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Abstract
Background: Bariatric surgery, especially Roux-en-Y gastric bypass (RYGB), has become the 
most frequently used therapy for morbid obesity. Objectives: The aim of this study was to 
examine the effects of surgically induced weight loss on cardiopulmonary function 6 months 
after the procedure, as well as the effect of such an intervention on well-known risk factors 
for cardiovascular diseases. Methods: This is a cross-sectional study on 66 morbidly obese 
patients (BMI ≥40 or ≥35 kg/m2 with present comorbidities), comparing their cardiopulmo-
nary function prior to and 6 months after RYGB surgery. Results: The substantial amount of 
weight loss (29.80 ± 13.27 kg) after RYGB surgery was associated with significant reduction of 
comorbidities, especially diabetes and sedentary lifestyle (p = 0.005 and p = 0.002, respec-
tively). Regarding functional capacity, there was significant increase in peak oxygen uptake 
(VO2 peak, p = 0.003), duration of exercise testing, metabolic equivalents (exercise time and 
METs, p < 0.001), and in peak O2 pulse. These findings were particularly pronounced in a group 
of patients who had lost more than 18% of initial weight. Conclusions: Reduction of body 
weight after RYGB surgery is associated with significantly improved cardiorespiratory function 
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6 months after surgery, especially in patients who lost more than 18% of their initial body 
weight. In addition, substantial decreases in body weight were also associated with a reduc-
tion of cardiovascular risk factors such as diabetes, smoking, hypertriglyceridemia, and sed-
entary lifestyle. © 2019 The Author(s)

Published by S. Karger AG, Basel

Introduction

Obesity is a leading public health problem in the 21st century [1]. It is a chronic disease 
caused by excessive fat accumulation in the body and weight gain leading to health disorders, 
poor quality of life, morbidity, and also it represents financial burden for the healthcare 
system, especially for developing countries like Serbia [2–5]. Obesity and being overweight 
are associated with increased total mortality, especially due to cardiovascular disease [6–9].

Roux-en-Y gastric bypass (RYGB) represents one of the most effective surgical options 
for surgical treatment of obesity [10]. In comparison with nonsurgical treatment, surgery 
results in more extensive body weight loss, higher remission rates of metabolic syndrome, 
and better control of comorbidities [8, 11–14]. The mortality rate after gastric bypass surgery 
is 0.3–1%, while the morbidity rate is 18.7% [13, 15, 16]. 

Morbid obesity is associated with cardiopulmonary function disorders and with increased 
risk of cardiovascular disease. Obesity can lead to structural and functional worsening of the 
cardiovascular and pulmonary system [17, 18], as well as a reduction of the oxidative capacity 
of skeletal muscles [19]. Cardiopulmonary functional capacity provides diagnostic and prog-
nostic information in a wide variety of clinical settings [20, 21].

Whereas physical function has been demonstrated to improve within a couple of weeks 
after bariatric surgery [22], cardiopulmonary functional capacity has not been thoroughly 
evaluated and compared before and 6 months after bariatric surgery [23–25].

The aim of this study was to examine if significant weight loss that occurs after bariatric 
surgery is associated with improved cardiopulmonary functional capacity 6 months after the 
surgical procedure, and if surgically induced weight loss has an effect on existing cardiovas-
cular risk factors. 

Materials and Methods

Type of Study
This is a retrospective cross-sectional study on 96 patients who scheduled for bariatric 

surgery. Of them, 66 patients fulfilled inclusion and exclusion criteria and were selected for a 
6- month follow-up after surgery. All patients underwent cardiopulmonary exercise testing 
(CPET) before and 6 months after surgical treatment. 

Study Participants
A total of 66 morbidly obese patients (body mass index [BMI] ≥ 40 or ≥ 35 kg/m2 with 

obesity-related health conditions) aged between 20 and 61 years, mostly women (77.3%), 
who underwent bariatric surgery were participants of our study. Functional evaluation was 
performed prior and 6 months after RYGB. All patients were examined at the Clinical Center 
of Serbia in the Laboratory for CPET. All patients who fulfilled inclusion and exclusion criteria 
were included after providing signed informed consent (Fig. 1). 
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Cardiopulmonary Exercise Testing
The cardiopulmonary stress test was done on a treadmill using the maximal Bruce 

protocol with simultaneous breath-by-breath analysis of exchanged gases in the exhaled air 
through a facial mask. Each patient performed the same test protocol before and after RYGB. 
All patients had a normal electrocardiogram (ECG) before the test. During stress testing, 12 
channel ECG, oxygen uptake (VO2) at the first anaerobic threshold (determined according to 
the V-slope method), as well as peak oxygen uptake (peak VO2) were evaluated. Ventilation 
parameters and breathing reserve were also monitored. Blood pressure and heart rate were 
measured at the beginning of the stress test, at the end of each loading level, and during 
recovery. None of the patients had a positive stress test for myocardial ischemia. The CPET 
was considered maximal when the ratio of carbon dioxide production (VCO2) to oxygen 
consumption (VO2) at the end of the test (VCO2/VO2 = RER) was 1.1. After completing CPET, 
all patients underwent RYGB. 

Statistical Analysis
Complete statistical analysis of data was done using the statistical software package, 

PASW Statistics 18® (SPSS [Hong Kong] Ltd., Hong Kong, China). All variables were presented 
as frequency of certain categories. The χ2 test was used for analyzing the significance of differ-
ences of categorical variables. Continuous variables were presented as means (M) and 
standard deviation (SD) and range and were compared using the paired samples t test and 

Fig. 1. Flow chart of inclusion and exclusion criteria.
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independent t test. Distribution normality was tested using the Kolmogorov-Smirnov test 
(the number of subjects was > 50). The level of the statistical significance was estimated at  
p < 0.05 for all analyses.

Results

Anthropometric measures of the group before and after surgery are presented in Table 
1. There was a statistically significant reduction of body mass weight (BM), body surface area 
(BSA), and BMI 6 months after surgery in comparison to the initial values (p < 0.001). 

Most of the 66 patients had class III obesity (BMI > 40 kg/m2; n = 48 or 72.7%) and the 
remainder had class II obesity (BMI 35–39.99 kg/m2; n = 17 or 25.8%). Comorbidities related 
to obesity in those patients were hypertension in 43.9% patients, diabetes mellitus (DM) in 

Table 1. Anthropometric measures of patients before surgery and 6 months after surgery

Before 
surgery (A)

Six months after 
surgery (B)

p value* Amount of reduction 6 
months after surgery 
(A–B)

BM, kg 126.92±19.19 97.12±17.28 <0.001 29.80±13.27
BSA, m2 2.31±0.21 2.06±0.20 <0.001 0.25±0.12
BMI, kg/m2 43.75±5.22 33.78±6.01 <0.001 9.96±4.25

Values are given as mean ± SD. BM, body mass; BSA, body surface area; BMI, body mass index. * Paired 
samples t test.

Table 2. Patient distribution before and after surgery according to comorbidities and therapy

Before 
surgery

Six months 
after surgery

p value*

Comorbidities
Physical activity 23 (34.8) 42 (63.6) 0.002
Hypertension 29 (43.9) 27 (40.9) 0.860
COPD 1 (1.5) 2 (3.1) 0.978
OSA 2 (3.0) – 0.932
DM/IR 18 (27.3)/6 (9.1) 9 (14.1)/– 0.005
Hypercholesterolemia 6 (9.1) 7 (10.6) 1.000
Hypertriglyceridemia 6 (9.1) 2 (3.1) 0.294
Smoking 14 (21.2) 9 (14.1) 0.285

Therapy
Antihypertensive therapy 26 (39.4) 26 (39.4) 1.000
Beta-blockers 16 (24.2) 19 (28.8) 0.518
Ca antagonist 11 (16.7) 6 (9.4) 0.331
Nitrates 1 (1.5) –
ACE inhibitors 17 (25.8) 10 (15.6) 0.227
Statins 5 (7.6) –
Antidiabetics 24 (36.4) 9 (14.1) 0.007

Values are given as n (%). COPD, chronic obstructive pulmonary disease; OSA, obstructive sleep apnea 
syndrome; DM, diabetes mellitus; IR, insulin resistance; ACE inhibitors, angiotensin-converting-enzyme 
inhibitors; Ca antagonist, calcium channel blockers. * χ2 test.
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27.3%, insulin resistance in 9.1%, and obstructive sleep apnea in 3.0%. Most patients were 
sedentary before surgery (65.2%). All patients with hypertension took antihypertensive 
therapy including angiotensin-converting enzyme inhibitors (ACE inhibitors) in 25.8%, beta-
blockers in 24.2%, calcium channel blockers (Ca antagonists) in 16.7%, and nitrates in 1.5%. 
Furthermore, 36.4% of patients had oral therapy for DM. Six of the patients (9.1%) who 
underwent bariatric surgery had hypertriglyceridemia and hypercholesterolemia, 5 of them 
were taking statins before intervention.

With respect to the accompanying comorbidities, there was significant clinical 
improvement in DM and obstructive sleep apnea syndrome 6 months after surgery (Table 2). 
Most of the patients become more physically active (63.6%). In addition, there was a reduction 

Fig.  2. Number of antihyperten-
sive drugs before and 6 months 
after bariatric surgery. 

Table 3. Distribution of patients according to the decrease of body mass (<18% and >18%) before surgery versus 6 months after 
bariatric surgery

<18% BM >18% BM Before 
surgery

Six months 
after surgery

before 
surgery

6 months 
after surgery

p value* before 
surgery

6 months 
after surgery

p value* <18% BM/ 
>18% BM

<18% BM/ 
>18% BM

p value** p value**

FEV1, L 3.15±0.65 3.38±0.71 0.052 2.94±0.57 3.66±3.43 0.146 0.232 0.745
FEV1, % 97.50±12.30 100.44±12.42 0.219 90.26±14.97 96.88±15.34 <0.001 0.085 0.403
Time to AT, s 258.75±104.62 314.37±131.55 0.055 248.33±92.93 396.04±123.30 <0.001 0.708 0.027
Ex time, s 398.81±109.59 446.94±114.08 0.028 361.82±99.33 517.70±127.68 <0.001 0.211 0.045
Peak VO2, mL/kg/min 20.19±2.71 22.26±3.19 0.009 21.20±3.95 26.32±4.83 <0.001 0.345 0.003
METs 5.64±0.76 6.36±0.88 0.008 6.08±1.06 7.48±1.33 <0.001 0.160 0.003
Peak VO2, mL/min 2.62±0.43 2.58±0.43 0.708 2.62±0.49 2.40±0.51 <0.001 0.955 0.174
HR at AT, beat/min 143.31±16.86 136.56±22.90 0.197 152.30±16.83 144.80±16.46 <0.006 0.068 0.120
Peak O2 pulse, mL/beat 17.76±3.82 17.75±3.96 0.996 17.21±4.43 14.87±3.03 <0.001 0.662 0.003
MaxSBP, mm Hg 182.19±18.11 165.31±23.57 0.054 183.70±28.15 164.30±24.97 <0.001 0.841 0.887
MaxDBP, mm Hg 101.44±8.95 94.69±9.59 0.010 97.56±12.05 92.58±10.24 <0.016 0.241 0.470
Max VE, L/min 69.28±12.97 63.87±18.79 0.213 67.36±12.92 63.18±15.77 <0.021 0.606 0.886
BR, % 37.94±11.51 42.13±10.93 0.174 35.84±14.68 41.70±12.09 <0.007 0.604 0.901
VE/VCO2 slope 26.18±5.07 23.82±2.63 0.080 26.96±4.75 24.79±4.14 <0.003 0.580 0.381
PETCO2, mm Hg 36.25±5.30 34.76±3.87 0.788 36.91±4.91 31.48±4.46 <0.010 0.813 0.565
RER 1.02±0.07 1.07±0.06 0.035 1.01±0.07 1.07±0.06 <0.001 0.806 0.871

Values are given as mean ± SD. BM, body mass; FEV1, forced expiratory volume in the first second; Peak VO2, oxygen uptake at maximal effort; AT, anaerobic 
threshold; EX time, exercise time; METs, metabolic equivalents of task; VE/VCO2 slope, ventilatory efficiency; VE, minute ventilation; BR, breathing reserve; PETCO2, 
partial pressure of end-tidal carbon dioxide; SBP, systolic blood pressure; DBP, diastolic blood pressure; RER, respiratory exchange ratio; HR at AT, heart rate at first 
anaerobic threshold. * Paired samples t test. ** Independent t test.
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in the use of drugs for hypertension. Although the same number of patients (29 subjects) 
were using pharmacotherapy for hypertension after surgery, only 9 patients were using dual 
therapy. Before surgery, 11 patients were using dual therapy and 4 patients were using triple 
antihypertensive therapy (Fig. 2). Also, after surgery only 9 of 26 patients with preoperative 
DM continued to take medications for DM (p = 0.007). None of the patients continued to use 
statins after intervention.

Furthermore, we investigated the extent of weight loss that was associated with signif-
icant improvement in CPET parameters. Patients who lost more than 18% of their initial 
weight had significantly better CPET results 6 months after the surgery (Table 3). Comparing 
relative peak oxygen uptake (VO2 peak/kg), there were important differences between the 
two groups (p = 0.003) after surgical treatment. In both groups, peak VO2 per body weight 
was significantly increased after RYGB (p = 0.009 and p < 0.001, respectively) (Fig.  3). 
However, the absolute VO2 peak was unchanged in those who had a < 18% BM reduction, 
while there was a significant decrease in VO2 peak after 6 months in those who had a > 18% 
BM reduction (p = 0.708 and p = 0.001, respectively). In addition, exercise duration time was 
significantly longer in the group of patients who lost more than 18% of their initial weight. 
Also, ventilatory efficiency and breathing reserve were significantly better after surgery in 
patients with greater BM reduction (Table 3).

Discussion

In contrast to previous studies of cardiovascular outcomes after bariatric surgery [26, 
27], which demonstrated physical capacity improvement on ergo bicycle, we have shown 
amelioration of cardiorespiratory functional parameters using a treadmill test. This is an 
important difference in study design, since walking is the most natural and most commonly 
reported mode of physical activity among patients. In general, in all patients, bariatric surgery 
brought certain improvement in cardiorespiratory function. Regarding the respiratory 
exchange ratio (RER), our study demonstrated significantly higher RER 6 months after 
surgery suggesting achievement of higher intensity of activity after greater loss of kilograms, 
but with no statistical difference among groups. This ratio was earlier reported in only three 
studies, showing an increase in two and no change in the other study [24, 25, 28]. 

However, our study is unique in that we suggest that an 18% reduction of initial weight 
after surgery is associated with statistically significant improvement in cardiorespiratory 

Fig. 3. Average of peak VO2 in pa-
tients with bariatric surgery ac-
cording to decrease of BM (< 18 
and > 18%) before versus 6 
months after bariatric surgery.
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parameters. Previous studies have also investigated CPET parameters 3–12 months after 
sleeve gastrectomy or gastric bypass surgery [11, 24, 29–31]. To our knowledge, this is the 
first study which has correlated the amount of weight loss that is needed to result in 
improvement of aerobic capacity. A study by MacMahon et al. [32] showed that weight loss 
of as little as 8 kg is associated with a significant decrease in left ventricular mass after 6 
months, while Alpert et al. [33] demonstrated that cardiac function in morbidly obese indi-
viduals improved with an average weight loss of 55 kg. However, few studies performed a 
6-min walk test for estimation of exercise capacity [34].

Peak VO2 representing the highest achieved oxygen consumption during the cardiovas-
cular stress test is the most often analyzed parameter for cardiorespiratory fitness assessment. 
A weight loss of 18% of initial kilograms after surgery was associated with significant differ-
ences between groups regarding relative oxygen consumption, suggesting improvement in 
aerobic capacity. However, more evidence is needed regarding mechanisms involved in that 
improvement. Improved aerobic capacity may be due to better efficiency in performing activ-
ities rather than real improvements in cardiorespiratory or muscle function. Even though an 
increase of VO2 peak per body weight (mL/min/kg) confirmed better physical functioning 
and mobility [29–31], absolute aerobic capacity in terms of VO2 peak (mL/min) was unchanged 
after bariatric surgery. Nevertheless, in the group which had more than 18% weight reduction, 
VO2 peak (mL/min) was significantly reduced after surgery. Thus, improvement of physical 
functioning in patients after bariatric surgery is more a mechanical phenomenon of conse-
quential weight loss than an absolute improvement of cardiopulmonary and muscle function 
[35]. Therefore, the risk of poor cardiorespiratory and muscle function may persist postsur-
gically in patients despite their weight loss.

According to preceding studies, the absolute VO2 peak was unchanged (at the 12- and 
27-month follow-up) [24, 25] or reduced (at the 6-month follow-up) [28] after bariatric 
surgery, which is similar to our findings. Peak VO2 relative to body weight was importantly 
increased in all studies where it was reported [23–25, 28], but without indicating the amount 
of weight loss that is significant. In addition, in previous studies major postoperative increases 
in physical activity were seen after sleeve gastrectomy, and these findings were associated 
with greater weight loss and improved quality of life [36, 37]. The same outcome was observed 
in our study population but after RYGB surgery. About 64% of patients become physically 
active, as defined by having daily walks of a minimum of 1 h by self-report, so physical exercise 
pre- and postoperation might be recommended as a beneficial add-on therapy to bariatric 
surgery. Furthermore, we showed significant amelioration of peak O2 pulse among groups 
after surgery. This result is different from previous reports in which peak O2 pulse did not 
change 2 months after surgery [26, 27] and was not different between lean and obese indi-
viduals during treadmill exercise [24, 38]. Patients who had > 18% weight reduction also had 
significant improvement in peak O2 pulse compared to those with less weight reduction.

Abnormalities in exercise ventilation usually give useful explanation of pathophysiology 
of dyspnea, lung gas exchange, and control of ventilation. Currently, these types of measure-
ments are recognized as meaningful indicators of disease severity and prognosis. In our study, 
we did not find differences among groups after surgery regarding ventilatory parameters. 
However, substantial weight loss should lead to an improvement in all ventilatory parameters 
including FEV1, breathing reserve, ventilatory efficiency, minute ventilation at peak exercise 
and PETCO2 after 6 months. Similar to a study by Kanoupakis et al. [28], our study showed a 
decrease in minute ventilation at peak exercise (p = 0.021) 6 months after bariatric surgery 
that might be explained by mechanical facilitation in filling the lungs’ alveoli after sufficient 
weight loss [39, 40]. Meanwhile, our data suggests that weight reduction of less than 18% is 
not associated with any statistically significant improvement of ventilatory function.
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Our study has found that the substantial decrease of body weight and BMI that occurs 
after bariatric surgery is associated with a reduction of cardiovascular risk factors such as 
DM, smoking, hypertriglyceridemia, as well as on the sedentary lifestyle. In addition, the 
number of used drugs for DM and arterial hypertension was considerably reduced. From the 
perspective of the patients’ quality of life, as well as from the economic point of view [3, 4, 
41–43], this could be a very important finding. However, larger studies with higher number 
of patients are needed to further analyze these data. Nevertheless, we demonstrated that 
significant weight loss after RYGB improves daily physical activities and has a positive impact 
on accompanying comorbidities and existing cardiovascular risk factors [8, 9, 13, 16, 31, 
44–46]. In addition to morbidity and premature mortality, obesity and physical inactivity are 
responsible for a large economic burden [47].

Conclusion

This study of cardiovascular and respiratory outcomes after bariatric surgery demon-
strates the beneficial effects of surgical weight reduction on patients’ health and functional 
capacity. In addition, we demonstrated that an 18% reduction of initial body weight may be 
a threshold value that is critical for significantly better aerobic capacity and other cardiore-
spiratory outcomes after bariatric surgery.

Limitations
The number of subjects evaluated is relatively small to assess patients based on age 

groups in terms of comparing VO2 max. We did not perform echocardiographic evaluations 
in our study, and, as a result, we were unable to compare stroke volume and cardiac output 
before and after RYGB. Our study population was predominantly female, so future studies 
including male participants are needed to expand upon the current findings in order to better 
understand how bariatric surgery may impact cardiorespiratory capacity and exercise 
tolerance in men. It is known that VO2 depends on sex, age, and physical fitness. We did not 
have a more adequate tool to measure physical activity in patients, such as by using an actig-
raphy device, and relied only on patient self-report.

Findings of this observational study should be confirmed by randomized controlled trials 
with a large sample size. Also, it is necessary to monitor these patients longer in order to 
evaluate the long-term effects of this surgical method on body weight loss, comorbidities, and 
quality of life.
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