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ABSTRACT 
 
Dimkpa U. Post-exercise heart rate recovery: an index of cardiovascular 
fitness. JEPonline 2009;12(1):19-22. Cardiovascular fitness has 
traditionally been assessed by such variables as resting heart rate (HR), 
resting blood pressure (BP), cardiac output, stroke volume (SV), 
maximum oxygen consumption (VO2max), endurance capacity, HDL 
cholesterol, body fat, glucose-stimulated insulin, and total cholesterol. 
Post-exercise heart rate recovery, though a readily obtainable parameter 
and a powerful and independent predictor of cardiovascular and all-
cause mortality in healthy adults and in those with cardiovascular 
diseases, is often overlooked as an indicator of cardiovascular fitness. 
Heart rate recovery (HRR) is mainly thought to be due to 
parasympathetic reactivation and has been shown to be a remarkable 
complement to a medical and/or physical assessment of an individual. 
Clinical application of HRR after exercise has been widely studied. A 
delayed decline of heart rate has been associated with increased risk of 
cardiovascular mortality, autonomic dysfunction, diabetes, endothelial 
dysfunction, and metabolic syndrome. Similarly, HRR is associated with 
some cardiovascular fitness indices such as, maximum oxygen uptake, 
endurance capacity and central hemodynamic variables like resting 
heart rate, and resting blood pressure. In conclusion, the post-exercise 
HRR provides information that is complementary to the traditional 
cardiovascular fitness indices and should be added to the list of 
indicators of cardiovascular fitness. 
 
 
Key Words: Maximum Oxygen Uptake, Endurance Capacity, Central 
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INTRODUCTION 
 
Cardiovascular fitness represents the efficiency of the heart, lungs and vascular system in delivering 
oxygen to the working muscles so that prolonged physical work can be maintained (4). The indicators 
of cardiovascular fitness have traditionally included such variables as resting heart rate (HR), resting 
blood pressure (BP), cardiac output, stroke volume (SV), maximum oxygen consumption (VO2max), 
endurance capacity, HDL cholesterol, body fat, glucose-stimulated insulin, and total cholesterol 
levels. Thus a cardiovascular fit individual is expected to have a decreased resting HR, lower BP, 
increased cardiac output, increased SV, increase in VO2max, increased work endurance capacity, 
increased HDL cholesterol, decreased total cholesterol, reduced glucose-stimulated insulin, 
decreased body fat and generally, increased heart function with an ability to pump more blood (5,6). 
 
Heart rate recovery can be defined as the rate at which the HR declines from either maximal or 
submaximal exercise to resting levels and has been identified as a powerful and independent 
predictor of cardiovascular and all-cause mortality in healthy adults (7, 8, 9), in those with CVD (10, 
11) and diabetes (12). It has also been reported to be a remarkable complement to the medical and 
physical assessment of an individual (13). HR recovery to resting levels can take one hour after light 
or moderate  exercise (14), four hours after long-duration aerobic exercise (15), and even up to 24 
hours after intense or maximal exercise (16) and has been suggested to depend on the interaction 
among factors like exercise intensity (14, 17), cardiac autonomic modulation, and the level of physical 
fitness (18, 19, 20). Investigations aiming to quantify HRR have calculated time constants by fitting 
HR decay data to several mathematical models (21, 22, 23). Alternatively, most investigators have 
simply measured the change in HR from peak exercise to 1 or 2 minute of recovery or considered the 
slope of the decline (7, 10, 21). At the end of the exercise a decrease of 15-20 beats per minute 
(bpm) in the first minute of recovery has been shown to be typical for a healthy person (9, 24). A first 
minute reduction of post-exercise HR less than 12 bpm if recovery is active (7) or 18 bpm if recovery 
is passive in the supine position (10) after a maximal exercise test, represents an unfavorable 
prognosis for relative risk of cardiovascular mortality in asymptomatic individuals and cardiopaths (7, 
9, 10). 
 
Over the last several years, clinical evaluation of HRR as a prognostic tool for diagnosing CVD has 
been the subject of interest, with little attention given to its physiological importance. Despite several 
facts emanating from several prognostic and few physiological investigations which suggest that HRR 
is a plausible index of cardiovascular health, and a remarkable complement to the medical and 
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physical assessment of an individual, it is often overlooked as an indicator of cardiovascular fitness. 
To our knowledge, limited information exists regarding the use of HRR as a cardiovascular fitness 
indicator. Available literatures on cardiovascular fitness have mainly included such variables as 
resting heart rate (HR), resting blood pressure (BP), cardiac output, stroke volume (SV), maximum 
oxygen consumption (VO2max), endurance capacity, HDL cholesterol, body fat, glucose-stimulated 
insulin, and total cholesterol, as the major indicators of cardiovascular fitness. This review therefore 
focuses on the clinical, physiological and practical importance of HRR in relation to cardiovascular 
health and fitness and suggests the need for its inclusion as an important cardiovascular fitness 
indicator. 
 
CLINICAL APPLICATIONS OF HEART RATE RECOVERY 
 
Clinical investigations on HRR were prompted by a pharmacologic study by Imia et al (21) in which 
they computed HRR decay curves using beat by beat data and concluded that short and moderate 
term HRR curves are vagally mediated since HR decay 30 seconds and two minutes into recovery 
was prolonged with atropine and dual blockage. The HR decay for 2 minutes however, was more 
prolonged with dual blockade than with atropine alone indicating that later recovery also depends on 
sympathetic modulation. Later, other studies (25, 26, 27) have validated the observation by Imia et al 
that early HRR after dynamic exercise is mainly thought to be a function of vagal reactivation, with the 
sympathetic withdrawal becoming more important later in recovery. A faster HRR may therefore be a 
function of increase in vagal activity or reduction in sympathetic activity. Dixon et al and Du et al (28, 
29) demonstrated this fact when they found that athletes, who had higher vagal activity and lower 
sympathetic activity, had faster HR recovery than non-athletes. Similarly, Imai et al (21) in a study 
involving 20 patients with chronic heart failure and 9 athletes found that vagally mediated HRR after 
exercise is accelerated in well trained athletes but blunted in patients with chronic heart failure. A 
delayed HRR is considered an abnormal HR response and a measure of autonomic dysfunction or 
imbalance (30) and may be a reflection of a reduction in vagal tone or an exaggerated sympathetic 
activation (21). 
 
The hypothesis linking HRR to mortality arose from the work that associated the autonomic nervous 
system with sudden cardiac death (31). Decreased vagal activity has been associated with increased 
risk of death in wide spectrum of patients (31, 32). Similarly a predominance of sympathetic activity 
and a reduction in parasympathetic cardiac control has been found in patients with acute myocardial 
infarction (33). The hypothesis that HRR is an independent predictor of mortality has been tested and 
valdated in a number of studies in healthy adults (7, 8, 9, 34, 35) and in those with cardiovascular 
disease (10, 11). In these studies, a first minute reduction in post-exercise HR of less than 12 bpm if 
return to rest is active (7) or 18 bpm if recovery is passive in the supine position (10) represents an 
unfavorable prognosis for relative risk of cardiovascular mortality. Cole et al (7) studied 2428 adults, 
who were referred to exercise nuclear perfusion scans, and Nishime et al (9) studied 9454 
asymptomatic patients without history of heart failure who were referred to symptom-limited treadmill 
exercise. These studies found that a drop in HR of 12 beats per minute or less at 1 minute after peak 
exercise was associated with a relative risk of death. Later in another study involving 5234 
asymptomatic patients who underwent symptom-limited treadmill exercise, Cole et al (8) also found 
that abnormal HR recovery (<43 bpm at 2 min) predicted death even after adjusting for standard risk 
factors. Pierpont et al (22) on the other hand, demonstrated that first order decay is an inadequate 
model for HR recovery after maximal exercise but may be reasonable for sub-maximal levels. 
 
Apart from being an independent predictor of mortality, HRR is also predictive of mortality after 
adjusting for several factors (8, 10, 36). Nonetheless these studies showed limitations in their inability 
to evaluate cardiovascular mortality since it is important that cardiovascular mortality in addition to all-
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cause mortality must be evaluated as an outcome in any study of cardiac testing measures. Similarly, 
there were limited evaluation of symptomatic populations, and variations in recovery protocols and 
criterion for abnormality. It is also worthy of note that apart from the ‘normal’ reciprocal behaviour of 
the two autonomic nervous branches (e.g. increased parasympathetic and decrease sympathetic), 
another mechanism in the form of ‘mutual’ activation of the two ANS branches has also been 
demonstrated (37). Though not well investigated, this mechanism is said to oppose the reciprocal 
behaviour of the ANS branches in modulation of HRR. 
 
In order to validate the use of HRR to evaluate both all-cause mortality and cardiovascular mortality 
Shetler et al (13) in their study demonstrated that HRR is more predictive of non-cadiovascular than 
cardiovascular mortality. Furthermore, few studies have tried to evaluate some symptomatic 
conditions. For example, Desai et al (38) in their study indicated that heart transplanted individuals, 
lacking both sympathetic and parasympathetic tone, have significantly slower HRR at the first minute 
of post-exercise when compared to apparently healthy individuals, thus demonstrating the effect of 
autonomic dysfunction on HRR. Post-exercise HR less than 10 bpm has also been reported in heart 
failure and heart transplanted individuals at the beginning of recovery stage which indicates 
autonomic dysfunction and related to high mortality risk (7, 9, 22). Another study (39) also evaluated 
patients after a recent myocardial infarction.  Despite these studies, majority of previous studies have 
mainly focused on asymptomatics. 
 
The study of endothelial function is a new measure that is broadening our understanding of CVD 
development. Inability of the endothelial cells to stimulate vasodilation properly, thus impairing the 
structural and functional integrity of the vasculature, is referred to as endothelial dysfunction (40). 
Endothelial function plays a key role in determining the clinical manifestations of established 
atherosclerotic lesions (41, 42); related to subclinical measures of CVD and prospectively associated 
with an increased risk for clinical CVD events (43) and can be observed in healthy people with risk 
factors for heart disease (42). Endothelial function is reported to be suppressed by increased 
sympathetic tone (41, 44) as opposed to decrease in parasympathetic drive (45). Similarly, studies on 
psychosocial stress and negative psychosocial traits have demonstrated associations between 
endothelium function with heightened sympathetic nervous system activity (46, 47). Another study 
has also suggested that similar psychosocial factors may also be linked with decreased 
parasympathetic nervous system (48). Heightened sympathetic nervous system activity and 
suppressed parasympathetic nervous system activity impair the ability of the ANS to regulate the 
cardiovascular system (49). Heart rate recovery has been reported to be an independent predictor of 
endothelial function (41), an important risk factor for cardiovascular disease (50), and delayed due to 
autonomic dysfunction or imbalance (41). 
 
Other studies have also shown HRR to be a predictor of diabetes (12), and inversely associated with 
insulin resistance (51, 52), and other cardiovascular risk factors including, body mass index (BMI), 
abdominal obesity, HDL cholesterol in older men, (30, 53), triglycerides/high density lipoprotein ratio 
in healthy subjects (30, 54), and fasting plasma glucose in healthy and diabetic patients (55). This 
plethora of information no doubt underscores the clinical importance of HRR in the assessment of 
cardiovascular health in both asymptomatic and cardiopaths.  
 
PHYSIOLOGICAL IMPLICATIONS OF HEART RATE RECOVERY 
 
The physiological significance of HRR unlike the clinical application has not been fully explored by 
researchers. However relationships between HRR and some physiological indicators of 
cardiovascular fitness have been addressed by a number of literatures. 
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Maximum Oxygen Uptake (VO2max) Correlates Heart Rate Recovery 
Maximum oxygen consumption is the greatest amount of oxygen a person can take in and consume 
while performing dynamic exercise involving a large part of total muscle mass (56). It is considered 
the best measure of cardiovascular fitness and exercise capacity and represents the amount of 
oxygen transported and used in cellular metabolism (1). Previous studies (19, 29) have shown that 
HRR is related to VO2max. In these studies, faster HRR was observed in athletes with higher 
VO2max than non-athletes. Furthermore, some factors such as age, exercise habit, and cardiac 
vagal activity which affect VO2max are also associated with HRR. For example, age is inversely 
related to VO2max (1, 57), and HRR (19). Physical exercise has been shown to improve VO2max (1, 
58-60), and trained athletes have been reported to present faster HRR than untrained individuals (19, 
28, 29,). Goldsmith et al (61) studied 37 healthy volunteers using power spectral analysis after an 
incremental bicycle exercise, and found that those with higher vagal activity indicated higher 
VO2max. Tulppo et al (62) also in their study involving healthy males who underwent bicycle exercise 
test, demonstrated that poor physical fitness is associated with an impairment of cardiac vagal 
function during exercise. Similarly, HRR has also been shown to be mainly due to vagal activity (26, 
63). 
 
Endurance Capacity and Heart Rate Recovery 
Endurance capacity is an individual’s ability to perform exercise at both submaximal and maximal 
intensities as demonstrated either by the ability to exercise longer at a similar workload or by 
increasing the workload attained at a given heart rate (1). Increased endurance capacity has been 
shown to be one of the indices of cardiovascular fitness (4). Studies have also demonstrated that 
exercise endurance capacity is linearly related to HRR (64, 65). Similarly, HRR is accelerated in 
endurance trained athletes (66).  
 
Heart Rate Recovery and Central Hemodynamics 
Increased cardiac output, increased stroke volume, decrease in resting BP and resting HR are all 
evidences of cardiovascular fitness (4, 5, 6). After aerobic exercise training, it has been reported that 
stroke volume at rest increases due to increase in end diastolic volume; resting HR decreases due to 
greater venous return to the heart and increases in autonomic control; cardiac output increases 
primarily due to increase in stroke volume; blood flow increases through the cardiovascular system 
(67); and both resting blood pressure and blood pressure during exercise are reduced (68). 
 
It is expected that with the reactivation of the parasympathetic activity and subsequent withdrawal of 
the sympathetic activity during recovery, HR, stroke volume, cardiac contractility will decrease 
resulting in decreased cardiac output. Similarly, systemic vascular resistance and BP are also 
expected to decline, skeletal blood flow may remain elevated above resting levels, while the skeletal 
muscle pumping which contributes to increases in venous return during exercise is stopped during 
inactive recovery. No previous study to our knowledge has reported an association of cardiac output, 
stroke volume, post-exercise BP decline, venous return or blood flow during recovery with HRR. A 
previous study (69) however reported that resting HR accounted for the changes observed in HRR 
after submaximal exercise, while resting systolic blood pressure and resting diastolic blood pressure 
are shown to be inversely correlated with HRR (70). Association of HRR with changes in some of the 
central hemodynamics such as resting HR and resting BP may be due to changes in autonomic 
nervous system modulation. Parasympathetic input from vagal tone seems to contribute largely to the 
maintenance of resting HR, thus a low resting HR is suggestive of higher parasympathetic activity or 
lower sympathetic activity (71).  A decreased vagal activity at rest has been suggested as the 
mechanism that explains the increased risk associated with increased resting HR (72). Similarly, 
increased sympathetic tone and decreased parasympathetic tone at rest, hence elevated resting HR, 
has been found in inappropriate sinus tachycardia and postural orthostatic tachycardia syndrome, 
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and in chronic left ventricular dysfunction (71). Chronic activation of the sympathetic nervous system 
and/or limitation of the parasympathetic tone can increase the risk of cardiovascular events (31). 
Other studies have also suggested that well trained or physically well-fit (aerobically) individuals 
present with a lower resting HR, suggestive of higher parasympathetic activity (60, 73-75) and lower 
sympathetic activity (76). This increased parasympathetic tone which occurs with regular dynamic 
exercise has been demonstrated to decrease the risk of potentially lethal arrhythmias during 
myocardial ischemia (77). Heart rate recovery has also been demonstrated to be due to increased 
vagal activity (26, 63), with a delayed decrease in HRR reflecting a reduction in vagal tone. Both 
increased resting HR and delayed HRR have been identified to be powerful risk factors for 
cardiovascular and all-cause mortality (7, 9, 78, 79). Similarly, decrease in BP at rest is thought to be 
due to decreased sympathetic activity (68).  
  
PRACTICAL APPLICATION OF HEART RATE RECOVERY 
 
Heart rate recovery is a readily obtainable, relatively inexpensive and very simple diagnostic and 
prognostic tool that reflects the ANS and cardiac functions and which clinicians can employ in cardiac 
rehabilitation settings. It is known that abnormalities of the ANS are related with death risk but the 
way these abnormalities are measured are difficult and require sophisticated equipment and tests. As 
part of a regular routine exercise testing, HRR will provide the clinicians with prognosis for patients 
who are at risk of death and those who are at low risk. Similarly, it will provide to the exercise 
physiologists and physical fitness personnel, a guide for exercise prescription and help evaluate the 
physical fitness status of an individual. The practical application of HRR will therefore be viewed in 
two conditions; first in patients with normal HRR who are identified as being at a low risk and 
secondly in those with abnormal HRR and who are considered to be at high risk of mortality.  
 
When an individual has a normal HRR, he is at a low risk and this will allow the clinician to manage 
his or her condition conservatively without sending them for further testing and projecting them to 
essentially risky procedures. On the other hand, an individual with abnormal HRR signifies increased 
risk of cardiac death related to autonomic imbalance. Studies have indicated hope of possible 
modifications of abnormal HRR with pharmacological therapy and exercise training. 
 
Because of their effect on parasympathetic tone, the beneficial effects of ß-blockers have been shown 
in post-myocardial infarction (80), and in patients with coronary disease (81). Although other previous 
studies have indicated lack of effect of ß-blockers on early HRR (21) and in abnormal HRR noted in 
patients with congestive heart failure (82), but there remains considerable evidence of the beneficial 
effects of ß-blockers on HRR. Studies (83, 84) have also indicated supportive evidence that HRR can 
be improved or modified through exercise training. These studies however focused only on patients 
with abnormal HRR and also were not large enough to assess for the effects on mortality. 
 
DIRECTION FOR FUTURE RESEARCH 
 
Based on some of the issues raised in the foregoing paragraphs, this review therefore recommends 
the following as possible areas of future research:  

1. Further studies employing cardiac testing specifically in predicting cardiovascular disease 
rather than other life-threatening disease states should be carried out, so that decisions 
regarding cardiovascular interventions can be made. 

2. Similarly, recovery protocols and criterion for abnormality should be standardized, while more 
study should be done to elucidate which mechanism is most plausible for ANS modulation of 
HRR.  
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3. It is imperative to note that most of the previous prognostic studies on HRR focused mostly on 
the role of autonomic nervous system modulation of HRR in normal and  abnormal states. We 
therefore recommend that since the autonomic nervous system function varies with age, level 
of physical fitness, and between genders, cut-off points separating normal from abnormal HRR 
should be determined according to gender, age, and physical fitness. This means that some 
adjustments are required for the differences in a subject’s metabolic stress level at a workload 
for which normal or abnormal HRR is determined.  

4. No previous study to our knowledge has reported an association of cardiac output, stroke 
volume, post-exercise BP, venous return or blood flow during recovery with HRR. It is 
therefore recommended that further studies should be done to establish whether changes in 
these variables are related to changes in HRR after exercise. 

 
 
CONCLUSIONS 
 
In summary, studies have identified heart rate recovery after exercise (submaximal or maximal) as a 
predictor of cardiovascular and all-cause mortality and its relationship to indices of cardiovascular 
fitness has also been demonstrated. Even though there is need for further studies with more 
symptomatic populations and for standardization of protocols and criteria for abnormality, available 
evidences significantly reveal the potential importance of post-exercise heart rate recovery as an 
index of cardiovascular health. The post-exercise heart rate recovery should therefore be included to 
the list of the cardiovascular fitness and diagnostic indicators.        
 
Address for correspondence: Dimkpa U, MSc, Physiology Department, Faculty of Basic Medical 
Sciences, Ebonyi State University, Abakiliki. PMB 53, Abakiliki, Ebonyi State, Nigeria. E-mail: 
positivedoings@yahoo.com. 
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