks was kind enough to help me with the
statistical problems involved, and Professor S. Wright with some points of
physiology.
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