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Abstract

Determination of the heart rate recovery (HRR) after the 
session of a physical activity, represents the valuable pa-
rameter for the investigation of autonomic balance and 
its dynamic in the general population, but also in the 
population of elite athletes. However, the methodolo-
gy for its determination and analysis is still not entirely 
specified. It is necessary to define an adequate protocol 
of cardiopulmonary exercise test, by choosing an ade-
quate ergometer (treadmill, ergo-bicycle or step bench). 
Organization of recovery period (active or passive), after 
the session of exercise is also very important, because its 
protocol interfered significantly with the value of HRR. 
Interpretation of obtained HRR values varies a lot, and 
researcher has freedom to choose the most adequate 
way, in accordance with the objectives of his study. Fol-
lowing paper represents a short review of determination, 
interpretation and analysis of HRR, followed by the latest 
recommendations.
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Sažetak

Praćenje oporavka srčane frekvencije nakon sesije fizičke 
aktivnosti (engl. heart rate recovery, HRR) predstavlja veoma 
značajan parametar koji možemo koristiti u cilju izučavanja 
balansa autonomnog nervnog sistema, kako u opštoj popu-
laciji, tako i u populaciji vrhunskih sportista. Metodologija 
koja se koristi za određivanje i analizu HRR, međutim, još uvek 
nije adekvatno definisana. Prvenstveno je potrebno definisa-
ti adekvatan protokol testa opterećenja koji koristimo u svrhu 
određivanja HRR, a zatim i odabrati odgovarajući ergometar 
(tredmil, ergo – bicikl ili step – klupica). Potrebno je definisati 
i protokol perioda oporavka (da li će oporavak biti aktivan ili 
pasivan), budući da odabrani protokol značajno utiče na do-
bijene vrednosti HRR. Interpretacija dobijenih vrednosti HRR 
veoma varira od studije do studije, tako da istraživači imaju 
slobodu da izaberu način interpretacije koji najviše odgovara 
potrebama specifičnog istraživanja. Uzevši u obzir gore na-
vedene činjenice, naš rad predstavlja jedan kratak pregled 
protokola koje možemo koristiti u određivanju, interpretaciji 
i analizi vrednosti HRR, prateći najnovije preporuke.
Ključne reči: oporavak srčane frekvencije, test fizičkog op-
terećenja, maksimalna potrošnja kiseonika, balans autono-
mnog nervnog sistema

Introduction
In recent years, determination of the heart rate recov-
ery (HRR) after one session of the acute physical activi-
ty, represents a very powerful tool for the determination 
of the autonomic nervous system balance in the general 
population, but also in the population of elite athletes. 
The rapid recovery of the heart rate, interpreted through 
the high HRR value, indicates the high parasympathet-
ic (PSY) tone, which represents a common finding in 
the population of elite athletes (1-3). Many studies have 
demonstrated that the drop in heart rate in the first min-
ute of recovery (ΔHRR1) represents a good indicator of 

PSY reactivation (1, 4, 5). The delay in recovery of heart 
rate is associated with adverse cardiovascular outcomes 
and occurrence of insulin resistance (4, 6). On the oth-
er hand, faster recovery of heart rate suggests a positive 
adaptation to specific training load and also provides us 
information about athletes’ training status (7). Despite 
the increasing popularity, the methodology for determi-
nation and analysis of HRR is not entirely uniformed, 
and there is often the problem of comparing the results 
of different studies (8).
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Cardiopulmonary exercise test in HRR
methodology - opportunities and challenges
Analysis of several studies, in which HRR was estimated, 
have indicated that the first problem for the researches is 
the choice of an adequate ergometer. The use of a tread-
mill is most preferred ergometer for cardiopulmonary 
exercise test, followed by the use of an ergo-bicycle and 
step-benches (1-3, 8). All of the subjects have reached high-
er values of maximal oxygen consumption (VO2 max), 
when treadmill was used as ergometer in comparison to 
the use of ergo-bicycle, which also led to the significant 
difference in HRR values (9). Although the use of a tread-
mill, shows the mentioned advantages, ergo-bicycle will 
be adequate choice when it is necessary for the subjects 
to remain as stable as possible during the cardiopulmo-
nary exercise test (for example when echocardiography is 
performed). Beside the choice of adequate ergometer, the 
position of the subject during the test is also affecting the 
values of HRR, knowing that supine position accelerates 
HRR compared with the seated positions (10-12).

The estimated value of HRR is also determined by the lev-
el of physical activity used in the study Criteria, for the 
completion of the test: a plateau in VO2max despite the 
increased exercise intensity; respiratory exchange ratio 
value (RER max) ≥ 1.10; heart rate within 10 beats of the 
age predicted maximum (220 – age) or volitional fatigue 
(3). The use of submaximal cardiopulmonary exercise test 
(for example, the cardiopulmonary exercise test ends, 
when the 80% of predicted maximal heart rate is reached) 
requires a different set of standards for the value of HRR, 
since the value of the heart rate at which testing ends, de-
pends on the age of subjects (4). 

There are different ramp protocols on treadmill used in 
studies, but the Bruce protocol remains the most popular. 
However, if the maximal cardiopulmonary test is per-
formed, the protocol itself, does not influence the value 
of the HRR (13). On the other hand, the recovery proto-
col after the session of physical exercise, influences sig-
nificantly the value of HRR. In some studies, the active 
recovery protocol is used, in which the subject, after the 
completion of the test, continues with low grade physi-
cal activity (walking on the treadmill with the speed of 
4km/h). Subjects that preformed active recovery protocol 
have demonstrated lower HRR values in comparison to 
the subjects that had the immediate rest state after the 
maximal cardiopulmonary exercise test. A position that 
subjects occupy during the recovery period also affects 
the value of the HRR, with the faster recovery in the su-
pine position (3, 8, 12).

Interpretation of HRR values
There is still no universal agreement about the most 
suitable method of interpretation of the heart rate re-
covery for the comparison of results obtained in differ-
ent studies. The most commune is the interpretation of 
the HRR as the difference between maximal heart rate 
reached during maximal cardiopulmonary exercise test 
and the heart rate determined during the first, second or 
third minute of recovery (HRR1, HRR2, HRR3, respec-
tively). HRR1 and HRR2 are widely used and validated 
through numerous studies as the adequate method for 
the interpretation of the autonomic balance (3, 14 - 16). 
Other method of heart rate recovery analysis includes the 
construction of HRR curve, using mathematical func-
tions, such as exponential disintegration. The first order 
exponential curve represents an adequate parameter for 
displaying the dynamic changes in heart rate during re-
covery, but the complexity and time required for its devel-
opment and interpretation, as well as the lack of valida-
tion through epidemiological studies, gives the priority to 
the HRR1 and HRR2 in the everyday clinical use (8, 17).

In the literature, there are different ways to interpret the value 
of HRR. In some studies, the HRR is presented as a contin-
uous variable, while in others, subjects are allocated within 
the tertiles and quartiles based on the value of HRR (1,3,18). 
Within the epidemiological and clinical aspect, it is most im-
portant to define the value of HRR, that will indicate whether 
a subject is in a life-threatening condition or not. For HRR1, 
it is defined, that values lower than 12 min-1 and even lower 
than 17 min-1 represent the pathological finding, pointing to 
an imbalance of the autonomic nervous system. The degree 
of deviation of HRR1 value from the predefined cut off, is 
directly related to the frequency of adverse outcomes (8, 17).

Significantly higher values of heart rate recovery are ob-
served in the population of elite athletes, compared to 
the general population (19, 20). The recovery of the heart 
rate is initially (during the first minute of the recov-
ery) predominately conditioned by the activation of the 
parasympathetic part of the autonomic nervous system. 
Population of elite athletes is characterized with high-
er parasympathetic tone, so it is expected to find faster 
heart rate recovery in this population in comparison to 
the general population (1 - 3). However, in the population 
of elite athletes, we can observe significant differences 
in the heart rate recovery, caused by the type of physi-
cal activity performed by subjects. Elite athletes engaged 
with physical activity characterized by high dynamic 
component (cross-country skiing, marathon, basketball, 
cycling, etc.) express an increased parasympathetic tone 
and significantly higher values of HRR1 compared to the 
athletes engaged with physical activity, characterized by 
low dynamic component (gymnastics, martial arts, golf, 
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etc.). The most supportive hypothesis is that increased 
parasympathetic tone expresses a protective effect on the 
cardiovascular system, causing higher survival rate in the 
population of elite athletes (21). However, further investi-
gation of this hypothesis is quite necessary.

Conclusion
Evaluation of HRR1 and HRR2 is a routine part of the 
cardiopulmonary exercise test. These parameters could 

be easily measured and they provide valuable informa-
tion about the balance and dynamic of the autonomic 
nervous system. Depending on the needs of the study, re-
searchers can present these values as continuous variables 
or within adequate percentile groups. It is necessary to 
deal with the standardization of the methodology (pro-
tocol of the cardiopulmonary exercise test and recovery 
protocol after the session of the physical activity), so the 
results obtained in different studies could be compared 
with each other.
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