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Respiratory Ventilation and Carbon Dioxide Levels in
Syndromes of Depression

By J. DAMAS MORA, L. GRANT, PATRICIA KENYON,
M. K. PATEL and F. A. JENNER

Summary. The breathing rate and P002 in end-tidal air have been studied in
controls and in patients with endogenous depression (retarded and non-retarded),
with neurotic depression, and with schizophrenia. It has been shown that breath
ing rate goes up and P00, down in non-retarded and neurotic depression.
Schizophrenia gives more anomalous results. The fact is emphasized that such
changes must lead to alterations in pH and other variables. Studies showing
some small chemical differences between these clinical entities and control
subjectsmight thereforebe explainedby thesefindings.

The relationbetween mental health and
respiratory ventilation has been studied for a
long time. For the Greeks the psyche was the
spirit or breath of man, and Wundt (â€̃919)
was among those noting the â€̃¿ psychophysical
parallelism'between mental and respiratory
status.

Neurotic subjects have been most studied
because in them pronounced overbreathing
can occur, leading to tetany and many other
lesser symptoms which probably perpetuate
their difficulties. Lewis (1954) reviewed many
aspects of the chronic psychophysiological state
which can arisefrom hyperventilation.

It has also been asserted that obsessional
neurotics breathe slowly (Braatoy, 1947) and
that persons with obsessional characters tend
to complain of difficulties in breathing
(Schwidder, 1956). Even Freud (â€̃9:7) and
Fcnichel (1946) wrote about the significance of
respiration and rituals of breathing in obses
sional states. Quint (1972) has reviewed this
and otheraspectsofthepsychosomaticliterature
on respirationinneurotics.
Schizophrenics(Paterson,1934,1935;Witt

kower, 1934; Clausen, 1951; Jurko, Jost and
Hill, 1952) and depressed patients (Paterson,
1934, 1935; Skarbek, 1969, 1970) have also

been shown to have different breathing rates
from controls. These rates are usually found to
be higher than those of normal persons. Skarbek
(1969) has suggested that resting breathing rate
is related to arousal and excitation, which is
disturbed by the psychopathological state.

This study has been particularly designed to
assess the respiratory status of depressed patients
as classified by clinical psychiatrists. It seemed
important to be aware of any secondary changes
in arterial PCO2 which might, by affecting pH
and other parameters, need to be considered
when making statistical comparisons of small
chemical differences between psychotic patients
and normalcontrols.
Psychiatric literature, while emphasizing

breathing patterns, scarcely takes into account
the level of the blood gases in patients other
than neurotics, and few if any chemical studies
of depression consider the possible influence of
theslightacid-basedisturbancescaused.

MATERIAL AND METHODS
Several depressed patients admitted to the

wards of Middlewood Hospital, Sheffield, were
included,togetherwith a few otherpatients
who presented a marked depressive aspect in
their psychopathology.
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Patients and controls were unaware of the
meaning of the measurements. They were told
that the test would consist of taking a sample of
expired air after a resting period and that this
would be followed by taking capillary blood.

Subjects remained alone lying on a bed in a
quiet room. The results were monitored in an
adjoining room from which the patient could be
observed. After 20â€”30minutes of rest, breathing
rate and end-tidal P002 were followed for five
consecutive minutes. End-tidal P002 was moni
tored, using an intranasal catheter and a Beck
man Medical Gas Analyser LB-2 connected to
a fast response pen recorder. The equipment was
calibrated by means of 2 per cent and 7 per cent
002 gas mixtures in oxygen (which had, in turn,
been analysed by the Haldane method). Before
and after each experiment, the change in sensi
tivity of the apparatus was found to be negligible.
The blood samples were introduced into a
Radiometer ABL-i for analysis of P002 and
P02.

The first test was carried out one or two days
after the admission of the patients. They had
received no drugs (except for one tablet of
nitrazepam at night, if necessary). Benzo
diazepineswhich have been studieddo causea
rise of P002, due to suppressed respiration
(Geisler and Rost, :972), but the action seems
to be of a fairly short duration. Nitrazepam was
never given less than eight hours before the
studies were made. Whenever possible, a second
test was performed just before discharge. The
literature on respiratory effects of antidepres
sants in therapeutic doses is limited but does
not suggest any profound effects (Goodman and
Gilman, 1971). Skarbek (ig7o), in fact, pub
lished results which suggest that tricydic drugs
have no definite effect on respiration. Further,
the essential case made in this paper does not
depend on the repeat studies. At this stage it was
not possible to stop the patients taking drugs.
In controls the second test was carried out after
an average of four weeks, and in patients after
a minimum period of three weeks' therapy.
Tests took place between 09.00 and 10.30 h as
far as this was possible.

Newcastle (Kiloh, Andrews, Neilson and
Bianchi, 1972) and Hamilton (Hamilton, 1967)
Rating Scales for Depression were used. In

addition, the patients were asked to fill in an
EPI (Eysenck and Eysenck, 1964), Wakefield
Self-Assessment Inventory (Snaith, Ahmed,
Mehta and Hamilton, 1971) and State-Trait
Anxiety Inventory (Spielberger, Gorsuch and
Luschene, 1970) form on each occasion. The
last three inventories were also given to the
controls. The statistical procedures used can
all be found in Zar@

RESULTS

We studied 113 patients aged from i6 to 78
(i@ and 36 controls (24 to 62,@ 40.9),
all free from respiratory diseases. Eight patients
had been admitted to the wards with the diag
nosis of schizophrenia and presented acute
schizophrenic symptoms at the time. The de
pressed population was divided into 6i cases of
neurotic and 42 of endogenous depression by the
Newcastle Rating Scale scores. The last sub
group was further divided into i 5 retarded and
29 non-retarded (anxious or agitated) endo
genous depressives on clinical grounds, inde
pendently of any knowledge of their respiratory
status.

Table I presents the mean and standard error
of the mean for the psychological scores of the
groups. One-way analysis of variance (ANOVA)
was performed for three groups on the Hamilton
Rating Scale scores and for five groups on the
W-test, STAI (Anxiety State and Anxiety Trait)
and EPI (neuroticismand extraversion).It
indicated that, except for the EPI-extraversion
scores, which were not significant, the group
means were significantly different at i per cent
level of significance. Hence, the data contain
significant differences between some means.
To assessbetweenwhich means,themultiple

t-test of Student-Newman-Keuls (SNK) was
performed. It indicated that the controls were
significantly different from the groups of patients
in terms of the W-test, EPI-neuroticism, STAI
anxiety state and in STAI-anxiety scores at
p < â€¢¿ o,.The endogenous non-retarded de
pressed patients scored significantly differently
from the neurotic and the schizophrenic patients
for STAI-anxiety state scores at the same level of
significance.

The test also showed that the endogenous non
retarded depressed patients were significantly
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different from the neurotic depressed patients at
p < @OI,and from the endogenous retarded at
p < â€¢¿ 05on the Hamilton Rating Scale scores.
The non-retarded group was found to be signi
ficantly different from the endogenous retarded
depressed patients at p < @O5for EPI-neuroti
cism and STAI-anxiety state scores.

Levels of significance for the decreases in the
psychological scores after treatment are shown
in Table II. The clinically predictable correla
tion between anxiety and depression in terms of

the measures used is striking, as is the expected
improvement in depression. This certainly
means that contamination by effects of anxiety
on respiratory studies is inevitable.

Breathing rate in resting state (RBR)
The frequency distribution of RBR for con

trols and depressed patients is shown in Fig i.
All the patients treated together presented
higher mean RBR values than the controls

@ [.48 SEM]/13.7 [.@ SEM]). One-way

T@ I
Mean and Standard Error of the Mean for the psychological scores of controls and patients on admission

[ ]â€”Standard Error of the Mean (SEM).
)â€”Numbers of subjects.

T@.st.nII
Levels of significance for the decrease in psychological scores after treatment (Paired I-test); number of patients in brackets

NSâ€”Non-significant at 5 per cent level.
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F@1JEMY oFTOTAL.

CONTROLS MEAN. s@

GROUPS MEAN.

Fio i.â€”Frequcncydistribution of resting breathing rate
for controls and groups of patients.

RESTiNG BREATH!@ RATE.

ANOVA indicatedthatthegroup means were
significantly different at i per cent level of
significance.
The endogenous retarded depressed patients

and the controls had significantly (p < .0')
lower RBR values than the neurotic or the
endogenous non-retardeddepressedpatients
(SNK). The retardeddepressedpatientscould
not be distinguished from the controls at the
5 per cent level of significance. Their mean was,
however, lower than that of the controls
(TableIII).
When the tests were repeated there was no

significant change for any group at 5 per cent
level of significance. However, the retarded
patients and schizophrenics increased and the
non-retarded and neurotic depressed decreased
their breathing rates. This is in keeping with

Skarbek's (1970) findings of a tendency to
approach the normal with clinical improve
ment. The figures for first and second tests were
respectively: for controls@ [.58 SEM]/14 .0
[.76 SEMI, n = I 7); for neurotic depressed
patients(i8.4 [.8o SEM]/i 7@6 [.66 SEM],
n = 49); for retarded patients (13.1 [P62
SEM]/I3@5 [x.o8 SEMI, n = 13); for non
retarded patients (I7@5 [.79 SEMJ/16 .@ [.7@
SEMI, n = 26); and for schizophrenics (15.8
[I .73 SEM]/i 7.7@ SEM], n = 6). The

association of obsessional personality with de
pressive illness and low RBR may explain the
factthatsevenoftheretardedpatientsdecreased
their respiratory rates on recovery. Possibly a
constitutionalfactorassociatedwithlow breath
ing rateisinvolved;more work would be re
quired to establish this point.
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TArn@z III

Mean, Standard Error of the Mean and Significance (S) at z per cent level (Multiple 1-test) in RBR for controls and
groups of patients

NS = p> @05.

Striking evidence for a relation between the
level of anxiety and the RBR is obtained from
studying the change of anxiety (STAI) and its
correlation with change of RBR in the retarded
patients. In them a linear correlation is signi
ficant at the i per cent level. This cannot be
found in the other groups, possibly because their
change in STAI-anxiety state is less. The
changes in Hamilton scores of the non-retarded
endogenous were, on the other hand, greater
than those of the retarded.

RBR and age did not show any linear relation
even at the 5 per cent level of significance
(r = @Io4,n = 36 for controls; r = â€”¿ @07I,
n = I I 3 for patients).

Carbon dioxide levels
End-tidal P002 was taken as a measure of

002 partial pressure in arterial blood, since the
study was designed to assess the respiratory
status of the patients when resting. The average
of end-tidal P002 peaks for each five minutes,
expressed as percentage of dry gas, was used.
Capillary blood samples were taken on 104
occasions to allow comparison. For 205 pairs of
data, the mean difference between capillary
and end-tidal P002 was found to be 2@z6
mmHg [.19 SEM].

Fig 2 presents the frequency distribution of
end-tidal PCO2 for the controls and the patients.
The latter,when takentogether,presentedlower
values than the controls@ per cent [@o6
SEM]/5 â€̃¿ 02per cent [â€̃o8 SEM]). One-way

ANOVA indicated that the group means were
significantly different at p < .01. The endo
genous non-retarded and the neurotic depressed
patients presented significantly (p < .oi) lower
values than the controls or the endogenous
retarded depressed patients (SNK), and the
schizophrenics significantly higher values than
the neurotic and the endogenous non-retarded
depressed patients (Table IV).

Controls (4.97 per cent [.14 SEM]/@ .00 per
cent [.13 SEMI, n = 17), neurotic (4'62
per cent [.07 SEM]/Ã§73 per cent [.07 SEM],
n = 49) and non-retarded endogenous depressed
patients (@ @49 per cent [.14 SEM]/4@76 per
cent [.i i SEM], n = 26) showed an overall
increase when the test was repeated; the
increase for the controls and the neurotic
depressed patients did not reach significance at

@ per cent. A non-significant (at 5 per cent
level) overall decrease was found for the retarded
endogenous depressed patients (5.2! per cent
[.16 SEM]/5'o5 per cent [.i6 SEMI, n = 13)
and for the schizophrenics (@@ per cent [.14
SEM]/ 5@47 per cent [â€̃ i8 SEMI, n = 6).

DIsCussIoN
The main purpose of this study was to draw

attention to the small but very real differences
in arterial P002 in different diagnostic groups
of depressedpatientsand controls.This isof
importance in that such changes of P002
necessarily influence pH and other physio
logical and biochemical variables, which might
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be studied without considering these influences. For ethical reasons, arterial blood samples
The fact that the differences exist seems to be themselves were not taken. Instead end-tidal
established. P002 was monitored to express PaCO2 in a

I CONTROLS.
Si N 36@ 222@
61
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resting state (DuBois, Fowler, Soffer and Fenn,
1952; West, 1967; Abbate and Viola, 1973).
Arterialized capillary blood was used to estab
lish the validity of using the more readily
measured end-tidal P002. The differences
found between capillary and end-tidal P002
seem tobe acceptable.The subjectsareneces
sarily disturbed by fingerpricks and some
transient and fluctuating ventilatory changes
always follow, and presumably end-tidal values
must be most affected.The fact that the
arterializationcannotalwaysbe completealso
partlyaccountsfor differencesfound (linear
regression, comparing the difference between
capillary and end-tidal P002 with P02 in
capillary blood, gives r = â€”¿ â€̃¿ 22,p < â€¢¿ o',
fl = 205). Usually the figures for end-tidal
PCO2 and capillary P02 were very similar,
but up to 10 per cent did show differences
which cannotbe totallyexplained.They were,
however, random in relation to the hypotheses
considered.

Patients diagnosed as neurotic or non
retarded endogenous depressions had similar
respiratory behaviour, that is they tended to
breathe faster and to have lower end-tidal PCO2
levels than the controls. The retarded endoge
nous depressed patients differed significantly
from these and showed an opposite but not
significant deviation from the controls. The
schizopKrenics breathed, on average, faster than
the controls, but still presented higher end-tidal
P002 levels. However, the small number of
schizophrenic patients leaves one in doubt about
the validity of the findings. This group, however,
seemed to be very homogenous in terms of their
P002.

Minute ventilation was not monitored, since
the study was designed to measure the RBR and
the end-tidal P002 with the minimum of
interference. Assuming the basal metabolic
rate of this depressed population to be in the
normal range, the patients do not compensate
in minute volume for the altered rate of breath
ing. Most depressed patients seem in fact to be
similar to the subjects with a high level of
neurotic anxiety, in whom the P.tCO2 was found
to be lower and the pH to be higher than in
the controls (Rossier, 1939; Mdi, 1948; among
many others). From our results, though, the

patients with retarded depression are different
despite their anxiety as measured by STAI.

Roth, Gurney, Garside and Kerr (1972) have
drawn attention to the different views held on
the relation between anxiety and depression.
Anxiety states and depressive disorders may
belong to different parts of a single continuum
of affective disturbance or merge insensibly
with one another (see, for example, Mapother,
1926; Eysenck, 1952; Lewis, @Ã§@7o).These
difficulties are not resolved by rating scales, as
each may measure a different concept. Further,
in developing the Wakefield Self-Assessment
Depressive Inventory, Snaith ci al (i@7@) stress
that it is meant to be used in patients already
diagnosed as suffering from depression, and that
it is likely that any group of patients or even
individuals exposed to some form of stress would
produce high scores.

It seems noteworthy, therefore, to mention
the fact that the scores in the W-test and in the
STAI-anxiety state showed a significant relation
at i per cent level of significance when all the
depressed population was treated together
(r = â€̃¿ 53,n = 98, on admission; r = â€¢¿ 84,
r = 85, when the test was repeated).

We do not usually consider anxiety as
negatively correlated with depression, as do the
Newcastle school. However, the data as pre
sented here are inadequate to enter that debate.
They simply indicate that some chemical
differences between some depressed patients
and controls are easily explained. Further,
some symptoms and effects on, for example,
response to drug treatment may be due to
effects on the blood brain barrier of P002
levels (Wyke, 1963).
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