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Article 

Cardiopulmonary Exercise Testing in the Context of 
an Aerosol-Borne Infectious Disease: Comparison 
between the Jaeger Oxycon Pro and the COSMED 
Quark RMR Metabolic Carts 

Miguel Muñoz-Muñoz 1,2, Javier Leal-Martín 1,2, Iván Baltasar-Fernández 1,2,3, Julian Alcazar 1,2, 

Luis M. Alegre 1,2, José Losa-Reyna 2,4 and Ignacio Ara 1,2,* 

1 GENUD Toledo Research Group, Faculty of Sport Sciences. Universidad de Castilla-La Mancha, Toledo, 

Spain. 
2 CIBER de Fragilidad y Envejecimiento Saludable, CIBERFES, Instituto de Salud Carlos III, Madrid, Spain. 
3 Faculty of Health Sciences, Universidad de Castilla-La Mancha, Talavera de la Reina, Spain 
4 Grupo de investigación Valoración del Rendimiento Deportivo, Actividad Física y Salud y Lesiones 

Deportivas (REDAFLED), Universidad de Valladolid, Soria, Spain 

* Correspondence: Ignacio.Ara@uclm.es (Ignacio Ara) 

Abstract: Several factors, such as internal algorithm, sensor technology, and obsolescence might skew 

outcomes when comparing different gas analysers measurements during CPET. Besides aerosol borne 

infectious disease are a source of contamination during cardiopulmonary exercise tests (CPET). Thus, the main 

aim of this study was to determine the agreement degree between the Quark RMR and the Jaeger Oxycon Pro, 

using an antibacterial filter with the latter. Forty-two participants (19-54 years old) performed two non-

consecutive maximal graded exercise tests on a cycle-ergometer on two counterbalance and different days 

using the Oxycon Pro and the Quark RMR in a randomized order. Differences between devices were tested 

using a generalized linear model adjusted by Bonferroni, and correlation and agreement was assessed using 

Pearson’s correlation coefficient (R), intraclass coefficient correlation (ICC), Lin’s concordance correlation 

coefficient (CCC) and Bland-Altman plots. No significant differences were found between devices in any of 

metabolic or ventilatory parameters for cardiorespiratory fitness assessment (VO2max: 3131.3±882.1 vs. 

3189.8±894.8, p=0.071, VCO2max: 3436.3±936.0 vs. 3550.3±1043.2, p=0.071, for Quark RMR and Oxycon Pro, 

respectively). However, Bland-Altman plots showed a trivial tendency towards Oxycon Pro overestimation 

relative to Quark RMR as air flow volume increases. Both devices showed strong correlation and high level of 

agreement during maximal and submaximal exercise intensities (Pearson’s R: 0.974 & 0.977; ICC: 0.985 & 0.987; 

Lin’s CCC: 0.971 & 0.974, for VO2 and VCO2, respectively). Therefore, providing consistency to CPET data 

comparison between both devices, and insight into whether the use of these metabolic carts could be 

interchangeable or combined when a single device cannot be used for CPET assessment. 

Keywords: graded exercise test; gas exchange analysis; metabolic cart 

 

1. Introduction 

Cardiopulmonary exercise testing (CPET) is a non-invasive procedure commonly used by 

physicians and health professionals to examine the aerobic capacity and dynamic interplay between 

exercise and integrated physiological systems of individuals [1,2]. Cardiovascular, ventilatory and 

gas exchange variables are collected during the test, usually performed in clinical or research settings 

to identify exercise intolerance and cardiovascular or cardiopulmonary diseases amplified or only 

present during exercise [3,4]. Moreover, not only is CPET relevant for assessing pre- and postsurgical 

complication risk, early detection of cardiopulmonary diseases, and guiding and monitoring 

individual physical training in rehabilitation [5–7]. 

Although the Douglas Bag (DB) method has traditionally stood as the gold standard for 

assessing gas exchange during exercise [8], its use has been discouraged as it is time-consuming, 
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requires a laboured process to determine oxygen production (VO2) and carbon dioxide production 

(VCO2), and bag’s size may limit the duration of exercise assessment. Alternatively, computerized 

metabolic carts (MCs) have emerged as the new gold standard, surpassing the DB method while 

avoiding its cumbersome limitations. These devices are typically highly reliable and valid metabolic 

devices that can measure gas exchange by breath-by-breath mode during CPET by analysing exhaled 

air content [9]. While validity and reliability studies are often conducted by trade names, comparative 

studies examining measurement differences between two different computerised MCs are scarce [10–

13]. For instance, when multicentre studies are performed, combining two or more different devices, 

or even when these become obsolete and are replaced by newer versions. 

In addition, the use of antibacterial filters during CPET in instances involving suspected or 

confirmed infectious diseases, such as COVID-19, introduces an additional possibility of 

measurement variation. Antibacterial filters during CPET have been of upmost importance in the 

context of aerosol-borne infectious diseases, and since minute ventilation and expiratory flow rates 

are increased up to 10-fold during intense exercise [14], the risk of infection may increase 

disproportionately. When using facemasks attached to a filter, manufacturers have reported that 

antibacterial filters resistance to air flow vary around 0 to -0.5 cmH2O·(l/s)-1 at different ventilation 

rates up to 200 L·min-1 [15], which represents an unnoticeable impact on the exercise test outcomes. 

In accordance with that, present evidence may suggest that bacterial filters have little impact on CPET 

measurements [16,17]. 

In this regard, the Jaeger Oxycon Pro and Quark RMR are two commonly used devices in the 

laboratory use. Both have been shown to be accurate devices for the measurement of gas exchange 

variables [10,12,13] in the mixing chamber and breath-by-breath mode. However, they have never 

been compared to each other when antibacterial filters have been implemented. Therefore, the 

purpose of this study was to compare both devices using an antibacterial filter when measuring gas 

exchange variables during CPET. This will provide insight into whether the use of these metabolic 

carts could be interchangeable or combined when a single device cannot be used for CPET 

assessment. 

2. Materials and Methods 

This study was conducted at the University of Castilla-La Mancha (Toledo, Spain). It was 

approved by the Ethics Committee of Clinical Research of the Toledo Hospital (C.E.I.C. nº591) and 

performed according to the Helsinki Declaration. All participants signed a written informed consent 

after a thorough explanation of the experimental procedures was provided to each participant. 

2.1. Participants 

A total sample of 42 participants was selected for this study. Sample size calculated using 

G*Power 3.1 [18] suggested the inclusion of at least 39 participants to achieve a 95% statistical power 

(α = 0.05; and a moderate effect size = 0.6) for primary outcomes. The only inclusion criterion was 

being over 18 years old whereas the exclusion criteria included having any cardiovascular or 

pulmonary disease, such as angina pectoris or uncontrolled arrhythmias or suffering from infectious-

contagious disease. Furthermore, the recruitment process was meticulously conducted with the aim 

of obtaining the most heterogeneous sample possible in terms of both age and body composition. 

2.2. Experimental design 

Participants were required to perform two maximal graded exercise tests (GXT) on two non-

consecutive days, and using the Jaeger Oxycon Pro (Erich Jaeger GmbH, Hoechberg, Germany) and 

the COSMED Quark RMR (COSMED, Rome, Italy), in a counterbalance fashion. The use of each of 

the gas analysers was randomized before the first session. In order to minimize interference among 

both tests, each assessment was carried out 1 week apart. Similarly, the same measurement time and 

environmental conditions (temperature, humidity, and cyclo-ergometer metrics) as on the first 

measurement day were replicated for the second day. In addition, each subject recorded a diary for 
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physical activity, meals, and sleep one week prior to the first test. Then, they were asked to keep the 

same food intake, schedule and activity level between tests. As for the attendance conditions for each 

test, subjects were required to arrive at the laboratory: (i) rested, without having performed vigorous 

physical activity nor exercise 24 hours prior to the test; (ii) with an optimum hydration state; and (iii) 

in fasted conditions for ≥ 3 hours before the test and restrained from alcohol and stimulant substances 

(e.g., caffeine) ingestion. 

2.3. Metabolic devices 

For the Oxycon Pro (Erich Jaeger GmbH, Hoechberg, Germany), cardiopulmonary data was 

recorded in breath-by-breath mode together with a facemask (Hans Rudolph, Inc., Kansas City, USA) 

and a COVID antibacterial filter attached Before testing, this device went through a warm-up period 

of at least 4 hours, followed by a calibration phase. This calibration phase was performed according 

to the manufacturer’s instructions: (i) calibration of room conditions (temperature, humidity, and 

barometric pressure); (ii) calibration of the flowmeter sensor (Triple V, Enrich Jaeger GmbH, 

Hoechberg, Germany) using a 3L volume certified syringe (CareFusion, San Diego, California, USA); 

and (iii) calibration of the O2 and CO2 analyser cells according to a certified gas sample (5.85% CO2, 

15.00% O2, and balanced N2, Riessner-Gase GmbH, Lichtenfels, Germany). Both volume and gas 

calibration were repeated until the difference between consecutive calibrations was less than 1%. 

For the COSMED Quark RMR (COSMED, Rome, Italy) gas exchange during exercise was 

assessed using the breath-by-breath mode together with a facemask (Hans Rudolph, Inc., Kansas 

City, USA) attached. However, no antibacterial filter was used with the COSMED device. According 

to the manufacturer’s instructions, a warm-up period of at least 45 minutes was performed before 

testing followed by a calibration phase: (i) calibration of the flowmeter using a 3L volume certified 

syringe (COSMED, Rome, Italy); and (ii) a metabolic calibration (ERGO) using a known reference gas 

(5.00% CO2, 16.00% O2, and balanced N2, Airgas Specialty Gases, LLC, PA, USA). Volume calibration 

was repeated until the difference between consecutive calibrations was less than 2%. 

2.4. Maximal graded exercise test 

Cardiopulmonary and related parameters were assessed by a GXT and a supramaximal 

constant-load verification test (VerT) on an electromagnetically braked cycle-ergometer (800S, 

Ergoline, Bitz, Germany). Seat and handlebar adjustments were fit to the subjects’ specifications and 

remained unchanged during all bouts. Gas exchange and related cardiorespiratory parameters were 

assessed using both Jaeger Oxycon Pro and COSMED Quark RMR and electrical activity of the 

myocardium and heart rate were continuously recorded and synchronized using a standard 12-lead 

ECG (Cardiosoft 12SL-ECG, GE Healthcare, Finland). Subjects performed two identical mutually 

exclusive GXT protocols according to age and sex: (i) a 5-min resting phase to record baseline 

parameters; (ii) a 5-min warm-up either at 15 (protocol 1), 30 (protocol 2), or 50 W (protocol 3) 

followed by (iii) a work-rate increment of 3, 4, or 5 W every 12s for protocols 1 to 3, respectively, until 

volitional exhaustion while receiving intense verbal encouragement (Supplementary Table S1). 

Pedaling cadence was chosen by participants yet was required to be maintained constant between 

60-90 rpm. The stage increments in work rate were chosen to bring the subject to exhaustion in ~8min 

[19,20]. At exhaustion, work rate was reduced to the warm-up stage and the subject cooled down 

actively for 2 minutes. After 10 minutes of seated rest with rehydration allowed, participants 

performed a two-step VerT: (i) 1-min warm-up at 50% of the peak work rate (Wpeak), followed by (ii) 

as long as possible stage at 110% of Wpeak. The test was terminated when pedaling cadence was 

dropped below 60 rpm for ten consecutive seconds despite strong verbal encouragement. 

2.5. Anthropometrics and clinical information 

Body mass (kg) and height (cm) were assessed to the nearest 0.1, using a stadiometer Seca 711 

(Hamburg, Germany). Body Mass Index (BMI) was calculated as body mass divided by squared 
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height (kg/m2). Besides, an individualized interview was conducted to record sex, age, clinical 

history, and cardiovascular disease risk factors or any other pathology. 

2.6. Data analysis 

Before analysis, mechanical (i.e, Wpeak) and ventilatory parameters (i.e., VO2) were averaged 

every 12 s and 20 s and graphically displayed. Peak oxygen uptake (VO2peak) was expressed as the 

highest 20s-averaged segment in VO2 achieved during GXT and maximal oxygen uptake (VO2max) 

was defined as the highest 20s-averaged segment VO2 value achieved either in GXT or VerT. Then, 

12s-averaged submaximal-to-maximal segments of incremental loading phase were individually 

matched by load (W) between metabolic devices. 

2.7. Statistical analysis 

Continuous variables were reported as mean ± standard deviation (SD). Normal distribution of 

the data was assessed using the Shapiro-Wilk test. Ventilatory outcomes were tested for differences 

between devices, correlation and agreement both at maximal effort and for the whole test. Differences 

in maximal physiological CPET outcomes, and throughout the entire incremental loading phase, 

were assessed using a generalized linear model with sex as between-subjects factor and metabolic 

device as within-subject factor. These differences were tested in the whole sample and divided by 

sex. When differences were found, Bonferroni’s post hoc test was also performed. The relative 

variability among devices was assessed using the coefficient of variation (CV) and mean±SD 

throughout the full exercise test. Pearson’s correlation coefficient (r) and intraclass correlation 

coefficient (ICC) were performed to examine the correlation and agreement, respectively. Moreover, 

Lin’s concordance correlation coefficient (Lin’s CCC) and Bland-Altman plots [21] were also 

calculated to explore agreement among devices individually during the exercise. Statistical analyses 

were carried out using SPSS version 23.0 for Windows (SPSS Inc., Chicago, IL, USA), and the level of 

significance was set at α ≤ 0.05. 

3. Results 

A detailed description of the participant’s characteristics is shown in Table 1. A total of 42 

participants were included in the analyses, of which, 22 were men (33.0±11.0 years) and 20 were 

women (33.6±10.4 years). 

Table 1. Sample characteristics. 

 All sample Men Women  
 (n=42) (n=22) (n=20)  

 mean ± SD mean ± SD range mean ± SD range 
P 

value 

Age 33.28 ± 
10.5

6 
33.01 ± 

10.9

6 
19 - 54 33.57 ± 10.59 22 - 54 0.867 

Body Mass 

(kg) 
68.81 ± 

12.2

8 
76.74 ± 

10.7

5 
59 - 101 60.09 ± 

164.5

2 
50 - 73 

<0.001

† 

Height (cm) 
171.6

1 
± 9.36 

178.0

5 
± 7.33 163 - 190 

164.5

2 
± 5.35 155 - 178 

<0.001

† 

BMI (kg·m-2) 23.23 ± 2.71 24.19 ± 3.02 
19.

4 
- 

34.

4 
22.19 ± 1.87 

18.

9 
- 

26.

2 
0.014† 

Note: BMI: body mass index. Data are shown as mean ± SD and analyzed using independent sample student t 

test. Bold values indicate p≤0.05. 
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Maximal effort was comparable between tests. On average between both devices, the maximal 

heart rate in the graded exercise test was 177.1 ± 13.3 beat·min-1, occurring at a Wpeak of 256.0 ± 81.6 

W. In general, ventilatory variables at maximal effort were similar between gas analysers (Table 2). 

Within the whole sample, no significant differences were found between metabolic devices in 

primary outcomes: VO2 (mean difference: 57.7 ± 31.2 ml·min-1) and VCO2 (mean difference: 110.1 ± 

59.4 ml·min-1) and VEmax (mean difference: 0.78 ± 2.17 L). However, Work-VO2 slope was lower when 

using the Quark RMR device (mean difference: -0.69 ± 0.20 W·ml-1·min-1co). 

Differences between Quark RMR and Oxycon Pro with an antibacterial filter along the whole 

incremental exercise were also analyzed by matching 12 s load stages (Supplementary Table S2). As 

a result, significant differences were detected in the vast majority of the measured ventilatory 

parameters both considering the whole sample and by sex. Likewise, differences were graphically 

depicted by Bland-Altman plots (Figure 1 and Figure 2). Primary outcomes of VO2 showed a mean 

bias of -39.44 ml·min-1 (LoA: 343.90 to -422.80 ml·min-1) (Figure 1. A), -35.12 ml·min-1 (LoA: 380.30 to 

-450.60 ml·min-1) for VCO2 (Figure 1. B), and -0.003 (LoA: 0.12 to -0.13) for RER (Figure 1. C) during 

the whole test. As a result, a subtle but consistent overestimation of Oxycon Pro relative to Quark 

RMR was observed as airflow volume increased in all ventilatory parameters except for FETO2 which 

has shown a higher mean bias of -1.48 % (LoA: -0.38 to -2.59 %) (Figure 2. G). 

Regarding the reliability among devices (Table 3), a within-devices mean coefficient of variation 

of 6.73% and 7.19% for VO2 and VCO2 was respectively obtained (range for other variables: CV 1.48-

10.11%). Moreover, correlation analysis indicated significant relationships between respiratory 

measures from the two devices for the main ventilatory parameters of VO2 (r=0.974, ICC=0.985; Lin’s 

CCC=0.971) and VCO2 (r=0.977, ICC=0.987, Lin’s CCC=0.974) and in most of the remaining 

parameters (VT, VE, BF, ICC range: 0.902-0.981; and O2 & CO2 – PE, PET, FE and FET, ICC range: 0.811-

0.857) except for FETO2 (r= 0.764, ICC=0.390, Lin’s CCC=0.242). 
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Table 2. Maximal physiological CPET parameters by sex. 

 Men 

(n = 22)  

Women 

(n = 20)  

All sample 

(n = 42)  
 

 Quark RMR Oxycon Pro  Quark RMR Oxycon Pro  Quark RMR Oxycon Pro  

 mean ± SD mean ± SD P value mean ± SD mean ± SD P value mean ± SD mean ± SD P value 

OUES 4022.86 ± 838.88 4064.10 ± 779.31 0.503 2511.93 ± 519.28 2494.80 ± 512.65 0.791 3303.37 ± 1033.79 3316.81 ± 1030.59 0.787 

Work-VO2 slope 10.56 ± 1.11 11.02 ± 1.26 0.104 10.05 ± 0.98 10.95 ± 0.97 0.004† 10.30 ± 1.07 10.99 ± 1.12 0.002† 

Wpeak 300.50 ± 52.56 299.37 ± 54.33 0.752 176.81 ± 31.06 182.16 ± 28.31 0.160 254.49 ± 85.07 257.55 ± 78.87 0.419 

HRmax 179.18 ± 10.75 179.28 ± 10.19 0.985 172.83 ± 19.97 176.49 ± 10.36 0.150 176.16 ± 15.95 177.95 ± 10.24 0.301 

VO2peak (ml·min-1) 3820.31 ± 626.62 3894.98 ± 589.46 0.091 2373.44 ± 301.20 2414.17 ± 366.78 0.373 3131.33 ± 882.08 3189.83 ± 894.77 0.072 

VCO2peak (ml·min-1) 4155.43 ± 650.23 4346.53 ± 786.70 0.025† 2645.14 ± 406.63 2674.34 ± 350.02 0.736 3436.25 ± 935.96 3550.25 ± 1043.19 0.071 

RER 1.10 ± 0.09 1.11 ± 0.08 0.436 1.12 ± 0.09 1.11 ± 0.09 0.938 1.11 ± 0.09 1.11 ± 0.08 0.629 

VT (L) 2.89 ± 0.40 2.92 ± 0.35 0.534 1.97 ± 0.23 2.01 ± 0.26 0.316 2.45 ± 0.57 2.49 ± 0.55 0.250 

BF (1·min-1) 54.05 ± 9.58 52.16 ± 8.78 0.183 51.09 ± 9.44 50.75 ± 7.86 0.814 52.64 ± 9.52 51.49 ± 8.29 0.275 

VE (L) 154.04 ± 24.85 150.25 ± 19.48 0.214 98.86 ± 10.35 101.09 ± 12.67 0.483 127.76 ± 33.82 126.84 ± 29.77 0.722 

BF: breathing frequency; RER: respiratory exchange ratio; SD: standard deviation; VCO2: carbon dioxide production; VE: minute ventilation; VO2: oxygen uptake; VT: tidal volume; W: power 

outputs. Data are shown as mean ± SD and analyzed using independent sample student t test. Bold values indicate p≤0.05. 
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Table 3. Agreement and reproducibility of ventilatory parameters measured during CPET. 

 
SD CV (%) ra R2 ICCa Lin's CC 

VO2 (ml·min-1) 109.99 6.73 0.974 0.949 0.985 0.971 

VCO2 (ml·min-1) 116.11 7.19 0.977 0.955 0.987 0.974 

RER 0.04 3.71 0.831 0.691 0.906 0.827 

VT (L) 0.15 8.27 0.887 0.787 0.936 0.880 

VE (L) 4.34 8.20 0.962 0.925 0.981 0.962 

BF (1·min-1) 2.84 10.11 0.828 0.686 0.902 0.822 

PEO2 (kPa) 0.22 1.48 0.752 0.566 0.857 0.750 

PECO2 (kPa) 0.21 5.32 0.715 0.511 0.811 0.682 

PETO2 (kPa) 0.31 2.33 0.799 0.638 0.852 0.743 

PETCO2 (kPa) 0.21 4.14 0.748 0.560 0.856 0.748 

FEO2 (%) 0.24 1.49 0.752 0.566 0.854 0.745 

FECO2 (%) 0.22 5.16 0.716 0.513 0.819 0.694 

FETO2 (%) 1.05 6.76 0.764 0.584 0.390 0.242 

FETCO2 (%) 0.23 4.14 0.749 0.561 0.856 0.749 

BF: breathing frequency; CV: coefficient of variation; FECO2: fraction of expired CO2; FEO2: fraction of expired 

O2; FETO2: end-tidal fraction of expired O2; FETCO2: end-tidal fraction of expired CO2; ICC: intraclass coefficient 

correlation; Lin’s CCC: Lin’s concordance correlation coefficient; PECO2: CO2 pressure; PEO2: O2 pressure; 

PETCO2: end-tidal CO2 pressure; PETO2: end-tidal O2 pressure; r: Pearson's correlation coefficient; R2: coefficient 

of determination; RER: respiratory exchange ratio; SD: standard deviation; VCO2: carbon dioxide production; 

VE: minute ventilation; VO2: oxygen uptake; VT: tidal volume. a Results for r and ICC were statistically significant 

for all ventilatory parameters, at p≤0.05. 
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Figure 1. Bland-Altman plots of main ventilatory outcomes. (a) VO2; (b) VCO2; (c) RER; (d) VE; (e) BF; 

(f) VT. 
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Figure 2. Bland-Altman plots of main ventilatory outcomes. (a) PEO2; (b) PECO2; (c) PETO2; (d) PETCO2; 

(e) FEO2; (f) FECO2; (g) FETO2; (h) FETCO2. 
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4. Discussion 

This study found consistently similar results for the evaluation of cardiorespiratory fitness (CRF) 

between Quark RMR and Oxycon Pro, using an antibacterial filter with the latter. High concordance 

was found between metabolic devices in determining maximal ventilatory parameters which reveal 

little disparity between the two devices using an antibacterial filter only in one device. Additionally, 

there was an important level of agreement between main ventilatory outcomes recorded across the 

entire range at submaximal intensities. 

One of the main findings within our research is the comparison of maximal physiological results 

obtained during exercise. Given the high level of reproducibility observed in maximal CPET 

outcomes among healthy individuals and those with some type of pathology [22–25], our results 

between both metabolic carts may suggest that both systems and methodology can be effectively 

used to compare CPET maximal values. Nevertheless, a slight tendency towards the overestimation 

of the Oxycon Pro over the Quark RMR device for VO2 and VCO2 could be observed (Figure 1). To a 

lesser extent, this trend can also be observed in other variables (such as RER, VT, BF and VE). This 

could be of multi-factorial nature, namely, the type of measurement cell technology, maintenance 

status and different wear of cells could have potentially influenced the measurements. Besides, the 

use of antibacterial filters only with Oxycon Pro might have increased air flow resistance at higher 

ventilation rates, due to its wetting, which could have cause higher metabolic demands. Even so, our 

results have not shown any significant differences among devices. 

However, maximal physiological response during exercise might not provide enough relevant 

information for diagnostic purposes [26]. Thus, it was of utmost importance to determine the degree 

of agreement between both devices through the whole range of submaximal intensities during the 

incremental exercise test. Due to the initial experimental design i.e., ramp protocol, we were inclined 

to match results by 12-s load stages (W) increments, notwithstanding significant differences may 

appear when comparing smaller ventilation stages [27]. Albeit, our results show a neutral mean 

difference close to zero for ventilatory parameters, these 12-s load stages differences tend to decrease 

percentage-wise as ventilatory flow increases (Figure 1 and Figure 2). These differences might be 

attributed to device variation, human biovariation, and data processing. 

Computerized MC can determine CRF with CVs between 4% to 9% due to several sources of 

variation, such as environmental conditions, biological variability, and technical characteristics of the 

metabolic cart [9]. Human physiological variation might account for between 5% to 10% of differences 

during cycling at moderate intensity under steady-state conditions [28,29]. In addition, given the 

fluctuation of breath-by-breath data, its processing may also contribute to variation in ventilatory 

parameters outcomes at submaximal intensities. As averaging strategy is diminished, variability 

could increase up to 7% between different measures [30]. Besides, the presence of antibacterial filters 

while CPET measurements performed with Oxycon Pro may have had an impact on the final 

outcomes. And lastly, at the time of testing, whilst Oxycon Pro was an outdated 21-year-old device, 

Quark RMR was a brand-new gas analyser. Consequently, exhaustive maintenance of both devices 

before starting the trial and a thorough calibration process prior to each test was performed. Taking 

that into account, our results might be within the attainable range of biological variation and 

appliance error. 

On the other hand, the strong correlation and concordance shown for VO2 and VCO2 indicate a 

substantial degree of agreement between both measurements. However, those statistical parameters 

decrease when considering pressures and fractions of expired air both in O2 and CO2. Notably, FETO2 

showed the lowest concordance among all ventilatory parameters. At this juncture, MC “black box” 

[9] comes into play. The user does not namely know the algorithm used by MC that determines the 

values of VO2 consumption and VCO2 production [31]. In consideration of all the aforementioned 

factors, no adjustment between measurements has been deemed appropriate to fit the results 

obtained from the obsolete device. 

Some limitations and strengths should also be acknowledged. First, the recordings were not 

performed simultaneously on both devices since the flowmeter turbine had to be attached to the face 

mask, which could trigger a time bias. For this reason, a strict counterbalancing protocol was followed 
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and formal data processing criteria were applied. In addition, the use of biological systems may 

introduce biases linked to the inherent physiological fluctuations of the human being. However, strict 

attendance conditions were required (refraining from exercise 24 hours prior to the test, optimum 

hydration state, fasting, and abstention from stimulating substances ≥ 3 hours), keeping the same 

schedule one week prior to each test and providing environmental conditions as consistently uniform 

as possible. Moreover, an attempt was made to gather an age and physical condition heterogeneous 

sample to be able to detect possible measurements disagreement at different airflow ranges. Apart 

from that, it is crucial to highlight the implementation of an anti-bacterial filter attached to the 

flowmeter turbine only during Oxycon Pro recordings. Therefore, this limitation must be carefully 

considered for the general interpretation of the results since the influence on CPET has not firmly 

been demonstrated [16,17,32]. Even so, the degree of agreement between both metabolic carts was 

remarkable. 

5. Conclusions 

In conclusion, to the best of our knowledge, this study is the first to evaluate the agreement 

degree between Oxycon Pro Jaeger and COSMED Quark RMR when assessing aerobic capacity and 

gas exchange variables during CPET in the context of an aerosol-borne infectious disease. This study 

demonstrated high correlation and agreement between the COSMED Quark RMR and the Oxycon 

Pro Jaeger during CPETs. These results have not only been verified for maximal outcomes but also 

during submaximal intensity exercise. Therefore, this study provides consistency to CPET data 

comparisons between both devices when using an antibacterial filter only in one. 

Supplementary Materials: The following supporting information can be found: Supplementary Table S1. Cycle-

ergometer graded exercise protocols. Supplementary Table S2. Differences in ventilatory parameters during 

CPET, matched by 12-s load stages (W) across the entire range by sex 
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