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Abstract
Objective—To investigate the link between
changes in level of physical activity and
the pattern of heart rate variability during
long term ambulatory monitoring.
Design—Heart rate variability was measured simultaneously with a quantitative
indicator of muscle activity by electromyography (EMG) in five men and five women
while they did activities typical of daily life
or while they rested for 2–3 hours. Spectral
and cross spectral analyses were performed on both variables with standard
fast Fourier transform.
Results—There was a marked reduction
in spectral power in the ultra low frequency band (< 0.003 Hz) on going from
active to rest conditions for both heart
rate variability (men 6187 (1801) v 410 (89)
ms2/Hz; women 4056 (1161) v 2094 (801),
mean (SEM); p < 0.01) and EMG
(p < 0.001). Cross spectral analysis
showed a strong positive gain between the
EMG and heart rate variability signal that
was virtually eliminated in the resting
condition (p < 0.01). A sex-by-condition
eVect (p = 0.06) was noted with a reduction in total spectral power for heart rate
variability during rest in men, while it
increased slightly in women.
Conclusions—There is a quantitative link
between muscle activation and heart rate
variability in the lowest frequency band.
Voluntary restriction of physical activity
in healthy young subjects caused marked
reduction in spectral power in the lowest
frequency band which is often used to
assess patient prognosis. The findings
strongly suggest that studies of ambulatory heart rate variability should always
include an indication of physical activity
patterns.
(Heart 1999;82:e9)
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Heart rate variability has become a widely used
tool by researchers and clinicians to examine
the autonomic control of the heart. Clinically
significant relations have been drawn between
the quality and quantity of heart rate variability
and patient prognosis.1–5 Bigger et al first introduced division of spectral power into four
frequency bands.1 These have been designated
as ultra low frequency (ULF, < 0.003 Hz), very
low frequency (VLF, 0.003–0.04 Hz), low frequency (LF, 0.04–0.15 Hz), and high frequency (HF, 0.15–0.5 Hz). This terminology

has been adopted in the recent task force
report.6 There is considerable evidence that the
power in the HF band is a function of variation
in parasympathetic nervous system activity,
and that modulation of both parasympathetic
and sympathetic activity contributes to the LF
band.6–9 However, there is no consensus on the
origin of heart rate variability in the VLF and
ULF bands.6 10 This should be a major concern
as most of the spectral power is contained in
these lowest frequency bands1 and clinical
interpretations rely heavily on changes in low
frequency power.1–5
Suggested causes of heart rate variability in
the ULF and VLF bands include variations in
hormones of the renin-angiotensin-aldosterone
system,7 temperature regulation,11 circulating
catecholamines,12 or changes in physical activity.13 14 Because the latter is certain to change
during a 24 hour recording that includes sleep
as well as normal daily activities, it is essential
that a quantitative approach be used to explore
the interrelations between physical activity and
heart rate variability.
Osterhues et al have shown that patients with
coronary artery disease who were confined to
bed had markedly reduced time domain
indicators of heart rate variability in their 24
hour Holter monitoring compared with ambulatory patients.14 In contrast, there were no differences in heart rate variability between the
ambulatory patient population and healthy, age
matched control subjects. Bernardi et al had
healthy subjects complete both rhythmic activity (alternating rest and mild exercise) and
spontaneous activity for comparison with quiet
rest.13 They found that heart rate variability in
the VLF band was increased by the physical
activity during a one hour collection period.
The purposes of the present study were to
employ a quantitative method of assessing the
level of physical activity and to correlate the
magnitude of physical activity with heart rate
variability in the ULF band. Quantitative indications of muscle activity were obtained by
recording muscle electomyographic activity
(EMG) from four muscles continuously during
a three hour period in which healthy young
subjects were asked to move through a series of
prescribed tasks typical of normal daily life.
These same healthy subjects were also asked to
sit quietly and read for comparison with the
results during physical activity. We hypothesised that cross spectral analysis would
indicate a high correlation between physical
activity and spectral power in the ULF and
VLF bands.
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Physical activity is a major contributor to the ultra
low frequency components of heart rate variability
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Methods
SUBJECTS

EXPERIMENTAL DESIGN

Subjects participated in two separate three
hour laboratory sessions, an active and a
resting condition administered in a random
order. RR interval was obtained from a standard three lead placement with an ECG,
recorded on a personal computer after A/D
conversion at 1000 Hz. Surface electromyographic activity (EMG) was measured on the
right side in the rectus femoris, erector spinae,
anterior deltoid, and flexor digitorum superficialis using standard lead placement.15 A portable EMG unit (ME 3000 Professional; Mega
Electronics, Kuopio, Finland) was used to collect and rectify the raw signal. The EMG data
were stored as one second averages for each
muscle. All EMG data were normalised with
respect to the electrical activity during a maximum voluntary contraction for each muscle.
Total EMG activity was obtained by summing

STATISTICAL ANALYSIS

Data are expressed as mean (SEM). A repeated
measures analysis of variance was used to
examine the main eVects of condition and sex
and their interaction for each frequency band
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Figure 1 Beat by beat changes in heart rate and corresponding changes in EMG activity for a typical female subject
during both her active and resting trials. EMG data are the weighted average from four muscles, as outlined in Methods.
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Ten healthy subjects, five men and five women,
volunteered for this study. Physical characteristics of the male subjects were (mean (SEM)):
age 25.2 (1.9) years, height 173.8 (6.4) cm,
and weight 70.2 (2.7) kg; and of the female
subjects, age 24.0 (0.9) years, height 171.4
(2.8) cm, and weight 62.0 (1.6) kg. After
receiving a complete description of the experimental protocol and potential risks, each
subject signed a consent form approved by the
OYce of Human Research at the University of
Waterloo. Subjects were asked to avoid heavy
exercise and refrain from consumption of
caVeine or alcohol for the 24 hours before each
session.

the normalised values from the four muscles
according to the weighting: total EMG = 0.3
rectus femoris + 0.5 erector spinae + 0.1 anterior deltoid + 0.1 flexor digitorum superficialis.
The active condition consisted of a series of
light activities. Each subject completed sorting
through a group of magazines for specific articles (15 minutes), reading quietly in a seated
position (15 minutes), typing on keyboard (15
minutes), hand writing (15 minutes), walking
(15 minutes), resting with legs elevated (20
minutes), picking up objects from floor (10
minutes), completing jigsaw puzzle (15 minutes), and playing a computer game (Tetris) on
a personal computer (20 minutes).
The resting condition consisted of subjects
seated in a quiet room reading for up to 180
minutes to obtain the same number of heart
beats as in the active trial. Subjects were
requested to avoid major movements but were
permitted to turn pages, reach, and shift
positions within the chair. This allowed for
greatly decreased amplitude of input from
physical activity to cardiovascular control.
Fast Fourier transforms using CooleyTukey’s FFT algorithm were performed on
both the RR intervals and weighted total EMG
data. The EMG signal, originally sampled at 1
Hz, was resampled at the time of each heart
beat by a zero order hold. Cross spectral gain
between RR interval and average EMG was
calculated with the same algorithm.
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Results
The mean heart rate observed across the active
test day was significantly greater than that on
the rest day (66.0 (3.3) v 59.0 (2.9) beats/min,
p < 0.02). Likewise, the mean EMG activity
was greater on the active than the rest day (2.73
(0.79) v 0.55 (0.15) % MVC, p < 0.05).
Figure 1 shows beat by beat heart rate and
EMG for a typical subject during active and
resting trials.
EFFECTS OF ACTIVITY

There was a decrease in total power for heart
rate variability from the active to resting
condition (9924 (1775) v 7164 (1765) ms2/Hz,
p = 0.30), although these changes were not significant. All subjects had reductions in the total
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SEX EFFECTS

There was no significant sex eVect for RR
interval total power when data within each sex
were pooled for active and resting conditions.
However, when the data were analysed separately for sex and for activity, the interaction
eVect approached significance (p = 0.06). That
is, the men had a marked reduction in RR
interval total power on going from active to
resting conditions (12 068 (2703) v 4577
(1247) ms2/Hz) compared with the women,
who had a slight increase (7779 (2138) v 9671
(3052) ms2/Hz).
The sex-by-activity interaction in the HF
band of the RR interval power was significant
(p < 0.05, fig 2). Men decreased HF power
from active to resting tests, while women
increased power in this frequency band.
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power for the EMG (expressed relative to the
percentage of maximum voluntary contraction,
%MVC2/Hz) from the active to resting condition (23.9 (13.2) v 0.30 (0.08), p < 0.001).
There was a dramatic decrease in ULF
power for RR interval on going from active to
resting conditions in both male and female
subjects (fig 2, p < 0.01). Significant decreases
were also found in both per cent total active
EMG power (p < 0.001) and mean gain of the
cross spectral relation for EMG on RR interval
in the ULF band (p < 0.01, fig 2).
In the VLF, LF, and HF bands, there were
no significant changes in spectral power for RR
interval in active versus resting conditions. In
both male and female subjects the resting conditions caused significant decreases in the per
cent total active EMG power in all three bands
(p < 0.005) and in mean gain (VLF, p < 0.01;
LF, p < 0.05; HF, p < 0.01). It should be
noted that, although there were significant
reductions in mean gain across all frequency
bands, the ULF values were at least 10 times
the values in any other band.

0.0

Figure 2 Changes in spectral power for RR interval (ms2/Hz) and EMG (%MVC2/Hz)
in specific frequency bands from active and resting conditions for men and women. Total
power spectral density for the RR interval (upper panels). Total spectral power of EMG
activity normalised to total spectral power for the active trial (middle panels). Mean gain
for those frequencies at which coherence was greater than 0.5 (lower panels, note the change
in scale for VLF, LF, and HF frequency bands). All values are means, error bars = SEM.
Significant diVerence between active and resting: *p < 0.05, †p < 0.01, ‡p < 0.005.
Significant sex interaction, §p < 0.05.

Discussion
Considerable emphasis has been placed on the
reduction in heart rate variability seen in the
ULF and VLF bands of patients after acute
myocardial infarction because of its link to
patient prognosis.1–5 As indicated by the recent
task force report, the origin of ULF and VLF
components of heart rate variability modulation is unknown.6 Our current results, showing
a strong correlation between quantity of
muscle activity and magnitude of ULF spectral
power of heart rate variability, add to our
understanding of this component of heart rate
variability. The results go beyond those from
recent studies that provided qualitative data on
a link between physical activity and heart rate
variability.13 14 Modulation of the level of energy
expenditure that occurs as a normal part of
daily life is almost certainly a major contributor
to power in the ULF band of the long term
record of heart rate variability.
QUANTIFICATION OF MUSCLE ACTIVITY AND
HEART RATE VARIABILITY

We monitored the recruitment of skeletal muscles by surface EMG recording from four mus-
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on the dependent variables RR interval, EMG
activity, and cross spectral gain. Significant
interactions were examined for condition
eVects within the sexes. Results were considered significant at p < 0.05.
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to achieve stationarity. In spite of this, 24 hour
recording with spectral analysis has been advocated in two recent reports on standardisation of
methodology.6 10 Stationarity is not present
across the full period of data collection in the
current study. However, to allow us to make
comparisons with existing data and to show the
limitations of the recommendations of these
recent reports, we have continued with spectral
analysis.
DETERMINANTS OF HEART RATE VARIABILITY

The origin of the majority of heart rate variability in the HF and LF bands is well understood to
be a function of modulation of parasympathetic
and sympathetic nervous system activity associated with breathing movements and changes in
arterial blood pressure.6–10 20 21 The origin of
heart rate variability in the ULF and VLF bands
has been the subject of only limited study. One
suggested cause has been variation in the level of
hormones of the renin-angiotensin system,7
although heart rate variability was not modified
when this hormone system was altered by head
down tilt.22 Other potential regulators include
variations in thermoregulation,11 plasma catecholamines,12 peripheral chemoreceptors,23 and
physical activity.13 14
Bernardi et al were the first to show a link
between activity patterns and heart rate
variability.13 The three minute pattern of activity forced an oscillation at 0.0056 Hz in the
VLF band. Their results indicated that VLF
power during rhythmic or spontaneous activity
increased three- to fivefold over VLF power
during quiet rest. In the current study where
subjects were monitored for three hours, physical activity had a predominant eVect on the
ULF band. Patients with coronary artery
disease who were allowed to perform their normal daily activities had significantly increased
standard deviation of all normal to normal
heart beat intervals (SDNN) in comparison
with matched patients who were confined to
bed for the 24 hour period.14 In contrast, there
was no diVerence in SDNN for the active
patients with respect to healthy age and sex
matched controls who also took part in daily
activities during recording.
There was a great reduction in gain calculated between EMG and heart rate variability
spectral powers during the resting condition.
That is, the transfer of information from activity to heart rate variability was reduced, but
there was still spectral power in the ULF band
of heart rate variability even in the absence of
physical activity. This heart rate variability can
probably be attributed to those mechanisms
considered above, including blood pressure or
temperature regulation and circulating hormones that would directly or indirectly modulate the firing frequency of the sinoatrial node.
For all other frequency bands (VLF, LF, HF),
the low values of gain indicated little transfer
from physical activity to heart rate variability, at
least for the activities studied. The current data
show that physical activity is clearly the most
important contributor to long term (ULF)
human heart rate variability.
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cles during the physically active and resting
trials. It has been well documented that EMG
provides a valid index of the extent of muscle
fibre activation.16 Indeed, in studies of daily
energy expenditure, heart rate is often used as
an indicator of muscle activation because of the
linear relation between heart rate and work rate
as tested on a cycle ergometer or treadmill.17
However, our goal was to examine the relation
between normal daily activities, in which work
rate cannot be specifically defined, and heart
rate. There is no published guidance on how to
sum the activity of diVerent muscle groups as
input to the cardiovascular control centre. For
dynamic exercise, total mass of active muscle
appears to be the key factor.18 For static
contractions, the percentage of MVC is also
important in determining both the heart rate
and blood pressure responses.18 We have used a
summation of the muscle activity, in which the
leg muscle (rectus femoris) and muscles in the
lower back (erector spinae) were taken to represent activation of large muscle mass, while
the upper arm (deltoid), and forearm (flexor
digitorum superficialis) were considerably
smaller muscles. This scheme appeared to provide a useful index of total muscle activity as
seen in fig 1.
The physical activity tasks used in this study
were selected to be typical of light daily activities performed by most individuals during a
normal day. There were no periods of strenuous exercise, as indicated by the relatively low
heart rate and EMG activity for a single subject
(fig 1). The total test duration of 2.25–3 hours
was selected because it allowed for adequate
sampling to test heart rate variability into the
ULF band. Given the guideline that the
recording should last at least 10 times the
wavelength of the lower frequency bound,19 a
period of 2.25 hours is equivalent to 8100 seconds, so that this is 10 times a maximum
period of 810 s, or 0.001 Hz. This is less than
the cut oV of 0.003 Hz for the ULF band.
While it might be argued that the imposition of
a specific order of physical tasks could induce
the pattern of heart rate variability, it is logical
that our normal daily activities go from periods
of little or no activity to periods of moderate
activity in random order. As long as there are
variations in physical activity, the order will not
have a major impact on the outcome of spectral
analysis. A factor that will influence the distribution of the spectral power is the duration of
each activity. Just as Bernardi et al had all
power compressed into the VLF band because
of their repetitions of exercise at three minute
intervals,13 power in our current study would
be expected to be distributed within the ULF
and VLF bands because of the 15–20 minute
duration of each activity segment.
A critical issue in the application of spectral
analysis with fast Fourier transform is that of
stationariness.6 In the analysis of short term
heart rate variability, it is critical that stationarity
be obtained, as the power will dominate in the
lower frequency bands and greatly influence the
interpretation of indicators of parasympathetic
and sympathetic tone. For long term recordings
of 24 hour heart rate variability, it is impossible
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CONCLUSIONS

The pattern of distribution of heart rate
variability spectral power was diVerent in men
and women when comparing resting and active
tests. The significant sex-by-condition interaction eVect for the HF power of heart rate variability was a consequence of an increase in HF
power for women in the resting tests compared
with their active tests, while the men had a
slight decrease. The sex-by-condition interaction for heart rate variability total spectral
power had a p value of 0.06 and thus just
missed the normally accepted value for significance. However, it is clear that men had a
marked decrease in total power in the resting
compared to the active condition, while the
women had a slight increase. The major
contributor to the marked reduction in total
power in the men was the reduction in ULF
power.
Our current results are consistent with other
reports of greater resting spectral power in
female compared to male subjects.24–26 In
contrast, other researchers have failed to find a
diVerence,2 or have even observed greater
power in male than in female subjects in
specific frequency bands from two hour
recordings.27 The reason for these diVerent
findings is not immediately apparent. Yeragani
et al noted no diVerence in spectral power
between the sexes across an age range of six to
61 years,28 while Jensen-Urstad et al found
eVects of both age and sex.29 It is possible that
fitness contributes to the diVerences, although
greater spectral power was observed at rest in
both physically trained and untrained female
subjects than in their male counterparts.26
Overall, it appears that women have a greater
HF power at rest than men and that this is
probably a function of greater modulation of
parasympathetic activity.

In this study we provided quantitative evidence
of a link between variations in physical activity
and the magnitude of the variations in heart rate
during long term monitoring. Short term
recordings (typically 5–10 minutes in duration)
should not be influenced by this factor if the
subjects are kept completely motionless during
data collection.6 However, other conditions
under which physical activity cannot be controlled, including monitoring of fetal heart rate32 or
recovery of long term heart rate variability after
hip arthroplasty33 and Holter monitoring of
patients with heart disease, should be viewed
with caution. Further research is required to
determine the eVects of changes in physical
activity on 24 hour ambulatory monitoring of
human heart rate variability.

IMPLICATIONS FOR MORTALITY PREDICTION

Extensive research has proposed a link between
decreased heart rate variability and increased
probability of cardiac mortality. Taken together
with recent observations13 14 that physical activity modifies total spectral power of heart rate
variability and its distribution, caution should
be exercised in future research of long term
heart rate variability in patient populations.
Investigations that have examined the changes
in heart rate variability spectral power as a
function of time after myocardial infarction30 31
should also include quantitative evaluation of
the changes in physical activity levels with convalescence.
Cut oV criteria have been proposed1 for classifying individuals at high risk of increased cardiac mortality according to the absolute level of
heart rate variability in the ULF, VLF, and LF
bands, with the spectral power in the ULF
band being the best predictor. In the current
study, the cardiovascular health of the subjects
did not change between the active and the resting measurements, but the ULF spectral power
was greatly reduced without physical activities.
This result questions the strict interpretation of
ULF power as a predictor of cardiac mortality.
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