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ORIGINAL ARTICLE

Effects of Aerobic Exercise Training on the Heart
rate-Work rate Relationship and Estimation of

Anaerobic Threshold in Obese Females

Aim: The purpose of this study was to assess the effects of aerobic training on the relationship between the
heart rate deflection point and anaerobic threshold (AT). 

Patients and Methods: Seventeen untrained, obese subjects (body mass index: 39.5 ± 1.2 kg/m2) completed
2 incremental ramp exercise tests (15 W/min) up to the point of exhaustion using an electromagnetically-
braked cycle ergometer; once at the onset and once at the end of a 4-week period. All subjects participated in
a regular anaerobic exercise training programme (45 min, 3 times per-week, for 4 weeks) combined with a
hypocaloric diet. Heart rate was recorded with a polar monitor. AT was estimated using the ventilation-
metabolism relationship, but was determined from capillary blood lactate samples. 

Results: Of all the subjects, only 4 (23.5%) had a heart rate deflection during pre-training, while 3 (17.6%)
did during post-training conditions. Additionally, the heart rate deflection point overestimated (20.6%) the
AT: 90.0 ± 7.2 W vs. 75.7 ± 6.5 W (P = 0.01). After training, the heart rate-work rate relationship changed
in 7 subjects. 

Conclusion: These data indicated that a deflection point in heart rate does not often occur, and, when it does,
it does not coincide with AT, either in pre-training or post-training conditions. 
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Obez Bayanlarda Aerobik Egzersiz Antrenman›n›n Kalp At›m-‹fl Gücü ‹liflkisine
ve Anaerobik Eflik Hesaplanmas› Üzerine Etkileri

Amaç: Bu çal›flman›n amac› aerobik egzersizin kalp at›m k›r›lma noktas› ile hesaplanan anaerobik eflik üzerine
etkilerini incelemek. 

Hastalar ve Yöntem: On yedi antrenmans›z obez denek (beden kitle indeksi 39.5 ± 1.2 kg/m2)
elektromanyetik bisiklet ergometre ile çal›flman›n bafl›nda ve dördüncü haftas›n›n sonunda olmak üzere iki tane
artan yüke karfl› yap›lan egzersiz testini yoruluncaya kadar devam ettirdiler. Bütün denekler hipokalorik diyet
tedavisi ile kombine olarak düzenli aerobik egzersiz antrenman program›na al›nd›lar (45 dk, 3 defa her hafta,
4 hafta süre ile). Kalp at›m› polar monitör ile kaydedildi. Anaerobik eflik ventilasyon-metabolizma iliflkisi ile
hesapland› ve kapiller kan laktat örnekleri ile tespit edildi. 

Bulgular: Bütün deneklerde kalp at›m h›z›nda k›r›lma noktas› gözlenmedi, antrenman öncesi yaln›zca dört
denek (%23.5) ve antrenman sonras› üç denekte (%17.6) kalp at›m›nda k›r›lma noktas› gözlendi. ‹lave olarak,
kalp at›m k›r›lma noktas› anaerobik eflikten sonra oldu: 90.0 ± 7.2 W ve 75.7±6.5 W (P=0.01). Antrenman
sonras›, kalp at›m h›z›-ifl gücü iliflkisi yedi denekte de¤ifliklik gösterdi. 

Sonuç: Bu sonuçlar bize kalp at›m›ndaki k›r›lma noktas›n›n ço¤unlukla görülmedi¤ini, görüldü¤ünde ise
antrenmanl› ve antrenmans›z durumda anaerobik eflik ile uyum göstermedi¤ini ortaya koymaktad›r. 

Anahtar Sözcükler: Egzersiz testi, kalp at›m k›r›lma noktas›, anaerobik eflik, obezite
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Introduction

In clinical and sport science, various tests have been introduced to determine the
fitness level of individuals. During exercise, the point of transition from aerobic to
anaerobic metabolism, which is known as anaerobic threshold (AT) (1), has been used
as an index to assess aerobic fitness (1), to establish an appropriate level of exercise
training intensity (2), and to preoperatively evaluate a patient undergoing major surgery
(3). 



The most accurate way to measure AT is based on the
determination of the concentration of lactic acid, which
requires frequent blood draws (4). Despite some
controversy, many investigators demonstrated that AT
can be accurately estimated, non-invasively, with methods
based on ventilatory and pulmonary gas exchange indices
in laboratory conditions (5). However, estimation of AT
in subjects exercising outside of laboratory conditions is
not easy and requires specialised equipment. Conconi et
al. (6) introduced a simple, non-invasive method to
estimate AT that is based upon the heart rate-work rate
relationship. A deflection point in the heart rate-work
rate relationship occurs when exercise intensity increases
from aerobic to anaerobic intensity. It has been proposed
that an observed deviation from linearity in the heart
rate-work rate relationship during exercise coincided with
AT (6). This test has achieved much popularity due to its
relative simplicity and non-invasive nature.

There is a large body of literature concerning the
heart rate deflection point and AT estimation. The
physiological mechanisms of the deflection point in the
heart rate-work rate relationship have yet to be
completely understood. The results of the studies of the
heart rate-work rate relationship are controversial; some
studies showed a good relationship between the heart
rate deflection point and AT (7-9), while others observed
no significant relationship between the two (10,11). 

To the best of our knowledge, however, a limited
number of studies have been performed to assess the
physiological effect of aerobic fitness on the heart rate-
work rate relationship and AT estimation. The aim of this
study was to assess the effects of aerobic training on the
deflection point in the heart rate-work rate relationship
and estimation of AT during incremental exercise tests.

Materials and Methods

Total of 17 obese women (body mass index > 30
kg/m2), who sought therapy for obesity at the
Endocrinology Department of our university hospital,
voluntarily participated in the study. The subjects’ mean
(± SE) age, height, and body mass index (BMI) were
39.94 ± 2.7 years, 156.4 ± 1.2 cm, and 39.5 ± 1.2
kg/m2, respectively. The nature of the study was
explained to the subjects, and they were given an
opportunity to ask questions about anything that was

unclear. The protocol for this study was approved by the
local Ethics Committee and informed, written consent
was obtained from each patient at the beginning of the
study. Before the study, each participant underwent a
standard physical examination and laboratory tests to rule
out abnormalities. This pre-participation medical
screening included medical history, physical examination,
hormonal analyses, and cardiovascular risk assessment.
The patients with cardiac problems (ECG abnormality)
and hormonal dysfunction of cortisol, thyroid, and insulin
were excluded from the study. Concomitantly, all patients
were encouraged to have a nutritionally balanced, mildly
hypocaloric diet with an energy content of approximately
1200-1600 kcal/day. Body weight and height were
measured to the nearest 0.1 kg and 0.5 cm, respectively.
Body compositions were assessed using the leg-to-leg
bioelectrical impedance method (Tanita Body Fat
Analyser, model TBF 300). 

The subjects were requested not to eat a heavy meal
or smoke at least 2 h before the test and to also refrain
from taking drugs or caffeine for a period of 12 h before
the test. After becoming familiar with the testing
equipment (a computer controlled, electromagnetically-
braked cycle ergometer [Lode, Examiner]), each subject
performed 2 incremental exercise tests until exhaustion
(12); once at the onset and once at the end of the 

4-week experiment period. The exercise test consisted
of an initial period of 4 min of cycling at 20 W as a warm-
up, followed by the work rate increasing by 15 W/min to
the limit of the subject's tolerance (exhaustion). The
subjects were required to maintain a constant pedalling
frequency within the range of 60-80 rpm. 

During the 4-week experiment, subjects performed
regular, intensive exercise training 3 times per week; the
training work rate was set to the AT. Each training
session lasted approximately 45 min. Throughout the
test, the heart rate was measured and recorded
continuously at 5-s intervals with use of a Polar heart
watch; these data were later downloaded to a computer
for analysis. Heart rate reserve was estimated from the
difference between heart rate at maximal exercise
performance and at rest. The predicted heart rate was
estimated (13). 

AT was non-invasively estimated using the ventilation-
metabolism relationship (14), and was actually
determined from capillary blood samples. During
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exercise, a hand-held lactate analyser (Accusport, Roche
Diagnostics, Mannheim, Germany) was used to determine
blood lactate levels (15). In addition, heart rate, in
response to the progressively increasing work rate
exercise tests, was plotted to estimate AT. 

Paired t-test was used to evaluate the statistical
significance of the differences between pre-training and
post-training responses.  The significance level was P <
0.05. 

Results

The 4-week aerobic training programme resulted in
marked reductions (P = 0.0001) in body weight (from
96.6 ± 3.0 kg to 92.4 ± 3.0 kg; -4.3%) and fat mass (P
= 0.0001) (from 44.1 ± 2.3 kg to 40.5 ± 2.1 kg; -
8.1%) (Table). Maximal exercise capacity (Wmax)
increased 33.3% (from 96 ± 4 W to 128 ± 3 W; P =
0.0001). The work rate at AT also increased 42.3%
(from 59 ± 2 W to 84 ± 2 W; P = 0.0001) after aerobic
training (Table). 

The heart rate at rest (83.3 ± 2.0 bpm vs. 77.4 ± 2.6
bpm; P = 0.02) and at 20 W cycling (129.1 ± 4.7 bpm
vs. 110.0 ± 2.9 bpm; P = 0.0001) decreased significantly
after training (Figure 1). However, there were no
statistically significant differences between pre- and post-
training values at AT (142.4 ± 4.5 bpm vs. 136.0 ± 2.7
bpm; P = 0.08) or at Wmax (159.7 ± 4.4 bpm vs. 161.1
± 3.3 bpm; P = 0.6) (Figure 1). A linear heart rate was
observed in 13 subjects (76.4%) until the point of
exhaustion in pre-training and in 14 subjects (82.3%) in

post-training conditions. A downward deflection was
observed in 2 subjects in pre-training and 3 subjects in
post-training conditions (Figure 2). An upward deflection
was observed in 2 subjects in pre-training condition
(Figure 2).

The heart rate-work rate deflection point (4 in pre-
training and 3 in post-training) did not match the AT in
any of the subjects and occurred after the AT in both
conditions (Figure 3). The work rate at the AT and at the
deflection point were 75.7 ± 6.5 W and 90.0 ± 7.2 W,
respectively; i.e. 20.6% above AT (P = 0.01). The heart
rate at the deflection point was also higher (9.9%)
compared to heart rate at the AT (154.7 ± 4.3 bpm vs.
141.1 ± 4.1 bpm; P = 0.02).

Discussion

During exercise, monitoring the heart rate-work rate
relationship provides information about
aerobic–anaerobic balance. Thus, it may be used as an
index to evaluate physical fitness (6). The steady-state
relationship between the heart rate and work rate is
linear until the AT is exceeded. With further increases in
work-rate, smaller changes may progressively occur in
the heart rate-work rate relationship. Several studies
highlighted that the transition from aerobic to anaerobic
metabolism may correspond to the heart rate deflection
point (7-9); however, there is controversy surrounding
the heart rate deflection method as researchers do not
always find a heart rate deflection during an incremental
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Table. Values (mean ± SE) and percentages of change for maximal
exercise performance (Wmax), work rate at the anaerobic
threshold (AT), body weight (BW), fat mass (FM), and fat
free mass (FFM) for pre-training and  post-training.

Pre-training Post-training % change P

Wmax (W) 96 ± 4 128 ± 3 33.3 0.0001*

AT (W) 59 ± 2 84 ± 2 42.3 0.0001*

BW (kg) 96.6 ± 3.0 92.4 ± 3.0 -4.3 0.0001*

FM (kg) 44.1 ± 2.3 40.5 ± 2.1 -8.1 0.0001*

FFM (kg) 52.5 ± 0.9 52.0 ± 1.1 -0.9 0.4NS

*significant differences, NS: not significant
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Figure 1. Heart rate (mean ± SE) response to the incremental exercise
tests: at rest, during 20 W cycling, at the AT, and at maximal
exercise performance, before (o) and after aerobic training
(∆). The vertical dashed line represents the predicted maxi-
mal heart rate.



168

ÖZÇEL‹K, O et al. Effects of Aerobic Training on the Heart rate-Work rate Relationship Turk J Med Sci

exercise test (10,11). In our study group, 76.4% of the
subjects in pre-training condition and 82.3% of the
subjects in post-training condition showed no signs of a
heart rate deflection. Another important finding of this
study was that the heart rate deflection point occurred at
much higher work rates than directly-measured AT. The
break point in the heart rate-work rate relationship
occurred at approximately 80% of Wmax. Furthermore,
the deflection point in the heart rate-work rate
relationship occurred at approximately 95% of maximum
heart rate, both pre- and post-training (10). Short-term
aerobic exercise training combined with a hypocaloric diet
resulted in marked improvements in maximal exercise
capacity (33%) and aerobic fitness as indicated by AT

(39%) (16). Reduced sympathetic activity, which occurs
in obese subjects (17), can be improved following aerobic
exercise training (18). 

Data observed in the present study did not support
the proposition that heart rate can serve as a non-invasive
marker of aerobic–anaerobic transition (10,11,19-21).
The duration of exercise stages may be responsible for
the loss of linearity between the heart rate-work rate
relationship (21). It has also been reported that the heart
rate break point is closely associated with the respiratory
compensation point, defined as a systematic decrease in
the fraction of expired CO2 (19). Whether or not the
relationship between the heart rate deflection point and
the aerobic to anaerobic metabolic transition point is
causal or simply coincidental remains to be established.
The important question to be addressed here is why do
some subjects show a heart rate deflection, while others
have a linear heart rate response? The deflection point, or
the linearity in the heart rate-work rate relationship, has
yet to be fully elucidated. Increased lactate levels (22),
exercise-induced hyperkalaemia (23), and left ventricular
ejection fraction, which is an important parameter of
myocardial function (24), have been implicated as
contributing factors to heart rate deflection during
exercise tests. During intense exercise, catecholamines
have widespread effects that further push an organism
toward its functional limits, including a break-point in the
relationship between double product (the product of
heart rate and systolic blood pressure) and work rate
(25). During exercise, noradrenaline and adrenaline levels
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Figure 2. The heart rate-work rate relationship response to progres-
sively increased work rate exercise: a) linear increase, b)
downward deflection, c) upward deflection.
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Figure 3. Work rates at the AT (WAT, grey column) and at the heart
rate deflection point (WBP, white column) during incremen-
tal exercise tests. 



have been shown to be closely associated with the onset
of a systematic increase in blood lactate concentration
(26). 

The physical condition of a particular subject may also
be responsible for the deflection point in the heart rate-
work rate relationship. In elite athletes, a downward
deflection in heart rate response to exercise has been
reported (27); however, in the present study, a
downward deflection in heart rate response to exercise
was observed in 2 subjects before training, but was not
observed after aerobic training. In the present study, an
increase was observed in the linear heart rate-work
relationship during incremental exercise tests in 4
subjects in pre-training and 3 in post-training conditions. 

The degree of heart rate deflection is highly
dependent upon the type of protocol used in the study
(28,29). It has been shown that obese subjects have

lower cardiac performance during incremental exercise
(30). Heart rate at rest and also at 20 W cycling lowered
after training in the present study, reflecting
improvement of diastolic filling and also systolic function;
however, maximal heart rate did not increase after
training. It is generally accepted that improvements in
aerobic fitness are accompanied by a lowered resting
heart rate, especially in endurance training. 

Based on the results of the present study, the validity
of the heart rate deflection point to assess AT is
uncertain, as a strong linear relationship was found
between heart rate and work rate, and the deflection
point was not associated with AT, either in the pre- or
post-training measurements. Therefore, investigators
should be cautious when AT is determined by a single
measure of heart rate-work rate response in clinical and
sports medicine.
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