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Abstract: This study aims to demonstrate that the continuous measurement of blood oxygen1

saturation, through a pulse oximeter during a maximal exercise test in female athletes, is highly2

correlated with the second ventilatory threshold (anaerobic or VT2). The latter can be used as an3

indicator of the decrease in peripheral oxygen saturation appearing in female athletes, during4

physical exertion, which is highly influenced and correlated by the physical fitness of the athletes.5

The measurements were performed with two pulse oximeters, during a maximum effort test on a6

cycloergometer, on a population of 27 healthy female athletes (25 Caucasian race and 2 black race),7

volunteers, aged (22.96 ± 6.19) (years); height (163.81 ± 6.89) and weight (57.23 ± 6.69) (kg). From8

the obtained results we conclude that pulse oximetry is a simple, fairly accurate, reproducible,9

and non-invasive method for studying the physical condition of athletes who perform physical10

exertion. We have observed in all the sportswomen, a common behavior of the evolution of oxygen11

saturation during an incremental exercise test. A relationship was observed between maximum12

oxygen consumption and the appearance of ventilatory thresholds, desaturation time, and total13

time of the test. The linear regression model of the desaturation time concerning the time of14

appearance of the anaerobic threshold in female athletes is capable of predicting the appearance15

of the anaerobic threshold or second ventilatory threshold at 86% of the time.16

Keywords: Respiratory System; Sport; Oxygen; Blood Gas Monitoring; Pulse Oximeter; Saturation;17

Woman; Ventilatory Threshold18

1. Introduction19

Women’s sports history started back in the 19th century. Throughout history,20

women have had to fight for their self-improvement in the sports world, and have had21

to break down great social barriers until they have been recognized as having the right22

to practice different sports and to participate in competitions, including the Olympic23

Games [1–4].24

The factors that have limited women’s access to the sport have been social, political,25

religious, and biological. Until World War II, women’s sport was considered an instru-26

ment of feminist liberation; it was seen as a marginal activity limited to a few women of27

masculine character [5–8]. The restriction was based in part on the idea that vigorous28

physical activity could impair women’s health and adversely affect their reproductive29

capacity. These myths still survive today in some countries [2,9].30

It was not until the 1970s that women began to train and compete in activities31

previously reserved for men. Scientific interest also began to be shown in their physio-32

logical responses to exercise or their influence on certain specific female functions such33

as menstruation or pregnancy [9,10]. It has always been believed that the anatomical34
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differences between men and women, make men more suitable for strength sports and35

women those sports that required greater flexibility. [1,2].36

However, nowadays, and for some decades, women’s sport has been on the rise,37

dispelling myths from other times, based more on socio-cultural attitudes than on38

scientific research and data. Today, women’s participation has reached areas previously39

considered exclusive to men, such as weightlifting or marathon running (until 198440

women were allowed to participate in a marathon [1,6–8,10]. In recent years, women41

have been breaking sporting records and are progressing faster and gaining access to42

new opportunities in aspirations where physical fitness is a prerequisite.43

The recent progress of wearable sensors for continuous monitoring of physiological44

variables parameters has given evidence that using this technology to measure and quan-45

tify human responses to exercise has worthiness in improving the understanding of the46

exercise effects [11–13]. In particular, heart rate and oxygen saturation determination by47

photoplethysmography (PPG) constitute a key factor that provides relevant information48

to personalize training interventions [14–18]. The PPG sensor monitors differences in49

the light intensity between blood and the surrounding tissue [19,20]. These differences50

are associated with small variations in blood perfusion of the tissue providing infor-51

mation on the cardiovascular system, in particular, the pulse rate, oxygen saturation,52

blood pressure, and blood vessel stiffness [21]. The oxygen saturation (SO2) in tissues is53

determined by optically quantifying the concentration of oxyhemoglobin (HbO2) and54

deoxy-hemoglobin (Hb) [22].55

Alterations in lung gas exchange occur during intense physical exercise [23]. This56

typically manifests as a decrease in arterial partial pressure of oxygen (PO2), known as57

hypoxemia, and an associated increase in the alveolar-arterial O2 difference (A − aDO2),58

which, potentially, can represent a significant barrier to endurance performance [24,25].59

The aim of this study is to demonstrate a high temporal correlation between changes60

in the slope of blood oxygen saturation (SO2), ventilatory thresholds (aerobic and anaer-61

obic) in female athletes of different races (black and Caucasian), obtained by ergospirom-62

etry during a treadmill maximum stress test. Correlation analyzes were carried out63

between the time of appearance of the significant drop in continuous oxygen saturation64

with the aerobic threshold, anaerobic threshold, maximum oxygen consumption and the65

test time.66

The manuscript is organized as follows...67

2. Materials and Methods68

2.1. Subjects69

Twenty-seven active, healthy female volunteered for participation in this study and70

performed 2 incremental exercise tests on a treadmill in 2 separate sessions. The anthro-71

pometric and phenotype characteristics are presented in Table 1. Before admittance to72

the study, all subjects were evaluated for their cardiovascular health. None reported73

any respiratory or cardiac disease, presenting normal spirometric values. The exercise74

tests were performed in the Physiology Laboratory of the Professional School of Sport75

Medicine of the Faculty of Medicine (University Complutense of Madrid). In conformity76

with the review policy statement, the experimental protocol was approved by the local77

Ethics committee of the Hospital Clinico San Carlos (HCSC). All subjects gave written78

consent to participate once the procedure and risks of the study had been explained to79

them.80

The criteria for subject selection were as follows: women aged from 18 to 55 per-81

forming regular practice of a competitive sport in national and regional tournaments82

for at least 2 years, prior to the study. All subjects trained 2 to 4 times a week between 183

and 3 hours/day. The volunteers maintained this sports practice until the day before the84

present study was carried out.85
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Dark skin Caucasian Total
N 2 25 27

Age Size (cm) Weight (kg) IMC
X± SD (22,96 ± 6,19) (163,81 ± 6,90) (57,24 ± 6,70) (21,31 ± 1,98)
Minimum 14 155 41,7 16,7
Maximum 39 182 75,4 25,18

Table 1: Anthropometric and phenotype characteristic of the population studied. Values
are expressed as mean ± standard deviation (SD).

2.2. Protocol and Testing procedure86

The study protocol included anamnesis with clinical and training history, physical87

examination (cardiovascular and pulmonary auscultation, blood pressure, weight, and88

height measurements). It was followed by a maximal treadmill incremental exercise89

test with continuous electrocardiographic (ECG) recording, ergospirometry breath-by-90

breath gas analyzer, and continuous pulse oximetry recording during warm-up, maximal91

exercise, and recovery using a commercial pulse oximeter (Pulsox-3i Minolta).92

During the athlete preparation, 10 ECG electrodes were placed for the 12-lead93

EKG reading as Fig. 1 shows, prior preparation of the area (shaving and alcohol ster-94

ilization) to ensure correct positioning of the electrodes while wearing a tubular mesh95

top. Subsequently, blood pressure was taken to establish a baseline measurement, and96

electrocardiographic readings were taken at rest in supine and standing positions. At97

the beginning of the test, time and data were synchronized among ergospirometry and98

oximeter measurements. Parameters readings and measurements during the stress test99

were collected every second.100

Figure 1. Placement of ECG electrodes in stress test.

Firstly, a pre-stress test forced spirometry was performed. In order to optimize101

the correct reading of oxygen saturation, the area where the pulse oximeter was placed102

(third or fourth finger of the right hand) was cleaned with hydrophilic absorbent cotton103

soaked in alcohol (see Fig. 2). After a minute of auto-calibration, the oximetry recording104

started, and ECG and oximeter heart rates were compared. A sphygmomanometer was105

also used to measure blood pressure during the test.106

Secondly, a mask was placed over the athlete’s nose and mouth to prevent air107

leakage and allow for proper analysis of expired gases as Fig. 3 shows. Before the stress108

test on a treadmill ergometer (HP Cosmos QUASAR 4.0) started, baseline data was109

collected while the athlete stood for one minute. In the warm-up, the athlete began to110

walk at 6 km/h and 1 % slope during 2 min. The athlete then started the effort phase111
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Figure 2. Positioning of the pulse oximeter sensor (a), its protection (b), and hand position (c).

running at 8 km/h and 1 % slope. When the maximum effort condition was attained,112

the athlete held the protective bars and jumped off the treadmill. The maximum speed113

achieved varied among individuals. When the speed of 14 km/h was reached, the slope114

was increased to 3 %. Afterward, the slope was maintained constant, while speed was115

increased every 2 min by 2 km/h until they were unable to continue. Active recovery116

was performed for 2 min at 8 km/h with a slope of 0 %. The ECG readings were taken117

every 10 s, averaging the last eight heartbeats. At different stages of the test, once the118

athlete was running at fixed speed and slope, the full-step rate (SR, in steps /min) was119

obtained by counting manually the number of steps in a 10 s interval, and the one-foot120

step was derived from that. Blood pressure was taken immediately upon test completion121

and at 3 and 5 minutes during the recovery period.122

Every one of the athletes followed the same exercise protocol. The only difference123

between the tests performed by each athlete was the level of effort (stage) reached by124

each one, depending on their physical capacity. Upon the test’s completion, the oximeter125

and ergospirometer were also disconnected.

Figure 3. Athlete with all sensors connected on the treadmill: oximeters attached to the hands,
electrodes for electrocardiographic recording, and mouthpiece with flow analyzer

126

Both, personal data and obtained data from ergospirometry, oxygen saturation127

pulse oximetry, and lactic acid measurement devices were recorded in protocol pages128

and next entered into anonymized databases. Once the treadmill exercise test was129

performed, the ergospirometric and the commercial pulse oximeter data were compared130

over time by a statistical study of the variables involved.131
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2.3. Statistical analysis132

For the statistical analysis, the quantitative variables were summarized in their133

mean, X, and standard deviation (SD). Pearson’s linear correlation coefficient and linear134

regression analysis were calculated to determine de relationships between the different135

variables. The comparison between times and independent variables of two categories136

was performed using Student’s t-test for independent samples. The comparison of137

qualitative variables with more than two categories with quantitative variables was138

performed using one-factor analysis of variance (ANOVA). The time-independent effect139

of each of the evaluated parameters was studied through an analysis of covariance.140

Statistical significance was defined at the p < 0.05 level. All statistical analyses were141

performed using IBM SPSS Statistics software program version v.15.0 (SPSS Inc.Chicago,142

IL, USA).143

3. Results144

The results obtained from the stress test for the total population of 25 healthy145

Caucasian and 2 dark skin female athletes are shown in Table 2. They practiced differ-146

ent multi-sprint-based sports, in particular, 14 volunteers practiced 11-a-side football147

(aerobic-anaerobic sport), 10 long-distance athletics (aerobic sport), 1 sprint athletics148

(anaerobic sport), and 2 basketball (aerobic-anaerobic sport). The maximum heart rate149

(HR) reached, the total duration of the test (min), the time at which oxygen desatura-150

tion begins to occur (desaturation time), basal oxygen saturation values, and the total151

decrease in oxygen saturation observed during the test (i.e., the difference between the152

basal saturation and the minimum oxygen saturation values (DBMS) reached during153

the test) were measured following the protocol described in section 2.2 . The observed154

VO2,max ranged from 37.09 to 64.78 ml/(kg·min) (with a mean of 48.9 ml/(kg·min) and a155

standard deviation of 7.61 ml/(kg·min)); the maximum HR ranged between values of156

168 and 205 bpm, with a mean of 189.81 bpm and a standard deviation of 8.54 bpm; the157

test time of between 7: 55 minutes and 14:00 minutes, with a mean of 10:45 minutes and158

a standard deviation of 1:27 minutes; the anaerobic threshold (AT) onset time fluctuated159

between 4:20 and 8:42, with a mean of 6 and a standard deviation of 0:05; the desatu-160

ration time was detected between 6:17 and 10:50, with a mean of 8:57 and a standard161

deviation of 1:18 (see tables 8, 9 and 10).162

X± SD
HR max 189,81 ± 8,54
Test total time (min) 10,759 ±1,453
Basal VO2 (ml/(kg·min)) 4,693 ±1,527
VO2,max (ml/(kg·min)) 48,90 ± 7,62
Desaturation time (min) 8,969 ± 1,317
Basal saturation 98,074 ±0,616
Difference basal saturation
- Minimum saturation 5,815 ± 2,058

Table 2: Ergospirometry measured variables for 25 healthy caucasian and 2 dark skin
female athletes obtained from the stress test.

In order to facilitate the subsequent statistical study, Tab. 3 shows the studied163

subjects divided according to their state of physical fitness based on their maximum164

oxygen consumption, as follows:165

One of the objectives of this study was to assess whether variations in oxygen166

saturation may be related to the appearance of the aerobic threshold (AeT). For this167

purpose, oxygen saturation was analyzed by observing the time at which an oxygen168

saturation decrease occurred before the aerobic threshold, called T1. Figure 4 shows a169

flowchart representing the different events of the effort test (aerobic threshold, anaerobic170



Version June 13, 2021 submitted to Biosensors 6 of 13

Physical fitness condition VO2,max Frequency Percentage
Medium 30-40 ml/(min·kg) 4 14,8 %

Good 40-50 ml/(min·kg) 11 40,7 %
Excellent >50 ml/(min·kg) 12 44,4 %

Table 3: Descriptive variables of the population according to physical fitness condition.

threshold), as well as the time oxygen saturation variations (desaturation prior to the171

aerobic threshold, desaturation time, and maximum desaturation time). T1: time to172

obtain the minimum saturation before AeT. T2: time to reach AeT from reaching the173

minimum oxygen saturation value. T3: time to observe the minimum oxygen saturation174

after the AeT. T4: time from obtaining the maximum oxygen saturation value observed175

before reaching AT.176

Desaturation
prior to 

AeT

Aerobic 
Threshold

(AeT)

Anaerobic
Threshold

(AT)

End of 
the test

Basal 
saturation

Maximum
saturation

time

Saturation
time

T1 T2 T3 T4

START 
TIME

END 
TIME

Figure 4. Flowchart representing the aerobic threshold (AeT), the anaerobic threshold (AT), and
the time oxygen saturation variations (desaturation prior to the AeT, desaturation time, and
maximum desaturation time). T1: time to obtain the minimum saturation value before AeT. T2:
time to reach AeT from reaching the minimum oxygen saturation value. T3: time to observe the
minimum oxygen saturation value after the AeT. T4: time from obtaining the maximum oxygen
saturation observed before reaching AT.

Subsequently, a statistical study of the Pearson correlation coefficient between177

the appearance time of the desaturations and their correlations with the appearance178

time of both the aerobic and anaerobic threshold was carried out. For this purpose, a179

univariate study was made for each instant time (AeT time, AT time, desaturation time,180

total test time, and minimum saturation value time) and their relationship with the181

independent variables of the study. For the relationship between quantitative variables,182

Pearson’s linear correlation coefficient was calculated. This coefficient has the property183

of being between +1 (perfect positive linear association) and -1 (perfect negative linear184

association). A null value does not indicate the absence of a relationship, but rather the185

absence of a linear association between the variables.186

Table 4 shows the Pearson correlations of the appearance time of both thresholds187

(AeT and AT), the time of desaturation, the time of duration of the test, the total decrease188

in oxygen saturation in the test, the total test time, the difference between the basal189

saturation and the minimum oxygen saturation values (DBMS), as well as the time of190

the test at which the maximum level of oxygen saturation occurs versus the quantitative191

independent variables. The values with a significance level p<0.05 are marked in bold.192

Table 5 shows an analysis of covariance to study the relationship of the variables193

with the anaerobic threshold time, aerobic threshold time, desaturation time, total194

test time, the difference between the basal saturation and the minimum found in the195
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AeT time
(min)

AT
(min)

Desaturation
time (min)

Total test
time (min)

DBMS
(min)

T3
(min)

Age -0,068 0,036 0,176 0,024 -0,196 0,126
Size 0,200 0,317 0,313 0,307 0,189 0,239
Weight 0,010 0,031 0,187 -0,079 0,139 0,054
IMC -0,168 -0,24 -0,038 -0,365 -0,011 -0,138
VO2 basal 0,096 0,025 0,050 0,132 -0,2 0,083
VO2,max 0,469 0,671 0,466 0,620 0,366 0,500
HR max -0,039 -0,190 -0,157 -0,201 -0,144 -0,058

Table 4: Pearson correlation and significance level between the variables from er-
gospirometry and the anthropometric variables of the study subjects. Values with
a significance level p<0.05 are marked in bold.

ergospirometry, and the time at which the maximum value of oxygen saturation appears.196

Phenotype, physical fitness and type of sport practiced were introduced as covariables.197

The values with a significance level p<0.05 are marked in bold.198

AeT time
(min)

AT
(min)

Desaturation
time (min)

Total test
time (min)

DBMS
(min)

T3
(min)

Phenotype
Caucassian 5,97 ± 0,94 9,56 ± 1,14 8,84 ± 1,28 10,65 ± 1,42 5,8 ±1,95 9,91 ± 1,62
Dark skin 7,16 ± 0,23 11,33 ± 0,47 10,58 ± 0,35 12,08 ± 1,53 6 ± 4,24 11,75 ± 1,06
Physical fitness
Excellent 6,13 ± 0,82 10,11 ± 1,08 9,08 ± 1,24 11,29 ± 1,22 6,66 ± 2,18 10,44 ± 1,59
Good 6,34 ± 1,00 9,84 ± 0,88 9,51 ± 0,94 10,87 ± 1,36 5,45 ± 1,81 10,48 ± 1,12
Medium 5,04 ± 0,63 8,00 ± 0,96 7,12 ± 0,84 8,83 ± 0,72 4,25 ± 1,25 7,66 ± 1,03
Type of
practiced sport
Aerobic 5,80 ± 0,61 9,90 ± 1,09 8,73 ± 1,03 10,80 ± 1,18 7,2 ± 1,92 9,40 ± 0,71
Anaerobic 6,25 ± 0,84 10,00 ± 1,05 9,22 ± 1,43 11,19 ± 1,32 5,33 ± 2,06 10,72 ± 1,89
Mixed 6,07 ± 1,10 9,51 ± 1,30 8,94 ± 1,41 10,58 ± 1,61 5,56 ± 2,03 1,000 ± 1,74

Table 5: Correlations between the appearance time of the AeT, the AT, the time of
desaturation, and the total duration of the test, with respect to phenotype, physical fitness
condition and type of sport practiced expressed by X± SD. Values with a significance
level p<0.05 are marked in bold.

Concerning the AT, we similarly performed the study as was done for the AeT.199

First, we calculated the time from the AeT to obtain the maximum value of oxygen200

saturation observed before the AT (T3), as well as the time from obtaining the maximum201

value of oxygen saturation to reach the AT (T4) as shown in Figure 4. Subsequently, the202

relationship of the phenotype and the physical condition with the AT appearance was203

studied by calculating Pearson’s linear correlation coefficient and linear regression.204

Table 9 shows the Pearson correlations and levels of statistical significance analyzed205

for the AT and the variables derived from the variations in oxygen saturation values206

occurring before the appearance of the AT and after the AeT. It can be observed a207

Pearson correlation coefficient close to 1 (0.892) statistically significant (p=0.000) when208

correlating the AT appearance time with the desaturation time. There also appears to209

be a statistically significant (p=0.048) the influence of T4 on the AT appearance of with210

Pearson correlation of 0.383.211

In the case of T4, the longer the T4 is, the later the AT appears with a Pearson212

correlation of 0.274, without reaching values of statistical significance (p=0.167).213

When comparing how both times, T3 and T4 could influence each other, we observed214

a strong negative correlation between them (-0.849), which reaches the level of statistical215
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AT time
(min)

T3
(min)

T4
(min)

Desaturation
time (min)

AT time
(min)

r(p) 1 -0,055 0,383* 0,892**
p 0,785 0,048 0,000

T3
(min)

r(p) -0,055 1 -0,849** -0,014
p 0,785 0,000 0,944

T4
(min) r(p) 0,383* -0,849 1 0,264

p 0,048 0,000 0,184
Desaturation
time (min)

r(p) 0,892** -0,014 0,264 1
p 0,000 0,944 0,184

Table 6: Pearson correlation and significance level between AeT time and variables
derived from oxygen saturation data. Data marked with * have a bilateral significance
level of 0.05 while data marked with ** have a bilateral significance level of 0.01.

significance (p=0.000), i.e., as T3 increases, T4 decreases, as can be seen in the regression216

model depicted in Figure 5.217
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4
)

Figure 5. Regression line of the time from the AeT to obtain the maximum oxygen saturation
value observed before the AT (T3) versus the time from obtaining the maximum oxygen saturation
value to reach the AT (T4).

The linear regression model of the saturation time accurately predicts the extracted218

data. We found a beta coefficient of 0.812 with p=0000 that shows statistical significance.219

Hence, it can be prophesied that for every minute that desaturation takes to appear,220

the aAT takes 0.812 minutes to appear. The coefficient of determination R2 is 0.796,221

which shows that our line predicts 79.6% of the values, that is, it explains 79.6% of the222

variability of the AT, as it can be seen in Table 10. Figure 11 shows the linear regression223

model that relates the desaturation time versus the AT time.224

4. Discussion225

Studies of the evolution of (SO2) in women during maximal exercise near sea226

level have shown that women have an early decrease in pulmonary gas exchange227

during exercise, before that of men [24]. This hypothesis is supported by the fact228

that the evolution of oxygen saturation during physical effort in women appears to229

be less than that observed in men of similar age, height, body mass and levels of230

effort. Wrongly considering that the lung of the adult woman has a lower vital capacity,231
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airways of smaller diameter and a smaller diffusion surface than that of men [26–29].232

Besides, maximal effort studies performed in women in both normoxic and hyperoxic233

environment at second ventilatory threshold (VT2) assert that the oxygen desaturation234

observed in women is the main limiting factor in achieving higher VO2,max levels rather235

than the athlete’s metabolic and muscular capacity [30]. Indeed, some studies indicate236

that women are especially vulnerable to experiencing greater exercise-induced arterial237

hypoxemia (EIAH) due to airflow limitation [24,31] as a consequence of relatively smaller238

lung size.239

On the other hand, physically active women have been found to develop a decrease240

in oxygen saturation at markedly lower oxygen intakes compared with those observed in241

men [30,32]. For example, oxygen desaturation occurs only in males with VO2,max > 60242

ml/(kg·min), however, some studies have found significant desaturations in females243

with VO2,max of 40-55 ml/(kg·min) [30,32]. Although there is evidence that hypoventila-244

tion may play a role in decreased pulmonary gas exchange in women during exercise,245

it appears that ventilation cannot fully compensate for the increased (A − aDO2) [31].246

However, no study has attempted to assess the relative contribution of the mismatch247

between the ventilation (V)/perfusion (P) ratio (V/Q) and the diffusion limitation to248

(A − aDO2) during exercise in healthy women compared with men, independent of the249

effects of lung size on pulmonary gas exchange [23,24,31].250

The multiple inert gas elimination technique (MIGET) is a method that can be251

used to specify the contribution of the V/Q imbalance and O2 diffusion limitation to252

pulmonary gas exchange [33]. Although there have been many studies that have used253

MIGET to investigate gas exchange in healthy men during exercise [34–37], only a few254

studies have included women [24,38,39].255

The MIGET technique was used to determine whether healthy physically trained256

women would develop greater V/Q ratio imbalance and/or O2 diffusion limitation257

during exercise compared with men [24]. The results of that study with eight women and258

seven men of the same age, height, and VO2,max during the performance of an exercise259

cycle under normoxic and hypoxic conditions showed that the resting lung function,260

as well as the arterial PO2 desaturation, and the PCO2 alveolo-arterial difference of O2261

(A − aDO2) were similar in both sexes. However, carbon monoxide diffusing capacity262

(DLCO) was lower in women (p < 0.05).263

Other studies assert that acute ventilatory response to hypoxia (AHVR) is not related264

to the development of EIAH during maximal exercise in trained endurance cyclists and265

untrained individuals (men or woman) [39,40]. The AHVR was related to peak oxygen266

consumption, but not to oxygen saturation. Oxyhemoglobin saturation SO2 values were267

lower in trained compared to untrained men and women (94.4 ± 0.8% vs 94.3 ± 0.7%)268

(p < 0.05). Trained female cyclists demonstrated EIAH to the same degree as trained269

male cyclists, and that some individual untrained females also exhibited EIAH. This is270

consistent with the possibility that healthy young women might be especially vulnerable271

to exercise-induced pulmonary limitation. However, it is striking that other studies272

attribute the presence of decreases in peripheral oxygen saturation to inconclusive273

problems of the respiratory system inadequacy to physical exertion, especially in women274

[31,41,42].275

Concerning the influence on the AeT appearance, the time T2 is the one that pre-276

sented statistical significance after adjusting for the 2 variables of our sample (phenotype277

and physical condition). Hence, we found that T2 is related to the time of the AeT278

appearance.279

On the other hand, concerning the influence on the AT appearance, the desaturation280

time presented statistical significance after adjusting for the same 2 variables (phenotype281

and physical condition). Therefore, it was found that they are related to the time of282

appearance of the AT.283
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5. Conclusions284

This section is not mandatory, but can be added to the manuscript if the discussion285

is unusually long or complex.286
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Abbreviations311

The following abbreviations are used in this manuscript:312

313

VT2 Second ventilatory threshold
PPG Photoplethysmography
SO2 Oxygen saturation
HbO2 Oxyhemoglobin concentration
Hb Deoxy-hemoglobin
PO2 Partial pressure of oxygen
PCO2 Partial pressure of carbon dioxide
A − aDO2 Alveolar-arterial O2 difference
VO2,max Maximal oxygen uptake
EIAH Exercise-induced arterial hypoxemia
V/Q Ventilation (V)/Perfusion (P) ratio
MIGET Multiple inert gas elimination technique
AHVR acute hypoxia ventilatory response

314

Appendix A315

Appendix A.1316

A statistical study of Pearson correlations was performed concerning the evolu-317

tionary and temporal parameters of oxygen saturation and the aerobic and anaerobic318

thresholds, obtained by ergospirometry. Table 7 shows the Pearson correlations and319

statistical significance levels analyzed with respect to the AeT and the variables derived320

from the variations in oxygen saturation values that occurred before the appearance of321

this threshold.322
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AeT time
(min)

DBMS
(min)

Desaturation
time (min)

T3
(min)

AeT time
(min)

r(p) 1 0,044 0,375 0,274
p 0,827 0,054 0,167

DBMS
(min)

r(p) 0,044 1 0,248 -0,228
p 0,827 0,213 0,253

Desaturation
time (min) r(p) 0,375 0,248 1 -0,789**

p 0,054 0,213 0,000
T3
(min)

r(p) 0,274 -0,228 -0,789** 1
p 0,167 0,253 0,000

Table 7: Pearson correlation and significance level between AeT time and variables
derived from oxygen saturation data. Data marked with ** have a bilateral significance
level of 0.01.

We observed that the longer the T1, the longer the time of appearance of the AeT323

(Pearson correlation of 0.375), although it does not reach values of statistical significance324

(p=0.054). As for T2 the longer it lengthens, the later the AeT appears (Pearson’s cor-325

relation of 0.274), without reaching values of statistical significance (p=0.167). When326

comparing how both times, T1 and T2, could influence each other, we observed a nega-327

tive correlation between them (-0.789), i.e., as T1 increases, T2 decreases, as can be seen328

in Figure A1.329
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Figure A1. Regression line of the time of the test at which the lowest oxygen saturation before
reaching the aerobic threshold (T1) is observed with respect to the time elapsed from the lowest
oxygen saturation before reaching the aerobic threshold to the anaerobic threshold (T2)

A este párrafo hay que darle una vuelta, no lo entendí muy bien y no sé si la traduc-330

ción está bien Since the phenotype and the maximal oxygen consumption (classified into331

3 levels of physical condition) influenced the appearance of the AeT, a linear regression332

model was performed adjusted for the phenotype and the physical condition. When333

adjusting these 2 factors, the T1 time lost statistical significance (p=0.473), with the β334

factor being lower than before adjusting (0.99). Therefore, if the phenotype (p=0.289)335

and physical condition (specifically good concerning the medium, with p=0.075; and336

excellent concerning the medium, with p=0.057) are taken into account, the effect of T1337

on AeT is lost, finding 31% of the variability of AeT, (R2= 0.31) which may be mainly338
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due to physical condition, although as can be seen in Table 8 it does not reach statistical339

significance.340

Unadjusted effect
fi coefficient p IC 95% R2

Saturation time before AeT (T1) 0,239 0,054 -0,004;0,483 0,141
Adjusted effect

Saturation time before AeT (T1) 0,099 0,473 -0,182; 0,380 0,310
Physical condition

Excellent vs medium 0,951 0,075 -0,104;2,007 -
Good vs medium 1,084 0,057 -0,033;2,201 -

Phenotype
Dark skin vs Caucassian 0,778 0,289 -0,706;2,261 -

Table 8: β and R2 parameters and for the AeT with respect to the time of the test at which
the lowest oxygen saturation is seen before the AeT is reached (T1). Both the unadjusted
and the adjusted effect for the phenotype and physical condition are detailed.

Appendix B341

All appendix sections must be cited in the main text. In the appendices, Figures,342

Tables, etc. should be labeled, starting with “A”—e.g., Figure A1, Figure A2, etc.343
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