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Abstract

The lactate threshold (LT) and respiratory compensation point (RCP) are key physiological landmarks that
demarcate moderate, heavy, and severe exercise intensity domains. However, detailed heart rate (HR) responses
across these three domains during incremental ramp exercise have not been fully characterized.

Fifty healthy young males (age: 21.3+1.3 years, BMI: 22.1+1.6 kg/m?) performed an incremental ramp exercise test
(15 W/min) until tolerance. LT was determined using the V-slope method, and RCP was identified as the point
where VE/VCO, began to increase systematically. HR was recorded beat-to-beat. Delta HR and delta work rate were
calculated across three regions: warm-up to LT (<LT), LT to RCP (LT-RCP), and RCP to maximal exercise (RCP-max).
LT occurred at 14619 W (64+4.1% of Wmax), and RCP occurred at 182+18 W (80+2.8% of Wmax). HR increased
progressively: 92.8+12 beats/min at warm-up, 144.9+11 at LT, 162.9£10 at RCP, and 188.6+7 at maximal exercise
(94.9+3.8% of predicted HRmax). Delta HR was largest from warm-up to LT (52.1£13.0 beats, p<0.05), smaller from
LT to RCP (18.0+6.5 beats, p<0.05), and moderate from RCP to max (25.6+8.0 beats, p<0.05). The work-to-HR ratio
did not differ significantly across domains (p>0.05). HR increases progressively across moderate, heavy, and severe
intensity domains during incremental ramp exercise in healthy young males, with the largest increase occurring
below LT. The work-to-HR ratio remains stable across domains, suggesting that the efficiency of work production
per heartbeat does not change significantly. These findings support the use of HR as a practical marker for
monitoring exercise intensity across different metabolic domains.

Keywords lactate threshold, respiratory compensation point, heart rate, exercise intensity domains,

incremental exercise, ramp test

Oz

Laktat esigi (LE) ve solunumsal kompanzasyon noktasi (SKN), egzersiz siddetinin orta, agir ve siddetli alanlarini ayirt
eden temel fizyolojik belirteglerdir. Bununla birlikte, artimli rampa egzersizi sirasinda bu U¢ egzersiz siddeti alani
boyunca kalp atim hizi (KAH) yanitlari ayrintili olarak hentiz tam anlamiyla karakterize edilmemistir. Elli saglikli geng
erkek katilimci (yas: 21,3+1,3 yil; BKi: 22,1+1,6 kg/m?), tolerans sininna kadar stirddrtlen artimli rampa egzersiz testine
(15 W/dk) katilmistir. Laktat esigi V-slope yontemi kullanilarak belirlenmis, solunumsal kompanzasyon noktasi ise
VE/NVCO, oraninin sistematik olarak artmaya basladigi nokta olarak tanimlanmustir. Kalp atim hizi atmdan atima
kaydedilmistir. Delta KAH ve delta is ytku Ug bolge i¢in hesaplanmistir: isinmadan laktat esigine kadar olan bolge
(<LE), laktat esiginden solunumsal kompanzasyon noktasina kadar olan bolge (LE-SKN) ve solunumsal
kompanzasyon noktasindan maksimal egzersize kadar olan bolge (SKN-maks). Laktat esigi 146+19 W diizeyinde,
maksimal is yakinin %64+4,1'inde; solunumsal kompanzasyon noktasi ise 182+18 W dizeyinde, maksimal is
yukunin %80+2,8'inde gerceklesmistir. Kalp atim hizi kademeli olarak artis géstermistir: isinma sirasinda 92,8+12
atim/dk, laktat esiginde 144,9+11 atim/dk, solunumsal kompanzasyon noktasinda 162,9+10 atim/dk ve maksimal
egzersizde 188,6+7 atim/dk olarak 6lgtlmustir. Maksimal egzersizde ulasilan kalp atim hizi, tahmini maksimal kalp
atim hizinin %94,9+3,8'ine karsilik gelmistir. Delta KAH en yuksek isinmadan laktat esigine kadar olan bolgede
gozlenmistir (52,1+13,0 atim; p<0,05). Bu artis laktat esigi ile solunumsal kompanzasyon noktasi arasinda daha
dusuk diizeyde gergeklesmis (18,0+6,5 atim; p<0,05), solunumsal kompanzasyon noktasindan maksimal egzersize
kadar olan bélgede ise orta diizeyde bulunmustur (25,6+8,0 atim; p<0,05). Is yikii/KAH orani egzersiz siddeti alanlari
arasinda anlamli farklilik gostermemistir (p>0,05). Saglikli geng erkeklerde artimli rampa egzersizi sirasinda kalp atim
hizi orta, agir ve siddetli egzersiz siddeti alanlari boyunca kademeli olarak artmakta; en buyuk artis laktat esiginin
altinda meydana gelmektedir. Is yiki/KAH oraninin egzersiz siddeti alanlari boyunca stabil kalmasi, her kalp atimi
bagsina Uretilen is verimliliginin anlamli bicimde degismedigini dustinddrmektedir. Bu bulgular, kalp atim hizinin
farkli metabolik alanlarda egzersiz siddetinin izlenmesinde pratik bir belirte¢ olarak kullaniimasini desteklemektedir.

Anahtar Kelimeler: laktat esigi, solunumsal kompanzasyon noktas, kalp atim hizi, egzersiz siddeti

alanlari, artimli egzersiz, rampa testi.
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INTRODUCTION

The cardiovascular and respiratory systems work closely to maintain homeostasis of
the energy metabolic system by regulating blood flow and gas exchange. This regulation
is vital at rest and especially during varying degrees of physical exertion (Palange &
Ward, 2007; Sietsema et al., 2020). During exercise, increased metabolic demand has a
marked impact on cardiac output through coordinated adjustments in heart rate (HR)
and stroke volume, while ventilation increases to meet oxygen demand and facilitate
carbon dioxide elimination (Ward, 2018; Sietsema et al., 2020).

Exercise intensity is a key determinant of the mechanical stress applied to organs and
metabolic systems. Therefore, it is of critical importance in the treatment, monitoring,
or recovery of patients, athletes, and healthy individuals in clinical and sports sciences
(Whipp, 1996; Ozgelik et al. 2002, Palange et al., 2007; Craighead et al., 2026). Although
there is no single widely agreed-upon definition in the scientific community, exercise
intensity is generally categorized into different types, such as mild, moderate, heavy, very
heavy, and severe (Whipp, 1996; Korzeniewski & Rossiter, 2021).

The concepts of anaerobic threshold (AT) or lactate threshold (LT) were introduced
by Wasserman and Mcllroy (1964), which simply describe the exercise intensity at which
blood lactate begins to increase systematically. Previous studies have demonstrated that
the lactate threshold can be measured easily and reliably using respiratory gas exchange
parameters (Beaver et al, 1986; Wasserman et al., 1990). According to threshold
modeling based on changes in the body’s energy metabolism, exercise intensity below
the threshold is classified as low to moderate intensity, indicating an aerobic-dominated
region (Whipp, 1996).

The exercise intensity between the LT and the respiratory compensation point (RCP)
falls within the moderate-to-heavy range. Importantly, this region is mainly dominated
by fast oxidative muscle fibers, in which metabolic (lactic) acid production is buffered by
the body’s buffer system, allowing subjects to continue exercise for approximately one
hour. The period during which the increase in metabolic acid is suppressed is defined as
the isocapnic buffering period, and its end is defined as the RCP (Sietsema et al., 2020).
Exercise intensity above the RCP indicates anaerobic exercise, characterized by fast
glycolytic muscle fibers and a progressive increase in metabolic (lactic) acid, representing
heavy to severe exercise (Sietsema et al., 2020). An incremental exercise test provides a
smooth, consistently increasing workload, allowing assessment of cardiac and
respiratory responses to changes in metabolic activity across all three exercise intensities
(i.e., moderate, heavy, and severe) (Whipp et al., 1981; Sietsema et al., 2020).

In this study, we aimed to establish heart rate responses in moderate, heavy, and very
heavy (severe) exercise zones during incremental exercise testing in healthy male

subjects.

MATERIALS AND METHODS

Subjects
A total of 50 male subjects (age: 21.32+1.3 years, BML: 22.08+1.56 kg/m?®) voluntarily

participated in the study. Before enrollment, inclusion and exclusion criteria were
applied. Participants with metabolic, cardiac, or respiratory diseases were excluded.
Subjects who smoked, consumed alcohol, or used any medication were also excluded.
Care was taken to ensure that all subjects were healthy and physically active but not
specifically trained athletes. The study was conducted in accordance with the
Declaration of Helsinki. Ethical approval was obtained from the Institutional Ethics
Committee (approval number and name of institution to be inserted by the author). All

subjects provided written informed consent before participation.
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Experimental Protocol

Each subject performed an incremental exercise test with a load increment of 15
W/min until the limit of tolerance, between 8:00 AM and 9:00 AM to control for
circadian variation. All tests were conducted in a temperature-controlled laboratory
(22-24°C).

Before exercise, a twelve-lead ECG was placed on the subjects. Heartbeats were
measured and recorded beat-to-beat throughout the study. The cardiac parameter was
continuously monitored. During exercise, subjects breathed through a low-resistance
turbine volume meter. Respiratory and gas exchange parameters were evaluated breath-
by-breath from inhaled and exhaled air. Specifically, O, uptake (VO,) and CO, output

(VCO,) were examined.

Determination of Lactate Threshold and Respiratory Compensation Point

Lactate threshold was estimated using the standard V-slope method (Beaver et al.,
1986). The respiratory compensation point was defined as the point at which VE/VCO,
began to increase systematically (Sietsema et al., 2020). During exercise, to avoid pseudo-
threshold phenomenon, subjects’ warm-up periods were monitored carefully for pre-
exercise non-specific hyperventilation (Ozcelik et al., 1999).

Heart rate values were evaluated separately for three regions:

- Warm-up to lactate threshold (<LT)

- Lactate threshold to RCP (LT-RCP)

- RCP to maximal exercise (RCP-max)

Delta HR (AHR) and delta work rate (AWR) were calculated for each region.

Statistical Analysis

Data are presented as mean * standard deviation (SD). A one-way repeated-measures
ANOVA was used to compare delta HR and delta work rate across the three regions
(warm-up-LT, LT-RCP, RCP-max). When a significant main effect was found, post-
hoc pairwise comparisons were performed using Tukey’s HSD test. Statistical

significance was set at p < 0.05.

RESULTS

The maximum exercise capacity of the subjects (mean + SD) was Wmax: 227 + 23
W. Lactate threshold was observed at 146 + 19 W, corresponding to 64 + 4.1% of Wmax.
The respiratory compensation point was observed at 182 + 18 W, corresponding to 80 +
2.8% of Wmax.

Heart rate was 81.8 + 11 beats/min during the resting phase and increased to 92.8 +
12 beats/min during warm-up. At LT, heart rate was 144.9 + 11 beats/min. At RCP, it
increased to 162.9 + 10 beats/min. At the end of exercise, heart rate was 188.6 + 7
beats/min, corresponding to 94.9 + 3.8% of the predicted maximal heart rate (198.6 + 1.3
beats/min) (Figure 1).

The delta heart rate from warm-up to LT was 52.08 + 13.0 beats (p < 0.05). Between
LT and RCP, it was 18.04 * 6.5 beats (p < 0.05), and between RCP and maximal exercise,
it was 25.64 + 8.0 beats (p < 0.05) (Figure 2). The delta work rate from warm-up to LT
was 125.9 £ 19.8 W (p < 0.05). Between LT and RCP, it was 36.6 + 9.2 W (p < 0.05), and
between RCP and maximal exercise, it was 44.9 + 8.3 W (p < 0.05).
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In addition, the relationship between heart rate and work output (produced work
load per heartbeat) was evaluated across three regions. The work-to-heart rate ratio
was 2.52 + 0.56 from warm-up to LT, 2.49 + 2.08 between LT and RCP, and 2.02 + 1.22
between RCP and maximal exercise. These differences were not statistically significant

(p > 0.05).
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Figure 1: Heart rate (mean + SD) at rest, warm-up period, at the lactate threshold, at

the respiratory compensation point, and at the end of exercise.
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Figure 2: Delta heart rate from warm-up to lactate threshold (<LT), lactate threshold
to respiratory compensation point (LT-RCP), and from respiratory compensation

point to maximal exercise (RCP—Wmax).

DISCUSSION

The primary finding of this study is that heart rate increases progressively across the
moderate (warm-up to LT), heavy (LT to RCP), and severe (RCP to maximal) intensity
domains in healthy young males, with statistically significant delta values between each
domain (p < 0.05). These results confirm that heart rate responses reliably reflect
changes in metabolic demand during incremental exercise. Heart rate—work rate
relationships have been used to evaluate metabolic response variation (Ozcelik et al.,
2004; Algul et al., 2015). Establishing optimal exercise intensity has been widely used in
clinical medicine to improve fitness and support treatment (Ozcelik et al., 2015 Kaya and
Ozdenk 2022).

The heart rate values observed at LT and RCP are consistent with previous literature.
In healthy young adults, LT typically occurs at approximately 140—160 beats/min, while

RCP occurs around 160-180 beats/min, depending on fitness level (Wasserman et al.,
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1990; Sietsema et al., 2020). Our findings support these ranges. Furthermore, the work
rates at LT (64% of Wmax) and RCP (80% of Wmax) align well with the classical
thresholds described by Whipp (1996), where LT is typically observed between 50-70%
of VO,max or Wmax, and RCP between 75-90%.

During incremental exercise, the heart rate response may appear linear or deviate to
the right or left, as reported in previous studies (Ozcelik and Kelestimur 2006, Algul et
al., 2016). In addition, hypoxic exercise could have significant impact on heart rate and
work rate relationship has been shown (Ozcelik and Kelestimur 2004). It has been shown
that the effects of weight loss programs on the heart beat-to-workload relationship in
obese patients (ozcelik and Colak 2003). The delta heart rate from warm-up to LT was
substantially larger than the delta between LT and RCP and between RCP and maximal
exercise (p < 0.05). This pattern is physiologically expected. In the moderate intensity
domain (below LT), the cardiovascular system exhibits a rapid, nearly linear increase in
heart rate to meet rising oxygen demand. In contrast, the heavy domain (LT to RCP)
shows a slower increase in heart rate, reflecting a more stable cardiodynamic state in
which stroke volume and peripheral oxygen extraction contribute significantly to the
rise in cardiac output (Korzeniewski & Rossiter, 2021). The renewed increase in delta
heart rate in the severe domain (RCP to maximal) likely reflects the additional demand
from the recruitment of fast glycolytic fibers and the progressive accumulation of
metabolic acids, which stimulate the sympathetic nervous system more strongly
(Sietsema et al., 2020).

Interestingly, the work-to-heart rate ratio decreased from warm-up to LT to RCP-
maximal exercise, but this difference was not statistically significant (p > 0.05). This
suggests that while absolute heart rate and work rate both increase significantly across
domains, the efficiency of work production per heartbeat does not change dramatically.
The large standard deviation in the RCP—-maximal interval indicates considerable inter-
individual variability in the severe domain, possibly due to differences in motivation,
pain tolerance, or anaerobic capacity.

Another important observation is that heart rate reached 94.9 + 3.8% of the predicted
maximum (198.6 + 1.3 beats/min) at the end of exercise. This indicates that subjects
achieved a true maximal or near-maximal effort, confirming the validity of the
incremental test protocol (15 W/min ramp). Achieving >90% of age-predicted maximal
heart rate is a widely accepted criterion for maximal effort (Craighead et al., 2026).

The delta work rate values between domains also deserve attention. The largest
work-rate increase occurred from warm-up to LT, as expected, since this domain covers
the transition from rest to moderate exercise. The smaller delta between LT and RCP
reflects the narrower work-rate range of the heavy-intensity domain, where the body
primarily relies on oxidative metabolism. The delta between RCP and maximal exercise
was slightly larger, consistent with the severe domain where work rate increases rapidly
but exercise duration is short.

The absence of significant differences in the work-to-heart rate ratio across domains
(p > 0.05) may seem surprising at first. One possible explanation is that, while heart rate
increases linearly with work rate in each domain, the slope of this relationship varies

across individuals. Moreover, the ratio approach may be too simplistic to capture the
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complex interactions between heart rate, stroke volume, and peripheral factors such as
O, extraction and local blood flow regulation (Palange et al., 2007).

Study Limitations

This study has several limitations. First, only healthy young male subjects were
included, so the results cannot be generalized to females, older adults, or clinical
populations. Second, lactate threshold and RCP were estimated non-invasively using
ventilatory gas exchange methods rather than direct blood lactate measurements,
although the V-slope method is well-validated (Beaver et al., 1986). Third, stroke volume
and cardiac output were not measured directly; therefore, the contribution of stroke
volume versus heart rate to the changes in cardiac output across domains remains
unknown. Fourth, the warm-up period included resting values, which may not fully
represent the transition from rest to exercise. Future studies should use a standardized

warm-up followed by a stable baseline.

CONCLUSION

In conclusion, heart rate increases significantly and progressively across moderate,
heavy, and severe intensity domains during incremental ramp exercise in healthy young
males. The largest increase occurs from rest to lactate threshold, followed by a smaller
increase between LT and RCP, and a moderate increase in the severe domain. However,
the efficiency of work production per heartbeat does not change significantly between
domains. These findings support the use of heart rate as a practical, non-invasive marker
for monitoring exercise intensity across different metabolic domains in healthy
populations.

Future studies should investigate the relationships between heart rate and work rate
in females, older adults, and patient populations (e.g., heart failure, COPD). Additionally,
direct measurement of cardiac output and stroke volume would provide deeper insight

into the mechanisms underlying the observed heart rate responses.

Kisaltmalar / Abbreviations

1RM :One Repetition Maximum

HR : Heart Rate (Kalp Atim Hizi)

VO, : Oxygen Uptake (Oksijen tiketimi)

VCO, : Carbon Dioxide Output (Karbondioksit ¢ikisi)
VE : Minute Ventilation (Dakika ventilasyonu)

AT : Anaerobic Threshold (Anaerobik esik)

LT : Lactate Threshold (Laktat esigi)

RCP : Respiratory Compensation Point (Solunumsal kompansasyon noktast)
Wmax - Maximal Work Rate (Maksimum is ytku)

WR : Work Rate (is ytku)

AHR : Delta Heart Rate (Kalp atim hizi degisimi)
AWR : Delta Work Rate (Is ytikii degisimi)

BMI : Body Mass Index (Vucut kitle indeksi)

ECG : Electrocardiogram (Elektrokardiyogram)

Beyanlar / Declarations

Etik Onay ve Katilim Onay: / Ethics approval and consent to participate

Bu calismanin hazirlanma ve yazim strecinde "Yuksekogretim Kurumlari Bilimsel Arastirma ve Yayin Etigi Yonergesi”
kapsaminda bilimsel, etik ve alinti kurallarina uyulmus olup; toplanan veriler tizerinde herhangi bir tahrifat yapilmamis
ve bu calisma herhangi baska bir akademik yayin ortamina degerlendirme icin gdnderilmemistir. Makale ile ilgili
dogabilecek her tirli ihlallerde sorumluluk yazara aittir.



Ozdenk & Ugur, 2026.
International Journal of Health, Exercise, and Sport Sciences Vol 3, issue 2, June 2026 Page 428 of 429

During the preparation and writing of this study, scientific, ethical and citation rules were followed in accordance
with the "Higher Education Institutions Scientific Research and Publication Ethics Guidelines’; no alterations were
made to the collected data, and this study has not been submitted for evaluation to any other academic publication
medium. The author is solely responsible for any violations that may arise in connection with this article. The study
was conducted in accordance with the Declaration of Helsinki.

Veri Ve Materyal Erigilebilirligi / Availability of data and material

Bu calismanin bulgularini destekleyen veriler, makul talepler Uzerine sorumlu yazardan temin edilebilir. Veri seti
yalnizca akademik amaglar icin erisilebilir olacak ve verilerin herhangi bir kullanimi, orijinal ¢alismay: referans
gosterecek ve katilimailarin gizliligini koruyacaktir.

The data that support the findings of this study are available from the corresponding author upon reasonable request.
The dataset will be accessible only for academic purposes, and any use of the data will recognize the original study
and maintain the confdentiality of the participants.

Cikar Catismas1 / Competing interests

Yazarlar, bu makalede sunulan calismayi etkileyebilecek herhangi bir ¢ikar catismasi veya kisisel iliskiye sahip
olmadiklarini beyan etmektedirler.

The authors declare that they have no known competing financial interests or personal relationships that could have
appeared to influence the work reported in this paper.

Yazar Katkilar: / Authors’ Contribution Statement

Calismanin tasarimi ve planlanmasi: C.O., F.AU,; Veri toplama, analizi ve yorumlanmasi: C.O.,, F.AU; Makalenin yazimi:
C.O., FAU,; Yazim - 6zgin taslak, yazim — gézden gecirme ve diizenleme: C.O., F.A.U. Tim yazarlar makalenin énemli
noktalarini elestirel olarak gézden gecirmis ve makalenin son halini onaylamistir. Yazarlar calismaya esit oranda katki
saglamistir.

Design and planning of the study: C.O, F.A.U; Data collection, analysis and interpretation: C.0,, F.A.U.; Manuscript
preparation: C.O,, F.AU,; Writing - original draft, writing - review and editing: C.0., F.A.U. All authors critically reviewed
the manuscript and approved the final version. The authors contributed equally to the study.

Fon Destegi / Funding

This Bu galisma, kamu, 6zel veya kar amaci gitmeyen sektorlerdeki fon saglayici kurumlardan herhangi bir 6zel destek
almamistir.

This research received no external funding.

Tesekkiir / Acknowledgements

None.

References / Kaynaklar

Algul S, Serhatlioglu S, Ozcelik O. Work rate to heart rate ratio is an effective method for calculating anaerobic
threshold during incremental exercise. Firat Univ Health Sci Med J. 2015;29(3):117-22.

Beaver WL, Wasserman K, Whipp BJ. A new method for detecting anaerobic threshold by gas exchange. J Appl
Physiol. 1986,60(6):2020-7.

Craighead DH, Simonsen C, Legaard GE, Durrer CG, Ellingsgaard H, Nyberg A, et al. Contemporary concepts in
‘exercise as medicine' and related fields. Exp Physiol. 2026;111(4):421-35.

Kaya H, Ozdenk C. Determination of fuel utulisation during subthreshold exercise indcued metabolic system
activity in healthy subjects. Anatolia Sport Research 2022:3 (2), 17-22.

Komici K, Bianco A, Cuomo A, Bianco R, lllario M, Guerra G, et al. Practical guidelines for exercise prescription
in different clinical populations. Front Sports Act Living. 2026;8:1649549.

Korzeniewski B, Rossiter HB. Skeletal muscle biochemical origin of exercise intensity domains and their relation
to whole-body VO, kinetics. Biosci Rep. 2022;42(8):BSR20220798.

Neder JA, Laveneziana P, Ward SA, Palange P. Introduction: CPET in clinical practice. Recent advances, current
challenges and future directions. In: Palange P, Laveneziana P, Neder JA, Ward SA, editors. Clinical
Exercise Testing. Sheffield: European Respiratory Society; 2018. p. x-xxv.

Ozcelik O, Aslan M, Ayar A, Kelestimur H. Effects of body mass index on maximal work production capacity
and aerobic fitness during incremental exercise. Physiol Res. 2004;53(2):165-70.

Ozcelik O, Ayar A. Effect of exercise protocol on the calculation of anaerobic threshold based on heart rate-
work rate relationship. Firat Med J. 2004,9(2):40-4. (Turkish, with English title)

Ozcelik O, Colak R: Kisa Streli Farmakolojik Tedavinin Obezlerin Kalp Atim Rezervi ve Egzersiz Performanslari
Uzerine Etkileri. T Klin Med Sci. 2003; 23: 115-119.



Ozdenk & Ugur, 2026.
International Journal of Health, Exercise, and Sport Sciences Vol 3, issue 2, June 2026 Page 429 of 429

Ozcelik O, Kelestimur H. Effects of aerobic exercise training on the heart rate-work rate relationship and
estimation of anaerobic threshold in obese females. Turkish Journal of Medical Sciences 2006: 36
(3), 165-170.

Ozcelik O, Ozkan Y, Algul S, Colak R. Beneficial effects of training at the anaerobic threshold in addition to
pharmacotherapy on weight loss, body composition, and exercise performance in women with
obesity. Patient Prefer Adherence. 2015;9:999-1004.

Ozcelik O, Ward SA, Whipp BJ. Effect of altered body CO, stores on pulmonary gas exchange dynamics during
incremental exercise in humans. Exp Physiol. 1999;84(5):999-1011.

Ozcelik, O, Kelestimur H. Effects of acute hypoxia on the determination of anaerobic threshold using the heart
rate-work rate relationships during incremental exercise tests. Physiological research 2004: 53 (1),
45-52.

Ozcelik, O, Ayan, V., & Aslan, M. (2002). Artan yiike karsi yapilan egzersiz sirasinda O2 alim is giictiarasindaki
iliski. Firat Tip Dergisi, 7(1), 602-607.

Palange P, Ward SA, Carlsen KH, Casaburi R, Gallagher CG, Gosselink R, et al. Recommendations on the use of
exercise testing in clinical practice. Eur Respir J. 2007;29(1):185-209.

Poole DC, Ward SA, Gardner GW, Whipp BJ. Metabolic and respiratory profile of the upper limit for prolonged
exercise in man. Ergonomics. 1988;31(9):1265-79.

Sietsema KE, Sue DY, Stringer WW, Ward SA. Wasserman & Whipp's Principles of Exercise Testing and
Interpretation. 6th ed. Philadelphia: Wolters Kluwer; 2020.

Ward SA. Determinants of the physiological systems responses to muscular exercise in healthy subjects. In:
Palange P, Laveneziana P, Neder JA, Ward SA, editors. Clinical Exercise Testing. Sheffield: European
Respiratory Society; 2018. p. 1-33.

Wasserman K, Beaver WL, Whipp BJ. Gas exchange theory and the lactic acidosis (anaerobic) threshold.
Circulation. 1990;81(1 Suppl):1114-30.

Wasserman K, Mcllroy MB. Detecting the threshold of anaerobic metabolism in cardiac patients during
exercise. Am J Cardiol. 1964;14:844-52.

Wasserman K, Whipp BJ. Exercise physiology in health and disease. Am Rev Respir Dis. 1975;112(2):219-49.

Whipp BJ, Davis JA, Torres F, Wasserman K. A test to determine parameters of aerobic function during exercise.
J Appl Physiol Respir Environ Exerc Physiol. 1981;50(1):217-21.

Whipp BJ, Ward SA, Wasserman K. Respiratory markers of the anaerobic threshold. Adv Cardiol. 1986,35:47-64.

Whipp BJ. Domains of aerobic function and their limiting parameters. In: Steinacker JM, Ward SA, editors. The
Physiology and Pathophysiology of Exercise Tolerance. New York: Plenum Press; 1996. p. 83-89.

Disclaimer / Publisher’s Note
The statements, opinions, and data contained in all publications are solely those of the individual author(s) and
contributor(s) and do not necessarily reflect the views of IJOSS and/or the editor(s). IJOSS and/or the editor(s)

disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions, or products
referred to in the content. IJOSS remains neutral with regard to jurisdictional claims in published maps and

institutional affiliations.



