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ABSTRACT
The purpose of this study was to determine 
the difference in heart rate recovery (HRR) 
and heart rate variability (HRV) after a 
maximal treadmill test between white and 
black men.  Sixty white (n = 30) and black 
(n = 30) college-age men volunteered as 
study subjects.  All subjects performed a 
maximal graded exercise test on a treadmill.  
HRR was determined from the difference 
between HR recorded at maximal exercise 
and the HR recorded at 1-minute (HRR1) 
and 2-minutes (HRR2) post-exercise.  HRV 
was analyzed in the supine position 5 min-
utes before and between 25 to 30 minutes 
after the exercise protocol.  The HRV was 
examined as the standard deviation of all 
successful R-R intervals (SDNN),  normal-
ized high frequency power (HFnu), and 
normalized low frequency to high fre-
quency ratio (LFnu:HFnu).  No difference 
was found in pre-exercise HRV or HRR1.  
However, racial differences were revealed in 
the following parameters: HRR 2 = 39.93 ± 
8.87 beats.min-1 in whites and 46.16 ± 8.95 
beats.min-1 in blacks (p < .01), post-exer-
cise SDNN = 35.55 ± 16.58 ms in whites 

and 48.37 ± 22.51 ms in blacks (p < .05), 
post-exercise HFnu = 16.60 ± 12.24 ms2 in 
whites and 27.62 ± 15.52 ms2 in blacks (p 
< .01), and post-exercise LFnu:HFnu = 9.48 
± 6.51 in whites and 4.85 ± 5.01 in blacks 
(p < .01).  The results of this study suggest 
that college-age black men have a faster 
parasympathetic rebound following maximal 
exercise compared to young white men. 

INTRODUCTION
At the onset of exercise, cardiac output 
rises with progressively graded work rates 
because of a prompt decrease in parasym-
pathetic activity followed by an increase in 
sympathetic outflow.1,2  After exercise, heart 
rate quickly begins to return towards resting 
values.  This is primarily due to parasympa-
thetic reactivation followed by diminishing 
sympathetic outflow.3  The assessment of 
heart rate recovery (HRR) immediately after 
exercise has become a useful method for 
analyzing cardiac autonomic modulation.4  
Lower/abnormal HRR is widely accepted as 
a predictor of premature mortality indepen-
dently of other markers of cardiovascular 
disease.4,5 

Heart rate variability (HRV) can be de-
fined as the oscillations that occur between 
adjacent QRS complexes, or more specifi-
cally the distance between successive R to 
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R intervals, as derived from an electrocar-
diogram (ECG).  Examining HRV is also a 
valuable procedure for analyzing autonomic 
influence.6  Depressed HRV has been linked 
to abnormal cardiovascular autonomic 
modulation and is a valuable predictor of 
fatal and non-fatal cardiovascular events in 
clinical and asymptomatic populations.7-9

Relative to white individuals, blacks 
suffer from greater cardiovascular disorders 
and death at any age and have higher rates 
of hypertension, which can manifest itself 
in early ages.10,11,12,13  Individuals who are at 
higher prevalence of cardiovascular disease 
and hypertension have been shown to have 
a dysfunctional autonomic nervous sys-
tem.4,5,7,14  Therefore, it has been suggested 
that differences exist in cardiovascular 
autonomic modulation between whites and 
blacks populations.15,16,17

While differences have been revealed 
between white and black individuals in HRV 
and HRR, the extent of these differences 
have yet to be fully elucidated.  Some stud-
ies suggest that whites have a superior HRV 
profile at rest compared to blacks, while 
others report either opposite findingsor no 
difference between the two
races. 15,16,18,19, 17,20,21,22,23  In addition, few 
studies are available to suggest a racial 
difference in post-exercise cardiovascular 
autonomic function.24,25  The data regarding 

the effects of race on cardiac autonomic con-
trol are mixed and more research in this area 
is needed.  Furthermore, there are no studies 
available to address a racial difference in 
post-exercise HRV.  The primary aim of this 
investigation was to determine the difference 
in heart rate recovery (HRR) and heart rate 
variability (HRV) after a maximal treadmill 
test between white and black college-age 
men.  

SUBJECTS AND METHODS
Subjects
Sixty white (n = 30) and black (n = 30) men 
participated in this study.  Each subjects 
provided informed consent in writing and 
the study was approved by the Institutional 
Review Board for Human Participants.  De-
scriptive statistics are represented in Table 
1. Subjects reported ethnicity/race as either 
Non-hispanic/White or Non-hispanic/Black 
over three generations.  All participants 
were non-smokers and had no history or 
clinical signs of cardiovascular or pulmo-
nary diseases.  Subjects were excluded if 
they were hypertensive (i.e., blood pres-
sure > 140/90 mmHg), currently taking any 
prescribed or over-the-counter medications, 
currently smoked or had quit smoking 
within 6 months, and/or displayed abnormal 
ECG patterns.  All data was collected for 
each subject on one visit to the lab during 
one of two 2-hour time slots: 7:00 to 9:00am 

Whites (n = 30) Blacks (n = 30)
Age (yrs) 22.30 ± 3.14 23.20 ± 3.23

Height (cm) 181.78 ± 6.74 182.39 ± 8.42
Weight (kg) 82.30 ± 10.22 85.67 ± 11.02

BMI (kg/m2) 25.00 ± 2.34 25.70 ± 3.00
BF% 10.20 ± 4.40 9.91 ± 5.00

VO2max (ml/kg/min)* 48.13 ± 7.99 42.60 ± 6.47 
SBP (mmHg) 122.73 ± 10.45 123.30 ± 8.90

DBP (mmHg)* 71.13 ± 8.06 77.73 ± 8.06
RHR (beats/min) 60.53 ± 7.60 60.70 ± 9.26

Table 1: Descriptive Statistics

All values are reported as means ± standard deviations.  BMI = body mass index, BF% = body fat percentage, SBP 
= systolic blood pressure, DBP = diastolic blood pressure, RHR = resting heart rate, * racial differences exist, p < 
0.05.
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or 9:00 to 11:00am on any day of the week. 
The subjects were instructed to not consume 
alcoholic beverages or sympathomimetic 
agents 24 hours before the test and to not eat 
at least 3 hours before the test.  
Anthropometric Variables

Height was measured with a wall mount-
ed stadiometer (SECA) and rounded to the 
nearest 0.1 cm.  Body weight was measured 
with a digital scale (TANITA BWB-800A) 
and rounded to the nearest 0.1 kg.  Body 
mass index (BMI) was calculated as height 
divided by weight squared (kg/m2).  Body 
fat percentage (BF%) was estimated via the 
7-site skinfold method as described by writ-
ten standards.26 
Maximal Graded Exercise Test
All subjects performed a maximal graded 
exercise test on a Parker Treadmill (Parker 
Co., Opelika, AL).  The Bruce protocol was 
employed during each exercise test. The pro-
tocol incorporated a series of 3-minute stag-
es with progressively increased workloads 
(i.e., speed and grade) until the subjects met 
the criteria for VO2max which was consid-
ered to be achieved if two of the four fol-
lowing criteria occur: a plateau in VO2 with 
increasing work rate; RER > 1.10; heart rate 
within 10 beats of age predicted maximum 
(220 – age); or volitional fatigue.  During 
the test, an Applied Electrochemistry (AM-
ETEK, Pittsburg, PA) metabolic analyzer 
was used to determine the concentration of 
expired gases (oxygen and carbon dioxide) 
via a continuous manner at the mouth with 
a pneumotach.  All data was recorded on a 
personal computer (PC) every 30-seconds 
using Turbofit 5.06 software (VACUMED, 
Ventura, CA).  Once the subjects achieved 
VO2max, a 3-minute cool-down period was 
allowed.  During this time, the speed was 
decreased to 2.5 mph at a 1.5% grade.  
Heart rate recovery
Heart rate was examined before, during, and 
after the maximal exercise test with an ECG.  
A modified lead II configuration using three 
Ag/AgCl electrodes (BIOPAC ES509) was 
used for the ECG recordings.  The elec-
trodes were interfaced with a Biopac MP100 

data acquisition system (Goletta, CA).  All 
data was stored in a designated PC for 
analysis.  The ECG sampling frequency was 
set at 1000 Hz.

To examine HRR, the heart rate that 
corresponded to VO2max (i.e., the maximal 
heart rate[MHR]), the heart rate at 1-minute 
cool-down (i.e., HR1) and the heart rate at 
2-minutes cool-down (HR2) were recorded.  
HRR was determined from the difference 
between MHR and the HR recorded at 
1-minute (HRR1) and 2-minutes (HRR2) 
post-exercise.  
Heart rate variability

Before exercise, each subject assumed 
a supine position.  The subjects remained in 
this position for 10 minutes prior to the ex-
ercise test.  Following the cool-down period 
of exercise, subjects once again assumed a 
supine position for 30 minutes.  During the 
pre- and post-exercise ECG recordings, all 
external stimuli (e.g., external noise) were 
excluded and the laboratory was dimly lit 
and climate controlled.  

      Heart rate variability was analyzed 
during the last 5 minutes of the pre-exercise 
ECG recording.  After exercise, HRV was 
again assessed at 25 to 30 minutes post-exer-
cise.  During each 5-minute ECG recording 
that was used for HRV analysis, breathing 
was paced with a metronome at 12 breaths.
min-1. Each 5-minute ECG recording was 
visually inspected.  Any ectopic/non-sinus 
beats were removed and replaced by the 
adjacent normal R-R interval.  If three or 
more ectopic beats were found within any 
ECG segment, the reading was excluded 
from analysis.  

      Heart rate variability was analyzed in 
the time and frequency domains with the use 
of Nevrokard HRV software (version 10.2; 
MediaStar, Lubljana, Slovenia).  For time 
domain analysis, the standard deviation of 
all successful R-R intervals (SDNN) was re-
corded.  For the frequency domain method, 
a power spectral analysis was completed on 
the ECG by applying a Hanning window 
and a fast Fourier transformation to the R-R 
intervals.  In the frequency domain, HRV 
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was separated into high frequency (HF) 

power (0.15-0.40 Hz) and low frequency 
(LF) power (0.04 – 0.15 Hz).  Both of these 
values were normalized (HFnu, LFnu) to ac-
count for the influence total power of the en-
tire wave and the very low frequency (VLF) 
band (0.0033 – 0.04 Hz). Both HFnu and 
the ratio of LFnu to HFnu (i.e., LFnu:HFnu) 
were recorded and analyzed during the pre- 
and post-exercise 5-minute intervals.  
Statistical Analysis

All statistical analysis was completed 
using SPSS version 16.0.  A 2 (group) by 3 
(time – MHR, HR1, HR2) repeated mea-
sures analysis of variance (ANOVA) was 
utilized to determine a group by time effect 
for the change in HR after exercise.  A 
Bonferroni Post hoc analysis was used as a 
follow-up to further examine group differ-
ences in the post-exercise heart rate values.  
Repeated measures ANOVA procedures 
were also utilized to determine significant 
differences between the mean values of 
HRR1 and HRR2 as well as significant dif-
ferences between the pre- and post-exercise 
HRV parameters between the two groups.  
Follow-up analysis of covariance (ANCO-
VA) procedures were utilized to determine 
if any significant differences in the HRR or 
HRV parameters remained when controlling 
for potential covariates.  A priori statistical 
significance for all tests was set at p < 0.05. 

RESULTS
All subjects that agreed to participate 
completed the testing procedures.  Table 1 
represents descriptive characteristics.  The 
white subjects had significantly lower DBP 
and significantly higher VO2max (p < 0.05, 
refer to Table 1).  A racial difference in the 
change in HR after exercise was revealed 
(Figure 1; p < 0.05).  During the 2-minute 
recovery period, blacks had a faster trend 
for recovery compared to whites.  There was 
no significant difference in MHR and HR1 
between the white (MHR = 190.53 ± 9.01, 
HR1 = 170.70 ± 11.91) and black (MHR = 
187.67 ± 8.65, HR1 = 166.87 ± 11.59) sub-
jects.  However, the white subjects had sig-
nificantly higher HR2 compared to the black 
subjects (150.43 ± 13.89 versus 141.73 ± 
13.48, respectively, p < 0.01).  Furthermore, 
there was not a difference in HRR1 (18.63 ± 
6.27 beats/min for whites and 20.73 ± 6.17 
beats/min for blacks), but the white subjects 
had lower HRR2 compared to the black sub-
jects (39.93 ± 8.87 and 46.16 /- 8.95 beats/
min, respectively, p < 0.01, Figure 2).  

There were no significant differences 
revealed for the resting HRV parameters 
between the black and white subjects (Table 
2).  However, during the post-exercise 
period, the white subjects had significantly 
lower SDNN (p < 0.05) and HFnu (p < 0.01) 
and significantly higher LFnu:HFnu (p < 
0.01) compared to the blacks (Table 2 and 

Whites (n = 30) Blacks (n = 30)
Pre-exercise
SDNN (ms) 97.47 ± 40.38 84.63 ± 38.19
HFnu (ms2) 34.79 ± 13.50 42.20 ± 16.47

LF:HF 2.43 ±   1.97 1.68 ±   1.37
Post-exercise
SDNN (ms)* 35.55 ±  16.58 48.37 ±  22.51

HFnu (ms2)* * 16.60 ±  12.24 27.62 ±  15.52
LF:HF** 9.48 ±   6.51 4.85 ±    5.01

Table 2. Pre- and post-exercise HRV parameters between groups.

All values are reported as means ± standard deviations.  SDNN = standard deviation of all R-to-R intervals, HFnu = 
normalized high frequency power, LF:HF = low frequency to high frequency power ratio.  Racial differences exist: *p 
< .05, **p < .01.  
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Figure 1 - Heart rate responses post-maxi-
mal exercise between groups
*Significantly different between groups, p < 
0.01.  

Figure 2 – HRR1 and HRR2 values for 
white and black subjects.
*Significantly different between groups, p < 
0.01.  

Figure 3 – SDNN (ms) values pre- and post-
exercise for white and black subjects.
*Significantly different between groups, p < 
0.05.  

Figure 4 - HFnu values pre- and post-exer-
cise for white and black subjects
*Significantly different between groups, p < 
0.01.  

Figure 5 - LFnu:HFnu values pre- and post-
exercise or white and black subjects
*Significantly different between groups, p < 0.01.  
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Figures 3 - 5).  An ANCOVA procedure was 
utilized to control for the differences in the 
potential confounders (i.e., VO2max and 
DBP).  After controlling for these covariates, 
the racial differences remained for HR2 (p < 
0.001), HRR2 (p < 0.001), and post-exercise 
SDNN (p < 0.05), HFnu (p < 0.05), and 
LFnu:HFnu (p < 0.05).  

DISCUSSION
The major finding of this investigation 

was that college-age black men had faster 
HRR after maximal exercise compared to 
the white men.  The black men also exhib-
ited significantly higher SDNN and HFnu 
and significantly lower LF:HF ratio during 
the 25 to 30 minutes post-exercise HRV 
recording.  Similar findings have been previ-
ously reported.  In a large study, black men 
had greater HRR compared to white men 
and women.24  In addition, Heffernan et al.25 
revealed that resistance training induced im-
provements in HRR were maintained after 
2 weeks of detraining in young black men 
but returned to baseline in the white men.  
These findings are indicative of a faster 
parasympathetic rebound following maximal 
exercise in black versus white men.  

The results of this study may be linked 
to the racial differences found in parasym-
pathetic-sympathetic balance in response to 
various physiological stressors.  It has also 
been reported elsewhere that blacks have a 
faster return of heart rate immediately after 
exercise.24  In addition, compared to whites, 
blacks have been shown to have lower 
cardiovascular response after a head-up 
tilt test.27  While it has been suggested that 
young blacks have higher resting HRV, they 
have also been shown to have higher HRV in 
response to isometric handgrip, cold pressor 
test, and the valsalva maneuver.16  However, 
blacks have an increase in total peripheral 
resistance during exercise.28  Black children 
have also been shown to have an increase in 
peripheral resistance in response to a cold 
face stimulus.29  In addition, hypertensive 
black adults had greater vascular tone than 
hypertensive whites in response to a mental 
arithmetic task, a simulated public speak-

ing task, and a forehead cold pressor test.30  
Thus, it appears that racial differences exist 
in adrenergic response to stress, with whites 
having more pronounced sympathetic stimu-
lation to the heart, and blacks having higher 
sympathetic activation of peripheral vascular 
resistance.  

The study results may also be related to 
racial differences found in the pressor reflex.  
When the pressor reflex is activated during 
exercise, marked increases in heart rate and 
arterial pressure occur.31  However, when 
the pressor reflex is activated during post-
exercise recovery there is a loss of central 
command, an increase in parasympathetic 
activity to the heart, and a decrease in heart 
rate.31  Young black men have been shown 
to have an increased pressor response during 
dynamic exercise compared to age-matched 
white men.28  Perhaps the pressor reflex is 
activated to a greater degree during recovery 
in the black subjects which would result in 
an increase parasympathetic activity during 
this time (i.e., a faster HRR, higher SDNN 
and HFnu, and lower LFnu:HFnu ratio).  
The authors can only speculate the possibil-
ity of this relationship, because the pressor 
reflex was not analyzed in this study.  

Analyses of HRV and HRR have grown 
in popularity as non-invasive tools to assess 
cardiac autonomic function.3,4,6  Both have 
valuable clinical implications. For example, 
a number of large studies suggest that 
delayed HRR and blunted HRV are inde-
pendent predictors of premature mortality 
and sudden cardiac death.3,4,6-9  On average, 
blacks are at increased risk of premature 
cardiovascular disorders and sudden death 
compared to whites.10,12  In addition, blacks 
are shown to have higher rates of hyperten-
sion at earlier ages and lower cardiovascular 
fitness levels compared to whites, which are 
both linked to lower HRR and HRV.3,12-14,32,33  
The blacks in this study had higher resting 
blood pressures and lower aerobic fitness 
values, despite having superior cardiac-auto-
nomic profiles.  Thus, it is quite difficult to 
consider these paradoxical findings in rela-
tion to clinical significance.  However, it has 
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been suggested that the higher prevalence 
of hypertension in blacks may be related to 
issues within the peripheral vessels (e.g., 
vascular resistance) rather than cardiac-
autonomic control.16,19,33  

There are some limitations with the 
present investigation that concern the chosen 
sample.  This study was limited to only 
black and white college-aged men.  Perhaps 
the difference in resting HRV between the 
racial groups is dependent on age, with HRV 
being greater in younger blacks but lower 
in older blacks compared to age-matched 
whites.15,21  To determine if similar findings 
exist in HRR and post-exercise HRV, future 
research involving older subjects is needed.  
These findings cannot be extrapolated to 
different races, women, or subjects of older 
ages.  Also, overall physical activity has 
been shown to exert an influence on auto-
nomic influence of the heart.24  Daily physi-
cal activity was not accounted for in this 
study.  Last, due to the nature of this study, a 
causal relationship for the findings cannot be 
determined.

In conclusion, black men appear to 
have a faster HRR and a superior HRV after 
maximal exercise which indicates a quicker 
parasympathetic rebound compared to white 
men.  A complete explanation for these 
findings cannot be fully clarified with this 
investigation.  However, these findings do 
show the importance of accounting for racial 
characteristics of participants when studying 
the heart rate recovery pattern post-maximal 
exercise.  
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