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The influence of obesity and body mass reduction 
on oxygen uptake measured by cardiopulmonary 

exercise testing – preliminary results 
Wpływ otyłości i odchudzania na pobór tlenu określany na podstawie oceny 
reakcji układu krążenia i oddechowego na wysiłek fizyczny – wstępne wyniki

MARTA GRUCHAŁA-NIEDOSZYTKO1, PIOTR NIEDOSZYTKO2, KATARZYNA GIERAT-HAPONIUK2, ALEKSANDRA ŚLIWIŃSKA1, 
MAREK NIEDOSZYTKO3, DOMINIKA SZALEWSKA2, SYLWIA MAŁGORZEWICZ1

  1 Department of Clinical Nutrition, Medical University of Gdansk
  2 Department of Rehabilitation, Medical University of Gdansk
  3 Department of Allergology, Medical University of Gdansk

Summary

Introduction. Obesity has become one of the pandemics of the modern 
western societies. The increased body mass has numerous health conse-
quences, including impaired function of the heart and lungs. Cardiopul-
monary exercise testing (CPX) can analyze the gas exchange - the major 
function of cardiovascular and pulmonary system. Obesity may decrease 
the gas exchange by impairment of heart and/or lung function.

Aim. The aim of the study was to analyze the influence of the obesity and 
body mass reduction on the oxygen uptake and other parameters analy-
zed in CPX, and bioimpedance. Additionally, the effectiveness of the body 
mass reduction protocol was assessed by analysing the CPX results.

Methods. Eight obese patients and eight controls were included into 
the study. Obese patients were treated by both diet and exercise guided 
by the results of CPX and bioimpedance for 8 weeks. Five of the obese 
patients have completed the treatment and achieved mean 8% reduction 
of the body mass.

Results. Peak oxygen uptake (PK VO2) and anaerobic threshold (AT) were 
significantly impaired in obese subjects vs lean controls (p=0.0001 and 
p=0.002, respectively). Respiratory exchange ratio was also lower in obe-
se patients (0.99 vs 1.15 p=0.01). The reduction of body mass improved 
the analyzed CPX results, but the reduction was not significant.

Conclusions. Obesity has an adverse influence on gas exchange. The 
analyzed novel protocol of body mass reduction based on CPX results 
was effective in the group of studied obese patients. The body mass re-
duction may probably lead to the improvement of gas exchange; howe-
ver, further studies are needed to confirm the results of this pilot study.
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Streszczenie

Wprowadzenie. Otyłość jest poważnym problem epidemiologicznym 
współczesnego świata. Nadmierna masa ciała niesie za sobą wiele kon-
sekwencji, w tym upośledzenie funkcji serca i płuc. Badanie ergospirome-
tryczne, dzięki analizie wymiany gazów i ocenie reakcji układu krążenia 
i oddechowego na wysiłek fizyczny, umożliwia ocenę czynnościową tych 
układów. Otyłość może upośledzać wymianę gazów poprzez upośledze-
nie funkcji serca i płuc.

Cel pracy. Celem badania była analiza wpływu otyłości i redukcji masy 
ciała na pochłanianie tlenu i inne parametry mierzone w badaniu ergo-
spirometrycznym (CPX) i bioimpedancji. Na podstawie wyników badania 
ergospirometrycznego zaproponowany został protokół redukcji masy 
ciała.

Metody. Do badania włączono ośmiu otyłych chorych i osiem osób 
o prawidłowej masie ciała. Chorym na otyłość zaproponowano leczenie 
dietą i wysiłkiem fizycznym opartym o wyniki badania CPX i bioimpedan-
cji przez 8 tygodni. Pięciu otyłych chorych ukończyło badanie osiągając 
średnia redukcję masy ciała o 8%.

Wyniki. Wyniki szczytowego pochłaniania tlenu (VO2 peak) i progu 
beztlenowego (AT) były znacząco obniżone u chorych na otyłość 
w porównaniu z grupą kontrolną (odpowiednio p=0,0001 i p=0,002). 
Stwierdzono również niższe wartości wskaźnika wymiany oddechowej 
u osób otyłych (0,99 vs 1,15 p=0,01). Zmniejszenie masy ciała nieistotnie 
wpłynęło na poprawę wyników badania ergospirometrycznego.

Wnioski. Otyłość ma negatywny wpływ na wymianę gazów. Zapropo-
nowany nowatorski protokół redukcji masy ciała, oparty o wyniki CPX, 
umożliwił redukcję masy ciała u badanych chorych. Zmniejszenie masy 
ciała może prawdopodobnie prowadzić do poprawy wymiany gazowej, 
jakkolwiek dalsze badania są konieczne dla potwierdzenia wyników 
badania.
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INTRODUCTION
Obesity becomes one of the pandemics of the modern 

western societies [1]. The increased body mass has numero-
us health consequences, including impairment function of 
the cardiovascular system, endocrine and metabolite dys-
function and impairment of the function of respiratory sys-
tem [1,2]. The treatment of obese patients should include, 
beside the standard therapy, education on the importance 
of the body mass reduction. It is well documented that the 
reduction of the body mass may improve the treatment of 
cardiovascular, pulmonary, metabolic diseases. It may even 
be the only drug in benign hypertension or diabetes type II 
[3-6]. On the other hand the current competitive fast style 
of life causing lack of time requires empathy and therapies 
which could be effective and related with the burden ac-
cepted by the patient. What can we offer? Pharmacothe-
rapy of obesity has faced a spectacular loss with the data 
suggesting increased mortality among patients treated 
with sibutramine [5]. Bariatric surgery is an interesting 
option especially for the morbid obesity [7]. However the 
risk related with the surgical procedure is not accepted by 
substantial number of patients. The contraindications to 
the bariatric surgery and coexisting diseases limit the usage 
of the treatment i.e. in adolescents, patients with mental 
problems or  low compliance subjects [7]. Cardiopulmonary 
exercise testing (CPX) can analyze the gas exchange - the 
major function of cardiovascular and pulmonary system 
[8-10]. Obesity may decrease the gas exchange by impa-
irment of heart and/or lung function [10-12]. Furthermore 
the analysis of the metabolic processes may indicate the 
intensity of the exercise related with the optimal fat meta-
bolism [6,13]. Thus the method of the body mass reduction 
based on CPX results may be an interesting option which 
may prevent the progression of the obesity into the mor-
bid form, prevent the need of bariatric surgery or even be 
a step before the surgery itself. Furthermore CPX may indi-
cate the intensity of the exercise which is related with the 
most effective metabolism of accumulated fatty acids. The 
studies on the effect of the weight loss on the CPX results 
have shown the improvement in the relative VO2 peak and 
workload peak after than before surgery [4]. These results 

lead us to the question if CPX can be used to plan the 
program of body mass reduction which improve the non 
invasive treatment of obesity. Secondly we wanted to study 
the influence of the obesity on the oxygen uptake and other 
parameters analyzed in CPX. Finally to analyze the effect of 
the noninvasive body mass reduction on the CPX.

METHODS
Eight obese patients and eight controls were included 

into the study (Table I). The inclusion criteria were: severe 
obesity, lack of contraindication for exercise and diet, re-
cruited patients did not want to be treated with bariatric 
surgery. Contraindications were: heart, lung, renal insuffi-
ciency, malignant neoplasm’s, pregnancy, lack of consent. 
All studied patients suffered from mild hypertension, addi-
tionally two were treated for diabetes type 2. The controls 
were healthy volunteers without any co morbidities. Obese 
patients were treated by both low energy diet and exercise 
guided by the results of CPX and bioimpedance for 8 weeks. 
Low energy diet of 1000 – 1200 kcal/ day for women and 
1000- 1400 kcal/day for men. Every two week the patients 
had appointments with nutritionist in due to education and 
to check nutritional dairy. The studied patient were not qu-
alified for bariatric surgery due to their lack of consent.

The cardiopulmonary exercise testing (CPX) was perfor-
med with Lode Corival ergometer, (Lode B.V. the Nether-
lands). The data were analyzed with Metasoft 3.9 software 
(Cortex Biophisik GmbH Germany). SunTech Tango (Sun 
Tech Medical, USA) was used for BP measurements during 
CPX. CardioDirect 12 s was used for ECG tracking. Bioimpe-
dance was performed using Tanita (Tanita Co. USA). Indirect 
Calorymetry was also analysed using Metasoft 3.9 Cortex 
Biophisik (GmbH Germany).

The stress test was performed due to a ramp protocol 
with 20W initial endurance and a rise of endurance at 
10W/min. It was a maximal symptom-limited examination. 
The peak oxygen consumption (VO2 peak) was calculated 
as the maximal average value of 30 seconds at maximal 
endurance. The anaerobic threshold (AT) was estimated 
due to V-slope method and was corrected by the ventilator 
equivalent method.

Study group Control group

Age (range) [years] 43 (30-56) 25 (21-31)

Gender (male/female) 3/5 5/3

BMI (range) 37.7 (32-45) 22.5 (19-25)

Comparison of the obese patients who finished the body mass reduction program 
vs those who did not

Patients who finished the body 
mass reduction program

Obese patients who did not finish 
the program

BMI before treatment (range) 38.2 (32-45) 37 (33-39)

BMI after treatment (range) (p=0.04) 32 (28-38) -

Fat mass (range) 49 (36-57) 47 (40-58)

Fat mass after treatment (range) (p=0.04) 38 (34-42)

Table I. Characteristics of the study group
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The trainings were 45 min endurance interval trainings 
on bike ergometers with intervals of 5 minutes. Training he-
art rate was calculated from the CPX. It was the HR at which 
the fat burning ratio was the greatest during the test.

Both interventions – diet and exercise were continued for 
8 weeks. The ergospirometry and indirect calorymetry were 
measured before and after the intervention.

Statistical analysis
The data are expressed as means ± SD (statistical de-

viation) and range. Significant differences were defined as 
p<0.05 and were evaluated with U Mann Whitney Test and 
Wilcoxon Test (using “Statistica version 10.0”; StatSoft, Tul-
sa USA). The study was approved by the Ethical Committee 
of the Medical University of Gdansk.

RESULTS
Five out of the eight included obese patients have fini-

shed the treatment and achieved mean 8% reduction of 
the body mass (Table I). The reduction of the BMI (38 vs 32 
p=0.04) and fat mass reduction (49 kg vs 38 kg p=0.04). 
Peak oxygen uptake (peak VO2) (42,6 vs 16,8 ml/min/kg; 
p=0.0001) and anaerobic threshold (AT) (33,2 vs 12,7 ml/
min/kg; p=0.002) were significantly impaired in obese vs 
lean patients (Fig. 1).

Respiratory exchange ratio was also lower in obese pa-
tients (0.99 vs 1.15 p=0.01) (Fig 2).

The reduction of body mass has insignificant effect on 
peak VO2 and AT, analyzed CPX results. The insignificant 
trend indicating the 27% increase of the resting metabolic 
rate (1512 SD 620 vs 1919 SD 620 kcal) has been obse-
rved in patients who achieved the body mass reduction 
(p=0.06).

DISCUSSION
The current study has proved that the CPX results differ 

in obese patients, secondly showed the effectiveness of 
body mass reduction protocol based on the resting me-
tabolic rate and the trend of the improvement of the CPX 
results.

The effectiveness of different methods of body mass re-
duction was widely described [4,5,7]. Currently the availa-
ble methods include diet, pharmacotherapy, surgery, beha-
vioral treatment. The effectiveness of bariatric surgery was 
well proven in both the reduction of the body mass and 

furthermore of the reduction of the obesity complications. 
Clinical data show that bariatric surgery can decrease the 
risk of hypertension, diabetes [4], coronary artery disease, 
neoplasm [5] and overall mortality. The retrospective analy-
sis of patients who were treated with bariatric procedures 
proved better glycemic control, lower use of hypoglycemic 
drugs as well as drugs used to control the lipid levels and 
hypertension [4]. The indications for the treatment and the 
benefit risk ration taken into account show that certain 
groups of patients could not be the candidates for surgery. 
No strict cut offs are used in the qualification for the treat-
ment, but young patients should be operated when other 
methods have failed. Furthermore life threatening diseases, 
metal disorders, substance dependency, low compliance 
and adherence and last but not least the lack of consent 
limit the use of bariatric surgery [7]. Thus the aim of the 
study was to analyze a program of obesity treatment using 
the CPX results.

The study on the influence of obesity on VO2 max has 
shown a correlation indicating that obese patients have low 
adiponectin level and low VO2 [2]. Physical exercise can also 
increase the level of VO2 [6]. The increase of VO2 was also 
associated with the adiponectin level improvement [13]. 
The study on the relationship between body mass index 
and cardiopulmonary testing has show that BMI is a strong 
independent predictor of PKVO2 second only to age in pa-
tients with chronic heart disease [3]. The prognostic value 
of the finding for the survival of heart disease is still studied. 
The results of our study confirm these observation as peak 
VO2 and anaerobic threshold and respiratory exchange 
ratio were significantly lower in patients with obesity. The 
mean age of the study group was higher than controls 
(mean age 43 vs 25 years). The age is related with CPX 
results, however studies by Wasserman et al. showed that 
the mean decrease of VO2max was 20% for women and 
22% for men [14]. Additionally mentioned results are 17% 
lower in women. Nevertheless the difference in peak VO2 
and AT results were 60% lower in obese than lean patients, 
thus the difference may not be related only to the age and 
gender differences.

CPX may also be used to differentiate the cause of dys-
pnea in obese patients who suffer both from obesity and 
asthma indicating the misdiagnosed circulatory disease 
[10]. Reduced maximal oxygen uptake can also be shown 
in obese adolescents [1], however the program of 13 week 
aerobic training improved the VO2 max by 8.6%. Similar 
study was performed in patients who underwent bariatric 

Figure 1. The impairment of peak oxygen uptake (peak VO2) 
(p=0.0001) and anaerobic threshold (AT) (p=0.002) in obese pa-
tients

Figure 2. The differences in respiratory exchange ratio between obese and 
lean patients
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surgery [12] which shown improvement in peak VO2 and 
AT after the surgical treatment. Our data show insignificant 
effect of body mass reduction on peak VO2 and mild (10%) 
improvement of AT. However we observed the increase of 
the resting metabolic rate which could be related with the 
change in the composition of the fat mass and muscles.

The CPX results can also indicate the mode of exercise 
program which could be the most efficient in the treatment 
of obesity. The studied group of patients, small in size, has 
achieved the body mass reduction and improvement in 
analyzed CPX results.

In summary our data show that obesity has negative in-
fluence on gas exchange. Analyzed, novel protocol of body 
mass reduction based on CPX results, was effective in the 
group of studied obese patients. The body mass reduction 
may probably lead to the improvement of gas exchange. 
The intervention based on the combined diet modification 
and physical training based on the CPX results may be an 
interesting option for patients with obesity who could not 
or do not want to be treated with bariatric surgery. Howe-
ver further studies are needed to confirm the results.
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