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Introduction

Reeantly; numerous reports have noted the association between marked
obesity and hypoxia, hypercapnia; polycythaemia and right heart failure, in
the absence of apparent intrinsic pulmonary disease, Weight loss has been
followed by alleviation of the derangements in some cases (1;2;3,h) , and
this syndrome has been called the "Pickwickian Syndrome" by Burwell et al
(5)e

Fairly general agreement exists that the basic physiological defect in
these cases is alveolar hypoventilation which leads to hypoxia and hypercae
pnia followed by polycythaemia and eventual cor pulmonale, It has been sug=
gested that the alveolar hypoventilation in obesity is due to an increased
work of breathing (2,6;7); although evidence to support this has not been
advanced,

The purpose of this paper is to report measurements of the oxygen cost
of breathing in obesity and to attempt to correlate these measurements with
the occurrence of hypoventilatione

- Methods
Twenty~five obese 1ndiv1dutla; whese physical characteristics are

shown in Table I, were studied, The mean age was 6 years, the mean weight



was 113 kg., with mean heights and body surface areas of 168 cm. and 2,18 m?
reapectivo‘!y‘; - Nine normal subjects, five males and four -femalan; served as
controls being studied in the same way as the obese subjects. Data from
normals will be more fully reported elsewhere (8),

Any patient giving a history of lung disease such as chronic cough
and ap\xtul; cardiac disease or neuromuscular disease was excluded from the
series,

Ventilatory funetion was assessed in twenty lub}oct- while the oxygen

cost of breathing was measured in alle

Ventilatory Studiel ’

Vital enpacitiou; timed vital capacities and maximum breathing capaci-
ties were meu\u‘d; using a Collins Respirometer with the valves and COgy
absorber removed and incorporating a high-speed rotating dm. The maximm
of at least two to three trials ﬁl reoordod; Predicted values were deter=
mined fram the data of Baldwin et al (9);

The intrapulmonary distribution of inspired gas was checked by the
measurement of the concentration of nitrogen in alveolar pas after seven
minutes of oxygen breathing and by determining the washout of nitrogen from

the lungs while breathing oxygen, using an instantaneously-recording nitrogen



meter (10)_.

Oxygen Cost of Breathing

The oxygen cost of the respiratory mechanism was determined using t.ha
method of Campbell et al (11) as modified by Cherniack (8), The oxygen con-
sumption at rest and at increased ventilation was measured using a closed-
circuit spirometer in which a carbon dioxide absorber was incorporated, A
cam on the pulley of the spiremeter activated a micro-switch which in turn
controlled a solenoid valve; through which oxygen was delivered from a se=-
cond spirometer, It was thus possible to keep a level non-sloping baseline
on the records of ventilation while the second spirometer recorded the oxy-
gen consumed

Ventilation was increased by the interposition of dead space tubing of
thick-walled rubber, 2;5 ea; internal dinnem; between the subject and the
spirometer cirouit; Tubes of different lengths were chosen in random order
and the individuals were allowed to inerease their ventilation spontaneously
with no control of rate or depth of breathinge

Before studies were begun the mbjocta; who had fasted for at least
nine hours; rested in a comfortable chair for one hour in the case of oute

patients and for twenty minutes in the case of hospitalized patients.



Resting oxygen consumption and ventilation were recorded at the begine
ning and the end of each study; Before each meamrement_; whether resting
or at increased ventihtion; the subjects breathed oxygen from a meteoroe
logical balloon for ten minutes and then into and out of the oxygen-filled
spirometer circuit for five mimutes in order to allow the attaimment of a
steady state. Recordings were taken over a five= to ten-minute peried.
Oxygen consumpbtion was corrected to S,T.P.D. and ventilation to B.T.P.S.

Ten to twenty minutes' rest were allowed between each measurement,

Figure 1 is an example of the type of oxygen consumption-ventilation
curve obtained., It shows the curve in one obese -ub;oet; 17, on whom mea=-
surements were obtained at a year's intaml; during which period his weight
did not changes Also shown is the curve in a normal non-obese man, It is
seen that the curve in the obese subject has an initial linear portion and
at higher ventilations tends to become increasingly curved upwards.

In each subject oxygen consumption at the resting ventilation and at
least two increased ventilations were obtainod; one of these ventilations
being around 20 xlam; From the individual curves the oxygen consumption
at 20 I/n:ln. was determined and from this was subtracted the oxygen consumpe

tion at the resting ventilation, and this value was divided by the differ-



ence in ventilations. The resultant figure has been used as the oxygen
cost of increased ventilations

In 17 of these subjects simultaneous samples of arterial blood and
expired air were obtained after the individuals had been in the semiw
recumbent position for 20-30 minutes. Arterial carbon dioxide and oxygen
tensions were determined by the technique of Brinkmsn et al (12). Expired
air was collected over a three-minute period in a Tissot spirometer and
analyzed with the Micro-Scholander apparatus (13)Q From this data physio-
logical dead lpua-; caleulated by the Bohr methed, and tidal volume were
obtained,

Results

1; Ventilatory Function

The results of the ventilatory function studies are listed in Table I,;
Timed vital capacities and maximum mideexpiratory flow rates performed be-
fore and after brmmtor revealed no evidence of bronchiolar obstruce
t:lon; As can be s»m; the index of intrapulmonary mixing was normal in all
lubjoet.l; The washout of N, from the lungs was within normal range in all
the obese individuals except for subjeects 18; 20, 23 and 25, in whom 1t was

somewhat slowers



2¢ Oxygen Cost of Breathing

The oxygen cost of increaped ventilation for each subject is given in
Table I, WNine normal subjects had values ranging from 0.5 to 2.0 il Op
per liter. These values agree with those obtained by OMM et al (1h)
and Iiljestrand- (3.5); ﬂns; 18 of the 25 obese subjects had values above
the normal range, This can also be seen in Figure 2 whieh; in ddditia@
shows that in most obese subjects there was a disproportionate increase in
the oxygen cost of breathing with further increases in nntﬂation;

No relationship between oxygen cost of increased ventilation and
weight; hoighi; body surface area or percent of excess weight could be
found in the obese subjects,

The relationship between the oxygen cost of increased ventilation
and the resting arterial oxygen and carbon dioxide tensions in the 17
obese subjects who had arterial blood estimations is shown in Figuvres 3
and he It can be seen that there wae a tendeney for the highest costs of
increased ventilation to be associated with the lowest arterial oxygen
tensions while the highest values were associated with the highest arterial
carbon dioxide tensions,

In Figure 5 the tidal volumes and physiological dead spaces of the



au_bjagf.s are pressnm. Excopt for one patient with hypoxia, all plwaipla—
glcal dead spaces were within normal limits as defined by Gomroo et al (16)
It will be noted that there was a tendency for the tidal ‘_volunoqtin thou
patients with hypoxia to be less than those with normal gas tenpiom, ,.‘and
this more pronounced in thoqe subjects with bethv bypom a;ad byparcapnh,
| In two of the patients with the highest carbon dioxide tensions the
physical properties of the lungs were studieds The lung compliance of sub-
ject 2 was ;220 while subject 25 had a compliance of _;309; The viscous
relistunca; as expressed by the pressure rcquirod to cause a flow of 30 i/
min, was 0;9 in subject 2 and 1.2 in subject 25 on expiration; with simi-
lar values for umu,on; These measurements are within normal range (17);
Discussion

The data presented indicate that the oxygen cost of breathing 1- ine
creased in obese individuals. If we make the assumption that the oxygen
cost of breathing obtained from measurements of small :lncihontt in venti-
latdon can be extrepelated back to the resting level, then obese indivi-
duals have increased costs of breathing even at mt;

An increased oxygen cost of breathing could be due t0 increased mige

cular work being done on the lungs or on the thorax, The findings of esw



sentially normal d'iatr&bqtien of inspired gaa; the absence of evidence of
bronchiolar obstruction and lack of clinical history of lung disease sug=
gest that there was no intrinsic lung pathology producing an increased work
of breathing, In‘addition; measurement of the physical properties of}t.hé
lungs in two of the subjects with high costs of breathing and lvpcrcapﬁnia;
2l and 25; revealed normal lung compliance and noneslastic ruintamc;
Hence it is postulated that the increased cost of breathing is due to in=
creased mechanical work necessary to move thoracic oaga; diaphragm and abe
dominal wall and contents == presumably due to omiw;

The data also indicates that in the obese i'm\iv:ldad; who may already
have an inereased cost of breathing at mt, farther small increments in
ventilation could result in a disproportionate increase in metabolic work
of breathing and carbon dioxide produetion; This would probably be even
more exaggerated if an obese person developed a bronchitis or other lung
disease, cmraazy; in individuals with chronic lung disease and increased
work of breathing the development of obeau;y would lead to further increase
in the oxygen cost of breathing and possible alveolar lvpo‘ventilabion; The
therapeutic implications of obesity in chronie lung disean; t.hua; becomé

apparents
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It is of interest that there appears to be a relationship between the
oxygen cost of breathing; alveolar ventilation and arterial carbon diexide
tension in the obese mbaeets; Thue, it appears from our data that those
individuals who have the highest oxygen cost of breathing alse have the
lowest tidal volumes and the highest arterial carbon dioxide tensions,
This is in accordance with the hypothesis advanced by Otis (18) and Rucy
(19) te explain the occurrence of hypoventilation with an increased work
of breathing;

Sumpary and Conclusions
1; The oxygen cost of breathing is increased in obese subjects,
2. A relationship between the metabolic cost of breathing and the

arterial blood tensions of carbon dioxide and oxygen has been indicated,
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Table I

CLINICAL DATA OF OBESE SUBJECTS

Maximum

| Body Vital ‘

' Hb, in| Wt. in A:sn : Capacity TeXoPle™ | 0.6.1.Y,

ubdectﬁ Sex Ago Cllig Kgn. CCe¢ MQ I/".no % Pred, mz » mlo 02/ LO
1 F L6 163 100 250l o - - - - 576
2 F| W] 162 | 111 2,13 - - - = - lieh5
3 F| 53] 165 | 90 | 1.97 - | - - - - 2.5
b F{ 31| a7k | 114 2.26 - | - - - = 2457
5 F L7 160 97 1,98 3420 129 93 113 Oels 973
6 F | 53{ 163 99 | 203 |2358 | 86:f 7 | 7% Ol 1,75
7 Fl 35| 162 | 100 2,02 | 3810 | 131 | 184 17k Ouls 0.82
8 M| 37| 180 | 131 2.47 | LSOO | 107 12l 103 0.k 542l
9 F! 381 151 ] 115 2.07 | 2095 82 69 88 0.4 1,75
10 F| 69| 158 | 10 1.9 | 1875 88 56 8l Ouly 1.75
11 M| 56| 166 86 1,95 | 3920 | 114 127 %0 Ok 1.86

12 r{ 52| 110 | 127 2.,33 | 3260 | 11 79 89 0.k 37
13 F | k| 156 | 103 2,00 | 2650 | 104 71 92 Ok 2.57
L M - 175 | 123 2.4l | 4650 | 119 166 151 - 1.80
15 Fl 281 178 | 124 ! 2.40 | 3670 | 109 110 | 108 Ouls- 2.77
16 M| 36| 185 | 135 2,55 | 6030 | 136 129 98 Ooly 2,70
17 M} 64t a7h | 1 2.26 | 3380 98 82 90 Ouls 2,01
18 M} 61}] 182 | 113 2,3 | h120 | 112 122 123 2.3 3.93
19 F| 52| 155 | 122 2.1 | 2930 | 122 101 120 Ouy 2.30
20 F | ] 2163 98 2,02 | 2900 | 104 | T2 88 Ol 1.6
21 M} o} 175 | 120 2,31 13820 | @92 104 90 - 2,76
22 M| L] 173 | 121 2,31 - - - - - 3.85
23 F ho 155 | 88 1,87 2260 70 73 83 04k be77
2l M1 3B 1713 ] 167 2.65 (2970 | 75 65 58 047 6eli6
25 F 57 153 125 2.12 1280 56 52 59 Oely 740k

1 Index of intrapulmonary mixing.
Oxygen cost of increased ventilation,
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¥ NORMAL SUBJECT

OXYGEN CONSUMPTION ‘(ml.l min. SeTePeDs)

200 1 1 [] ] '} [
0 10 20 30 40 50 60 10
VENTILATION (L. /min, BsTePeSs)

Figure 1. Oxygen consumption at different levels of '

) of
ve'n%"mien in one obese and one normal subject, The
obese subject was studied on two occasions at a yearts
interval,




CHANGE IN OXYGEN CONSUMPTION (ml. /min. S.T,P.D.

200

50

CHANGE IN VENTILATION (L. /min, B, T, PeS.)

Fi& re 2, Increments in oxygen sonsumption associated

w change in ventilation in 25 obese subjects., The

stippled area indicates the range of normal valuesg
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OXYGEN COST OF INCREASED VENTILATION (ml. /L.)

F:lggrc' 3. The relationship between the oxygen cost of
reased ventilation and the resting arterial oxygen
tension in 17 obese subjects.
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RESTING ARTERIAL CARBON DIOXIDE TENSION (mm. Hg.)
°

OXYGEN COST OF INCREASED VENTILATION (ml, /L.)

Fiw g. The relationship betwesn the oxy cost of
creased ventilation and the resting :m:-g:‘; carbon
dioxide temsion in 17 obeee subjecte,



T . PHYSIOLOGICAL DEAD SPACE
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Subject No. 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

NORMAL BLOOD GAS LOW pO, ~ NORMAL pCO2 LOW pO, ~ HIGH pCO,
TENSIONS

Figure S. Tidel volume snd physiologicel dead spece in
y dbase cebjevte. The subjects are subdivided inte
three groups accerding to normal pliy belag greater Shan



