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Purpose: This study investigated blood pressure and ventilation efficiency by cardiopulmonary exercise test (CPX) in different types 
of obesity aged 40–60 years.
Material and Methods: The inclusion criteria of this cross-sectional study were adults aged 40–60 years underwent health checks. 
CPX was measured according to the relevant standards. According to different body mass index (BMI), there were 3 groups, BMI<24 
(kg/m2), 24≤BMI<28 (kg/m2) and BMI≥28 (kg/m2). There were two groups in male, waist circumference≥90 (cm) and waist 
circumference<90 (cm). Similarly, there were two groups in female, waist circumference≥85 (cm) and waist circumference<85 (cm).
Results: There were 543 individuals (64.6% male and 35.4% female) aged 40–60 years in this study. The resting blood pressure (BP) 
and peak BP have the significant differences in different BMI groups (p < 0.001) and male or female groups (p < 0.001). However, the 
resting DBP (77.70±9.45 vs 81.16±8.80, p < 0.001) and peak DBP (85.67±10.21 vs 89.03±9.94, p = 0.002) have the significant 
differences in different male waist circumference groups, and the resting BP (SBP 113.76±14.29 vs 121.86±15.54, p = 0.001, DBP 
71.95±10.83 vs 77.27±11.42, p = 0.005) has the significant differences in different female waist circumference groups. Carbon dioxide 
Ventilation equivalent (VE/VCO2) has the significant differences in different male waist circumference groups (26.84±3.10 vs 27.68 
±2.93, p = 0.009), but it has not the significant differences in different BMI groups and different female waist circumference groups. 
The oxygen pulse (VO2/HR) is slightly higher in female group than male group (0.93±0.15 vs 0.89±0.15, p = 0.001). Breathing reserve 
has the statistical significance in BMI ≥28 group compared with the BMI <24 group (0.52±0.13 vs 0.46±0.17, ηp2=0.021).
Conclusion: We found that the blood pressure and ventilation efficiency of CPX were different between the obesity and normal. This 
will provide a basis for accurate cardiopulmonary assessment of obesity.
Keywords: resting blood pressure, peak blood pressure, carbon dioxide ventilation equivalent, central obesity

Introduction
The prevalence of obesity continues to rising in the worldwide rates.1–4 Obesity could cause the most metabolic diseases, 
such as diabetes, hypertension, metabolic syndrome, sleep apnea, cardiovascular disease, and eventually decreases the 
lifespan.5 Similarly, obesity has reached epidemic proportions in China, with 16.4% of Chinese adults had obesity (BMI 
28.0kg/m2 or higher) and another 34.3% were overweight (24·0–27.9 kg/m2).6 Waist circumference is often used as 
a measure of central obesity, which complements the utility of BMI.7 The literature reports that there is a causal relationship 
between the increase of waist circumference and the risk of coronary heart disease.8 CPX is a well-established method for 
evaluating cardiopulmonary diseases,9–11 which provides an objective assessment of maximal aerobic capacity, peak blood 
pressure, resting blood pressure, electrocardiogram (ECG), VE/VCO2, VO2/HR, and respiratory reserve indexes.12 

Compared with healthy controls, the maximal oxygen uptake measured is different in obese people.13 CPX has found 
important value in the assessment of heart, pulmonary and musculoskeletal disease/disorders.14,15 It is reported that exercise 
SBP would be a stronger predictor of future SBP, DBP rather than BP at rest in middle-aged men.16 VE/VCO2 general 
response ventilatory efficiency, the ventilation associated with eliminating a given level of metabolically produced CO2 as 

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2022:15 3195–3203              3195
© 2022 Hao et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php 
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work 

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy          Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 24 June 2022
Accepted: 11 October 2022
Published: 19 October 2022

D
ia

be
te

s,
 M

et
ab

ol
ic

 S
yn

dr
om

e 
an

d 
O

be
si

ty
 d

ow
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/
F

or
 p

er
so

na
l u

se
 o

nl
y.

http://orcid.org/0000-0003-3841-1342
http://orcid.org/0000-0003-3497-1326
http://orcid.org/0000-0003-2377-1759
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com


pulmonary CO2 output.17,18 However, the results of cardiopulmonary assessment are rarely reported in the literature in 
different types of obese people aged 40–60 years. This study sought to clarify the blood pressure and ventilation efficiency 
of cardiopulmonary assessment data in different types of obesity aged 40–60 years.

Materials and Methods
Subjects
Data were collected from May 2021 to July 2021 at the Medical Examination Center of Peking University Third 
Hospital. This study was conducted in accordance with the Declaration of Helsinki. All subjects provided written 
informed consent prior to participation in the study. Protocols involving human participants were reviewed and approved 
by the Institutional Ethics Committee of Peking University Third Hospital (project:M2021661). All subjects underwent 
cardiopulmonary exercise test assessment, including pulmonary function test, echocardiography at rest, and cardiopul
monary exercise test combined with exercise echocardiography, which was performed using the same equipment by the 
same experienced doctors and nurses. Obesity was diagnosed according to relevant guidelines and regulations.6,19,20 

According to different BMI, there were 3 groups, BMI<24 (kg/m2), 24≤BMI<28 (kg/m2) and BMI≥28 (kg/m2).
Waist circumference is a key factor of central obesity, and it is also a measure of abdominal obesity.21 According to 

the criteria of abdominal adiposity,6,21 there were two groups in male, waist circumference≥90 (cm) and waist 
circumference<90 (cm). Similarly, there were two groups in female, waist circumference≥85 (cm) and waist circumfer
ence<85 (cm). Subjects were excluded if they had the following conditions,22,23 such as, severe arrhythmia, severe 
hypertension, hyperthyroidism, cardiac and cerebrovascular surgery (within 1 year), respiratory infectious diseases, gout, 
electrolyte disturbance, uncontrolled diabetes, heart failure. Therefore, the inclusion criteria were that adults aged 40–60 
years underwent a physical examination.

Measurement of Cardiopulmonary Exercise Test
A physical examination, history, and CPX measurements were performed by a single trained health-care provider. 
Subject histories included family history, drug history, smoking status, and alcohol intake. The cardiopulmonary exercise 
test was performed according to the relevant standards24 using exercise cardiopulmonary tester (Quark PFT4 ergo, 
Cosmed, Italy).

CPX Instrument includes the following equipment: includes mass flow sensor, sensor cable, sample line, directional 
sense line, span 1 gas cylinder (16%O2, 5%CO2, balance N2), span 2 gas cylinder (21% O2, CH4 0.3%, CO 0.3%, balance 
nitrogen), 3L calibration syringe (Cosmed, Italy), 12-lead ECG and exercise stress testing system (Quark T12X, Cosmed, 
Italy), Cycle ergometer (Cosmed, Italy). Exercise testing was performed with a bicycle ergometer and breath-by-breath 
respiratory gas analysis system (Quark PFT4 ergo, Cosmed, Italy). Before the test, the male subjects shaved off the chest 
hair, and the female subjects avoided the menstrual period. Subjects were allowed to eat a bland diet for two hours before 
the test. The CPX environment is set as follows: room temperature 25–26°C, humidity 43–50%. Set the evaluation 
parameter standard: incremental power per minute (W) = [peak VO2 (mL/min) - unloaded VO2 (mL/min)]/100. Heart 
rate, blood pressure, electrocardiogram and pulmonary function test were monitored before exercise, and this blood pressure 
was the resting SBP, resting DBP. The above indicators needed to be tested during exercise: 3 minutes of rest, 3 minutes of 
warm-up period (no load), and load exercise (Borg score greater than 16 points) to the point where the cycling frequency 
cannot be maintained. The blood pressure was the peak SBP and peak DBP at the 15 second before stopping. After stopping 
exercise, the indicators were monitored in the recovery period for 1, 2, 4, and 6 minutes.

The following are obtained by cardiopulmonary assessment instrument, blood pressure (resting BP, peak BP), 
electrocardiogram (ECG), VE/VCO2 (anaerobic threshold), VO2/HR, respiratory reserve, VO2/WR. Respiratory reserve 
is the absolute value of the difference between MVV and maximum load exercise ventilation (VE). The average time for 
data smoothing is 10 second. According to the relevant standards and guidelines,25–27 the exercise test should be 
terminated if the following events occur: typical angina pectoris; obvious symptoms and signs, including dyspnea, 
pallor, cyanosis, dizziness, vertigo, unsteady gait, ataxia, ischemic claudication; increased discomfort or pain in the lower 
extremities with exercise; electrocardiogram ST-segment horizontal or downslope ≥0.15 mV or ST-segment elevation 
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≥2.0 mV; serious arrhythmias such as ventricular tachycardia, ventricular fibrillation, supraventricular tachycardia, 
frequent multifocal premature ventricular beats, atrial fibrillation; SBP does not increase or decrease during exercise 
>10 mmHg; SBP > 220 mmHg; exercise-induced intraventricular block; subject request termination due to feeling tired.

Measurement of Clinical Parameters
Body weight (kg) has been measured by using a digital weight scale. Standing height (m) has been measured with a wall 
mounted digital stadiometer. Waist circumference (cm) were measured by using a tape measure at the uppermost lateral 
border of the hip ilium. BMI was calculated as weight in kilograms divided by height in meters squared (kg/m2). 5mL of 
the subject’s blood was collected in a fasted state. Fasting plasma glucose (FPG), total cholesterol (TC), high-density 
lipoprotein (HDL), triglycerides (TG), Low-density lipoprotein-cholesterol (LDL-C), alanine aminotransferase (ALT), 
aspartate transaminase (AST) were using an autoanalyzer (Cobas c 501 autoanalyzer, Roche Diagnostics, Germany).

Statistical Analysis
Spss26.0 was used for statistical analysis. The measurement data conforming to the normal distribution were expressed 
by means ± standard deviation, and independent sample t-test or were used for inter group comparison. The measurement 
data that do not conform to the normal distribution are expressed by the median (quartile), and the Mann Whitney U-test 
or Kruskal–Wallis test are used for the comparison between groups. For the normal distribution test, the graphical method 
combined with the nonparametric test method (Kolmogorov-Smirnov test) was used to judge the normal distribution. 
Combined with statistical test and graphic method, the graphic method shows that it deviates from the normal 
distribution, and it is judged as not obeying the normal distribution. The counting data were expressed by the number 
of cases (percentage), and the chi square test was used for the comparison between groups. Partial eta-squared and 95% 
confidence interval was used to calculate effect size. Bonferroni corrections were applied for multiple comparisons. 
P-values <0.05 were considered statistically significant.

Results
Clinical Characteristics
A total of 573 adults participated in this study. Among these, 30 subjects were excluded for the following reasons: 3 did not 
sign an informed consent form, 5 did not provide a completed questionnaire, and 5 participants had inadequate blood samples, 
17 did not have the BMI, blood pressure (Figure 1). A total of 543 adults aged 40–60 years (351 male, 192 female) were 
ultimately included in this study. The average ages were 49.06±5.82 years, and the average BMI was 24.61±3.02 kg/m2. The 

Figure 1 Flowchart for selection of study participants.
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average FPG was 5.29±0.75 mmol/L. The average resting SBP, resting DBP, peak SBP, peak DBP were 120.56±14.93 mmHg, 
77.14±10.40 mmHg, 177.00±24.99 mmHg, 85.30±11.23 mmHg, respectively. There were VE/VCO2, respiratory reserve, 
VO2/HR, ALT, AST, TC, TG, HDL-C, LDL-C in Table 1.

Clinical Characteristics Between Male and Female
As shown in Table 1, the average ages of male and female were 49.68±6.37 and 47.92±4.46 years, respectively. The BMI 
of male and female were 25.54±2.90, 22.92±2.44 kg/m2, respectively. There were significant differences in age, BMI, 
FPG, ALT, AST, TG, HDL-C, resting SBP, resting DBP, peak SBP, peak DBP, VO2/HR between male and female groups 
(Table 1). Conversely, there was no statistical significance in TC, LDL-C, ECG, VE/VCO2, respiratory reserve and VO2 

/WR between the two groups.

Clinical Characteristics in Different BMI Groups
As shown in Table 2, there were 234 adults in BMI<24 group, 246 in 24≤BMI<28 group, 63 in BMI ≥28 group. There 
were significant differences in FPG, ALT, AST, TG, HDL-C, resting SBP, resting DBP, peak SBP, peak DBP, VO2/HR, 
respiratory reserve, VO2/WR in different BMI groups. The FPG in BMI groups were 5.15±0.60 mmol/L, 5.31±0.72 
mmol/L, 5.69±1.13 mmol/L, respectively. Compared with the BMI<24 group, there have the statistical significance in 
ALT, AST, TG, HDL-C, resting SBP, resting DBP, peak SBP, peak DBP in other two groups. Evidently, the level of ALT 
and TG is increased with the increase of BMI. Moreover, breathing reserve has the statistical significance in BMI≥28 
group compared with the BMI<24 group. VO2/WR in BMI groups were 9.13±1.54 mL/w, 9.15±1.49 mL/w, 9.12 
±1.22 mL/w, respectively. According to the eta-squared results, VO2/WR has not the significant differences in different 
BMI groups. Conversely, there was no statistical significance in age, TC, LDL-C, ECG, VE/VCO2, VO2/HR, VO2/WR 
in different BMI groups.

Clinical Characteristics in Different Male Waist Circumference Groups
Table 3 shows the clinical characteristics in different male waist circumference groups. There were significant differences 
in BMI, resting DBP, peak DBP, VE/VCO2 in different waist circumference groups. The resting DBP in waist 

Table 1 Clinical Characteristics of the Study Subjects

Variables N=543 Male (n=351) Female (n=192) P-value

Age(Year) 49.06±5.82 49.68±6.37 47.92±4.46 P<0.001
BMI(kg/m2) 24.61±3.02 25.54±2.90 22.92±2.44 P<0.001

FPG(mmol/L) 5.29±0.75 5.43±0.84 5.02±0.42 P<0.001

ALT(U/L) 20 (14, 28) 22 (19, 26) 19 (17, 23) P<0.001
AST(U/L) 21 (18, 25) 23 (17, 32) 14 (11, 19.75) P<0.001

TC(mmol/L) 5.07±0.90 5.04±0.89 5.13±0.91 P=0.253

TG(mmol/L) 1.25 (0.92, 1.76) 1.44 (1.10, 2.02) 0.99 (0.76, 1.34) P<0.001
HDL-C(mmol/L) 1.31±0.33 1.21±0.28 1.51±0.33 P<0.001

LDL-C(mmol/L) 3.07±0.73 3.10±0.73 3.03±0.72 P=0.283
Resting SBP(mmHg) 120.56±14.93 123.26±14.24 115.62±14.94 P<0.001

Resting DBP(mmHg) 77.14±10.40 79.32±9.28 73.17±11.16 P<0.001

Peak SBP(mmHg) 177.00±24.99 184.56±22.89 163.17±22.69 P<0.001
Peak DBP(mmHg) 85.30±11.23 87.20±10.23 81.83±12.12 P<0.001

ECG(normal) 527 (97.1) 342 (97.44) 185 (96.35) P=0.476

ECG(abnormal) 16 (2.9) 9 (2.56) 7 (3.65) P=0.476
VE/VCO2 27.42±3.08 27.26±3.06 27.72±3.10 P=0.092

VO2/HR(mL/beat) 0.90±0.15 0.89±0.15 0.93±0.15 P=0.001

Breathing reserve (%) 0.51±0.14 0.50±0.14 0.52±0.13 P=0.075
VO2/WR(mL/w) 9.14±1.48 9.21±1.34 9.00±1.68 P=0.116
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circumference groups (waist circumference <90 cm and waist circumference ≥90 cm) were 77.70±9.45 cm, 81.16 
±8.80 cm, respectively. The resting DBP is slightly higher in waist circumference ≥90 cm group than waist circumference 
<90 cm group. On the contrary, there was no statistical significance in resting SBP, Peak SBP, ECG, VO2/HR, respiratory 
reserve, VO2/WR in different waist circumference groups (Table 3).

Clinical Characteristics in Different Female Waist Circumference Groups
Table 4 shows the clinical characteristics in different female waist circumference groups. There were significant 
differences in BMI, resting SBP, resting DBP in different waist circumference groups. The resting DBP and resting 
SBP in waist circumference groups (waist circumference <85 cm and waist circumference ≥85 cm) were slightly 
different. The resting blood pressure is slightly higher in waist circumference ≥85 cm group than waist circumference 

Table 2 Clinical Characteristics in Different BMI Groups

Variables BMI<24 
(n=234)

24≤BMI<28 
(n=246)

BMI≥28  
(n=63)

Partial eta- 
Squared (ηp2)

95%Confidence 
Interval

P-value

Age(Year) 48.55±5.44 49.55±5.97 49.02±6.51 0.007 (0–0.020) P=0.170

BMI(kg/m2) 21.93±1.52 25.80±1.13a 29.96±1.95ab 0.779 (0.750–0.802) P<0.001

FPG(mmol/L) 5.15±0.60 5.31±0.72a 5.69±1.13ab 0.047 (0.017–0.084) P<0.001
ALT(U/L) 20 (17, 23.25) 22 (19, 26)a 24 (21, 29)ab 0.114 (0.067–0.163) P<0.001

AST(U/L) 15.5 (12, 21) 22 (17, 30)a 29 (23, 44)a 0.038 (0.011–0.072) P<0.001

TC(mmol/L) 5.10±0.85 5.02±0.92 5.17±0.98 0.003 (0–0.014) 0.398
TG(mmol/L) 1.00 (0.76, 1.32) 1.50 (1.10, 2.21)a 1.76 (1.32, 2.44)ab 0.112 (0.065–0.161) P<0.001

HDL-C(mmol/L) 1.50±0.33 1.19±0.25a 1.11±0.23a 0.249 (0.188–0.306) P<0.001
LDL-C(mmol/L) 3.00±0.70 3.08±0.72 3.27±0.85a 0.012 (0–0.034) 0.038

Resting SBP(mmHg) 116.83±14.85 123.07±14.96a 124.64±11.89a 0.048 (0.018–0.086) P<0.001

Resting DBP(mmHg) 73.79±10.57 79.20±9.64a 81.57±8.88a 0.084 (0.043–0.129) P<0.001
Peak SBP(mmHg) 168.55±24.63 181.92±23.48a 189.21±22.04a 0.095 (0.050–0.139) P<0.001

Peak DBP(mmHg) 83.18±11.89 86.35±10.65a 89.13±9.31a 0.033 (0.008–0.064) P<0.001

ECG(normal) 226 (96.58) 239 (97.15) 62 (98.41) P=0.741
ECG(abnormal) 8 (3.42) 7 (2.85) 1 (1.59) P=0.741

VE/VCO2 27.41±3.19 27.40±3.02 27.55±2.93 0.000 (0–0.011) P=0.938

VO2/HR(mL/beat) 0.91±0.16 0.89±0.15 0.92±0.16 0.007 (0–0.022) P=0.134
Breathing reserve(%) 0.52±0.13 0.50±0.13 0.46±0.17a 0.021 (0.002–0.048) P=0.004

VO2/WR(mL/w) 9.16±1.54 9.15±1.49 9.12±1.22 0.000 (0-NA) P=0.982

Notes: aMultiple comparison with Bonferroni-adjusted P<0.05 when compared with BMI<24. bMultiple comparison with Bonferroni-adjusted P<0.05 when compared with 
24≤BMI<28.

Table 3 Clinical Characteristics in Different Male Waist Circumference Groups

Variables Waist Circumference<90 
(n=183)

Waist Circumference≥90 
(n=166)

P-value

BMI(kg/m2) 23.75±2.03 27.47±2.41 P<0.001

Resting SBP(mmol/L) 121.88±14.77 124.69±13.55 P=0.066
Resting DBP(mmol/L) 77.70±9.45 81.16±8.80 P<0.001

Peak SBP(mmol/L) 183.54±23.28 185.81±22.58 P=0.363

Peak DBP(mmol/L) 85.67±10.21 89.03±9.94 P=0.002
ECG(normal) 178 (97.27) 162(97.59) P=1.000

ECG(abnormal) 5 (2.73) 4(2.41)

VE/VCO2 26.84±3.10 27.68±2.93 P=0.009
VO2/HR(mL/beat) 0.89±0.14 0.88±0.16 P=0.316

Respiratory reserve(%) 0.51±0.13 0.48±0.15 P=0.107

VO2/WR(mL/w) 9.20±1.26 9.23±1.46 P=0.848
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<85 cm group. On the contrary, there was no statistical significance in peak BP, ECG, VE/VCO2, VO2/HR, respiratory 
reserve, VO2/WR in different waist circumference groups (Table 4).

Discussion
Our results indicate that blood pressure and ventilation efficiency have some differences in different types of obesity aged 
40–60 years. Firstly, the average BMI was 24.61±3.02 kg/m2, which further suggest that adults aged 40–60 years have 
a higher BMI. Literatures reported that BMI was increased in individuals aged 40–60 years compared with those aged 
less than 40 years.28–30 The average FPG was 5.29±0.75 mmol/L in this study, and FPG is increased with the increase of 
BMI. Prior literature has reported that FPG is significantly increased in obese persons,31 and it was consistent with our 
research results. The reason may be that obesity was related with the progressive defect in insulin secretion progressive 
rise in insulin resistance.32 There were significant differences in HDL-C in different BMI groups and male or female 
groups. The HDL-C is decreased with the increase of BMI. Recent studies have shown that obesity alters the metabolism 
of HDL-C, which resulted the functional changes, eventually that reduces the HDL-C levels.33 In our study, the level of 
ALT and TG is increased with the increase of BMI. Previous literatures reported that the level of ALT and TG were 
associated with higher BMI,34,35 which were further supports our research results.

Secondly, the resting BP and peak BP have the significant differences in different BMI groups and male or female 
groups. However, the resting DBP and peak DBP have the significant differences in different male waist circumference 
groups, and the resting BP has the significant differences in different female waist circumference groups. Compared with 
the normal group, there have the statistical significance in resting SBP, resting DBP, peak SBP, peak DBP in other two 
obesity groups. It was reported that obesity and high blood pressure often coexist,36 which supports our results. The 
concomitant presence of obesity and hypertension is associated by a sympathetic activation.37 We speculate that 
sympathetic activation may be the pathophysiological mechanism linking obesity and hypertension.

Our results found that resting DBP have the statistically significant in the waist circumference groups. Previous 
literatures are supported our results, which are reported that resting DBP is related to the Metabolic diseases.38–41 There 
is a direct correlation between sympathetic activation and waist circumference, and the degree of sympathetic activation 
is greater in adults with visceral body fat distribution.37,42 The above related pathophysiological mechanisms may 
support our findings. It is clear that waist circumference is strong associated with metabolic diseases.43,44 VE/VCO2 has 
the significant differences in different male waist circumference groups, but it has not the significant differences in 
different BMI groups and different female waist circumference groups. Similarly, VE/VCO2 is slightly higher in waist 
circumference ≥90 cm group than waist circumference <90 cm. It is reported that the VE/VCO2 ratio at the anaerobic 
threshold analogous to the lowest VE/VCO2 ratio.45 Previous literature reported that the lowest VE/VCO2 ratio during 
exercise was the most reproducible and stable response relative to other indices of ventilatory inefficiency.46 Other 

Table 4 Clinical Characteristics in Different Female Waist Circumference Groups

Variables Waist Circumference<85 
(n=148)

Waist Circumference≥85 
(n=44)

P-value

BMI(kg/m2) 21.96±1.70 26.141.70 P<0.001

Resting SBP(mmHg) 113.76±14.29 121.86±15.54 P=0.001

Resting DBP(mmHg) 71.95±10.83 77.27±11.42 P=0.005
Peak SBP(mmHg) 162.22±21.60 166.45±26.11 P=0.288

Peak DBP(mmHg) 82.08±12.82 80.98±9.42 P=0.604

ECG(normal) 143 (96.62) 42(95.45) P=1.000
ECG(abnormal) 5 (3.38) 2(4.55)

VE/VCO2 27.63±3.10 28.04±3.11 P=0.453
VO2/HR(mL/beat) 0.93±0.16 0.94±0.13 P=0.642

Respiratory reserve(%) 0.51±0.13 0.54±0.13 P=0.283

VO2/WR (mL/w) 9.02±1.71 8.93±1.57 P=0.743
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literatures reported that VE/VCO2 ratio has the best capability to predict chronic thromboembolic pulmonary hyperten
sion or heart failure.47,48 Therefore, the reason for different VE/VCO2 ratio in different types of obesity which is not 
known and warrant further studies. The VO2/HR is slightly higher in female group than male group. The VO2/HR is one 
of the commonly used indexes to evaluate cardiac function.49 It is reported that the highest maximal VO2/HR was 
observed in the 3 age groups among men and women, with no significant difference between these age groups (20–29 
years, 30–39 years, 40–49 years).50 Previous report material on VO2/HR in healthy populations is based upon small 
studies in athletes.51 Therefore, the reason for different in VO2/HR between female group and male group which is not 
known and warrant further studies. The breathing reserve has the significant differences in different BMI groups. Our 
results found that breathing reserve has the statistical significance in BMI ≥28 group compared with the BMI <24 group. 
It is reported that breathing reserve was decreased in obesity, because obesity with impaired respiratory compliance may 
have ventilation defects, which will affect the respiratory reserve.52 These are consistent with our results. Collectively, 
obesity due to different BMI could affect the cardiopulmonary function, such as resting BP, peak BP, breathing reserve. 
Abdominal obesity could affect the VE/VCO2 and resting BP. These results indicate that normal BMI and waist 
circumference could maintain good ventilation efficiency and blood pressure.

Limitations
Our results should be considered in the context of several limitations. First, compared with BMI<24 group and 
24≤BMI<28 group, BMI≥28 group sample size was small. Therefore, this heterogeneity may have influenced the 
absence of a significant difference in some variables, such as: VE/VCO2, VO2/HR, VO2/WR, LDL-C, TC. We will 
expand the sample size in the future. Second, obesity is intimately associated with metabolic function, and we will study 
the link between metabolism function, obesity, blood pressure and ventilation efficiency in the future.

Conclusions
Our results demonstrate that the blood pressure and ventilation efficiency of CPX is different between the obesity and 
normal. Obesity could affect the cardiopulmonary function. This will provide a theoretical basis for the health guidance 
of improving cardiopulmonary function in obese people.
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