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Influence of excessive weight loss after
gastroplasty for morbid obesity on respiratory
muscle performance

Paltiel Weiner, Joseph Waizman, Margalit Weiner, Marinella Rabner, Rasmi Magadle,
Doron Zamir

Abstract improvement in lung volumes and res-
piratory muscle function.Background – Morbidly obese subjects are
(Thorax 1998;53:39–42)known to have impaired respiratory func-

tion and inefficient respiratory muscles. A
study was undertaken to investigate the Keywords: respiratory muscle strength, respiratory

muscle endurance, weight loss.influence of excessive weight loss on pul-
monary and respiratory muscle function
in morbidly obese individuals who under-
went gastroplasty to induce weight loss.

It is well established that obesity without as-Methods – Twenty one obese individuals
sociated disease affects respiratory function inwith mean (SE) body mass index (BMI)
humans, the most persistent abnormality being41.5 (4.5) kg/m2 without overt obstructive
a restrictive respiratory impairment.1–4 Theairways disease (FEV1/FVC ratio >80%)
most characteristic pulmonary function ab-were studied before and six months after
normalities in obesity are reduced expiratoryvertical banded gastroplasty. Only patients
reserve volume (ERV) and functional residualwho had lost at least 20% of baseline BMI
capacity (FRC), due to alterations in chest wallwere included in the study. Standard pul-
mechanics.1 5 6 Other lung volumes, as well asmonary function tests and respiratory
the maximal voluntary ventilation (MVV) andmuscle strength and endurance were
flow rates, have been variously reported asmeasured.
normal, increased, or decreased.7 8 The res-Results – Before operation the pre-
piratory muscles are inefficient in obese in-dominant abnormalities in respiratory
dividuals9 and the MVV, which may be affectedfunction were significant reductions in
by reduced respiratory muscle strength, waslung volumes and respiratory muscle en-
also found to be low in obese patients.10

durance and, to a lesser degree, reductions There are few studies that deal with thein respiratory muscle strength. All para- effect of weight loss on respiratory function.meters increased towards normal values Increased vital capacity (VC), ERV, FRC, andafter weight loss with significant increases total lung capacity (TLC) have all beenin functional residual capacity (FRC) from described.11 12 Respiratory muscle performance84.0 (2.2) to 91.3 (2.5)% of predicted nor- has been less frequently studied. Wadströmmal values (mean difference 7.3, 95% con- and associates13 found a decrease in respiratoryfidence interval of difference (CI) 4.2 to muscle strength following weight reduction of10.5), total lung capacity (TLC) from 85.6 10% after gastroplasty but several weeks later,(3.0) to 93.5 (3.7)% of predicted normal when the mean weight loss was already 18%,
values (mean difference 7.9, 95% CI 4.5 to the respiratory muscle strength did not differ
11.5), residual volume (RV) from 86.7 (3.1) from baseline values.
to 96.4 (3.0)% of predicted normal values We have studied pulmonary function and
(mean difference 9.7, 95% CI 5.2 to 14.1), respiratory muscle performance in a group of
expiratory reserve volume (ERV) from obese individuals without evidence of sig-
76.6 (3.0) to 89.0 (3.4)% of predicted nor- nificant airway obstruction, before and after
mal values (mean difference 12.4, 95% CI weight loss following gastroplasty.
6.3 to 18.9), respiratory muscle strength:Department of

Medicine A, Hillel Pmax from 92 (4.4) to 113 (4.6) cm H2O
Yaffe Medical Center, (mean difference 21, 95% CI 12.2 to 31.6),
Hadera, Israel 38100 Pmax from 144 (5.6) to 166 (4.3) cm H2O MethodsP Weiner
J Waizman (mean difference 22, 95% CI 12.9 to 32.0), Twenty one otherwise healthy obese patients
M Weiner and endurance: PmPeak/Pmax from 56 of mean (SE) age 41 (2.1) years (range 25–52)M Rabner (1.4) to 69 (2.0)% (mean difference 13, 95% and mean body mass index (BMI) 41.5R Magadle

CI 9.7 to 16.9). The strongest correlationD Zamir (4.5) kg/m2 were studied before and six months
was between weight loss and the im- after banded gastroplasty performed to induceCorrespondence to:

Dr P Weiner. provement in respiratory muscle en- weight loss. BMI was calculated as body weight/
durance.Received 9 April 1997 height2. Only patients with BMI >33 kg/m2

Returned to authors Conclusions – Lung volumes and res- before surgery and who had lost at least 20%3 June 1997
piratory muscle performance are de-Revised version received of their BMI six months after the operation

3 September 1997 creased in obese individuals. Weight loss were recruited for the study. Patients with anAccepted for publication
25 September 1997 following gastroplasty is associated with FEV1/FVC ratio of <80% were excluded from
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Table 1 Mean (SE) spirometric parameters in obese subjects

Before surgery After surgery Mean difference (95% CI)

FVC (% pred) 75.6 (3.2) 84.6 (4.3)∗∗ 9.0 (6.4 to 11.7)
FEV1 (% pred) 83.2 (4.8) 86.3 (4.5) 3.1 (2.4 to 3.8)
FEV1/FVC (%) 81.6 (4.8) 83.0 (3.8) 1.4 (0.9 to 1.9)

FVC=forced vital capacity; FEV1=forced expiratory volume in one second.
∗∗ Statistically significant.

Table 2 Mean (SE) lung volumes in obese subjects

Before surgery After surgery Mean difference (95% CI)

TLC (% pred) 85.6 (3.0) 93.5 (3.7)∗∗ 7.9 (4.5 to 11.5)
FRC (% pred) 84.0 (2.2) 91.3 (2.5)∗∗ 7.3 (4.2 to 10.5)
RV (% pred) 86.7 (3.1) 96.4 (3.0)∗∗ 9.7 (5.2 to 14.1)
ERV (% pred) 76.6 (3.0) 89.0 (3.4)∗∗ 12.4 (6.3 to 18.9)
RV/TLC (% pred) 102.3 (4.1) 106.8 (4.0) 4.5 (3.1 to 6.0)

TLC=total lung capacity; FRC=functional residual capacity; RV=residual volume; ERV=expiratory reserve volume.
∗∗ Statistically significant.

the study. No patient was hypoxic before the To avoid motivation and learning effects on
the results of the respiratory muscle per-operation.
formance tests, each patient was trained in
performing the tests several times before
entering the study until the results were

Spirometric parameters reproducible for at least three trials.
Forced vital capacity (FVC) and forced ex-
piratory volume in one second (FEV1) were
measured three times on a computerised spir- Lung volumes
ometer hooked to an X-Y recorder and the FRC was measured in a variable pressure con-
best trial recorded. stant volume body plethysmograph using a

standard technique.17 TLC was obtained by
adding inspiratory capacity (IC) to FRC, RV

Respiratory muscle strength was obtained by subtracting FVC from the
Respiratory muscle strength was assessed by TLC, and ERV was obtained by subtracting
measuring the maximal inspiratory mouth pres- RV from the FRC.
sure (Pmax) and expiratory pressure (Pmax)
at residual volume (RV) and total lung capacity
(TLC), respectively, as previously described by

 Black and Hyatt.14 The value obtained from
Differences in variables before and after surgerythe best of at least three efforts was used.
were compared using paired t tests. The level
of significance was set at p<0.05.

Respiratory muscle endurance
To determine inspiratory muscle endurance, a
device similar to that proposed by Nickerson Results
and Keens15 was used. Subjects inspired The mean (SE) BMI was 41.5 (1.3) kg/m2

through a two way Hans-Rudolph valve whose before surgery and was significantly reduced to
inspiratory port was connected to a chamber 31.7 (1.1) kg/m2 six months after the operation
and plunger to which weights could be added (mean difference 9.8, 95% CI 7.8 to 11.7,
externally. Inspiratory elastic work was then p<0.0001) when the postoperative measure-
increased by the progressive addition of ments were performed.
25–100 g weights at two minute intervals as
previously described by Martyn and co-
workers16 until the subjects were exhausted and

Spirometric parameterscould no longer open the valve and inspire
The preoperative and postoperative parametersthrough it. The pressure achieved with the
are shown in table 1. The baseline FVC washeaviest load (tolerated for at least 60 seconds)
reduced while the FEV1/FVC ratio was withinwas defined as the peak pressure (PmPeak).
the normal range. Postoperatively there was aThe respiratory muscle endurance was defined
significant increase in FVC while the FEV1as the ratio between the PmPeak and the Pmax
and the FEV1/FVC ratio were not significantlyin absolute %. The endurance after surgery
changed.was measured as the ratio between the new

PmPeak and the new Pmax so it actually
measured the patient’s new respiratory muscle
endurance. Because the threshold device is Lung volumes

Lung volume measurements (table 2) revealedindependent of flow, the same pressure has to
be generated by each patient in order to be that TLC, FRC, ERV, and RV were sig-

nificantly reduced before surgery. Post-able to inspire through it, and is independent
of the pattern of breathing adopted by the operatively there was a significant increase in

TLC (p<0.01), FRC (p<0.05), ERV (p<0.01),patient.

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thx.53.1.39 on 1 January 1998. D

ow
nloaded from

 

http://thorax.bmj.com/


Influence of excessive weight loss on respiratory muscle performance 41

14

30

0
7

∆ BMI (kg/m2)

∆ 
E

n
d

u
ra

n
ce

 (
%

)

128 9 1110 13

10

20

8

0
Normal
values

Lu
n

g
 v

o
lu

m
es

 (
l)

Before
weight

loss

After
weight

loss

+
+
+

6

4

2

=
=
+ =

FRC
VC

TLC

RV

ERV

RV

ERV

RV

ERV

Figure 2 Correlation between increased respiratory muscle
endurance and the loss in body mass index (BMI)Figure 1 Mean lung volumes in healthy subjects and in
following surgery (p<0.001, R2=0.71).obese subjects before and after significant weight loss. Total

lung capacity (TLC), functional residual capacity (FRC),
expiratory reserve volume (ERV), and residual volume
(RV) were significantly reduced before surgery and were
significantly increased following weight loss. of the lungs are normal and the compliance

of the chest wall is reduced.2 In addition,
Cherniack and associates9 have shown in-
efficient respiratory muscles in obese in-and RV (p<0.05), while there was no significant

change in the RV/TLC ratio (fig 1). dividuals which may result from either reduced
chest wall compliance or the lower lung volume
at which ventilation takes place. Pmax and
Pmax were also found to be lower than pre-Respiratory muscle performance

The inspiratory and expiratory muscle strength dicted in obese individuals.13 Although res-
piratory muscle endurance was not measuredas assessed by the Pmax and Pmax were

slightly, although significantly, reduced in obese patients, the MVV, which is affected
by the respiratory muscles,18 19 has been found(p<0.05) compared with predicted normal val-

ues, as suggested by Black and Hyatt,14 while to be low1 6 or normal.8 20 Weight loss following
either ileal bypass or gastroplasty for obesitythe inspiratory muscle endurance, assessed by

the PmPeak/Pmax ratio, was even more mark- has been found to increase VC, FRC, TLC,
and ERV.11 12edly reduced (p<0.001; table 3). Following

weight loss there was a significant increase Wadström and coworkers13 reported that,
despite a weight loss of 18% and increasedin respiratory muscle strength and endurance.

The improvement in respiratory muscle per- lung volumes, their obese patients showed
no significant change in respiratory muscleformance correlated significantly with the

weight loss following surgery and the strongest strength. However, it should be noted that the
18% weight loss was achieved after a mean ofcorrelation was with the improvement in res-

piratory muscle endurance (p<0.001, R2= 78 days and other investigators21 have reported
a transitory decrease in muscle strength for0.71; fig 2).
several weeks after weight reduction. Wadström
and coworkers probably performed their meas-
urements immediately after this period, whileDiscussion

This study shows that the predominant ab- our patients were studied six months after sur-
gery and after having lost significantly morenormalities in respiratory function in obese

patients are significant reductions in lung vol- weight (mean 23.6%).
There is still some uncertainty with regardumes and respiratory muscle endurance and

less marked reductions in respiratory muscle to the factors responsible for the improved
respiratory endurance. The reduced chest wallstrength. All parameters increased towards nor-

mal values after weight loss. compliance may partially increase following
weight reduction. This, and the increase inRespiratory function is determined by the

interaction of the lungs, chest wall, and res- lung volumes associated with weight loss,
should lead to a reduction in respiratory musclepiratory muscles. Obesity might therefore be

expected to influence lung function through its inefficiency in obese patients. Respiratory
muscles become fatigued when an imbalanceeffect on the chest wall and the respiratory

muscles. Generally, the mechanical properties occurs between energy supply and energy de-

Table 3 Mean (SE) respiratory muscle performance in obese subjects

Before surgery After surgery Mean difference (95% CI)

Pmax (cm H2O) 92 (4.4) 113 (4.6)∗∗ 21 (12.2 to 31.6)
Pmax (cm H2O) 144 (5.9) 166 (4.3)∗∗ 22 (12.9 to 32.0)
PmPeak/Pmax (%) 56 (1.4) 69 (2.0)∗∗ 13 (9.7 to 16.3)

Pmax, Pmax=maximum inspiratory and expiratory pressures; PmPeak=peak pressure.
∗∗ Statistically significant.
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erence to cardiorespiratory effects. Am J Med 1962;32:proved chest wall compliance and increased
512–24.lung volume, as occurs when patients lose 6 Cullen JH, Formel PF. The respiratory defects in extreme
obesity. Am J Med 1962;32:525–31.weight, and fatigue of the respiratory muscles

7 Ray CS, Sue DY, Bray G, Hansen JE, Wasserman K. Effectsis delayed and improved endurance or MVV of obesity on respiratory function. Am Rev Respir Dis 1983;
128:501–6.test should occur. On the other hand, energy

8 Dillard TA, Huatiuk OW, McCumber TR. Maximum vol-supply, which may be increased by treating untary ventilation: spirometric determinants in chronic
obstructive pulmonary disease patients and normal sub-hypoxaemia, is not relevant in our group of
jects. Am Rev Respir Dis 1993;147:870–5.patients as none was hypoxic before surgery. 9 Cherniack RM, Guenter CA. The efficiency of the res-
piratory muscles in obesity. Can J Biochem Physiol 1961;Lung volumes improved following weight
39:1211–22.loss. Increased lung volumes would explain an 10 Sahebjami H, Gartside PS. Pulmonary function in obese
subjects with a normal FEV1/FVC ratio. Chest 1996;110:improvement in expiratory muscle function but
1425–9.not in inspiratory muscle function. An al- 11 Santesson J, Nordenstrom J. Pulmonary function in extreme
obesity. Influence of weight loss after intestinal shuntternative possibility for the improvement in
operation. Acta Chir Scand (Suppl) 1978;482:36–40.respiratory muscle performance is a change in 12 Thomas PS, Owen CERT, Hulands G, Milledge JS. Res-
piratory function in morbidly obese before and after weightthe characteristics of the respiratory muscles
loss. Thorax 1989;44:382–6.following weight reduction. It has been shown 13 Wadström C, Muller-Suur R, Backman L. Influence of
excessive weight loss on respiratory function. Eur J Surgpreviously21 that weight reduction is associated
1991;157:341–6.with an increase in isokinetic muscle en- 14 Black LF, Hyatt RE. Maximal respiratory pressures: normal
values and relationship to age and sex. Am Rev Respir Disdurance, probably due to an increase in
1969;99:696–702.glycogen synthase activity. However, this 15 Nickerson BG, Keens TG. Measuring ventilatory muscle
endurance in humans as sustainable inspiratory pressure.increased activity has not been shown in the
J Appl Physiol 1982;52:768–72.respiratory muscles. 16 Martyn JB, Moreno RH, Pare PD, Pardy RL. Measurement
of inspiratory muscle performance with incrementalIn summary, significant loss of body weight
threshold loading. Am Rev Respir Dis 1987;135:919–23.following gastroplasty in obese individuals 17 DuBois AB, Botelho SY, Bedell GN, Marshall R, Comroe
JH Jr. A rapid method for measuring thoracic gas volume: acaused significant increases in lung volumes
comparison with a nitrogen washout method for measuringand respiratory muscle performance. Weight functional residual capacity in normal subjects. J Clin
Invest 1956;35:322–6.loss, as a dependent variable, was best cor-

18 Aldrich TK, Arora NS, Rochester DF. The influence ofrelated with the improvement in respiratory airway obstruction and respiratory muscle strength on
maximal voluntary ventilation in lung disease. Am Revmuscle endurance.
Respir Dis 1982;126:195–9.

19 Lavietes MH, Clifford E, Silverstein D. Relationship of
1 Bedell GN, Wilson WR, Seebohm PM. Pulmonary function static respiratory muscle subjects. Respiration 1979;38:

in obese person. J Clin Invest 1958;37:1049–60. 121–6.
2 Naimark A, Cherniack RM. Compliance of the respiratory 20 Gilbert R, Sipple JH, Auchincloss JH. Respiratory control

system and its components in health and obesity. J Appl and work of breathing in obese subjects. J Appl Physiol
Physiol 1960;15:377–82. 1961;16:21–6.

3 Barrera F, Reidenberg MM, Winters WL. Pulmonary func- 21 Krotkiewsky M, Grimby G, Holm G, Szczepanik J. In-
tion in the obese patient. Am J Med Sci 1967;254:785–96. creased muscle dynamic endurance associated with weight

4 Luce JM. Respiratory complications of obesity. Chest 1980; reduction on a very-low-calorie diet. Am J Clin Nutr 1990;
51:321–30.78:626–31.

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thx.53.1.39 on 1 January 1998. D

ow
nloaded from

 

http://thorax.bmj.com/


 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thx.53.1.39 on 1 January 1998. D

ow
nloaded from

 

http://thorax.bmj.com/

