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Introduction and objectives. The effect of obesity on
cardiac function is still under discussion. The objective of
this study was to assess cardiopulmonary capacity in
morbidly obese patients.

Patients and method. A symptom-limited cardiopulmo-
nary exercise stress test was carried out in 31 morbidly
obese patients (BMI 50 + 9 kg/m?) and 30 normal controls
(BMI 24 + 2 kg/m?). Cardiovascular function was evalua-
ted using the oxygen pulse (oxygen uptake/heart rate).

Results. There were no differences in age, sex and
height between both groups. During the effort the obese
subjects presented greater oxygen uptake, heart rate,
systolic arterial pressure and minute ventilation and shor-
ter test duration than control group (14 + 3 vs 27 + 4 min;
p < 0.001). Oxygen pulse values were higher in obese pa-
tients. However, after oxygen uptake indexation by fat
free mass, these differences disappeared, suggesting a
similar cardiovascular function. At the end of the exercise,
the control group reached 96% of their age-predicted ma-
ximal heart rate and their respiratory exchange ratio was
1+ 0.2. Obese patients only reached 86% and 0.87 + 0.2,
respectively.

Conclusions. Due to their need of more energy output
to move total body mass morbidly obese patients have a
reduced exercise capacity. They finish the test having
done a submaximal exercise. However, during this effort
they show a normal cardiopulmonar capacity.
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Funcion cardiopulmonar y capacidad de ejercicio
en pacientescon obesidad mérbida

Introduccion y objetivos. La repercusion de la obesi-
dad sobre la funcion cardiaca es motivo de controversia.
El prop6sito del presente estudio ha sido determinar la
capacidad cardiopulmonar en pacientes con obesidad
mérbida.

Pacientes y método. Hemos realizado una ergoespi-
rometria limitada por sintomas a 31 pacientes con obesi-
dad mérbida (IMC 50 + 9 kg/m?) y a 30 individuos como
grupo control (IMC 24 + 2 kg/m?). La funcién cardiovascu-
lar ha sido valorada mediante el pulso de oxigeno (con-
sumo de oxigeno/frecuencia cardiaca).

Resultados. No existian diferencias en edad, sexo y
talla entre ambos grupos. Durante el esfuerzo, los sujetos
obesos presentaron un consumo de oxigeno, frecuencia
cardiaca, presioén arterial sistélica y ventilacion por minuto
significativamente mas elevados que el grupo control,
con menor duracién de la prueba (14 + 3 frente a 27 + 4
min; p < 0,001). Los valores de pulso de oxigeno fueron
mas altos en los pacientes obesos. Sin embargo, tras co-
rregir el consumo de oxigeno por la masa magra, las dife-
rencias en el pulso de O, desaparecieron, demostrando
una funcién cardiovascular similar. Al final del ejercicio, el
grupo control alcanz6 el 96% de su frecuencia cardiaca
maxima teorica y su cociente respiratorio fue de 1 £ 0,2.
Los pacientes obesos solo alcanzaron el 86% de la fre-
cuencia cardiaca maxima tedrica y su cociente respirato-
rio fue de 0,87 + 0,2.

Conclusiones. Los pacientes con obesidad mérbida
tienen una capacidad de trabajo reducida debido al gran
consumo energético que realizan al mover su masa cor-
poral. Finalizan la prueba habiendo realizado un esfuerzo
submaximo. No obstante, durante este esfuerzo demues-
tran una capacidad cardiopulmonar normal.

Palabras clave: Obesidad. Ejercicio. Capacidad cardio-
pulmonar.

INTRODUCTION

Obesity is a metabolic problem. Its prevalence conti-
nues to increase in the developed world, and is rea-
ching almost epidemic proportions.? Chronic obesity
is associated with an increased left ventricular mass®
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ABBREVIATIONS

BMI: body mass index.

VO,: oxygen consumption.

VCO,: production of carbon dioxide.

VE: ventilation per minute.

MTCF: maximum theoretical cardiac frequency.
ME: metabolic equivalent.

RQ: respiratory quotient.

MO: morbid obesity.

and with high cardiovascular morbidity and morta-
lity.*S Tts effects on cardiac function, however, are still
controversial. While some authors describe alterations
of systolic®” or diastolic®® function, others indicate
cardiac function to be normal.!®!

The cardiopulmonary exercise test offers objective
measurements of functional capacity and cardiac re-
serve. Several studies have evaluated the exercise ca-
pacity of obese patients, but results have been contra-
dictory. Some authors believe obese people to have a
cardiopulmonary response within normal limits, but
that their exercise capacity is compromised by the lar-
ge body mass they have to carry.'>!® Others indicate
that they have reduced aerobic capacity compared to
people of normal weight, their fat mass interfering
with cardiac and pulmonary function and limiting their
aerobic response to excescise.'*!® Some of the discre-
pancies in the results of these studies might be due to
the different methodologies employed, and because
they examined different populations with different
ages and degrees of obesity.

Using treadmill exercise test and gas analysis, the pre-
sent cross-sectional study prospectively analyzed car-
diopulmonary functional capacity in a group of pa-
tients with morbid obesity (MO), and in a group of
healthy, volunteer controls of normal body weight.

PATIENTS AND METHODS

Study group

The study subjects were 55 patients of both sexes,
all of whom suffered OM. All were receiving treat-
ment at the Nutritional Disorder Unit of our hospital
and were included in a bariatric surgery program. MO
was defined as a having a body mass index (BMI)
equal to or greater than 40 kg/m?. All patients had suf-
fered obesity for more than 15 years. In nine patients,
exercise tests could not be performed because of the
physical difficulty experienced in walking. The BMI
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of these latter patients was significantly greater than
those who were able to undergo exercise tests (BMI
57.7 £ 10 compared to 50 £ 10 kg/m?; P<.001). Of
those who did undergo this testing, 15 were excluded
because of high blood pressure (their results were, ho-
wever, reserved for future studies). This was to try to
control for the potential negative influence that this
variable might have on cardiac function. Thirty one
MO patients with normal blood pressure therefore
made up the final sample (56% of the initial popula-
tion).

The control group was made up of 30 healthy, normo-
tensive volunteers of normal body weight (BMI<27
kg/m?). These were recruited from the patients’ fami-
lies and from among healthcare personnel via adverti-
sement of the study. Pairing with the OM group was
performed on the basis of age (+ 5 years) and height
(x 5 cm). Before starting, all participants underwent
physical examination and a normal 12 lead electrocar-
diogram. None of the participants practiced sport regu-
larly nor did they take any type of medication that
might interfere with the exercise test results.

The study protocol was assessed and accepted by the
Clinical Trials and Research Committee of our hospi-
tal. All participants received detailed information about
the aim of the study and the methods to be used. They
all provided written consent to participate.

Cardiopulmonary exercise test

A symptom-limited cardiopulmonary exercise test
(Enraf Nonius Holland ergometer) with analysis of
respiratory gases was performed at least 3 h after bre-
akfast. After trying several different tests with a pa-
tient weighing 244 kg, an appropriate experimental
protocol (a modification of Balkes protocol'®) was de-
signed. The belt speed and the gradient settings were:
stage 1-2.5 km/h, 0%; stage 2-2.5 km/h, 2%; stage
3-2.5 km/h, 4%; stage 4-2.5 km/h, 6%; stage 5-2.5
km/h, 8%; stage 6-3 km/h, 10%; stage 7-3 km/h, 12%;
stage 8-3 km/h, 14%; stage 9-3 km/h, 16%; stage
10-3 km/h, 18%; stage 11-3.5 km/h, 20%; stage
12-3.5 km/h, 22%; stage 13-3.5 km/h, 24%; stage
14-3.5 km/h, 25%. From this point on, both belt speed
and gradient were held constant. Each stage lasted 2
min. The patients were asked to keep going until they
could continue no longer.

Cardiac frequency (CF) was monitored by conti-
nuous electrocardiographic recording. Blood pressure
was monitored at the beginning of the test and every 2
mi-nutes thereafter, during both exercise and recovery,
using a sphygmomanometer attached to the arm. An er-
gospirometer (Mintjarth 4, Holland) with a Hans
Rudolf one-way mask was used for the analysis of ga-
ses expired during rest and exercise. Tidal volume (TV,
in mL), breathing frequency (BF, in breaths per min),
ventilation per minute(VE, in L/min), oxygen con-
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sumption O, (VO,, in mL/min), carbon dioxide produc-
tion (VCO,, in mL/min) and respiratory quotient (RQ =
VCO,/VO,) were measured every 30 s. Before each
session, the system was calibrated using standard gases
with known O, and CO, concentrations. The metabolic
equivalent (ME) is a unit of oxygen consumption at
rest with the subject sitting? (3.5 mL of O, per kg of
body weight per min [mL/kg/min]).

The efficiency of the cardiovascular system during
exercise was evaluated by the O, pulse (the amount of
O, consumed during a complete cardiac cycle; calcu-
lated by dividing O, consumption by the cardiac fre-
quency[VO,/CF]). If an individual’s VO, is expressed
according to the principle of Fick:*!

VO,=cardiac usage X arterio-venous difference in O,

If cardiac usage is equal to the stroke volume multi-
plied by the CF, then O, pulse equals the stroke volu-
me multiplied by the arterio-venous difference in O,.
Given that during exercise this difference has a phy-
siological limit* of 15-17 vol/%, if a large physical ef-
fort is made then the O, pulse allows the behavior of
the stroke volume to be evaluated.

The maximum theoretical cardiac frequency (MTCF)
is calculated using the algorithm

MTCF=220-age in years

MTCF and RQ were used to determine the effort
made.?

Body densitometry

Total body mass, fat mass and lean mass were mea-
sured by dual densitometry with an x-ray source using
a Lunar Prodigy densitometer (Lunar Corp., Madison,
WI, USA). Precision controls were performed daily
using an external calibrator. The margin of error for
total body mass was 1%.

Statistical analysis

Categorical variables were expressed as percentages.
Quantitative values were expressed as mean + SD. The
Student ¢ test was used to compare means, and Persons
x> test to assess gender proportions. The influence of
obesity was studied by repeated measures analysis of
variance (RM ANOVA). To compare the O, pulse bet-
ween the groups, the 25th, 50th and 75th percentiles
were calculated for each subject, as well as baseline and
maximum values. RM ANOVA was used to test the hy-
pothesis that VO,, VE, CF and systolic blood pressure
(SBP) vary differently throughout the exercise test in
patients and in controls. Significance was set at P<.05.
All analyses were performed using SPSS statistical soft-
ware (version 10.0.6) for Windows.
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RESULTS
Baseline characteristics

No differences were seen between the groups with
respect to age, sex or height. Patients with MO had
significantly greater weight, BMI, and lean and fat
masses (Table 1). Table 2 shows the results for the para-
meters recorded at rest and during maximum effort.
When baseline and maximum values are taken into ac-
count, ventilation patterns (BF, TV and VE) were no
different between groups. Although under baseline
conditions the SBP was significantly higher in the pa-
tients, the maximum SBP reached by both groups was
similar.

The duration of exercise endured by the patients was
shorter than that endured by the controls (14 + 3 com-
pared to 27 £ 4 min; P<.001). The distance patients
traveled was therefore much shorter (661 + 175 m
compared to 1.363 + 290 m; P<.001) (Table 2).

Variables during exercise

Important differences were seen in the behavior of the
CFE, SBP, VO, and VE curves (Figure 1). From the be-
ginning, and throughout exercise, the patients showed
marked increases in the values of these variables.
Compared to the control group, this determined an up-
ward shift of their curves steeper slopes. This reflects
the patients’ greater energy consumption. After 4 min of
exercise walking at 2.5 km/h on a 2% gradient (Table
3), the patients reached 75% of their maximum CEF,
86% of their maximum blood pressure and 58% of their
peak VO, whereas control subjects had only reached
57, 75 and 34% respectively. After 14 min of exercise,
when the patients had all ended the test through exhaus-
tion, they were consuming 2.17 L/min of O,-almost
double that seen in the controls (1.12 L/min) (Table 3).
Since the abscissa represents time, the graphs for all
these variables were shorter in patients, corresponding
to the shorter duration of their tests (Figure 1).

Baseline and final VO, were higher in the patients
(Figure 1 and Table 2). In both situations, if VO, is co-
rrected for body weight, the relationship inverts and

TABLE 1. Characteristics of participants

Obese Control

(n=31) (n=30) P
Age, years 40+6 39+7 NS
Women 22 (71%) 21 (70%) NS
Height, cm 164 £ 11 164 £ 9 NS
Weight, kg 137 £ 34 64 =10 <.001
BMI, kg/m? 50+9 24 £ 2 <.001
Lean mass, kg 58 + 11 43+ 9 <.001
Fat mass, kg 65 £ 17 195 <.001

BMI indicates body mass index; NS: nonsignificant.
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TABLE 2. Resting and maximum effort of patients
and controls

TABLE 3. Comparison of CF, blood pressure and VO,
between the two groups at 4 and 14 min of exercise

Obese Control

(n=31) (n=30) P
Resting
BR, breaths/min 15+3 14 +£2 NS
TV, L/min 0.74 £0.2 0.71+0.2 NS
V, L/min 1143 10+2 NS
SBP, mm Hg 131 £ 15 118 £ 15 <.002
DBP, mm Hg 84 +10 78+9 <.03
CF, beats/min 90 +£12 85+ 13 NS
VO,, L/min 0.40£0.1 0.29+0.2 <.001
VO,, mL/min/kg 2909 4512  <.001
VO,, mL/min/kg lean mass 6.8+2 6.7+2 NS
0, pulse, mL/beat 43+1.3 34+9 <.02
0, pulse, mL/kg lean 7.4+23 82+2 NS

mass/beat

RQ 0.71+0.2 0.81+0.2 <.001

Maximum effort

BF, breaths/min 32+4 32+5 NS
TV, L/min 1.9+.5 1.9+£0.4 NS
V, L/min 59 +17 60+ 14 NS
SBP, mm Hg 184 + 30 180+ 17 NS
DBP, mmHg 95+ 14 88+9 <.02
CF, beats/min 156 + 16 173 £ 15 <.001
VO,, L/min 237+ .5 2+0.5 <.05
VO,, mL/min/kg 17 +3.4 32+4 <.001
VO,, mL/min/kg lean mass 42 + 8 47 +6 <.02
0, pulse, mL/beat 15+3 12+2 <.001
0, pulse, mL/kg lean 0.28+0.05 0.27+0.04 NS
mass/beat
RQ 0.87+£0.2 1+£02 <.001
Duration, min 14 £3 27 +4 <.001
Distance, m 661 +175 1.363+290 <.001

RQ indicates respiratory quotient; CF, cardiac frequency; BF, breathing fre-
quency; DBP, diastolic blood pressure; SBP, systolic blood pressure; TV, tidal
volume; VE, ventilation per minute; VO,, oxygen consumption; O, pulse
(mL/kg mm/beat), O, pulse having corrected VO2 for kg lean body mass; NS:
nonsignificant.

VO, becomes much greater for the control group
(Table 2). However, VO, per kg of lean mass was the
same in baseline conditions in both groups and, alt-
hough the maximum was slightly lower in the patients,
no significant differences were seen between the two
groups during exercise.

The baseline, maximum (Table 2) and in-exercise O,
pulse values of patients were significantly greater than
those of the controls. This variable was always higher
in the patients whether comparisons were made for the
25th, 50th or 75th percentiles, at rest, or at the point of
maximum effort (P<.001) (Figure 2). However, when
O, pulse was calculated after correcting for VO, for
lean body mass, the differences between the groups di-
sappeared (Figure 2).

When exercise was finished, the controls had rea-
ched 95% of their MTCEF, and their RQ was 1 (Table
2); therefore the effort made by these subjects was
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Obese Control

CF, beats/min

4 min 117 (75%) 99 (57%)

14 min 149 (95%) 121 (70%)

Maximum value 156 173
SBP, mm Hg

4 min 160 (86%) 136 (75%)

14 min 184 (100%) 152 (84%)

Maximum value 184 180
VO, (L/min)

4 min 1.37 (58%) 0.68 (34%)

14 min 217 (91%) 1.12 (56%)

Maximum value 2.37 2

CF indicates cardiac frequency; SBP, systolic blood pressure; VO,, oxygen
consumption. Values in parentheses are percentages of the maximum value
for the variable.

practically their maximum. When the patients reached
the end of exercise, however, they had only reached
86% of their MTCF and their RQ was 0.87 (Table 2);
therefore, they had not reached the limit of their car-
diopulmonary capacity and their effort was sub-maxi-
mum. The gradients of the patients’ VO, and CVO,
curves during exercise were almost parallel (Figure 3);
the expected increase in CO, production with increa-
sed O, consumption—seen in the control group—did
not occur (Figure 3).

DISCUSSION

The patients endured the exercise test for much
shorter times than the controls-the former therefore
covered only half the distance achieved by the latter.
As soon as effort began, the patients had higher CF,
SBP, VO, and VE levels (Figure 1), showing them to
consume more energy from the beginning of exercise.
This might be needed to move their much heavier bo-
dies.? When walking at 2.5 km/h and with only a very
slight gradient, the patients had already reached 58%
of their maximum VO,. In contrast, the controls had
only reached 34%. These results agree with those re-
ported by other authors.'8232* For these patients, a sim-
ple walk therefore exacted a metabolic output much
greater than that required of the normal weight con-
trols. After 14 minutes of exercise, when the patients
could no longer continue the test (and their effort en-
ded), the controls had consumed only 5 ME, i.e., the
VO, needed to perform the basic activities of daily
life.?

Although the majority of authors agree on the li-
mitation of effort by obese people, controversy re-
mains with respect to their cardiopulmonary capa-
city. Some authors consider it to be normal'>!?
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Fig. 1. Behavior of the different variables during exercise. From the outset, the patients showed higher values in general than those of controls. CF
indicates cardiac frequency; SBP, systolic blood pressure; VE, ventilation per minute; VO,, oxygen consumption; beats/min, beats per minute.

Points are means, bars are standard errors.

while others believe it to be affected.!*!® The pa-
tients in the present study showed higher O, pulse
rates during exercise. Bearing in mind that O, pulse
depends on stroke volume and the arterio-venous
difference in O,* and given that during maximum
exercise the latter is similar in obese and normal
weight people,” the higher O, pulse values of the
patients must correspond to a greater stroke volu-
me.?” This res ponse has also been described in pe-
ople who practice top level sport.” For this reason,
it is indicated by some that obese people are physi-
cally more able because of the training that carr-
ying their excess weight provides.” On the con-
trary, when the stroke volume is incapable of
increasing in response to exercise, the O, pulse is
low.*

The controversy surrounding cardiopulmonary
response to exercise in obese people stems from
the lack of agreement on how to compare popula-
tions with different body sizes. When the absolute
VO, of different populations with different weights
is compared, their is wide consensus that the hea-
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viest individuals will have the greatest O, con-
sumption. But if VO, is corrected for body weight,
those who are obese show much lower values. This
criterion has been used to argue that their cardio-
pulmonary functional capacity is deficient.!*!
Howe-ver, the normalization of variables by
weight for obese people has been criticized by se-
veral authors for not taking into account the diffe-
rent metabolic needs of the various body tissues.?!-*?
Recently, it has been suggested that lean body
mass might be a better variable to use since it is
metabolically very active and correlates strongly
with VO, !>* In the present study, when the O,
pulse of the two groups is compared after correc-
ting VO, for lean mass (Figure 2), the differences
between the groups disappear. This supports the
idea that cardiopulmonary capacity is similar in
both groups, and, therefore, normal. The small ca-
pacity the patients showed for exercise is due to
the high metabolic cost of their daily life activities.
Their greater O, consumption is insufficient to
compensate for the overload of their fat mass, as
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Fig. 2. The upper figure compares the O, pulse values (VO,/CF) of the
two groups using a box chart. Values for the patient group are much
higher (P<.001). The lower figure shows how these differences disap-
pear when O, pulse is calculated after having corrected VO? for lean
body mass (VO,/kg lean body mass/CF)(NS). CF indicates cardiac fre-
quency; VO,, oxygen consumption.

shown by their low VO, per kg body weight figu-
res (Table 2).

RQ is equivalent to the carbon dioxide produced divi-
ded by the oxygen consumed. At high levels of exerci-
se, the production of CO, is greater than VO, and, the-
refore, the RQ is greater than 1. This is one of the
parameters used to determine the level of effort.?°
Reaching the MTCEF is another indicator of having re-
ached the limit of cardiovascular capacity. In the pa-
tients, the production of CO, throughout the test was
always lower than O, intake, and their RQ at the end
of exercise was below 0.9 (Figure 3). Further, only
86% of MTCF was reached. Therefore, the patients fi-
nished their effort without having reached the maxi-
mum limit of their cardiopulmonary capacity. The pre-
sent study does not allow us to determine whether this
is due to a subjective sensation of poor tolerance to ef-
fort,** the incapacity to perform functions in anaerobio-
sis,’ or an alteration in pulmonary fucntion®**.
Hulens'® obtained the same results—in that particular
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Fig. 3. The upper figure shows that throughout exercise, the VCO, of
patients is lower than their VO,. This suggests that their effort was not
maximum. The lower figure shows how, in the control group at the
end of effort, VCO, was greater than VO,. Points represent the mean;
bars are standard error. L/min indicates liters per minute; VCO,, pro-
duction of carbon dioxide; VO,, oxygen consumption.

study, only 18% of patients ended their effort due to
skeletomuscular discomfort.

Limitations of the study

Since only 56% of the original obese population was
studied, it could be argued that the present results are
biased since the least affected subjects were those cho-
sen. However, those who were analyzed were a wide
selection and showed an acute degree of obesity.

Since the patients did not reach their maximum cardiopul-
monary capacity and only managed a sub-maximum effort,
this study does compare two groups with different effort
levels. In any event, the patients showed normal cardiopul-
monary capacity for the effort they made.

CONCLUSIONS
The patients finished the test only having made a sub-
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maximum effort. Despite this, they showed cardiopulmo-
nary capacity within the normal limits for the effort
made. After correcting VO, for lean body mass, the O,
pulse of the patients was no different from that of the nor-
mal weight controls. However, as soon as exercise began,
the patients showed high energy consumption—necessary
to move their large mass. This metabolic cost determines
the reduced exercise capacity they suffer, as reflected in
the short duration of their tests.
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