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It has been noted that marked obesity may be assocliated with
hypoxia and hypercapnia in the absence of demonstrable intrinsic pul-
monary disease and that this is associated with an increased oxygen
cost of breathing (1~5). The latter may be due to either an increased
mechanical work being performed on the respiratory apparatus or a
reduced efficiency of the respirétory-musales. The lack of abnormalities
in the physical properties of the lungs in obese individuals has led
those inclined to the former view to postulate that any increase in
total work done is due to an increased resistance offered by the chest
wall (5). However, evidence to support this hypothesis has not yet been
advanced.

The purpose of this paper is to report studies on the elastic
properties of the total respiratory>system and its components in a group
of obese subjects and to compare them to those of a group of normel ind-
ividuals.

Method

Twenty-three subjects were studied (Table I). Fourteen of

these were normal individuals whose mean age was 29 years, mean weight

76 Kg. and mean height and body surface area 176 cm., and 1.94 M2 respect~



iv@ly; Nine obese individuals, whose mean age was 47 years, mean weight
116 Kg. and mean height and surface area 170 cm. and 2.13 M?, were also
studied. All were more than 25% heavier than their ideal weight. None
of the obese subjects gave a history of pulmonary, cardiac or neuro-
muscular disease and they were asymptomatic aside from somnolence and
exertional dyspnea which were present in a few.

Ventilatory function was assessed in 22 subjects. Vital capa-
city, inspiratory capacity, maximum expiratory mid-flow rates and maxi-
mum breathing capacity were measured using a Collins respirometer with
the valves and COp absorber removed and a high speed rotating drum
incorporated. The maximum of at least three trials was recorded. Fre-
dicted values were determined from the data of Baldwin, Cournand, and
Richards (6).

The intrapulmonary mixing of inspired gas was assessed by
determining the breath to breath washout of nitrogen from the lungs
while breathing oxygen, and by measuring the concentration of nitrogen
remaining in the alveolar gas after seven minutes by means of an in-
stantaneously recording nitrogen meter (7). The functional residual

capacity (FRC) was determined by measuring the volume and nitrogen



concentration of the expired gas at the end of the seven minute period.
Total lung capacity was derived by adding the inspiratory capacity to
the FRC.

Arterial blood gas analysis was performed in seven of the nine
obese subjects by the method of Riley et al (8) as modified by Brinkman
et al (9). All had low oxygen tensicns at rest and in two, these were
assoclated with hypercapnia.

In five of the nine obese subjects the oxygen cost of breathing
was determined and found to be elevated., These patients formed part ef
a series reported elsewhere (5),

411 subjects reported to the laboratory without special prepara-
tion and were asked to remove any restrictive garments. 4 latex balloon
was positioned in the cesophagus and a nose elip fitted tightly. The
sub ject then entered an air-~tight bodylplathyamograph and breathed through
a tube into and out of an oxygen filled spirometer containing a (O, absorber
situated outside the plethysmograph.

The oesophagegl-mouth preésure differential was used as an
index of transpulmonery pressure. A pneumotachometer was incorporated

intc the airway in order to record air flow. Recordings of plethysmo-



graph pressure, transpulmonary pressure and air flow were obtained by
means of strain guages leading to three charnels of a Sanborn Polyviso
recorder while simultaneous changes in lung volume were obtained from
the spirometer traeing.

Following a period of tidal breathing at the resting level,
from eight to twenty different continuous pressures ranging between
plus 20 and minus 25 cm. Hy0 were applied around the body by means of
a motor blower attached to the plethysmogreph. The resultant changes
in lung volume and end-expiratory transpulmonary pressure were noted
for each pressure applied, after the breathing became steady at the
new lung volume. The mean of five to ten breaths was used; the end-
expiratory point being determined by the point of zero flow on the
pneumotachogram. The subject was allowed to return to the resting
lung level after each application of pressure.

In 12 of the 14 normal subjects and in seven of the nine obese
subjects, studies were performed both in the seated and supine positions,

An example of the type of records obtained and the method of

their analysis is shown in Figure 1. It can be seen that a change in

plethysmograph pressure of minus 15 em. Hp0 resulted in an increase in



lung voluwse of 1500 ml, and & simultsnecus change in transpulumonary
pressure of & em. HyO. The chenge in pressure soross the chest wall
was therefore 7 em. Hz0. Since compliance represents the volume change
{in liters) assoclated with & stetie pressure change of 1 em. Hg0 the
complisnce of the total respiratory system wos 100 1o/em. Haly the
compliarice of the lung wes ,187 1./em. Ho0 and that of the chest wall
was JIlL l.em. HzO.

Yor esch subject static volume changes were plotied ageinst
the simultaneous pressure changes across the tobal respiratory sysiem,
the lung and the chest wall separately, in the sitting and supine
positions. In order to vompare the normel and the obese subjects lung
voiume at variocus pressures was expressed as a @@?@%ﬁﬁ&g@ of the total
lung capacity. A typleal example of the prassure-volume curves obbtained
in normsl subjects is shown in Figure 2. In addition, complisnce was
caloulated by determining the pressure r@ggirﬁé’%@ increase lung volume

by 107 of the totsl lung capscity from the vesting level and axpressed

as liters per cm. HgU.
Four rormael and btwe obesse subjects were each studied on two

geparate cccasions. Compliance values determined on the gecond oocasion



did not differ from the initial study by more than 15%. No consistent

direction of change was noted.

Results

Normal Subjecis

The pressure-volume curves for the total respiratory system,
the lung and the chest wall are shown separately for all the normal sube
jeets in Figure 3. It can be seen that the curves for the total respira-
tory system, the lung and the chest wall are roughly sigmoid in shape.
Since the "slopes" of the curves are an expression of compliance it is
evident that the compliance of the lung and chest wall are nearly equal.,
It can also be noted that in some of the normal subjects the pressure-
volume curve of the chest wall had an increasing slope over the range
of volume achieved. In two other subjects this type of curve was obtained
only when they were supine.

The calculated compliance values obtained in normal subjects
in both the seated and supine positions are shown in Table IIA. In
the seated position the mean compliance of the total respiratory system
was .120 (S.D. .Ok4) 1l./em. HpO; the compliance of the lung was .304

(8.De &094) 1./em. HyO and that of the chest wall was .209 (S.D. .083)
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Obese Subjects

The results of the ventilatory function studies are listed on

Table I. It will be seen that some of the obese subjects had fairly

marked reduction in vitel capacity and maximum breathing capacity. How-

mal mid-~flow rates revealed no evidence of bronchiolar obstruc~

QV@K’, AR

tion. The concentration of nitrogen in the alveclar ges after seven

1 limits in the obese subjects.

mirutes of oxyzen breathing was within norme

The pressure-volume curves derived for the obese subjects are
shown in Figure 4. It is apparent that the pressure-volume curves for
the total respiratory system are flatter in the obese than in the normal
individuals. The curves for the chest wall are more obviously flattened
than those obtained in the pormals. On the other hand, the curves for
the lung are not different in slope than those obtained in the normel
sub jects.

The calculated compliasnce values obtalned in the obese subjects
are shown in Teble ii@. In the seated position the mean compliance of
the total respiratory system was .058 (5.D. .02k) 1l./em. Hy03 the com~

pliance of the lung was 177 (8.D. .086) 1./em. Hg0 and that of the chest



wall was .089 (S.D. .039) 1./cm, HyO. While the compliance of the lung
did not differ from the normals, the compliance of the total respiratory
system and the chest wall were significantly lower than the normal (pe .01)
in the seated position.

The Effect of Posture on Compliance

The effect of recumbency on the pressure-volume diagrams of a
normal and an obese subject is shown in Figure 5. It will be noted
both in the normal and the obese subject there was a decrease in the
resting level in the supine position. In the normal subject during
recumbency the slope of the pressure-volume curves of the total respira-
tory syshem was unaltered and the slope of the curve for the lung was
decreased while the slope of the pressure-volume curve of the chest
wall was actually increased., On the other hand, in the obese subject
during recumbency the slopes of the pressure-volume curves of the total
respiratory system and of the chest wall were appreciably reduced, while
that of the lung was unaltered.

The effect of posture on the derived compliance values in the
normal and obese subjects is shown in Table IIA and B. It can be seen

that the compliance values in the supine position were no different



than those obtained in the seated position in the normal subjects. On
the other hand, the reduction in the compliance of the total respiratory
system and the chest wall indicated in Figure 5 was observed in six of
the seven obese subjects studied in the supine position. This reduction
in compliance of the chest wall on assumption of the supine positlon was
significant (p<.05).

the effect of recumbency on the distension pressure required to
increase lung volume by 10% of the total lung capacity starting from a
lung volume equal to the resting lung volume in the seated position, in
normal and obese subjects, is shown in Table III. It can be seen that
distension pressures were unchanged in the suplne position in the normal
subjects. In the obese subjects, on the other hand, the distension pre-
ssure for the total respiratory system and that for the cbaat wall were
inereased an average of 60% in the supine position while that for the

lung was unchanged.

While the complience of the lung may be studied with relative

ecase in the spontanecusly breathing subject, that of the chest well

(i.e. those extrapulmonary structures which are deformed or displaced
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during breathing) is more difficult to measure. It has been estimated

in the "relaxed" normal subject (10) ventilated by a respirator and in
anesthetized subjects under the influence of muscle relaxants (11) by
subtracting the compliance of the lung from that of the total respiratory
system.

The disadvantages of these methods are the necessity for expert
co-operation from the subject, or special conditions such as anesthesia
and muscular paralysis and that they may not reflect the elastic resis-
tance actually encountered during spontaneous breathing.

Studies of the compliance of the respiratory system reported in
this study have been carried out in spontaneously breathing unanesthetized
subjects. Our results are similar to those of Heaf and Prime who have
provided the only other estimate of the compliance of the chest wall in
the spontaneously breathing unanesthetized subject (12). They have pointed
out that the measurement of chest wall compliance by the technigue used
in the present study is based on the assumption that the volume change
produced by the application of pressure around the thorax is dependent
only on the passive resistance to distension offered by the chest wall

and lung. This implies that no active resistance by the respiratory



musculature must be overcome. The extent to whieh such active resis-
tance was operative in the studies reported in this paper is unknown.
Our results also agree closely with those of Butler and Smith (11) who
studied subjects under the influence of anesthesia and muscle relaxants.
This supports the assumption that our subjects were indeed "relaxed".

The finding that the pressure-volume curve for the chest wall
in some of the normal subjects was not sigmoid but had an increasing
slope over the range of lung volume obtained is of considerable interest.
This phenomenon has been reported by other workers (11). Since the sub-
jects in whom this was observed were breathing at a low percentage of
their total lung volume at rest, this phenomenon may in some way be
related to resting lung volume. This is supported by the finding that
this phenomenon appeared in two subjects only when they assumed the
recumbent position, in which the resting level is also reduced.

The data presented indicate that the compliance of the total
respiratory system is reduced in obese individuals. This reduction
in compliance is almost entirely due to a reduction in compliance of
the chest wall. Thus, there is an increase in elastic resistance to

distension in obese individuals. The resistance to distension offered



by the chest wall is increuased an average of 60% in the obese individual.
These findings support the hypothesis of other investigators that the
increased oxygen cost of breathing in obesity is at least in part due to
an increased mechanical work done to overcome the elastic resistance of
the chest wall., Non-elastic resistances of the chest wall and a reduced
muscular efficiency may also contribute to the increassd oxygen cost of
breathing.

It is noteworthy thal in these obese individuals the compliance
of the total respiratory system 1s reduced even further in the recumbent
position. The increase in resistance to distension during recumbency is
entirely due to an increased resistance offered by the chest wall in this
position, Thus, while the resistance of the chest wall is an aversge of
over 70Z of the total resistence to distension in the obese subject in
the seated position thie is increased to over 80% in the supine position,
and is almost four times as great as the resistance in the normal indivi-

duals ln the same positien.

1. The compliance of the total respiratory system and its

components was studied in 14 normal and nine obese spontaneocusly breath-



ing unanesthetized subjects.

2, The mean ecompliance of the total respirastory system was
.120 1./cm. H,0 in normel individuals but was reduced to .058 1./em.
Hz0 in obese subjects indicating an increased elastic resistance to
distension.

3. The compliance of the lung was not different in cbese
individuals compared to normals.

L. The compliance of the chest wall was .209 l./em. Hy0 in
normal subjects but was reduced to .089 1,/cm. Hz0 in obese individuals.

5. In contrast to normal subjects total respiratory compliance
was markedly reduced by recumbency in obese individuals. This was en-
tirely due to a further increase in the resistance of the chest wall,

6. TEvidence has been provided which supports the contention
that the increased oxygen cost of breathing in obesity may be due %o
an increased work of breathing required to overcome the elastic resis-

tance of the chest wall.
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PHYSICAL CHARACTERISTICS AND PULMONARY FUNCTION OF SUBJECTS STUDIED

LOKDI~ SUBJ. 8hX AGE HEIGHT WEIGHT B.S.A. VITAL CAPACITY HaXIMuM EREATHING ‘N;viioé"gg TOTAL LUNG
TION CAPACITY 7 MIN. Og CAPACITY
(No.) (r.) (em.) (kg.) ()  (al.) (SPred.)  (/min.) (SPred.) (%) (m2.)
R M 31 1Tk 79 1.9 5150 113 135 18 0.6 5900
2 ¢ 27 178 T 1.95 5500 110 U3 120 0.5 6640
3 F 19 163 66 1.7 3835 119 125 130 0.8 4800
A F 7 165 69 1.76 biy5 136 162 16k Ll 6yl
g 5 N 24, 184, 85 2.08 5362 138 198 143 0.7 6260
6 H 25 180 7 198 495 13 139 105 0.8 5284
7 M - 26 180 13 1.98 Shdiky 121 173 128 2. €130
8 M & 19 86 2,05 4700 13 133 13 1.1 5540
9 ¥ A 193 93 227 7070 U2 28 155 1.2 8320
10 M 23 170 82 1.9 5750 154 180 125 1.0 7750
un N 25 173 67 1.80 5080 122 170 134 11 7510
12 X 2 17 7 195 7320 162 205 152 0.6 7950
1 K 22 180 73 190 5400 1A 286 2 0.8 7300
b7 M 4 I (%3 1.80 4790 123 159 145 0.8 5090
A K 34 17 167 2.65 2970 Th 55 % 0.7 5030
B K 60 161 105 2.06 4095 17 10 120 12 4120
.'f'q C H 70 178 130 2.43 4070 12 111 126 kO.k 5190
) F o3 13 n 1.9% 380 113 5 '} Ok 5250
» ¥ 8 170 16 2.2, 2986 86 49 58 0.9 4130
r  r 30 15 ® 1. a0 90 £ 95 1.2 3350
G F 53 165 .5 1.9 1.8 5385
H P17 165 95 2.00 415 123 x 7] 0.6 4840
J ¥ ooa 1% 103 2.00 2650 105 n n 0.4 5015
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TABLE IIT

DICT. LA ION PRDVIURER IR NORWAL ARDT OBV fULJLOTS

ST e g0f10s Tl (ea. He/A0F TLE) (ome g0/10, TLL)
A, NORKAL l 7.9 6.5 1.6 1.9 6.3 &b
2 &7 3.5 1.8 1.5 2.9 2.0
3 5.5 5.5 1.8 2.1 3.7 3.4
‘ 9.0 16.7 L2 6.7 it 10.0
5 6.3 &2 2.9 1.8 3. 2.4
6 hods 1,6 2.8
7 7.2 5.7 3.1 2.7 R 3.0
8 3.3 3.9 Lok 1.5 1.9 2.4
9 &8 8.6 2.3 2.6 2.5 3.0
10 5.6 8.0 2.4 3.0 3.2 5.0
11 7.0 hob 2.8 2,6 he 2,0
12 3.7 5.8 1.8 4.2 2.3 1.6
13 9.9 5.7 2.9 " 7.0 1.3
b TN 5.0 2.0 3.0
Nean 6.0 6.3 2.k 2.9 3.6 3.4
B, OBLSE A 8.5 23.0 3.6 3.6 &.9 17 b
B 6.4 9.0 2.0 2.6 " 6t
¢ Aot 7.3 1.4 1.3 3.4 16.0
p 6.8 9.2 3.0 3.2 5.8 6.2
5 12,0 4.0 8.0
r 12.0 4.0 8.0
G .3 20.1 37 AL 0.6 160
R 10.3 12.7 3.5 3.6 6.8 9.1
3 7.2 .0 2.1 2.3 5. 1.7
Nean 9 2.8 3.0 3.0 6.1 1.8

% Pressure required to incresse lung volume by ten pereent of the tetal
lung oapacity. In the seated position the initial level was the resting
lung volume. An equal lung volume was used as the initial level n the
supine position,
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Figure 1. Simultaneous recordings of air flow, trans-
pulmonary pressure, plethysmograph pressure
and volume obtained while breathing at am-
bient pressure and during application of a
negative pressure around the body in a
plethysmograph.
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