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ABSTRACT

This study aimed to compare acid-base parameters between elite (ER) and amateur (AR) runners at rest and to explore
potential correlations with 10-km running. Each participant completed a 10-km time trial on a 400-meter track,
underwent an incremental exercise test in laboratory conditions, and provided a resting blood sample for analysis.
Capillary blood sample were collected from the fingertip at rest. Measurements included pH, partial pressure of dioxide
carbon (pCO,), haematocrit (Hct), haemoglobin (Hb) and lactate (Lac’), sodium (Na*), potassium (K*), chloride (CI)
and bicarbonate (HCOs.) ions. Base excess (BE) and strong ions difference (SID) was calculated. No significant
differences were observed between ER and AR for Hb, K*, Lac, and pH (p > .05). ER exhibited significantly higher
values for HCOs. (ER =28.5+1.8; AR =25.7 £ 1.7 mmol'I'"), CI- (ER = 104.4 £ 3.83; AR = 100.1 + 3.89 mmol'l"), BE
(ER=5.6£1.6; AR =3.21 £ 1.43 mmol'l") and pCO, (ER = 36.9 + 3.7; AR = 33.9 + 2.9 mmHg; p <.05). SID (ER =
49.0 £ 5.70; AR =41.3 £ 5.23 mmol'I'; p < .05) and Na* (ER = 140.0 £ 4.1; AR = 143.5 £ 3.3mmol’I""; p < .05) were
significantly lower in ER. Strong correlations were found between HCOs., SID, ventilatory threshold parameters and
10-km performance (p < .05). These findings suggest that resting acid-base status can be a useful indicator of 10-km
performance and can assist in monitoring training-induced adaptations.
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INTRODUCTION

Endurance performance is closely associated with maximal aerobic capacity (i.e., maximal oxygen uptake -
VOzmax), anaerobic capacity, and running economy (Joyner et al., 2008). Recently, the concept of critical
power/speed (CS) has emerged an additional determinant of endurance performance. This concept facilitates
the prediction of exercise tolerance by identifying the critical power (CP) and the work or distance (W' or D’)
achievable above CP. The CS model characterizes the transition between heavy and severe exercise
intensity domains, distinguishing between sustainable and unsustainable speeds over a given distance while
maintaining in a physiological steady state (i.e. stable pulmonary VOq, blood lactate levels, muscle
[phosphocreatine] and pH, muscle Oz saturation) (Jones et al., 2019; Poole et al., 2016).

Under laboratory conditions, one commonly used method to identify this domain transition involves analysing
expired gases and the identification of the second ventilatory, also known as threshold or respiratory
compensation point (RCP). The RCP has been associated with the total extra- and intra-muscular buffering
capacity (Bhambhani et al., 2007; Wasserman et al., 2011) indicating that intensities above RCP lead to a
failure to maintain pH levels, resulting in rapid acidosis. Our previous research (Lourengo et al., 2019a)
demonstrated a strong correlation between 10-km performance and the running speed at the RCP (sRCP) (r
=0.96). Moreover, we observed that both amateur and elite runners select a running pace very close to SRCP
during 10-km race.

Blood bicarbonate (HCOs') is a crucial chemical buffer, playing a pivotal role in maintaining blood pH during
exercise. An increase in resting HCOs- concentration has been shown to enhance buffering capacity. Acute
and chronic sodium bicarbonate supplementation has been associated with elevated resting HCO3- levels,
prolonging time to exhaustion and delaying the onset of acidosis during high-intensity tasks (Carr et al., 2011;
Hadzic et al., 2019). However, no studies have specifically compared endogenous blood HCOs- levels at rest
among runners and their correlation with competitive 10-km performance.

Levels of HCOs are influenced by the partial pressure of carbon dioxide (CO2) and haemoglobin (Hb) (Geers
et al., 2000), both of which are affected by mitochondrial activity and red blood cells concentration - key
adaptations induced by endurance training (Egan et al., 2013; Montero et al., 2017; Ucia et al., 2000).
Therefore, resting HCO3" levels may reveal significant training-induced adaptations.

In addition to HCOs-, several other factors such as non-bicarbonate buffers, base excess (BE) and strong
ions difference (SID) contribute to quantifying metabolic components related to blood pH control (Kellum,
2005). BE represents the amount of acid or base required to restore pH to 7.40, whilst SID is calculated as
the difference between concentrations of strong cations and strong anions (SID = [Na*+K*]-[Cl-+Lactate’])
affecting pH based on the principles of electroneutrality and mass conservation (Stewart, 1983).

Although BE has been shown to decrease during incremental exercise in marathon runners (Zoladz et al.,
1993), it is currently unclear how BE is related to running performance. Considering the relevance of acid-
base balance to endurance performance and the significant contribution of BE and SID to blood pH
regulation, we hypothesized that resting BE and SID are associated with endurance running performance.
This study aims to compare the acid-base profiles of elite and amateur runners at rest and explore their
relationships with 10-km running performance.
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MATERIALS AND METHODS

Experimental design

Initially, both professional and amateur 10-km runners individually performed a 10-km time trial on a 400-m
outdoor track, with their time to complete the distance being recorded. Two days later, they visit the laboratory
to collect blood samples at rest and underwent a maximal incremental running test to determine VO 2max and
the running speed at the gas exchange thresholds.

Participants

Twenty-six amateur runners (AR; age:35 + 6 years, body mass: 69.0 + 10.1 kg, stature: 174 £ 0.1 cm) and
nineteen elite runners (ER; age: 26 + 6 years, body mass: 67.9 + 8.7 kg, stature: 174 + 0.1 cm) participated
in the study. The ER were ranked among the top ten national ranking of 5-km and 10-km and were actively
competing in national and international events at the time of the study. All athletes refrained from exercise
for at least 48h before the tests and were instructed to maintain their usual diets for three days prior to the
study. Informed consent was obtained from all participants in accordance with the guidelines of the Ethical
Committee of University Research (n° 523/2010).

Procedures

Test 1: 10-km running trial

A 10-15-minute warm-up period preceded the test, which commenced at 9 A.M.. Participants were allowed
to hydrate ad libitum during the trial. Each subject was verbally encouraged to exert maximal effort and was
not permitted to use any time devices. The run took place on an official 400-m track, with lap times recorded
to calculate average running speed and total time test, thereby determining the average speed over the 10-
km distance (s10km).

Test 2. Blood analysis at rest

After fifteen minutes rest time (seated) capillary blood samples were collected from the fingertip using
disposable lancets (Accu-Chek SoftClix®, Roche®) and heparinized glass micro-haematocrit capillary tubes
(Clinitubes®, Radiometer Copenhagen®). Blood pH, carbonic dioxide partial pressure (pCOz2), haematocrit
(Hct), Hb and blood lactate (Lac") were immediately analysed using the Stat Profile®-pHOx®PlusL blood gas
analyser (Nova Biomedical®, MA, USA). Equipment calibration was performed immediately before and at
regular intervals during the experiment as per the manufacturer’s instructions. Coefficients of analytical
variation (CVA) are showed in Table 2.

Sodium (Na*), potassium (K*) and chloride (Cl) ions concentrations were measured using the same
equipment with ion-sensors. HCO3~ plasma concentration was derived from pCO2 using Handerson-
Hasselbach equation and BE was calculated from Hb, HCO3- and pH values by Van Skyle equation (Lang et
al., 2002).

The SID was calculated according to following equation (Stewart, 1983).
Equation 1: [SID] = ([Na*]*+[K*])~([CF]+[Lac])
Test 3. Maximal incremental test
Seventy-two hours following the time trial, all athletes performed a maximal incremental test on a treadmill

setata 1% grade, with speed increments of 0.3 km-h-! every 25 seconds until volitional exhaustion(Lourengo
etal., 2011).
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Oxygen uptake (VOz2), carbon dioxide production (VCO2), breathing frequency (Bf) and tidal volume (Vt) were
continuously measured in a breath-by-breath system (CPX/D Med Graphics, St. Paul, MN). Data was
smoothed by averaging each 25-second interval as recommended (Robergs et al., 2010). The analyser was
calibrated before each test using a known gas mixture (12% O2 and 5% COz2), and the volume sensor was
calibrated using a 3-L syringe. Laboratory conditions were set a at 21 + 1°C with relative humidity between
45-50%.

VT and RCP determinations

The ventilatory threshold running speed (sVT) and sRCP were determined using the V-Slope method (Beaver
et al., 1986) through visual inspection by three independent and experienced researchers. VO2max and the
speed of VOzmax (sVOzmax) were identified as the values corresponding to the last stage completed with
respiratory exchange ratio (RER) greater than 1.10 (D C Poole et al., 2008).

Analysis

Data are presented as mean + SEM. Differences between AR and ER groups were assessed using unpaired
t-tests. Pearson’s correlation coefficient was calculated to determine association between blood variables
and running test parameters. Correlations magnitudes were interpreted using the following scale: <0.1, trivial;
0.1-0.29, small; 0.3-0.49, moderate; 0.5-0.69, strong; 0.7-0.9, very strong; >0.9, nearly perfect (Hopkins et
al., 2009). Statistical significance was set at 5% (p < .05).

RESULTS

Ventilatory parameters and 10-km time trial

Elite runners (ER) exhibited significantly higher s10km compared to amateur runners (AR) (p < .05; t = -
11.22), as well as higher sVT (p <.05; t = -12.10); SRCP (p < .05; t =-11.98) and sVOzmax (p < .05; t =-8.91).
sVT was significantly lower and sVO2max significantly higher than the s10km in both groups (p < .05; t = -
13.78), while no differences were observed between s10-km and sRCP (p = .65; F = -1.39).

Table 1. Respiratory parameters related to maximal incremental test and 10-km running performance of
amateur and elite runners. Data are available in mean + standard deviation.

AR (n = 26) ER (n = 20)
Mean 10 km running speed (km-h-1) 13.4 £ 1.4f 18.4 £ 1.6"
sVT (km-h-1) 115+£1.1 15.9+£1.0°
SRCP (km-h-") 13.2+£1.3f 184 £1.27
sVOzmax (km-h-1) 16.7 £ 1.2% 214 £1.7%
VOzmax (ml-kg-!-min-") 575+9.6 75854

Note.*p < .05 related to AR;f-p < .05 related to sV T#-p < .05 related to SRCP; sVT-Running speed related to ventilatory threshold;
SRCP-Running speed related to respiratory compensation point;sVO2max-Running speed related to maximal oxygen consumption.

Blood parameters

No significant differences between elite and amateur runners for resting pH, Lac-, Hb and Hct (p < .05).
However, BE, pCO2 and CI- and HCOs concentrations were significantly higher in ER (p < .05; Table 2) and
Na* concentration and SID were significantly higher in AR (p <.05).

Correlation analyses revelled nearly perfect positive associations between s10-km and ventilatory
parameters, with the strongest correlation being between sRCP (0.96; p < .05) and s10-km followed by sVT
(0.95; p < .05) and sVO2max (0.94; p < .05) (Table 3). Strong relationships were also observed certain acid-
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base parameters and 10-km. Resting HCOs- concentrations were strongly correlated with 10-km performance
(r=0.74; p < .05) and with all cardiorespiratory parameters (sVT, SRCP and sVO2max). pCO2 exhibited a
strong relationship with 10-km performance (r = 0.68; p < .05) and sRCP (r = 0.68; p < .05), and a very large
relationship with sVT (r=0.71; p <.05) and sVOzmax (r = 0.76). SID showed a very strong negative relationship
with all performance parameters except for sSRCP (r = -0.67; p < .05).

Table 2. Rest acid-base blood profile and coefficients of analytical variation (CVA) of amateur (AR) and elite
(ER). Data are available in mean + standard deviation.

Parameter AR ER CVA (%)
Hb (g/dL) 15.2+0.9 14.8+£0.8 1.4
BE (mmol/L) 3.21+143 56+16" -
HCOs- (mmoliL) 25.7 £ 1.65 28.3+20" -
Hct (%) 457+29 444 +27 3.2
K* (mEg/L) 5.27+0.72 518+1.0 04
Lac- (mmol/L) 2.86 +0.86 25909 4.9
Na* (mEq/L) 1435+ 3.3 140.0 £ 4.1* 0.7
CI- (mmol/L) 100.1 £ 3.89 104.4 + 3.83" 0.2
pCO2 (mmHg) 33929 36.9+3.7" 7.2
pH 747 +0.02 7.48 £0.03 0.9
SID 49.0+5.70 41.3 £5.23" -

Note. Hb-haemoglobin; BE-base excess; HCOs--bicarbonate ion; Hct-haematocrit; K*-potassium ion; Laclactate ion; Na*-sodium
ion; Cl-chloride ion; pCO2-CO: partial pressure; SID-strong ion difference; *-significant difference in relation to AR.

Table 3. Coefficient of correlation (r) among the blood acid-base parameters, 10-km running performance
and running speeds related to the VT, RCP and VO2max.
s10km sVT sRCP  sVOamax BE Hb HCOs. pCO2 pH SID

$10 km -

sVT .95* -

sRCP .96* .96* -

sVO2max 94* 94* .95* -

BE 54* 54* 51* A48* -

Hb A40* A40* A44* 52* .03 -

HCO:s. q4* 78* 75" .82* 61 58" -

pCO2 68* 1 68* 76" 51 52 94* -

pH S57* 62* 61* g1 15 75" .85* g7 -
SID -.70* -72*  -67* -1 -64  81* -.69 -.65 -.02 -

Note. 10-km-10-km running speed; Lac-Lactate ion; SID-Strong ion difference; pH-blood pH; pCO2-Carbonic dioxide partial
pressure; Het-Haematocrit; Hb-Haemoglobin; HCOs--Bicarbonate ion; BE-Base excess; sVT-Running speed related to ventilatory
threshold; SRCP-Running speed related to respiratory compensation point; sVOzmax-Running speed related to maximal oxygen
consumption. *p <.05.

DISCUSSION

We hypothesized that indicator of the blood buffering capacity at rest (e.g., HCO3s and/or BE) could be
positively correlated with endurance performance. Our primary finding is that SID and HCO3- concentrations
were strongly related with 10-km running speed. To our knowledge, these results are the first to describe
these relationships and compare acid-base status at rest between amateur and elite athletes.
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Exercise training is known to stimulate mitochondrial biogenesis in skeletal muscle (Freyssenet et al., 1996).
Furthermore, acute bicarbonate supplementation has been associated with increased blood buffering
capacity and improved high-intensity exercise performance in exercises lasting to 1-7 minutes(Grgic et al.,
2021; Hadzic et al., 2019). However, no studies have specifically investigated the relationship between
resting HCOs- concentration and endurance performance or training status.

Jones (2008) reported that endurance training leads to a reduction in CO2 output (VCO2), a modest increase
in arterial pCO2 (PaCOz2) and elevated HCOs-during submaximal exercise. Previous studies (Tas et al., 2019;
Zoll et al., 2006) also reported that carbonic anhydrase (CA) activity can increase by 50% after 6 weeks of
continuous or interval training. Our data align with these findings, as elite runners showed higher pCO2 and
HCOsvalues at rest.

Within erythrocytes, COz2 is hydrated by CA to form HCO3- and H*. HCOs ions are transported out via AE1
transporter while haemoglobin buffers H* (Geers et al., 2000). Studies have shown that endurance training
not only increases CA transcription (Ponsot et al., 2006), but also enhances AE1 (Juel et al., 2003)
expression, facilitating HCOs- transport to plasma to further support its buffering function in blood(Putman et
al., 2003). This may also explain the strong relationship between resting HCO3- concentration and sRCP
observed in this study. Since runners maintain speeds close to SRCP for nearly the entire race time (30 to
45 minutes) (Lourengo et al., 2019b) with blood pH stable, the maintenance of HCO3- concentration is crucial.
These findings suggest that monitoring resting blood bicarbonate concentrations could serve as a predictor
of performance or training-induced adaptations. BE, representing a non-respiratory (metabolic) component
of acid-base status, indicates that endurance training also contributes to buffering agents beyond HCOs- ,
such as plasma proteins and haemoglobin (Zander et al., 2004).

SID, as an independent variable in the physicochemical approach, represents the sum of strong acid anions
and strong base cations (Greenbaum et al., 2005). Both groups, amateur and elite runners, showed higher
SID values compared to clinical reference values for healthy people (39 + 1 mmol/L) (Kellum, 2005). Higher
SID values increase blood pH (alkalosis), suggesting that endurance training induces adaptations in this
system. Lower SID values in elite runners particularly due to lower Na+ concentrations, were observed.

On the other hand, it is well established that Cl- plays essential roles in cell physiology, varying distributions
across plasma membranes. Cells actively manage ClI- levels, with some extruding and others actively
accumulating it. The CI- concentration is influenced by anion transporting proteins such as AE1, which
mediates Cl- and HCOs- exchange in rate of 1 Cl=2 HCOs in red blood cell (Geers et al., 2000). This may
also explain the difference in SID values found in this study, once to favour HCOs output from red blood
cells, will be necessary higher CI- concentration in blood. However, further studies are needed to clarify the
importance of SID on this issue. We also suggest studies that investigate these parameters with resting blood
sample collected immediately before both, 10-km running and incremental exercise. A potential limitation of
the study was the timing of the resting blood sample collection, which occurred two days after the 10-km test.

CONCLUSION

In conclusion, resting blood HCO3- concentration, along with other acid-base monitoring tools such as base
excess and strong ion difference, is related to endurance performance. Endurance training induces
adaptations that may enhance plasma buffering capacity, supporting higher exercise intensities during
training and competition. Monitoring these adaptations at rest could provide valuable insights into training
effectiveness and performance potential.

VOLUME 20 | ISSUE 2 |2025| 475



Lourengo, et al. / Acid-base status at rest and 10-km running performance Journal of Human Sport & Exercise

AUTHOR CONTRIBUTIONS

All authors contributed to all stages of the project including the writing of this manuscript. All authors have
read and agreed to the published version of the manuscript. Thiago Fernando Lourenco conceived, and
designed the study, collected the data, analysed, and interpreted the data, wrote the paper. Lazaro
Alessandro Soares Nunes collected the data, interpreted the data, wrote the paper while Guilherme G. Artioli,
Luiz E. B. Martins and Denise Vaz de Macedo interpreted the data and wrote the paper.

SUPPORTING AGENCIES

This work was supported by the Sdo Paulo Research Foundation under Grant 03/09923-2P, National Council
for Scientific and Technological Development under Grant 523383-96-7; and Development Foundation of
UNICAMP under Grant 927.7.

DISCLOSURE STATEMENT
No potential conflict of interest was reported by the authors.
REFERENCES

Beaver, W. L., Wasserman, K., & Whipp, B. J. (1986). A new method for detecting anaerobic threshold by
gas exchange. Journal of Applied Physiology, 60(6), 2020-2027.
https://doi.org/10.1152/jappl.1986.60.6.2020

Bhambhani, Y., Malik, R., & Mookerjee, S. (2007). Cerebral oxygenation declines at exercise intensities
above the respiratory compensation threshold. Respiratory Physiology and Neurobiology, 156(2),
196-202. https://doi.org/10.1016/j.resp.2006.08.009

Carr, A. J., Hopkins, W. G., & Gore, C. J. (2011). Effects of acute alkalosis and acidosis on performance: A
meta-analysis. Sports Medicine, 41(10), 801-814. https://doi.org/10.2165/11591440-000000000-
00000

Egan, B., & Zierath, J. R. (2013). Exercise metabolism and the molecular regulation of skeletal muscle
adaptation. Cell Metabolism, 17(2), 162-184. https://doi.org/10.1016/.cmet.2012.12.012

Freyssenet, D., Berthon, P., & Denis, C. (1996). Mitochondrial Biogenesis in Skeletal Muscle in Response to
Endurance Exercises. Archives of Physiology and Biochemistry, 104(2), 129-141.
https://doi.org/10.1076/apab.104.2.129.12878

Geers, C., & Gros, G. (2000). Carbon dioxide transport and carbonic anhydrase in blood and muscle.
Physiological Reviews, 80(2), 681-715. https://doi.org/10.1074/jbc.R100045200

Greenbaum, J., & Nirmalan, M. (2005). Acid-base balance: Stewart's physicochemical approach. In Current
Anaesthesia  and  Critical Care  (Vol. 16, Issue 3,  pp. 133-135).
https://doi.org/10.1016/j.cacc.2005.03.010

Grgic, J., Pedisic, Z., Saunders, B., Artioli, G. G., Schoenfeld, B. J., McKenna, M. J., Bishop, D. J., Kreider,
R. B., Stout, J. R., Kalman, D. S., Arent, S. M., VanDusseldorp, T. A., Lopez, H. L., Ziegenfuss, T.
N., Burke, L. M., Antonio, J., & Campbell, B. I. (2021). International Society of Sports Nutrition
position stand: sodium bicarbonate and exercise performance. Journal of the International Society
of Sports Nutrition, 18(1). https://doi.org/10.1186/s12970-021-00458-w

Hadzic, M., Eckstein, M. L., & Schugardt, M. (2019). The Impact of Sodium Bicarbonate on Performance in
Response to Exercise Duration in Athletes: A Systematic Review. Journal of Sports Science and
Medicine, 18, 271-281.

476 | 2025 | ISSUE 2 | VOLUME 20 © 2025 ARD Asociacion Espariola


https://doi.org/10.1152/jappl.1986.60.6.2020
https://doi.org/10.1016/j.resp.2006.08.009
https://doi.org/10.2165/11591440-000000000-00000
https://doi.org/10.2165/11591440-000000000-00000
https://doi.org/10.1016/j.cmet.2012.12.012
https://doi.org/10.1076/apab.104.2.129.12878
https://doi.org/10.1074/jbc.R100045200
https://doi.org/10.1016/j.cacc.2005.03.010
https://doi.org/10.1186/s12970-021-00458-w

Lourengo, et al. / Acid-base status at rest and 10-km running performance Journal of Human Sport & Exercise

Hopkins, W., Marshall, S., Batterham, A., & Hanin, J. (2009). Progressive statistics for studies in sports
medicine and exercise science. Medicine & Science in Sports & Exercise, 41(1), 3-13.
https://doi.org/10.1249/MSS.0b013e31818cb278

Jones, A. M., Burnley, M., Black, M. ., Poole, D. C., & Vanhatalo, A. (2019). The maximal metabolic steady
state:  redefining the 'gold standard. Physiological Reports, 7(10), e14098.
https://doi.org/10.14814/phy2.14098

Jones, N. L. (2008). An obsession with CO2. Appl Physiol Nutr Metab, 33(4), 641-650.
https://doi.org/10.1139/H08-040

Joyner, M. J., & Coyle, E. F. (2008). Endurance exercise performance: the physiology of champions. Journal
of Physiology, 586(1), 35-44. https://doi.org/10.1113/jphysiol.2007.143834

Juel, C., Lundby, C., Sander, M., Calbet, J. A. L., & Hall, G. van. (2003). Human skeletal muscle and
erythrocyte proteins involved in acid-base homeostasis: adaptations to chronic hypoxia. The Journal
of Physiology, 548(Pt 2), 639-648. https://doi.org/10.1113/jphysiol.2002.035899

Kellum, J. a. (2005). Clinical review: reunification of acid-base physiology. Critical Care (London, England),
9(5), 500-507. https://doi.org/10.1186/cc3789

Lang, W., & Zander, R. (2002). The Accuracy of Calculated Base Excess in Blood. Clinical Chemistry and
Laboratory Medicine : CCLM / FESCC, 40(4), 404-410. https:/doi.org/10.1515/CCLM.2002.065

Lourencgo, T. F., Martins, L. E., Tesutti, L. S., Brenzikofer, R., & Macedo, D. V. De. (2011). Reproducibility of
an incremental treadmill VO(2)max test with gas exchange analysis for runners. Journal of Strength
and Conditioning Research, 25(7), 1994-1999. https://doi.org/10.1519/JSC.0b013e3181e501d6

Lourengo, T.F., Nunes, L. A. S., Martins, L. E. B., Brenzikofer, R., & Macedo, D. V. (2019a). The Performance
in 10 km Races Depends on Blood Buffering Capacity. Journal of Athletic Enhancement, 8(1), 1-7.

Lourengo, T.F., Nunes, L. A. S., Martins, L. E. B., Brenzikofer, R., & Macedo, D. V. (2019b). The Performance
in 10 km Races Depends on Blood Buffering Capacity. Journal of Athletic Enhancement, 8(1), 1-7.

Montero, D., Breenfeldt-Andersen, A., Oberholzer, L., Haider, T., Goetze, J. P., Meinild-Lundby, A.-K., &
Lundby, C. (2017). Erythropoiesis with endurance training: dynamics and mechanisms. American
Journal of Physiology - Regulatory, Integrative and Comparative Physiology, 312(6), R894-R902.
https://doi.org/10.1152/ajprequ.00012.2017

Ponsot, E., Dufour, S., Zoll, J., Doutrelau, S., N'Guessan, B., Geny, B., Hoppeler, H., Lampert, E., Mettauer,
B., Ventura-Clapier, R., & Richard, R. (2006). Exercise training in normobaric hypoxia in endurance
runners. |Il. Improvement of mitochondrial properties in skeletal muscle. Journal of Applied
Physiology, 100(4), 1249-1257. https://doi.org/10.1152/japplphysiol.00361.2005

Poole, D C, Wilkerson, D. P., & Jones, A. M. (2008). Validity of criteria for establishing maximal O2 uptake
during ramp exercise tests. European Journal of Applied Physiology, 102(4), 403-410.
https://doi.org/10.1007/s00421-007-0596-3

Poole, D. C., Burnley, M., Vanhatalo, A., Rossiter, H. B., & Jones, A. M. (2016). Critical Power. Medicine &
Science in Sports & Exercise, 48(11), 2320-2334. https://doi.org/10.1249/MSS.0000000000000939

Putman, C. T., Jones, N. L., & Heigenhauser, G. J. F. (2003). Effects of short-term training on plasma acid-
base balance during incremental exercise in man. The Journal of Physiology, 550(Pt 2), 585-603.
https://doi.org/10.1113/jphysiol.2003.039743

Robergs, R. A., Dwyer, D., & Astorino, T. (2010). Recommendations for improved data processing from
expired gas analysis indirect calorimetry.  Sports  Medicine, 40(2), 95-111.
https://doi.org/10.2165/11319670-000000000-00000

Stewart, P. (1983). Modern quantitative acid-base chemistry. J Physiol Pharmacol, 61, 144-161.
https://doi.org/10.1139/y83-207

Tas, M., Senturk, E., Ekinci, D., Demirdag, R., Comakli, V., Bayram, M., Akyuz, M., Senturk, M., & Supuran,
C. T. (2019). Comparison of blood carbonic anhydrase activity of athletes performing interval and

VOLUME 20 | ISSUE 2 | 2025 | 477



https://doi.org/10.1249/MSS.0b013e31818cb278
https://doi.org/10.14814/phy2.14098
https://doi.org/10.1139/H08-040
https://doi.org/10.1113/jphysiol.2007.143834
https://doi.org/10.1113/jphysiol.2002.035899
https://doi.org/10.1186/cc3789
https://doi.org/10.1515/CCLM.2002.065
https://doi.org/10.1519/JSC.0b013e3181e501d6
https://doi.org/10.1152/ajpregu.00012.2017
https://doi.org/10.1152/japplphysiol.00361.2005
https://doi.org/10.1007/s00421-007-0596-3
https://doi.org/10.1249/MSS.0000000000000939
https://doi.org/10.1113/jphysiol.2003.039743
https://doi.org/10.2165/11319670-000000000-00000
https://doi.org/10.1139/y83-207

Lourengo, et al. / Acid-base status at rest and 10-km running performance Journal of Human Sport & Exercise

continuous running exercise at high altitude. Journal of Enzyme Inhibition and Medicinal Chemistry,
34(1), 218-223. https://doi.org/10.1080/14756366.2018.1545768

Ucia, A. L., Oyos, J. H., Ardo, J. P., & Hicharro, J. L. C. (2000). Metabolic and Neuromuscular Adaptations
to Endurance Training in Professional Cyclists: A Longitudinal Study. 50(3), 381-388.
https://doi.org/10.2170/jjphysiol.50.381

Wasserman, K., Beaver, W. L., Sun, X. G., & Stringer, W. W. (2011). Arterial H+ regulation during exercise
in  humans.  Respiratory  Physiology ~ and  Neurobiology,  178(2),  191-195.
https://doi.org/10.1016/j.resp.2011.05.018

Zander, R., & Lang, W. (2004). Base excess and strong ion difference: clinical limitations related to
inaccuracy. Anesthesiology, 100(2), 459-460. https://doi.org/10.1097/00000542-200402000-00053

Zoladz, J. A., Sargeant, A. J., Emmerich, J., Stoklosa, J., & Zychowski, A. (1993). Changes in acid-base
status of marathon runners during an incremental field test. European Journal of Applied Physiology
and Occupational Physiology, 67(1), 71-76. https://doi.org/10.1007/BF00377708

Zoll, J., Ponsot, E., Dufour, S., Doutreleau, S., Ventura-Clapier, R., Vogt, M., Hoppeler, H., Richard, R., &
Flick, M. (2006). Exercise training in normobaric hypoxia in endurance runners. Ill. Muscular
adjustments of selected gene transcripts. Journal of Applied Physiology, 100(4), 1258-1266.
https://doi.org/10.1152/japplphysiol.00359.2005

This work is licensed under a Attribution-NonCommercial-ShareAlike 4.0 International (CC BY-NC-SA 4.0 DEED).
478 | 2025 | ISSUE 2 | VOLUME 20 © 2025 ARD Asociacion Espariola



https://doi.org/10.1080/14756366.2018.1545768
https://doi.org/10.2170/jjphysiol.50.381
https://doi.org/10.1016/j.resp.2011.05.018
https://doi.org/10.1097/00000542-200402000-00053
https://doi.org/10.1007/BF00377708
https://doi.org/10.1152/japplphysiol.00359.2005
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://creativecommons.org/licenses/by-nc-sa/4.0/

