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ABSTRACT

The purposes of this study were to measure the typical delay in.obtaining palpatéd
postexercise heart rate (HR) by participants in a group exercise class and to determine if
actual exercise HR can be predicted from immediate HR recovery (HRR) measures by
examining the linearity of HR decline postexercise. To achieve'fhis, 54 females (19.9 +
1.6 y) were filmed di;ring exercise classes. Videotapes were reviewed to determine time
taken by each subject to dbtain palpated HR at the exercise class mid-point and eﬁd-
point. HR was also recorded at 10 s intervals during and for 1 min after exercise with a

| HR monitor to determine exercise HR and HRR measures. Subjects were blinded to HR

_. : i

‘monitor measures. Data were analyzed using 2 x 2 ANOVA and ;egression analysis to
compare monitored exercise HR to palpated HR and to predict exercise HR from
postexercisé HRR m'easures, respectively. The delay before obtaining palpated HR
measures ranged from 17- 20 s. Exercise HR was sighiﬁcantly different from palpated
HR at mid-point (169.4 + 13.4 vs. 143.7 + 23.2 bpm) and end-point (165.5 + 15.6 vs.
143.2 £ 19.3 bpm) of the class. It was also seen that exercise HR can be predicted well
from rponitoredupostexercise measures due to a linear decline in HRR. The adjusted R?

values ranged from 0.911 to 0.653 for HR predicted from HRR measures in the first
minute postexercise at 10 s increments. One-way ANOVA with repeated measures
between means of 'arithrﬁetically derived prediction equations (Q-Pred) and monitored\
actual exercise HR showed no sigl;iﬁcant difference betweén the two (F (3,321 = 1'09’.
p =.353). In conclusion, the signiﬁcant difference between actual exercise HR and
palpate(i HR is largely attributable to the near 20 s delay before the typical person obtains
a palpated HR postexercise. In addition, the near linear decline in HR in the first minute

after exercise can be used to predict exercise HR.
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CHAPTER 1
Introduction
During exercise the heart beats faster to meet the metabolic demands of the:

working muscles. The increase in heart rate (HR) is directly proportional to the

- intensity of éxercise'(Mejia, Lentine, Ward, & Mabhler, 1999). Therefore, measuring

HR during exercise is an excellent way to gauge exercise intensity. Accurate
monitoring of HR during exercise also helps to maximize the effectiveness of an
exercise session. There are many methods used to monitor HR. Although sophisticated:
HR monitors are availablé for this purpose, a comﬁon method of measuﬁng HR is by
palpation, which involves counting the pulse at the carotid or radial artery. Although a
common method, accuracy of the palpation techniqile is limited. An important limiting
factor is the rapid rate of HR recovery (HRR) immiediately after exercise related to
reactivation of the parasympathetic nervous system (Gaibazzi, Petrucci, & Ziacchi,
2004). Therefore, the palpated HRR reading obtained may not gccurately reflect actual
exercise HR. After the initial rapid decrease, HR continues to decline further but at a
slower rate that is related to the intensity and duration of the performed exercise.
Another factor affecting accuracy is improper technique. Most individuals tend
to stop exercise to measure their pulse due to movement artifact (Mejia et al., 1999). If
an individual stops e‘xercising to measure HR via the palpation technique, he or she -

must ensure that the measure is made befote a large decline in HR. Delay in making

- this measure could be a result of an inability to locate pulse quickly. Pulse location and

identification may further be exacerbated by movement artifact that exists imimediately

after exercise. A significant delay in measuring postexercise HR may cause
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underestimation of true exercise HR. VThis could lead the individual to exercise more
vigorously in subsequent exercise sessions to reach the target HR zone, perhaps
resulting in over-exertion. Over-exertion could lead to cardiovascular or
musculoskelétal injuries (Thompson, 1996). In the case of elité athletes, over exertion
may even result in a drop. in performance (Kajiura, MacDougall, Ernst, & Younglai,
1995; Keizer & Kuipers, 1988).

Currently, the duration a typical person waits before measuring HR via
palpation after exercise is not known. Given how HRR affects HR measurement, it is
essential to defermine how long a person waits before measuring HR and héw this
delay affects the accuracy of the measure. It is also of interest to determine if a
relationship exists between postexercise and actual exercise HR that will-allow an
accurate prediction of exercise HR from postexercise measures.

Statement of Purpose

The purposes of this study were to examine the time frame or delay before a
measure of postexercise HR is obtained by the typical individual and'fo determine if
“actual exercise HR can be estimated from postexercise HRR measures by examiging
the slope of .the drop in HR', |

Hypotheses
The hypotheses for this study are:
1. There will be a significant difference between actual exercise HR compared to HRR
measured \;ia.palpation or those obtained at -10 s intervals postéxércise by a HR
monitor.

2. There will be a linear drop in HR for the first minute postexercise that will allow




‘prediction of actual exercise HR.
Scope of the Problem

The U.S. Surgeon General and the national public health dgenda promotes
physical activity and recommends that ‘adults engage in at least 30 min of moderate
physical activity daily. The increasing public awareness of the importance of physical
activity is reflected in a survey conducted in 2003, which revealed that approximately
38 million Americans ﬁad enrolled in health clubs. Many more Americans exercise at
home, outdoors, and through pa'rtiéipation in sports. Irrespective of Where or how they
exercise, a large portion of thié exercisiné population keeps track of exerciée intensity
by palpating pulse. Monitbﬁng HR not only helps avoid over-exertion, but also
‘provides a gauge to adjust exercise intensify and optimizer resuhltg. Due to the large
number ;)f people that exercise and monitor exercise intensity with the palpation
technique, it is essential that the HR measure ig madeina rﬁanner that prdvides

~ accurate results.

There are no studies that have determined the actual delay that occurs
postexercise in m¢asun'ng HR and how this delay affects the accuracy of the
measurement. The results of this study could interest exercise instructors and those of
the general population that participate in regular exercise by increasing the awareriess :
of the importance of timing in recording postexercise HR.

Assitmptions of the Study

The following assumptions were made at ihe start of the study:

1. The typical time frame for measurement of exefcise HR ranges from zero to sixty

seconds postexercise for most people.
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2. HR begins to recover immediately postexercise and the rate of this decline }s directly
proportional to the fitness level of the person. |
3. The subjects will follow the instructions provided by the ianstigator to the best of
their abilities, and .will inform the investigator in case of any discrepancies.
Definition of Terms
The following terms were operationally defined for the purpose of this study:

1. Postexercise HR- HR measured immediately after cessation of exercise.

2. HRR rate- The tate at which HR drops after exercise in bpm.

3, Target HR- The speciﬁéd HR that should be achieved to ensure effectiveness of

‘cardiovascular exercise.

4. Trained individual- One who exercises for 20 to 60 min at 55 to 90% of maximum

HR for 3 to'5 days a week.

5. HR palpation- Counting of the carotid or radial pulse for 6 or 10 s, which is then

-used to obtain HR in bpm.

6. Heart rate variability (HRV) — Beat to beat variations in heart rate, which fluctuates
due to-gating of vagal efferent activity to the heart during ventilation (acceleration

* during inspiration and deceleration during expiration).

Delimitations
The delimitations of the study were as follows:
1. HR was ;neasmed with a HR fnonitor and manually using the palpation mcthdd.
2. Testing was done in a group exercise class-at an indoor faéility.

3. The participants were limited to female Ithaca College studenté ranging from 18 to




22 years in age with no known heart condifions.
4. The exercise was continuous with the exception of a HR measurement break at the
mid-point of the exercise session.
Limitations
The limitations of the §tudy are as follows:
1. The results of this study may not be generalizable to:
a) An outdoor environment
b) Individuals with cardiac conditions
St ' N
¢) Less fit individuals
d) Males

¢) Elite athletes

2. The results of this study may not be generalizabie to individuals who are
substantially older or younger than college-aged individuals. .

3. The results mdy not be applicablé to individuals that exercise in a non-group setting

(i.e., alone).




CHAPTER 2
Review of Literature
Do people who exercise purposefully and monitor HR during exercise do a
good job of n}onitoring exercise intensity? To measure HR more reliably, the
exercising population needs to know the proper technique of palpating HR and how HR
Behaves at rest, exerci.se, and especially during recovery. This literature review

examines the use of measuring HR to gauge exercise intensity, ensure safety in the

- general population and diseased individuals, as a training tool in athletics, and as'a

prognostic indicator of mortality. It also examines the physiology Qf HR response
during rest, exercise, and postexércise recovery followed by a discussion on HR
adaptations to ehdufance training seen at rest, during exercise, and in the pbsﬁtexercise
recovery stage. Finally, the methods used to measure HR and the problems associated
with them are discussed. The chapter concludes with a summary of kéy points raised in
this review.
Gauging FExercise Intensity

‘Quantity’ and ‘quality’ are tenﬁs often used to describe exercise. Quantity is
the értwunt of ti;ne and frequency with which a person exercisés, while quality refers to
the intensity or workload at which the exercise is performed. Monitoring intensity is
considered vital to ensure the quality of the exercise session (i.e., the.effectiveness and .
safety of an exercise session). Exercise intensity is often expressed as a percentage of
measured or predicted maximal oxygen uptake or a percentage of maximum HR HR is
an accurate reflector of exercise intensity because of the direct relationship between the

two under most circumstances; an increase in HR is directly proportional to an increase .
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1n exercise intensity (Mejia et al., 1999). A nufnb"er' of formulatéd equations are used by
exercise professionals in different settings to calculate target exercise inténsity or target
HR. Professionals believe that exercising at the target HR produces maximum
cardiovascular benefits with minimum risk (Whaley, Brubaker, & Otto, 2006, chap. 7,
p- 139). Experts recommend that a target HR obtained by measuring pulse periodically
during moderate exercise is also a means by which prd.gress can be monitored in a
ﬁtneés program.

“ Monitoring HR to Ensure Safety

Moderafe intensity exercise is safe for most individuals. Nevertheless, the
ACSM recbmmends a health appraisal before starting an exercise program, because -
each individual has different physiological and perceptual responSes to acute exercise
(Whaley, Bfubaker, & Otto, 2006, chap.'1, p. 3). Although the risk of serious medical
complications durlng exefcise is low, it is high.er than duripg sedentary activities. |
Hence, unsupervised individuals must be aware of how temperature, humidity, and
altitude affect HR during exercise to prevent over-exertion (Whaley, Brubaker, & Otto,
Sec. IV, p. 302). In sedentary people, excessive workloads may surpass the body’s
ability to adapt to increased stress, resulting in over-usé injuries. Therefore, caution in
selecting an appropriate workload and type of exercise to provide optimal conditioning
whiie minimizing injury or illness is important. Exercise téSting is used:to gauge.
physical ability and is necessary to recommend a safe exercise pro gra£n.

Exercise testing and capeful prescription is necessary, because an unsafe
intensity of exercise increases cardiac stress, which may lead to sudden cardiac arrest _

(Pina et al., 2003). In most exercise prescriptions, intensity is kept at a safe level

e e .




through HR monitoring: The ACSM provides guidelines to choose an appropriaté

exercise and workload based on various ri;:k factors, which are considered during

. exercise testing and prescription. Although rqahy of the general principles of exercise
prescription are the same for individuals of all ages, special care ﬁust bé given when
setting up a fitness program for older or diseased individuals (Lim, 1999). Experts
recommend that exercise prescription fdr patients undergoing cardiac rehabilitation

\ must be directly based on HR parameters obtained during exercise testing (Nieuwland,

Berkhuysen, Veldhuisen, & Rispens, 2002).

Exercise testing and prescﬁptibn has now become an extremely useful and
popular means to help individuals exercise safely by reducing the risks of injuries and
to prevént death from the sudden incidence of cardiac arrest. A large number of health -
orgaﬁizations recommend obtaining an exercise prescription before the start of an . “
exercise program, especially in the diseased and elderly (Pina et al., 2003).

HR Monitoring of Athletes

While high- intensity training is vital to athletic performance in endurance
athletes, over-training may lead to underperformance (Kajiura et al., 1995; Keizer &
Kuipers, 1988). Since HR is linearly related to exercise intensity and is used to predict
VO, max, endurance afhletes use HR to monitor exercise intensity (Mejia et al., 1999).
Although other methods such as ventilatory and lactate thresholds are.uséd‘to monitor
training intensity, HR monitoring is more practical as it is convenient and does not
require laboratory testing (Boulay, Simoneau, Lortie, & Bouchard, 1997). However,
athletes must be cautious while using HR to measure exercise intensity, because there

are many intrinsic and extrinsic factors that affect HR response to exercise. Intrinsic
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factors include a day-to-day variation of one to six bpm and cardiac drift, a
phenomenon wﬁe’re HR tends to increase gradually as ex_ercisc; duration exceeds 20
' min (Gilman, 1996; Lambert, Mbambo,A & Gibson, 1998). Extrinsic factors include.
intensity, posture, time of day, type of exercise and environmental conditions iike heat,
humidity, wind, terrain, time of day, competition, and altitudes (Creagh & Reilly,
1997; Gilman, 1996; Jeukehdrup & Van Diemen, 1998; Lambért et al., 1998; Lear,
Brozic, & Ignaszewski, 1999; Sutherland, Wilson, Aitchison, & Grant, 1999).
. HR Recovery and Mortality
In the postexercise phas;e, HR returns towards resting levels because of
reactivation of the parasympathetic nervous syétem. A faster return of HR to resting
values reflects an increased parasympathetic tone, which is cardio-protective in nature.
A slower return of HR to resting _values reflects a decrease in parasympathetic_ tone and
indicates an'increased risk Q_f cardiac related deatil (Cole, Blackstone, & Pashkow,
1999). The rate at which HR recovers immediately after exercise; therefotre, can bena
predictor of mortality; for example, a slow HRR rate during the ear.l'y postexercise
recovery period in older people is a strong indicator of mortality (Billman, 2002; Cole
- et al.; Messinger & Pothier, 2003; Nishime, Cole, & Blackstone, 2000; Rardon &
X :
Bailey, 1983; Vanoli et al., 1991). A healthy HRR (irrespective of age) in the first
“minute postexercise ranges from 12-42 beats (Carnethon et al., 2005; Nishme et al.;
Kannz'mk‘eril, Lé, Kadish, & Goldberger, 2004). Postexercise HRR of less tha;l 12 beats

in the 1** min postexercise is abnormal and indicates an increased risk of death

(Morsheidi-Meibodi, Larson, Levy, O’Donnell, & Vasan,r 2002; Nishime et al.).
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HR Physiology

HR is determiried by the intrinsic pacemaker activity of the sino-atrial (SA)
* node, which exhibits automaticity determined by spontaneous changes in Ca™, Na',
and K" conductances (Klahunde, 2004). This intrinsic automaticity, if left unmodified
by neurohumoral facters, exhibits a spontaneous firing rate of 100 to 115 bpm
tKlabunde). In addition to the intrinsic regulation of .HR, extrinsic factors also
inﬂuence HR. Exti‘insic regulation is mediated by the brain’s higher somatomotor
central command via the sympathetic and parasympathetic nervous system (Carter,
Banister, & Blaber, 2002; McArdle, Katch, & Katch, 2000). The central command
generates impulses based on the input received from the reflex _regulatory mechanisms
of the cardiovascular system. These reflex impulses are generated in the peripheral
nervous system and .ascend via small afferent nerves to the cardiovascular centet in-the
medulla (McArdle et al.). The medulla integrates these inputs and responds through the
efferent sympathetic aiid parasympathetic nervous system. These outputs influence the
inherent .rhythm of the myocardium to optimize tissue perfusion and maintain central
blood pressure (McArdle et al.). This type of neural control operates during rest and
exercise and is also involved in the pre-exercise anticipatory period (McArdle et al.).
Effects of Sympathetic aﬁd Parasympathetic Stimul(ition

The efferent neural impulses from the cardiovascular control center (i.e.,
medulla) include both the sympathetic and parasympathetic output. The
sympathetic system is responsible for cardioacceleration. Sympathetic activation
~ causes the release of the catecholamines epinephrine and norepinephrine that |

accelerate SA node depolarization, causing chronotropic and inotropic effects (i.e.,
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‘increased HR and myocardial contractility) (McArdle et al., 2000). The

parasympathetic system when stimulated, releases acetylcholine that retards the
rate of sinus discharge, thereby slowing HR (McArdle et al.).
Reflex Mechanisms of the Cardiovascular System -

The reflex mechanisms of the cardiovascular system consist of the
arterio-baroreceptprs,v muscle metaboreceptors/chemoreflex, aﬁd the muscle
mechanoreceptors. Afferent inputs from these mechanisms help .to regulate blood

flow and cardiac function.

Arterio-baroreceptors. This is a negative feedback control mechanism that

plays an important role in the regulation of blood pressure. The baroreceptors are

~ located in the aortic and carotid bodies and sense changes in blood pressure

(Rowell & Shepherd, 1996). When blood pressure deviates from the set point, the

baroreceptors send feedback to the central nervous system, which causes the

cardiovascular system to adjust blood pressure (resets baroreceptor set point).

Muscle chemoreflex/metaboreflex. A discrepancy between blood flow and

- metabolism causes accumulation of intramuscular metabolites and is detected by

chemosensitive nerve fibers within the muscle (Rowell & Shepherd, 1996). Input
regarding the chemical Staté of the muscles is conveyed to the cardiovascular center,
which regulates cardiac 6utput, blood pressure, and HR accordingly through activation
of the autonomic nervous system (Rowell & Shepherd).

Me‘chanoreﬂexes. Mechanoreceptors are present in the form of nerve ﬁbers in
the muscles, muscle spindles, and golgi tendons. These receptors monitor muscle

stretch and contractions, and send input to the central nervous system. This input is
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used to adjust cardiac function and blood flow (Rowell & Shépherd, 1996).
HR Behavior at Rest
HR is decreased below the intrinsic rate primarily by activation of the

parasympathetic vagus nerve innervating the SA node, which causes the heart to

- beat between 60 and 80 bpm (Klabundé, 2004). HR will not increase above this rate

without a withdrawal of vagal tone and activation of sympathetic nerves (in short, a

change in autonomic control via change in central command). Many factors alter

-resting HR caused by changes in autonomic tone. For example resting HR

increases in anticipation of exercise, and due to anxiety or fear. Changes in resting

"HR also occur due to changes in input from chemoreceptors, mechanoreceptors,

4

metaboreceptors, and baroreceptors that provide information regarding the
chemical, physical, metabolite, and baromgtric (blood pressure) states of the body
(McAxdle et al., 2000).

HR Response During Exercise

~

B

At the onset of exercise, the cardiovascular control center withdraws vagal tone
tg increase HR in an attempt to achieve a new blood pressure set-point, whichis
directly related to exércise intensity.. Although sympatﬁetic activation exists at a -
reduced level at the onset of exercise, the initial increé.se in HR (up to a 100 bpm) is

directly related to reduced parasympathetic activity, which is independent of exercise

| intensity (Pierpoint & Voth, 2004; Sone, Tan, Nishiyasu, & Y;imazaki, 2004). As

intensity increases (beyond 100 bpm), reflex mediated feedback activity increasés,

stimulating the sympathetic nervous system to further elevate HR rapidly.
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' Pararasympathetic activity still persists at a reduced level (Kannankeril et al., 2004).
This reciprocal change between symﬁathetic and parasympathetic activity is
responsible for the increase in HR seen during exercise. After the initial increase, d
steady plateau of HR corresponding to .exercise intensity is reached within two to three
minutes of exercise. A further increase in intehsity will cause a corresponding increase
in sympathetic activity. Exercising at high intensity for a long period of time can 1éad to
a further gradual increase in HR. This gradual increase is termed “cardiac drift’.

Cardiac drift: The gradual increase in HR seen during long durations of high
intensity exercise may be relaféd to sweafing (Cheatham, Mahon, Brown, & Bolster,
2000). Excessive sweatiﬁg reduces plasma volume, which decreases stroke Volume,
and potentially cardiac output. TQ maintain cardiac output and hence proper blood flow
to the active musculature, HR is inc;reased (Cheatham et al.). HR will remain elevated
until exercise“int:ensity is reduced. The increased sympathetic nervous activity that
mediates the increase in HR may exacerbate cardiac drift by elevating plasia
catecholamine levelhs (Marra & Hoffman-Goetz, 2004). The slow clearance of

(
accumulated catecholamines may also be a factor that causes cardiac drift (Mars:,
Gonzaléz—Alonzo, Montain, & Coyle, 1991).

"Role of Cardiovascular Reflex Mechanisms

With an increase in activity, the heart alone cannot increase cardiac output

.. (Rowell & Shepherd, 1996). An increase in cardiac output also requires changes in

the peripheral circulatory system that ensures blood pressure maintenance; namely,
an increase in venous return and blood flow redistribiition. The muscle pumps

increase venous return dufing exercise by transporting peripheral blood volume.

L R




back into fhe heart, while the sympatheti.c nervous system, in response to feedb‘éck;
from the cardiovascular reflex system, reduces blood flow to the inactive
musculature and to the renal splanchnic region (Row'ell & Shepherd).

Arterio-baroreflex. At the onset of exercise, skeletal muscle activation causes
locally mediated vasodilation, which threatens BP maintenance (fall in arterial
pressure) (Rowell & Shepherd, 1996). The fall in arterial pressure is sensed by
baroreceptors, which send this information to the cardiovascular control center. In
response, the cardiovascular control center increases sympathetic nervous activity,
thereby maintaining blood pressure by increasing stroke'vblume and HR, which
increases-cardiac output (Rowell & Shephe’rd)_.

Muscle-chemoreﬂex/metaboreﬂex. Accumulation of intramuscular metabolites
due to increase in muscular activity is'detected by chemoreceptors (Rowell &
Shepherd, 1996). Central command receives input from the chefnoreceptofs and in turn
alters stroke volume and HR, and hence, cardiac output. This autonomic nervous
system activity maintains BP and indirectly serves to increase musclé blood flow, to
reduce the accumulation of muscle lmetabolites (Rowell & Shepherd). The role of the
chemoreceptors is more pronounced during dynamic and static exercise (Iellamo et al.,
1999).

Mechanoreflexes. As muscular activity begins and continues to increase, inputs
from the mechanoreceptors further reﬁﬁe-autdnomic output from central cqmmand to

ensure adequate oxygenated blood to the working muscles (RoWell & Shepherd, 1996).
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HR Response During Recovery

When exercise is terminated, HR decreases rapidly towards resting levelé
(McAurdle et al., 2000). The speed‘at whi;:h HR recovers dei),ends largely on
parasympathetic reactivation and sympathetic withdrawal in the postexercise phasé
(fierpoint & Voth, 2004). HRR has an initial phése‘during the first 30 s postexercise
and a secondary phase after first 30 s postexercise. -

The rate of recovery during the initial phase is primarily due to reactivation of

parasympathetic tone and is not dependent on sympathetic withdrawal (Imai et al.,

1994). In the secondary phase the speed of recovery is dependent on the prior exercise

intensify (Kannankeril et al., 2004). HRR for submaximal intensities is more rapid than

maximal intensities because of the faster reactivity of the parasympathetic nervous -

- system and slower withdrawal of the sympathetic nervous system, respectively in both

stages (Parekh & Lee, 2005; Savin, Davidson, & Haskell, 1982). After high-intensity
exercise, sympathetic withdrawal begins only after approximately 2 min in the

postexercise phase (Imai et al.); the'parasympathetic system is activated before

withdrawal of the sympathetic system, but at a slower rate compared to its activation

- after submaximal intensity of exercise (Parekh & Lee): Although quantifying HRR is

difficult, Kannankeril et al. quantified postexercise HRR for the first 10 min for hi gh
intensity exercise and found that the total recovery during min 2 to 5 was
approximately 30 beats. HR, thereafter, remained rélatively steady for the remaihing 6
min. Most measures of cardiac autonomic modulation return to baseline levels after

approximately 30 min, (i.e. HR reaches resting values) (Parekh & Leg, 2005).
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Factors That May Affect HRR
While HRR is dominated by parasympathetic activation and sympathetic
withdrawal, other factors that may have an impact on complete HRR include slower
-resetting of cardiovascular reflex mechanisms and delayed ‘clea.rance_ of body heat and
catecholamines (Javorka, Zila, _Balharek, & Javorka, 2002; Parekh & Lee, 2005).
Postexercise hypotension after acute exercise could also delay restoration of the
parasympathetic tone by stimulating arterial baroreflex, which élevates sympathetic
outflow (Parekh & I';ee). A slow HRR may also be associated with an abnormal
triglyceride-to-HDL (high density lipids) ratio, which is a correlate of insulin
resistance (Shishehbor, Hoogwerf, & Lauer, 2004). These factors could play a greater 7
role during higher intensity of exercise and may delay HRR even further (Parekh &
Lee). - o
| Training Adabtations
Cardiac Muscle Adaptations
Regular cardiovascular training increases left ventricular size via eccentric
hypertophy, which increases end diastolic volume, and therefore, myocardial
contractility (Rowell & Shepherd, 1996). There is a cloée correlation between increase
in myocardial dimensions, increased coritractile capacity, and intensity of training
(Kemi et al., 2005; Pavlik et al, 2005). Cardiac hypertrophy is most commonly seen in
athletes as a result of high intensity training. For example, elite Hungarian water polo
players demonstrated a left ventricle wall thickness of 15 to 16 mm, which is 2 to 3 mm
. thicker than the thickness associated with cérdiomyopathy (Pavlik et al.). L’oﬁg-term

endurance training also increases plasma volume and the number of red blood cells
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(Rowell & Shepherd). The expanded plasma volﬁme further increases stroke volume
and therefore cardiac output, which along with tl;e increased red blood cells ensures a
greater supply of oxygenated blood:to the working miiscles. The increased stroke
| volume also allows the body to maintain blood pressure with less sympathetic nervous
| activity at any given absolute submaxihal workioad, which is reflected by a lower HR
(Rowell & Shepherd). Another adai)tatio‘n seen in regular exercisers is a decreased
sensitivity to catecholamines, which may contribute to;educe HR during submaximal
- exercise (Spina et al., 1992). The magnitudes of the aforementioned cardiovascular
-changes are directly related to exercise intensity and volume of thé tréining program.
Resting HR Adaptation
Endurance training induces intrinsic. changes in the heart that loWer resting
HR.F This bradycardia results from adaptaﬁons in the sino-atrial node autorhythm
-and is reflected by a decreased sinus rhythm. This intrinsically caused bradycardia
has been observed in elite endurance athletes where resting HR decreased with no
further modulatiop of the parasympathetic syétem after training (Bonaduace et al.,
1998)..A similaf result was observed in a study conducted by Evangelista,
’Martuchj, Negrao, & Brum (2005) on rats after detraining, which showed a loss of
resting bradycardia due to an increase in intrinsic HR. Reduction in intrinsic HR
may not be dependent on exercise intensity. A decrease in resting HR attributable
to reduced sinus rhythm has also been observed after moderate intensity exerciée
training (Leicht, Allen, & Hoey, 2003). Apart from intrinsic changes, resting HR is
also modulated by adapfations to autonomic tone after exercise training.

Adaptation of autonomic tone. Endurance training reduces HR by
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modillating autonomic tone at rest, as reflected by an increase in parasympathetic
tone and a decrease in sympathetic tone (Katona, McLean, Dighton, & Guz, 1982).

The extent of change in autonomic modulation due to training may depend on

. exercise intensity and on the size of the musculature that is exercised (Carnethon et

al., 2005; Dickhuth, Rocker, Mayer, Konig, & Korsten-Reck, 2004; Leicht et al.,
2003). Autonomic modulation induced by months of endurance training decreases

HR by about 15 bprﬂ in healthy and obese individuals (Amano, Kanda, Ue, &

~Moritani, 2001; Yamamoto, Miyachi, Saitoh, Yoshika, & Onodera, 2001).

Cardiovascular training alsoreduces sympathetic neural .out‘ﬂow in cardiac patients
recovering from congestive heart failures (Rovéda et al., 2003). Gender also affects
the extent of autonomic adaptation, as women have a larger response (i.e., greéter
increase in parasympathetic activity and lesser sympathetic activity ét rest) as
compared to men after the same exercise program (Carter et al., 2003). Age fnay
also have an effect on the extent of parasympathetic modulation. As age increases,

cardiovascular deterioration may take place and decrease the extent of

-parasympathetic modulation cause by endurance training (Carter et al.). This

difference is more visible at rest‘ than during exercise (Carter et al.)
Adaptation of Heart Rate Variability

In addition to its effects oﬁ resting HR, endurance training may also affect
heart rate variability (HRV). HRV 1s the beat to beat variation in heart rate caused
by the neurai activity of the parasynipathetic and sympathetic branches of the
autonomic nervous system. Increased parasympathetic activity increases HRV

Since high intensity endurance training increases parasympathetic tone at rest, it




19

also increases HRV (Hdrio, Nakamura, Miyashita, Chiba, & Sato, 2004). The
extent of adaptation can be measured by monitoring respiratory sinus arrhythmia, °
which reflects vagal efferent activity (Scott et al., 2004). In endurance trained
athletes, vagus activity impedance is lower as compared to an untrainedrind.ividual
(Scott et al.). Similar HRV adaptations have also been seen in elderly womeri (Scott
et al.). Extent of adaptations in HRV depends on gender (wbmen show more HRV),
exercise intensity, and regularity of physical activity (Scott et al.).
HR Adaptations During Exercise

Irrespective 6f age, short or long-term endurance training decreases
submaximal exercise HR by autonomic modulation (Carter et al., 2003). Much of this
- change résults from an attenuated baroreceptor sensitivity and myocardial stretch
reflex sensiti?ity (Carter et al.). Cardiovascular trained middle-aged men exhibit
decreased sympathetic and enhanced vagal effects on Aheart rate during dynamic
exercise as compared with similar aged subjects in poor-physical fitness. However, it
must be noted that the extent of autonomic adaptation decreases with increasing age
(Carter et al.; Chacon-Mikahil et al., 1998). Gender may also play a role in the extent of
auto"nOfnic adaptati'oﬁ seen during exercise. Women may exhibit greatef
 parasympathetic and lesser sympathetic activity during exercise than men after a
similar endurance‘training program (Carter et al.). Aut(‘)nomicvmodulation adaptation
stops after a certain limit is reached. For example, in the case of elite athletes there may
: be no added increase in pgrasympathetic activity (c;xércise HR does not change with
- further training iﬁ elite athletes), but there is an increase in maximal stroke volume

(Spina et al., 1992).
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In all, it can be said that cardiovascular training decreases sympathetic outflow,
enhances parasympathetic activity, increases stroke volume during submaximal and
maximal exercise, and stimulate§ angiogenesis in the skeletal muscle. All these

changes increase the transport of 'oxygen to the working muscle cells. Furthermore,

‘these changes reduce resting and submaximal exercise HR

Adaptations During HR Recovery

Regular high intensity endurance ﬁaining enhances parasymipathetic
modulation, which increases HRR postexercise. Even a> short program of high intensity
training (6 Weeks)‘ causes an autonomic newo‘ﬁs system induced increase‘ in the rate of
HRR in the p'dstexercise phase By appro;(imatcly 15 bpm (Yamamoto et al., 2001).
Faster HRR after exercise at the same relative workload is seen across age groups
(Carnethon et al., 2005; Darr, Bassett, Morgan, & Thomas, 1988). Moderajte intensity
exercise does not improve autonomic functiqn and alter -HRR as ﬁuch as high intensity

exercise (Carnethon et al.). Maintaining high or increasing from low/moderate to high

intensity exercise training also sustains parasympathetic activity during postexercise

" HRR over prolonged.periods of time (Carnethon et al.; Yamamoto et al.). Exercise

training also enhances vagal tone in patients with cardiovascular disease, thereby
improving HRR, which is an indicator of reduced morbidity in such patients
(Rosenwinkel, Bloomfield, Arwady, & Goldsmith, 2001). It must be noted that

individual differences can play a role in the rate of HRR (Hautala, 2004). For example,

-an elite athlete may have a faster rate of HRR than an ordinary individual who trains at

high intensity exercise regularly.
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Methods of Measuring HR |
Exercise intensity is frequently monitored by measuring HR (Vogel, Wolpert, "
‘& Wehling, 2004). HR can be measured manually by palpating the pulse at the radial or -
carotid artery, or electronically with a HR monitor or an electrocardiogram.
Palpatiqn Method
Pulsevpalpation includes application of mild pressure with the middle and
index finger on one of several pulse sites. Pulse is then typically counted for 6 s and
multiplied by 10 to determine HR in bpml The pulse rate is most distinct at the carotid:
artery on thé side of the larynx and is the HR measuring site used by most individuals.
Another commonly used site is the radial artery of the wrist. Although the manual
, fnethod of HR measurement requires no device and does not cost any money, an
imprdpef measurement postexercise can yield an inaccurate HR that'is 10 to 30'bpin
lower than actual exercise HR (Clai)p & Little, 1994; DeVan, Lacy, Cortez-Cooper, &
‘Tanaka, 2005; Laukkanen & Virtanen, 1998).
| Telemetric HR Monitor.;
.Ellec‘tr,onic HR monitors manufactured by companies like Polar, Nike, and
Timex are becoming inC'r’easingly popular due to ease in use, accuracy, availability, and
affordability. HR monitors are usually worn around the wrist and display HR réadings
received telemetlically ﬁdm a HR transmitter belt worn around the ch;ast. HR readings
obtained from HR monitoré are highly correlated (Within + 8 bpm) to those obtained
from an electrocardiogram (Kramer et al., 1993; Treiber et al., 1989; -Wajéieéhowski,
Dale, Andrews, & Dintiman, 1991)}. Récently developed HR monitors provide an

athlete with immediate feedback while also storing data. These data can later be




22

analyzed and used to:develop individual training programs to improve performance
- (Gilman, 1996; Hills, Byrne, & Ramage 1998).
- Problems in Measuring HR
HR is easily affected by psychological, positional, and environmental

circumstances. HR fluctuations are common postexercise under apparently stable
conditions (Vogel, Wolpert, & Wehling, 2004). Timing of HR measurement
postexercise is an important issue as well. A significant delay in measuring HR .
postéxercise can yield a HR that is 10 to 30 bpm lower than that obtained electronically
-during exercise (Clapp & Little, 1994; DeVan et al., 2005). Manual HR measures by
habituai exercisers taken between 10 and 20 s postexercise were approximately 9 bpm
~ lower than the actual postexercise HR, respectively (DeVan et al.). This
underestimation occurs irrespective of 'whether.the intensity of exe.rcise is high or low.
Hence the HR obtained by palpation postexercise may not reflect actual exercise HR
(DeVan et al.; Laukkanen & Virtanen, 1998; Norton, Vehefs, Ryan, & Jackson, 1997).

Another factor that may reduce the accuracy of measuring HR manually is an

inadvertent stimulation of the arterial baroreflex, a result of applying external pressure |

to the reflexogenic area of the carotid artery. This stimiulation of the arterial baroflex
can cause an uhloading of baroreceptors that decreases HR (Boone, Frentz, & Boyd,
1985). This e_ffecf is more pronounced in habitual exercisers, as they demonstrate
greater arterial bar_orgﬂex sensitivity (Boone et al.). -

Ultimately, manual postexercise pulse palpation'may bé inappropriate to
measure exercise inténsity in habitual exeréisers (DeVan et al., 2005). Habitual

exercises must look at more accurate means of HR measurements to gauge exercise
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intensity.
The use of HR monitors is better than the manual method because HR monitors
accurately read HR about 95% of the time (Terbizan, Dolezal, & Albano, 2002).

Although the measures made by HR monitors during rest. and moderate activity are

- accurate, a study that examined the validity of seven commercially available HR

monitors revealed th;clt the accuracy of the measurements-decreased at high intensities
of exercise (Terbizan et al.). Nevertheless, th;e use of the more accurate
4electrocardiogram to monitor HR is too costly and impractical for use everyday.
Summary
Physical activity brings immense health benefits to those who exercise
regularly. Regular ;xercise at high intensity causes physical and autonomic adaptations

that enable the heart to function more efficiently. The autonomic adaptation causes an

increase in parasympathetic activity and a decréase in the sympathetic activity at rest,

during exercise, and in the postexercis¢ recoivery stage. Increased parasympathetic tone
decreases stress on the heart for any absolute workload after high intensity training.
Therefore, it is said that an increased parasympathetic activity is cardio-protective in
nature.

The aforementioned benefits of exercise can onl)f be optimized if the exercise is
of the corfect intensity, duration, and frequency. The toughest to measure among thes;
is intensity and is typically tracked by monitoring HR. Keeﬁing track of exercise

intensity is necessary because an unsafe intensity could lead to the occurrence of a

?

~ cardiovascular incident, including sudden cardiac arrest. HR monitofing is the most

practical of all méthods to estimate exercise intensity. HR monitoring of exercise
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intensity is also used by athletes and cardiac patiehts. Health professionals prescribe
exercise based on HR to their clients.
There are numerous methods of monitoring HR, such as manual pulse

palpation, HR monitors, and electrocardiogram." Manual pulse palpation is the most

-commonly used method for obtaining HR because it does not cost anything and is quite

easy to do. Although easy to use, HR measuremerits made by the manual method are
not accurate enough to reflect actual exercise ihtensity. Inaccuracy results from

improper technique, movement artifact, or a delay in HR measurement. A lower HR

- reflected by the manual method may prompt an individual to increase workload, whic¢h

may result in injury. Given the importance of exercising correctly, it is essential that
people measure HR correctly. An improper timing of measurement could mislead the
individual to increase workload, which may result in injﬁry.

Using a HR monitor is the most feasible means to monitor HR accurately. But,
HR monitors are not as Widely used as the palpation metl';oél. This may be because HR
monitors are costlier and involve wearing equipment. As the use of HR monitors by all
exercising individuals is not possible, educating the exercising population about the
rate at which HR drops and the time within which it should be measured is therefore

fundamental and vitai.
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CHAPTER 3
| Methods
| This chapter describes in detail the methodology of the study. This methods
~ section is subdivided into: (a) subject selection and characteristics, (b) measurement
and procedures, and (c) data analyses.
Subject Selection and Characteristics

A total of 54 female students with a mean age of 19.9 + 1.6 years‘ served as
- subjects. Participants were recruited fro'm- group aerobic exercise classes held at the
Ithaca 'Colliége Fitness Center th‘rougﬁ the distn'bution of flyers (Appendii A) and a
recruitment statement (Appendix B). Volunteers had the broj ect explained fo them and
 after questions were answered, those who wished to continue participating in the study
signed an informed consent form (Appendix C). The informed consent form waS
approved by the collegé’s human-subjects review board and contained an agreement
that subj eqts‘wéuld attend at least four classes with the last one videotaped. All subjects
filled out an exercise history questionnaire (Appendix' D), which described their
exercise habits. Those individuals (non-subjects) present in an exercise class during
data collection who objected to being videotaped were given positions in the room to.
ensure exclusion from the camera’s frame.
| Measurements and Prbcedures '

A purpose of this study was to measure the time,takenv to obtain palpated HR by
individuals participating in group exercise. Té obtain the true delay unaffected by any
external influence on the subjects HR measuring habits, two strategies were used. The

first was the use of mild deception before and during data collection. The second was
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subject habituation to the palpation téchnique of HR measurement and to the presence
of HR monitors and video cameras.

Subjects were not informed of the exact nature of ihe study to minimize biasing
their postexercise HR measurement behavior. They were told that investig'atoré were
videjot‘aping them to observe the effect of fatigue and irregulat breathing on the
biomechanics of an exercising individual during the end stages of an exercise session.
| Subjects believed that the investigator intended to study the effect of changing
biomechanics on the efficiency of the exércise being performed, as seen on video
recordings of the class. Efficiency W.';lS defined as the maximum benefit derived from
performing a particulér exercise, as measured by HR variations during exercise.
Through this mild deception, subjects were blinded to the purposé of videotaping,
which was done to study the delay in HR measurement postexecise.

Subject habituation to the palpation technique \'vas achieved by having the
subject measure her HR twice during every exercise session with this method as part of
the exercise class. Class instructors were familiarized with the concept of target HR
and palpated HR measurement, and then téught class participants the technique in the

first class. Subjects were informed that measuring postexercise HR immediately after

exercise was necessary to accurately quantify exercise intensity. Subjects were allowed,

to use either a 10 or 6 s pulse count to obtain palpated HR. On the day subjects learned
the palpation technigue, they were also iqﬁoduced to HR cards (Appendix E), which
they used to record mid-point and end-point HR. Mid-point HR was measured during
the middle of the class (i.e._, subjects measured palpated HR when the instrﬁctor

provided a hydration break of approximately three minutes). End-point HR was.
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measured at the end of every exercise session. The class instructor used a stopwatch to
time the start, mid-point, and end*point of each exercise session. Subjects were also

habituated to the presence of video cameras and to the wearing of HR monitors (Polar

- 8610, Polar Electro INC., Lake Success, NY 11042-1034) during three compulsory

practice exercise classes that preceded a fourth class, which was used for data

- collection. HR monitors were covered with athletic tape to ensure that subjects were

-blinded to actual HR measures.

The data colléction class was similar to the other exercise classes conducted at
thé Ithaca College Fitness Center (lasting 60 min and typically consisting of 20 to 25
participants). Classes provided cardiovascular challenge to participants and involved .
coordinated body movements designated under the instruction of a class inStI'L‘ICtOI‘..V

Subjects were tagged with an ID card during data collection for identification purposes

~ during film review. In all‘, four different exercise classes were videotaped for data

~ collection and 54 subjects participated during these classes. None of the 54 subjects

were allowed to participate more than once in data collection procedures.

Before data collection, video carneras were turned on and sﬁbj ects were asked

-to activate HR monitors before statting exercise. Each subject wrote her ID number on

the HR monitoring card. The HR monitors»were'_ numbered and care was taken to
coordinate HR monitors with matching subject ID number. HR was recorded at‘ 10s
intervals throughout the class by the HR monitor. The last monitored HR measure
recorded before cessation of exercise at the mid-point and end-point were considered
the actual exercise HR. Recorded HR from the first minute in the postexercise phase at

mid-point and end-point of the class wete used to determine HRR.
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Videotapes were later reviewed by the investigator to determine the time taken
by each subject to measure postexercise HR. The end-point of palpated HR

measturement was when the subject removed her fingers from the pulse site. Time was

measured with a stop watch. Monitored HR measures were downloaded into a

computer using software provided by the manufacturer (Polar Electro Inc.). This ,
software displayed monitored HR recordings for each minute of exercise in tabular

form with each minute of exercise having six HR measurements at 10 s intervals. The

investigator copied the displayed HR: information from these tables into an Excel

spreadsheet.
Data Analyses .
The descriptive statistics for the subjects’ age and duration and frequency of

exercise participation were calculated. Descriptive statistics were also calculated for

 the delay in palpated HR measurement for midpoint and endpoint from video data. A 2

x 2 repeated measures ANOVA was used to compare postexercise HR measured by
palpation to actual exercise HR measured by the HR monitor at both mid-point and
end-point exercise session times. In addition, to evaluate the accuracy of subject

palpation, the delay in measurement of palpated HR for each subject was matched to

the closest time interval (upwards or downwards) at which HR was measured by the

HR monitor. The corresponding monitored HR value was compared to the subject’s
palpated HR measurement using another 2 x 2 repeated measures ANOVA. Regression
analyses were conducted to determine if actual HR could be predicted from HR
measures recorded at 10 s intervalsiin the first minute postexercise as measured by thé

HR monitor. Prediction equations were formulated using the slope and intercept of the
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HRR measures for 10, 30, and 60’s intervals postexercise. Simpler arithmetic quotient
« prediction equations (Q-pred) were also formulated. Two one-way ANOVA w_ith |
repeated measurés were done to examine if predicted HR measures obtained using both
sets of equations were éi gnificantly different from actual HR obtained by the HR
monitor at 10, 30, and 60 s inferv’als postexercise. The significance level for all |
statistical analyses was set at p< 0.05. The software package SPSS version 13 was used

to analyze all data.




CHAPTER 4
Results

Statistical analyses of data collectéd in this study are presented in this'chapter,
which include the following sections: (a) subject characteristics, (b) delay in palpated
HR measurement, (c) HR analysis, and (d) summary. | |

Su.bject Characteristics

Subjects (N= 54) in this stiildy were female volunteers_ from group exercise
classes held at the Ithaca College Fitness Center with a mean age of 19.9-+ 1.6 S'ears.
They typica:IIy exercised for approximately 56.0 + 28:1 min-day"' and 4.3 + 1.4 ,
days-week ' over the previous 9.2 + 7.3 months. Additional descriptive data are in
Appendix F.

Delay in Pafpated HR Measurement

The delay in palpated HR measurement for a subject was the time elapsed in
seconds between stopping exercise and completing a pulse count, which was
indicated by the removal of the subject’s fingers from the pulse site. Subjects were
| allowed to choose either the 10 or 6 s pulse count during palpation; 41 subjects - -
counted pulsé for 6 s while 13 subjects counted pulse for 10 s. Table 1 shows the
descriptive statistics for the delay in palpated HR measurement. The average delay
for subjects that counted pulse for 10 s was similar at 19.5 + 4.0 (mid-point) and 17.3
+ 4.2 (end-point) to the average delay of 18.9 +3.4 (mid-‘point) and 16.9 + 2.2 (end-
point) for subjects that counted pulse for 6 s. Essentially, it took 17 to 20 s for these
subjects to obtain a palpated HR measure. This delay was present even though the

subjects were urged to count their pulse immediately after exercise.
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Table 1
Delay in HR Palpation After Exercise 30
~ Duration of measure Mid—point End-point
Mean @ Std. Dev. Mean Std. Dev.
Ten Second 19.4 4.0 17.3 4.2
Six Second 18.9 3.4 16.9 2.2

Note: Values in seconds represent the time delay before subjects obtained
palpated HR measurement after stopping exercise. Duration of measure
indicate total time taken by subjects to count pulse. Subjects counted pulse -
for ten seconds (n=13) and six seconds (n=41) at the mid-point (hydration
break) and at end-point (end of class).
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HR Analysis
Exercise HR vs. Palpated HR
Actual exercise HR was the last HR mez;suré recorded on the HR monitor
before a éubj ect stopped exercising to count pulse. Palpated HR measures were
obtained from HR recordings made by every subject manually at the end of the
exercise session. The mid-point actual exercise HR of 168.5 + 12.8 bpm was 18.5%
greatér than the mid-point palpated HR of 142.0 + 23.0 bpm. Similarly, the end-point
actial exerciseAHR of 164.8‘1 16.0 bpm was 14.9% greater than the end-point
palpated HR of 143.3 + 19.1 bpm. Figure 1 shows the means and standard deviations
of actual an(i palpated HR measutes recorded during mid-point and ’ehd—poin_t of the
exercise session. A 2 x 2 repeated measures ANOVA was conducted to determine if
method (monitored & palpated) and time of measurement (mid-point & end-point)
inﬂuencéd obtained HR. The analysis indicated a main effect for method of
measurement, as palpated HR was significantly lower than actual m;)nitOred HR (F
(1, 53) = 116.44, p = .000). There was no main effect for time of measurement
| indicating no difference between mid-point and end-point measurements (F (1, 53) =
309, p = .518). No interactién effect was observed between method and time of
measurement (F (1, 53) = 3.23, p =.07). Appendix G shows raw data of actual and
palpated HR.
HRR Curve
In the postexercise recovery phase, HR dropped at a rate of approximately -
28.1 bpm at mid-point and 33.2 bpm at the end-point of the exercis‘é.session. Mid-
point and end-point HRR curves were obtained by plotting line graphs on the mean

. HRR medsures at 10 s intervals for the first minute postexercise. HRR curve for both
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Figure 1. Comparison between monitored actual exercise HR and palpated
HR. Values are means and standard deviations for actual and palpated HR
for both mid-point and end-point; * indicates that palpated HR was
significantly less (p< .05) than actual HR at both times.
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mid-point and end-point follow a straight path with no major deviation disturbing the
linear drop in HR. This HRR linearity illustrated in Figure 2 suggests that exercise
HR may be predictéd from monitored postexercise HR.

Prediction of Actual HR From HRR Mea;s'ures

Simple fegréssion analyses were used to determine if actual exercise HR
could be predic;ted from monitored postexercise HRR measures at 10, 30, and 60 s
intervals. Because they were similar and to produce only one .prediction equation for
both time intervals, HR data from mid-point and end-points were simply classified as
recovery HR data. In other words, mid-point and end-point exercise HR.and HRR
measures for a subject were classified under common variables, thereby producing
only one actual exercise HR variable and three HRR variables (i.e., 10, 30, & 60 s).

" Therefore, there were 108 measures for each variable (54 subjects x 2). Regression
analyses indicated that HRR measures after 10, (adj. R? =911, p=.000), 30, (adj. R
= .705, p=.000), and 60 s (adj. R = .653, p=.000) of exercise\ are significant
predictors of exercise HR. Table 2 shows regression analyses data.

Prediction equations for e);erciée HR from HRR measures at 10, 30, and 60 s
postexercise were formulated from the slope and intercept of the three HRR
measures.

The prediction équations are as follows:
(a) PHR =0.97(HRR;o) + 10.1
(b) PHR = 0.78(HRR3) + 48.3
(c) PHR = 0.72(HRRg) + 68.1°
Where PHR, HRR o, HRR 30, and HRRg répresent predicted HR and recovery HR at

10, 30, and 60 s, respectively.
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Figure 2. Line graphs plotted on mean HRR measures obtained from HR monitors
at 10 s intervals in the first minute postexercise.




Table 2

Regression Analysis for Predicting Exercise HR from HRR
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HRR R K Adjusted R? SEE _ Sig.
10s 0.955 0912 0911 4.340 0.000*
30s 0.842 0.708 0.705 7918 0.000*
60's 0.810 0.656 0.653 8.599 0.000*

Note: 10, 30, and 60 s are time intervals postexercise; * p<0.05.
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A one-way ANOVA with repeated measures showed that mean HR computed
from the-above equatioﬁs were not significantly different from mean monitored
exercise HR (F (3, 321) = 1.805, p.= .146). Appendix H shows raw data for exercise
HR, HRR measures at 10, 30, and 60 s, and predicted exercise HR.

Although results of the regression analyses show a high predictability of actual
exercise HR froin HRR measures at 10, 30, and 60 s, using these equations would be
impractical in an exercise setting. Therefore, simpler equations were devised using
arithmetic calculations. Each monitored exercise HR. measure was divided by the
monitored HRR measure at 10, 30, and 60 s. For example, actual exercise HR of 176
bpm for a subject was divided by her ﬁonitored HRR measure at 30 s, which was'164
bpm, to produce the quotient 1.07. The means of the quotients for all subjects at the
10 (M =1.03),30 (M =1.1), and 60 s (M = 1.23) intervals were multiplied by the
corresponding monitored HRR measﬁre to produce predicted HR for all data. Thus,
the following equations were devised and were labelled the ‘Quotient Method of HR
Prediction’ (Q-Pred).

a) PHR = HRRy x 1.03

b) PHR = HRR;p x 1.1

¢) PHR = HRR45x 123
Where PHR, HRRo, HRR3, and HRR60 are predicted exercise HR and HRR
measures at 10, 30, and 60 s respectively. Table 3 contains means and standard
deviations of monitored exercise HR and prediéted HR using Q-Pred equations with

monitored HRR measures at 10, 30, apd 60 s intervals.
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Table 3
Means and Standard Deviations of Monitored Actual HR and Predicted HR From

Monitored HRR Measures at 10, 30, and 60 s Intervals Using the ‘Q-Pred’Equation’

Measure Mean Std. Dev.
Actual HR 166.7 14.6 ;

Pred10 167.4 14.9
Pred30 165.9 17.2
Pred60 167.3 20.1

Note: All measures are in bpm
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A one-way ANOV A with repeated measures showed no significant difference
between the means of monitored actual exercise HR and the three predicted HR from
the Q-Pred equations (F (3, 321) = 1.09, p = .353). Consequently, the Q-Pred
equations accurately predict exercise HR.

Due to large standard deviatiorgs in Q-pred exercise HR, and high standard error
of the estimate of predicted exercise HR from the ;egression equations, predicted HR
were classified based on accuracy of prediction. Predictions made within 5 bpm of"
exercise HR were considered to be accurate. Table 4 shows this classification. It can
be seen that regression equations are better predictors of HR at the three time
intervals when compared to the Q-Pred equations. Although both methods were able
to predict exercise HR within 5 beats of actual monitored exercise HR in at léast 83%
of the subjects at 10 s postexercise, the regression equations appear more accurate
ihan the Q-Pred method at 30 and 60 s postexercise, as these equations only predicted
a HR within 5 beats of monitored exercise HR 65% of the time. -

Postexercise Palpated HR vs. Postexercise Monitored HR

To determine if subjects could accurately measure HR using the palpation
technique, palpated HR was compared to monitored postexercise HR measures
recorded at the moment the palpated measure was obtained. This comparison was
simply to deterrnine if there was a significant difference in palpated HR and
monitored HR unrelated to the measurement delay. The delay in rﬂeasurement of
palpated HR for each subject was matched to the closest time interval (upwards or
downwards) at which HR was measured by the HR monitor. The corresponding

postexercise monitored HR value was compared to the subject’s palpated HR
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Classification of Predicted HR Obtained From HRR Measures at 1 0,

30, and 60 s Using Q-Pred Equations and Regression Equations

Method =5 beats >5& <10beats >10 beats
Qpred,, 90 14 4
Qpred;, 56 30 22
Qpredg, 45 39 24
Rpred,, - 92 16 0
Rpred;, 71 21 16
Rpredg 68 23 17

Note: Method indicates the equation used to predict HR at 10, 30,

and 60 s interval. Values repre‘sént number of data points where predicted

HR were within or equal to 5 beats, >5 but <10 beats, and >10 beats of

monitored exercise HR.
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measurement. For example, if the'delay in palpated HR measurement for a subject
was 25 s, the conesponding postexercise HR measure would be the value at the 20 s
interval-monitored by the HR monitor. Therefore,- the maximum error/difference
between delay in palpated HR measurement and postexercise monitored HR inferval
was 5 s. Means and standard deviations of palpated HR and postexercise monitored
HR measures after delay can be seen in Figure 3. A 2 x 2 repeated measures ANOVA
was conducted tc; determine whether method-(palpated and monitored) or time of
measuremetit (mid-point & end-point) influenced the accuracy exercise HR. The
analysis showed that palpat.ed HR was significantly lower than monitored HR (F (1,
53) =43.56, p =.000). There was no main effect for time at the mid-point and end-
point'measurements (F (1, 53) = .497, p = .484). There was also no interaction effect
be.tween method and time of measurement (F (1, 53) = 3.85, p = .055).
Summary

Analyses of data showed that college-aged, regular participants (N =54) in
group exercise classes took about 17 to 20 s to complete HR measurement using the
palpation method. Their palpated postexercise measures were significantly lower than
actual HR obtained from a HR monitor during exercise. The subjects were also
unable to obtain accurate palpated HR unrelated to a delay in palpated HR
measurement. Monitored HRR measures in the first minute postexercise decreased
linearly; suggesting that HRR measures could be used to predict actual exercise HR
from HRR measures. Regression analyses between actual HR and monitored HRR
measures at 10, 30, and 60.s intervals showed that actual HR was accurately predicted
from monitored HRR measures. A simpler method (Q-Pred) for prédicting exercise

HR from recovery measures yielded acceptable though less accurate predictions.
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Figure 3. Comparison between palpated HR and monitored HR. Values are means

and standard deviations. Signiﬁdant differences (*p<0.05) were found between

palpated and monitored HR values'for mid-point and-end-point times.
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CHAPTER 5
Discussion

The purposes of this study were to determine the delay in obtair;;ing palpated HR
by members of group exercise classes, to examine the effect of the delay on the accuracy
of the palpated measure, and to determine if HR recovered linearly. Subjects obtained
postexercise HR via palpation after a delay of approximafely 17-20 s, which caused
- palpated HR measures to be lower thari HR monitored during exercise by 21-27 beats.
However, HRR measures followed a linear path in the first minute postexercise allowing
equations to be formulated for predicting exercise HR from HRR measures. This chapter
will include discussions on:"a) (ielay in:obtaining palpated HR, b) inaccuracy of palpated
HR measure, c) HRR linearity curve and prediction of exercise HR, d) practical issues
related to HR measurement, and €) summary. |

Delay in Obtaining Palpated HR

Delay in obtaining postexerciée HR was approximately 17 to 20 s, which occurred
because most subjects did not measure HR immediately after exercise, even though class
instructors had er’r'iﬁhasized the importance of doing so for both mid and end-points of an
exercise session. Visual observations and infortal interviews during and after exercise
sessions were used to explain subject béhavior and HR measuring habits that caused the
delay in I’-[R measurement.

Observations revealed that subjects delayed HR measurement because they: a)-
waited a few seconds for postexercise hyperventilation to decrease, b) drank water, and‘c)

could not locate pulse. Factors a and b could be attributed to subjects’ incomplete

understanding of the importance of measuring HR immediately after exercise. Low
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understanding was also reflected by other subject behaviors, such as walking around and
chatting with classmates before measuring HR, or remembering to measure HR only aﬁerv
seeing others do so. Inability to-locate’pulse probably resulted from lack of skill or
incorrect technique and movement artifict. Collectively the visual observations and
informal interviews revealed that the delay in measurement of palpated HR resulted from
the subjects not realizing the importance of measuring HR immediately after exercise and
their inability to quickly locate pulse.
Inaccuracy of Palpated HR Measure

The finding that palpated HR is 21 to 27 beats lower than actual exercise HR is
" consistent with current literature. Devan et al. (2005) demonstrated that palp;lted HR
underestimated actual exercise I—[R by 20 to 27 beats. This difference between palpated
HR in'récovery and monitored exercise HR is caused by poor technique, including a
delay in palpation and an inability to locate pulse quickly and palpate accurately.

Of the aforementibned two factors affecting accuracy of palpated HR, delay in
measurement is the mostAsigniﬁcant due to rapid HRR after exercise. The rate of HRR
| depends on various factors such as age, fitness level, and disease. In this study, exercise
HR and HRR were recorded by HR monitors at'10 s intervals. In the first minute
postexercise, HR recovered rapidly at the rate of 11 beats per 20 s during the first 40 s of
recovery. HRR was} slower in the last 20 s, as'it only'decreased by 7 beats. In all, HRR
averages 29 beats in the first min postexercise in this study. The rate of recovery in the
current subjects in the first mm postexercise was not as high as that recorded by
Kannenken'l et al. (2004), where an dverage HRR of approximately 42 bpm was

observed. The difference in HRR between the current study and that by Kannenkeril et al.




45-

could be because the subjects in this study were standing and continuously moving,
which is a modest form of active re'co?ery. In contrast, subjects in Kannenkeril et al. were
seated after exercise, a form of passive recovery. Active recovery elicits a slower rate of
sympathetic nervous system withdrawal (Takahashi, Hayano, Okada, Saitoh, & Kamiya,
2005), which would cause a slower HRR. Increased HRR observed by Kannenkeril et al.
could not be attributed t'(; fitness levels or age as their subjects were sedentary and older
in contrast to the non-sedentary and younger subjects in this study. A slower HRR of 11
bpm was also obsewed in patients with congestive heart failure by Arena, Guazzi, Myers,
& Peberdy (2006), but these findings are fiot applicable to the current study, where
subjects were héalthy and devoid of overt heart disease.

Since HR recovers at a rapid rate, the timing of the measurement is of utmost
importance in obtaining a palpated measure that accurately reflects actual exercise HR.
Increasingthe delay in HR measurement leads to a greater difference betweén actual and
palpated HR. Delay can be reduced by iincreasing awareness of the importance of
measuring HR immediately after exercise. This awareness is necessary 1f postexercise
HR mieasures are to be used to approximate exercise HR and gauge exercise intensity.

The delay in palpating HR postexercise was just one source of erfor in obtaining
exercise HR. Another possible reason for the difference between palpated and monitored
exercise HR was poor skill that is typical with the ﬁalpatibn method. Wrong technique is
best illustrated by the difference between palpated HR and HRR measures mom'toréd at
the time interval closest to when the subjects obtained palpated HR (i.e., removing the
effect of delay). It was seen that palpated HR obtained by.the subjects were 12 to 18' beats

lower than delay-adjusted monitored HRR measures. It must be noted that the
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aforementioned HRR comparison point had a maximum error of 5 s built in and HRR
during the unaccounted error intervél was not considered while comparing palpated HR
to HRR measures.

Inability to accurately measure HR via palpation may reflect the large individual
variability in aquiring skill (Erdmann, Dolgener, & Hensley, 1998; Sedlock, Knowlton,
Fitzgreald, Tahamont, & Schneider, 1983) and is seen even though subjects practiced
palpating HR in at least three exercise !session-s before data collection. From observations,
the primary difficulty in measuring palpated HR accurately was locating pulse, which is
exacerbated after exercise if active recovery is used. ‘Exércise hinders site location
because of movement artifact, which has similar vibrations to a pulse beat and can be
mistakenly identified as ‘a pulse beat during palpation. Movement artifact may exist even
when an individual stops exercising especially in n:on-laboratory settings like group
exercise classes or outdoor exercise where participants do not completely stop moving. In
such conditions, people normally recover actively by walking around, stretching, or by
stepping in place to avoid a sudden drop in blood pressure. Similar actions were observed
in this study’s subjects. Hyperventilation after exercise could be another source of artifact
while palpating pulse at the carotid artery.

The difficulty in measuring palpated pulse accurately may exist among a majority
of people that use the palpation technique. Given the inaccuracy cqused by low user skill,_
the present findings have practical implications for habitual exercisers that use palpation
to monitor exercise HR, and therefore, exercise intensity. The findings of this study,
which agree with those by DeVan et al. (2005), Erdmann et al. (1998) and Sedlock et al.-

3

(1983), demonstrate that postexercise palpation counts greatly underestimate the true




47

exercise HR, therefore, are not indicative of actual exercise ixiteflsity. Thus, to pfoperly
monitor exercise intensity, an alternative mode for mionitoring exercise HR should be
- used, such as a portable HR monitor. These.units are widely available and provide
accurate and immediate feedback, as well as data storage for later analyses (Laukkanen &
Virtanen, 1998). If this alternate method is not possible, users of the palpation technique
of HR measurement must be highly skilled in locating and counting pulse without any
delay after‘stopping exercise.

HRR Linearity Curve and Predi‘cﬁon of Exercise HR

Previously, no other study has‘examined linearity of HRR in the first minute
postexercise to determine if exercise HR could .be predicted from monitored HRR
measures. Numerous HRR studies on healthy and diseased population have determined
that normal HRR ranges between 12 to 42 beats in the first minute postexercise.
(Carnethon et al., 2005; ljeVan et al., 2005; Kannankeril et al., 2004). Although the
aforementioned studies concluded that HR recovers at a very rapid rate after exercise,
HRR was not quantified at a smaller level (5 or 10 s intervals) in the first minute
postexercise:

The current study showed (see Figﬁre 2) that HRR measures in the first minute
postexercise followed a linear path. The linearity of HRR suggested that accurate
postexercise HR measures can be used to predict exercise HR. If exercise HR can be
correctly predicted from accurate HRR measures, the error in palpated HR (assumed as -
exercise HR) arising from a delay in m‘easurément would be minimized. The accuracy of
the prediction would also depend on the ability of the exerciser to obtain an accurate

palpated measure. Since palpated HR is usually measured within the first minute
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postexercise (DeVan et al., 2005; Erdman et al., 1998; Sedlock et al., 1983), thé current
study measured HRR at 10 s intervals in the first minute postexercise to allow
formulation of exercise HR prediction equations. Regression analyses showed that.
exercise HR could be predicted from monitored HRR measures at 10, 30, and 60 s in the
postexercise phase. The simple Q-Pred equations also allowed satisfactory exercise HR
prediction. Althpugh there were no sig’ﬁiﬁcant differences between actual exercise HR
and predicted HR from regression and Q-Pred equations; a count of predictions within 5
beats showed that the regression equations were somewhat more effective in predicting
exercise HR than Q-pred equations. The superiority of the reéession equations was
‘especially evident at 30 and 60 s after exercise. Reasons for decreased accuracy of the Q-
Pred equatiohs at 30 and 60 s postexercise were not identified. It is necessary to examine
-if accuracy of Q-Pred equation for 30 and 60 s increases after modifications such as
addition or subtraction of small decimal values to the quotient are made (e.g. - using 1.25
" instead of 1.23).Therefore, to obtain a good estimate of exercise HR, exercisers musf[
accurately palpate pulse immediately after exercise (within 10 s) and then’compute
‘exercise HR using regression or (Q-pred) quations.
Practical Issues‘Related to HR Measureme(zt
HR Monitor Use |
This study found that the palpation téchnique, as typically used postexercise, is
not an appropriate indicator of actual exercise HR. An alternative and easy method to
accurately measure exercise HR is the use of a HR monitor (Kramer et al., 1993; Treiber
et al., 1989; Wajciechowski ét al., 1991). Since they are more accurate, HR monitors will

enable exercisers to reduce potential over-exertion and maintain safety. Although the use
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of HR monitors is widespread, those not using these monitors 6utnumber those who do.
This could be due to the cost involved in the use of HR monitors (minimum of $50). If
HR monitors prove cosf prohibitive, the exerciser must rely on accurately recording a
palpated HR postexercise and then using a prediction equation to best estimate actual
exercise HR.

Use of Prediction Equations by the Re:gular Exerciser

Since regression and Q-Pred methods predict exercise HR (within 5 beats of
actual HR) from HRR measures at 10 s postexercise 83% of the time, and are rea§onably
accurate predictors at 30 and 60 s, the formulated prediction equations will improx;e the
accuracy of estimating exercise HR over a simple postexercise HR measure. The
prediction equations will be effective only'if the user obtains an accurate palpated HR
measurement within 10 s of stopping exercise. Exercisers not adept at palpating pulse can
increase skill through regular practice of the technique. The ideal method of prediction
would be to use the 6 s pulse count immediately e_lﬁer exercise and then use 10 s
postexercise regression or Q-pred equations:

Another factor to be képt in mind while using prediction equations is exercise
intensity. All exercise classes held at the Ithaca College Fitness Center were of high
intensity and ensured that participants éxercised at more than 75% of their maximum HR
It can therefore be said that, the prediction equations (Q-pred and regression) were
reasonably accurate for high intensity exercise. We did not identify if these equations
could accurately predict exercise HR at lower submaximal intensities. It is necessary to
study the applicability of the aforementioned equations to lower exercise intensities

because HR response fluctuates depending ‘on increasing or decreasing sympathetic tore.
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The level of sympathetic influence increases or decreases based on exercise intensity.
Cross-validation of prediction equations at other intensities will increase the
generalizabilty of prediction equations‘allowing them to be used by more exercisers.:
Effect of Individual Characteristics ontHR Predictions |

Some key factors that can affect applicability of the Q-pred and regression
equations to general population are gender, fitness level, and age of the exerciser. This
section discusses a few individual specific factors that can affect predicted HR.

Effect of varying fitness level and disease. Although we did not measure fitriess,
on the basis of exercise history reported by each subject, it is believed that the
participants in this study were endurance trained. Even a short endurance training
program increases autonomic response, and thereby increases HRR by approximately 15
bpm (Bassett et al., 1988; Carnethon et al., 2005; Carter et al., 2003; Yamamot;) et al.,
2001). Therefore, the regression equations derived presently may be specific to
endurance trained individuals only. An untrained individual using the determined
regression or Q-Pred equations may overestimate exercise HR due to a lower HRR rate.
Similar overestimation of exercise HR could occur also in the case of individuals with
heart disease due to decreased parasympathetic reactivation after exercise (Arena et al,,
2006). Overestimation of exercise HRicould cause the exerciser to wrongly decrease
exercise intensity and thereby not accrue thé benefits of cardiovascular training.

" Therefore, further studies need to examine the applicability of prediction equations to an
untrained population and people with cardiovascular disease. Modification of these

equatjons is likely needed for this population of varying fitness level.
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Gender effect. All subjects in the current study were women. Women have an
incréased rate of parasympathetic activity and reduced rate of sympathetic activity as
compared to men after the same exercise program (due to different steroid hormones,
metab"olism, and autonomic control) (Carter et al., 2003). The applicability of the derived
prediction equations to men needs to be éxamined. If the present equa'tiorrls are used by
men, adjustments may be needed to aéhieve the accuracy obtained in this study.

Age effect. Cardiovascular deterioration due to structural changes of the heart and
reduced inotropic and chronotrdpic response cause differences in HRR patterns with the
progression of age (Carter et al.,-2003). Since the subjects were all college-aged
individuals, the prediction equations may not be accurate when used by individuals from
different age groups (especially the older population). If the current equat.ions are used by
an oldefpopulation, the predicted HR may not be an accuréte reflection of actual exercise
HR. The applicability of the prediction €quations to age groups older and younger than
college-aged students needs to be examined.

It is therefore necessary to test the accuracy of the derived prediction equations
when it is subject to var;ous factors such as gender, age, and ﬁtnes; level of the user.
iAccuracy of prediction equations should also be cross-validated on a larger scale (greater
subject pools) to be deemed applicable for regular use.

6 vs. 10 s Pulse Counts

To measure HR via palpation, most subjects in this study used a 6 s pulse count,

which was then multiplied by ten to obtain HR for one minute. Although both 6 and 10°s

pulse counts yielded inaccurate exercise HR, measuring HR immediately after exercise

using the 6 s count could reduce delay-in obtaining palpated HR to less than 10 s.
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Monitored HRR measures at the 5 s interval showed that the aforementioned reduced
delay would decréase inaccuracy of the palpﬁted measure and subjects would have
obtained HR within 5 to 8 beats of actual exercise HR. Although some subjects used the
10 s pulse count to measure HR, it seems more practical to use the 6 s count and
effectively reduce delay by 4 s. Prediction equations for the shortest delay (10 s) after
exercise yielded the greatest prediction ability. Rapid postexercise HR measurement
seems the most acceptable strategy t6 obtain accurate exercise HR.

Using a 6 s count also results in an easy arithmetic calculation simply requiring a
zero to be added to the pulse count to obtain paipated HR. The subjects Who used the 10 s
count reported occasional difficulty in. multiplying the obtained pulse count by 6.
Conversely, the drawback of using the.6 s pulse count was that the obtained palpated HR
would always be roun;ied_to the “tens”place (e.g., 140, 150). Accordingly, if a subject
stopped counting pulsé a little over or under 6 s, her estimated palpated HR could be off -
by a factor of ten. Error is not magnified as much with a 10 s count. Since both 6 and 10 s
pulse counts have a certain amount of error built in, it is necessary to determine the more'
accurate method of the two, which will give the regular exerciser a choice of using the
more accurate method of HR palpation. Once an accurate palpated (or monitored) HR is
obtained the regular exerciser can achieve better exercise HR estimation by using the Q-
pred or regression equations establi:shed within this study.

Summary

Members of groups exercise classes displayed low proficienicy in measuring HR

using the palpation technique and low understanding of the importance of measuring HR

immediately after stopping exercise. This caused a deiay in obtaining HRR measures and
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.yielded inaccurate palpated measures that were significantly different from monitored

HR. Although exercise HR is most accurately predicted using 10 s postexercise HRR and
accuracy of prediction decreases with increasing duration after exercise, regression
prediction equations at 30 and 60 s after exercise also displayed satisfactory results.
Applicability of all prediction equations for everyday use with respect to gender, age, and
fitness lévelé of users need to be exaniined. It seems clear that adjustment of HRR |
nlleasures is needed if exercise HR is to be well approximated and used as a gauge of

eéxercise intensity. It is reasonable to make this adj ustment of HRR measures from

- population-specific exercise HR prediction equations.




CHAPTER 6
Summary, Conclusions, and Recommendations
Summary

HR measurement is the most commonly used method to monitor exercise
intensity. Most exercisers that measure HR use the palpation tecﬁnique postexercise to
keep track of exercise HR. It has been previously found that postexercise HR palpation
does not provide an accurate estimate of exercise HR (Erdmann et al., 1998; Sedlock et
al., 1983). A recent study by DeVan'et al. (2005) ql;antiﬁed the inaccuracy of
postexercise palpation to estimate exercise HR at 21 to 27 bpm. This inaccuracy may be
reduced significantly if palpated HR was accurétely measured during exercise. Palpated
HR measurement during exercise, however, is hampered by movement artifact and .
difficulty in locating pulse. Thus, palpated HR measurement is mostly done after
stopping of exercise. On cessation of exercise, HR recovers at a very rapid rate of up to
42 beats in the first minute after exercise (Kannenkeril et al., 2004). It is this rapid
recovery of HR, combined with the delay and inaccuracy involved in measuring pulse
that invariably results in a poor esti;nation of exercise HR with postexé'rcise palpation.

The main contributor to the aforementioned inaccuracy of palpated HR is the use
of an incorrect technique, which involves delay in measurement (causes rapid HRR), and
location of pulse. Palpation technique skill can be acquired through sufficient practice,
but the longer the delay before measuﬁng postexercise palpated HR, the greater the error
in measurement. Since actual exercise HR measurement is not possible manually, it
becomes necessary to accurately measure postexercise HR immediately‘after exercise to

be able to predict exercise HR.
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The purposes;' of this study were to determine the time taken by members of Ithaca
College Fitness Center group exercise:classes to obtain palpated HR and to determine the
linearity of HRR in-the first minute postexercise. Quantifying the delay in postexercise
HR measurement would help increa}se'ihe general awaren;ess about the effects of delay on
the accuracy of the palpation technique, while determining the HRR curve allowed.
formulation of exercise HR prediction equations.

Female studénts (N=54) with a’'mean age of 19.9 + 1.6 years, recruited from

R

group exercise classes held at the Ithaca College Fitness Center, served as subjects. They
typically exercised for approximately 56.0 + 28.1 min-day’ and 4.3 + 1.4 days-week’'
over the previoﬁs 9.2 + 7.3 months. All ;;articipants were taught the palpation technique
and used it to record HR twice during every class on a HR recording card. The subjects
were not told the true nature of the study to avoid ény influence on‘ their palpated HR
measﬁring habits. Subjects signed an informed consent form, filled out an exercise
history questio‘hnaiire, and attended three mandatory practice classes prior to a videotaped
data collection trial class. In the practice classes, subjects exercised in the presence of
video cameras and wore HR monitors to get accustomed to data collection procedures.
All data collection proéedures were completed during the video taped class. Actual
exercise HR and postexercise HRR were measured at 10 s intervals by a HR monitor
during the full class time and for one minute postexercise. Film review was done after
data collection and delay for each participant in obtaining palpated HR was recorded with
a stop watch. Delay was the time elapsed in seconds between stopping exercise and

completion of pulse count indicated by the removal of fingers from the pulse site.
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Descriptive statistics for delay i’n obtaining palpated HR at the mid-point and end-
point of the exercise classv showed that 'subjects took 17 to 20 s to obtain palpated HR. 2 x
2 ANOVA were conducted to determine if method (monitored & palpated) or time of
measurement (mid-point & end-point)'influenced accuracy of obtained palpated HR.
Palpated HR was significantly lower when compared to exercise HR and delay-adjusted
HRR measures. Simple regression analysés between monitored exercise HR and HRR
measures at 10, 30, .and 60 s intervals determined linearity of HRR and produced
prediction equations. More practical Q-Pred equations were also formulated using simple
arithmetic between the aforementioned monitored exercise HR and HRR measures.
Predicted HR obtained from regression equations and the Q-Pred equations were not
sigrificantly different from each other;ialthough predictions made from regression
equations using HRR at 10 s after exercise were most accurate.
Conclusions
Based on the finding of this study, the following conclusions were drawn:
1. Pulse palpation postexercise is not an appropriate method of measuring exercise
‘HR as delay and incorrect technique while making the measure caused the
measured HR to be inaccurate by 21 to 27 beats.

2. Postexercise HR recovers linearly in the first minute postexercise allowing
prediction of exercise HR with reasonable accuracy using regression and Q-Pred
equations.

3. Postexercise HR must be measured immediately after stopping exercise. This will
-éllow the use of the prediction equation (regression or Q-pred) at 10 s of HRR,

which predicts exercise HR more reliably than equations at 30 or 60's.
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4. To best.ensure measurement of an accurate exercise HR, one must wear a HR
monitor that records exercise HR while exercise is being done.
Recommendations

Recommendations for future areas of investigation include the following:

1. Examine the existence of a delay in palpated HR measurement in people that
“exercise alone, either in an indoor or outdoor setting, -

2. Examine awareness of measuring HR after exercise among the géneral population
who receive no HR palpation instructions.

3. Examine on a large scale if individuals‘use the correct technique to palpate HR.
This will help to understand if inc.orrect technique is a large contributing factor to
an inaccurate HR measure. Future studies must cross-validate the use of
prediction’equations with palpated HR to predict exercise HR.

4. Accuracy of prediction equations needs examination on a larger scale (greater N)
to determine their applicability for everyday use by a variety of exercisers (e.g.,
different gender, ages, and fitness levels).

5. Applicabilit); of prediction equations to low and moderate intensities needs to be
tested.

6. Examine if exercisers can 5e taught to palpate HR accurately within 10 s

-postexercise. A rapid and accurate HR measure should allow 10 s postexercise Q-

pred of regression equations to‘accurately predict exercise HR.
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Appendix A
Flyer
Research Study Announcement

_ The effects of heavy breathing and fatigue on biomechanics during high intensity
exercise in-a group exercise class

Researchers in the Department of Exercise and Sports Sciences at Ithaca College
are seeking volunteers from group exercise classes to participate in a research
project that is examining the effects of fatigue and increased breathing rates on
body movements during an exercise class. Changes in movement can reduce the
efficiency at which you exercise. Efficiency is the maximum amount of benefit you
can derive from exercising at a particular intensity. This experiment requires one of
your class sessions to be video taped for analysis of biomeéchanical changes. You
~will have to attend at least 3 exercise classes before being video taped so that you
are used to the kind of exercise that is being done in the class, which ensures that
the changes in your body movements will not be a result of unfamiliarity class
activities. You will also be required to wear heart rate (HR) transmitter belts and a
HR monitor, which will record your HR via radio signals/telemetry during the
exercise session so efficiency can be studied. Since, you will not be asked to do-
anything different from your regular exercise class, you should not experience any
addition discomfért from participating in this project. Participation is voluntary and
you can withdraw from the study at any time without penalty. You must be at least
18 years or over to participate. Total participation time is equal to the typical length
of the class over four classes. '

For more information please contact:
Dinesh John

‘Dept. Exercise and Sports Sciences
Ithaca College

Email: djohnl @ithaca.edu.
Phone: 607-262-0516.
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Appendix' B
Subject Recruitment Statement

I want to see if you would like to participate in a research project that is examining
the effects of fatigue and increased breathing rates on body ‘movements during an
exercise class. Changes in movement can reduce the efficiency at which you
exercise. Efficiency is the maximum amount of benefit you can derive from
exercising at a particular intensity. This experiment requires one class to be video
taped for-analysis of biomechanical changes. You will have to attend at least 3
exercise classes before being video taped so that you are used to the kind of
exercise that is being done in the class, which ensures that the changes in your body
movements will not be a result of unfamiliar class activities. You will also be
~ required to wear a heart rate (HR) transmitter belt on your chest and a HR monitor
on your wrist, which will record your HR via radio signals/telemetry during the
exercise session so efficiency can be studied. Since, you will not be asked to do
anything different from your regular exercise class, you should not experience any
additional discomfort from participating in this project. Participation is voluntary
and you can withdraw from the study at any time without penalty. You must be at
least 18 years or over to participate. Total participation time is equal to the typical
length of the class over four classes. Do you have any questions? Would you like to
read the informed consent, which describes what will occur in greater detail?
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Appendix C

* Informed Consent Form For
Participation in Human Subjects Research
Ithaca College

The effects of heavy breathing and fatigue on biomechanics during high
intensity exercise in a group exercise class

1. Purpose of Study

The purpose of this study is to examine if fatigue and increased ventilation
(breathing) during high intensity exercise causes biomechanical changes in
participants of a group exercise class.

2. Benefits of the Study _

You may benefit from this study, because you will get an understanding of how
biomechanical changes towards the end~stages of high intensity exercise may
reduce your ability to confinue exercising with the same efficiency and vigor. The
results may help you increase exercise efficiency by using correct biomechanical

movements and by controlling your breathing.

3. What You Will be Asked to Do

If you agree to participate in the study, you will have to attend ‘at least 4 exercise
classes including one that will be filmed and analyzed at a later stage. The length of
each of these 4 classes will be 60 minutes long; similar to any other class you attend
at the Ithaca College Fitness Center. You will not be asked to exercise harder or
longer than you regular exercise class-and total participation time pertaining to this
study will be 240 minutes. It is necessary that you participate in at least 3 classes
before attending the class that will'be filmed because you should get used to the
kind of exercise that is being done in the class It ensures that the changes in your
body movements will not be a result of unfamiliarity to the kind of exercise
performed in the class. You will also be required to wear a heart rate (HR)
transmitter:belt ori your chest and-a HR monitor on your wrist, which will record
your HR via radio signals/telemetry. Changes in HR may reflect altered efficiency.

Risks

Your risks of participation are minimal and are no more than the risks faced during
a regular exercise class. These include fatigue, soreness, and injury. The only added
risk due to the study may be that of irritation to the skin caused by wearing a HR
transmitter belt around your chest. Although no special medical arrangements have
been made, in the event of injury, standard first aid available at the fitness center
will be provided by fitness center employees as all are CPR certified. All fitness
center emergency

Initial

.72




73

procedures will be followed if need arises. If outside care is warranted then 911 will
be called. There is no compensation available for injury; you are responsible for all
medical costs.

4. If You Would Like More Information About the Study
Please contact principal investigator, Dinesh John, or faculty advisor, Dr. G. A.
-Sforzo to get more information about this study, or to get a copy of the results.
Emall/phone- Dinesh John- djohnl(@ithaca.edu./607-262-0516

Dr. G. A. Sforzo- sfrozo@ithaca.edu./607-274-3359.

5. Withdrawal From the Study
You may stop participating, or withdraw from this study at any time without any

penalty.

6. Confidentiality of the Data

All collected data will be confidential. The data files will be kept in the gradudte
office in the Center for Health Sciences at Ithaca College in a secure lockable
cabinet. Computer files will be accessed only by the principal investigator with a
password. Your.name will not be used in connection with this-study. However it is
asked with your consent that these video tapes/data remain available for use durmg
professional meetlngs

I have read the above and I understand its contents. I agree to participdte in this
study. I acknowledge that I am 18 years of age or older. I have received a copy of
this consent form for my own records.

Name (PRINT):

Signed (SIGN): Date:

I give my permission to be videotaped for presentations and publications.

Signed (SIGN): ~_ Date:

ITHACA COLLEGE LIBRARY




Appendix D
Exercise History Questionnaire
General Instructions: Please complete this form in as much detail as possible.

Name (please print)
Age Phone# Email

Status (circleone) FR SO JR SR | GRAD FAC/STAFF
Please fate your exercise level on a scale of 1 to 5 (5 indicating very strenuous)

Do you start exercise programs but then find yourself unable to adhere to them?

- Q Yes U No

Do you currently exercise? \

QO Yes U No. Ifyes, indicate the major

activities )

Enter duration of exercise/day No. of days/week you exercise

I have been doing the above mehtioned/similar exercise for weeks/months/years now
© (circle). ~

Rate your perceived exertion during your current exercise program (check the corresponding .

box): T -
O Light Q Fairly Light O Somewhat Hard " 0 Hard
How long have you exercised on a consistent basis? months years

Please indicate the types of equipment you enjoy using at the IC finess center:
O Exercise Bike Q Elliptical Trainer Q II Rower U Treadmill
Q. Step Machine O Cybex (variable resistance machines) U Free Weights

Use the following scale to rank your fitness goals:

- Extremely Somewhat _ Not at all
important important important
1 2 3 4 5 6 7 8 9 10
Improve cardiovascular fitness - Body-fat weight loss
Reshape or tone my body Improve sport performance
Improve mood and stress tolerance Improve flexibility
Increase strength Increase energy level
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Appendix E

HR Card
Name-
Class Time-
Class Type-
ID no-
Date - Mid-Point HR |End-Point HR
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Appendix F

Raw Data for Subject Exercise Habits

Subject No. Age-years Minutes Days/Week Months
1 19 30 5 1
2 18 40 4 3
3 19 60 5 36
4 21 60 5 12
5 . 22 120 5 12
6 19 25 4 2
7 19 30 6 6
8 19 30 3 7
9 20, 0 0 0
10 21 60 4 15
11 18 50 4 8
12 19 60 5 4
13 19 . 60 5 3
14 20 60 2 12
15 22. 30 4 8
16 24 60 5 3
17- 20 50 5 3
18 22 90 6 24
19 18 90 7 3
20 22 60 5 5
21 22 90 4 12
22 21 30 5 8
23 23 40 4 24
24 19 120 7 10
25 18 60 4 12
26 18 60 3 12
27 18 30 5 5
28 21 40 2 6
29 18 30 4 12
30 18 120 4 8
31 22 60 5 15
32 18 60 5 6
33 19 60 5 6
34 19 : 90 5 8
35 21 90 4 24
36 20 0 0 0
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Appendix F

Raw Data for Subject Exercise Habits (continued)

Subject No. = Age-years Minutes Days/Week Months

37 20 120 3 5

38 18 60 4 1

39 19 30 7 10
40 22 30.. 6 24
41 20 40 4 12
42 19 90 4 12
43 19 30 4 1

44 19 60 5 8
45 2 60 6 24
46 21 40 4 12
47 20 60 7 6
48 18 50 3 3

49 22 90 4 5

50 21 30 3 4.
51 22 60 4 12

52 22 60 4 12
53 20 . 30 4 4

54 .18 40 3
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Appendix G

Raw Data for Actual and Palpated HR

Actual End Palpated Palpated

Subject No. Actual mid HR HR Mid End

1 176 164 150 120

2 171 160 150 130

3 167 190 150 ‘180

4 181 168 160 160

5 162 - 157 130 140

6 159 154 160 120

7 172 _ 181 170 140

8 ‘ 166 155 130 140

9 ‘ 181 165 150 150

10 188 175 140 - 130

. 11 190 182 200 - 190

12 171 . 181 170 170

© 13 176 186 156 144

14 165 159 114 144

15 166 164 156 138

16 187 177 168 138

17 148 136 180 180

18 170 161 138 126

19 167 . 164 138 138

. 20 175. 172 144 120

21 159 154 150 132

22 176 182 174 168

23 161 - 160 138 132

24 175 174 150 156

25 183 178 ' 156 156

26 178 167 130 140

27 164 171 110 150

28 161 143 © 130 130

29 149 143 140 120

30 127 206 © 90  160-

31 157 154 110 . 140

32 183 153 150 110

33 174 179 140 140-

34 172 164 120 130

35 164 139. 150 130
36

193 179 150 150
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Appendiﬁ G

Raw Data for Actual and Palpated HR (continued)

Actual End Palpated Palpated
Subject No. Actual mid HR HR Mid End
37 . 158 145 100 140
38 163 152 140 140
39 152 140 100 120
40 196 187 180 190
41 164 163 130 140
42 168 190 150 180
43 181 155 150 150
44 163 158 130 140
45 164 168 110 150
46 150 143 140 120
47 169 179 140 140
48 185 179 150 150
49 152 140 100 120
50 176 186 150 140
51 150 138 180 180
52 174 172 150 120
53 159 147 100 140
54 166 162 140

All values are in bpm

Actual HR (Mid and End) - Obtained from HR monitor during exercise.

130

Palpated HR ~ HR recorded by subject on HR card using palpation method.
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Appendix H

Raw Data for Actual Exercise and Predicted HR Recorded by HR Monitors at 10 s

‘Set No. HRACT .HRI-O HR20 HR30 HR60 Pred10 Pred30 PredGO

1 176 171 170 164 146 176  176.22 173.22
2 171 171 170 168 141 176 179.34 169.62
3 167 163 163 157 140 1683 170.76 168.9
4 181 180 174 170 155 1848 1809 179.7
5 162. 163 155 147 132 1683 16296 163:14
6 159 154 146 140 138 1595 1575 167.46
7 172 172 167 156 151 ° 177 169.98 176.82
8 166 160 155 158 137 1654 171.54 166.74
9 181 = 181 184 180 156 185.7 1838.7 180.42
10 188 179 176 168 151 183.8 179.34 176.82
11 190 190 185 180 169 1945 1887 189.78
12 171 170 164 158 153 175.1 171.54 178.26
13 176 161 156 156 148 1663 169.98 174.66
14 165 158 154 142 138" 1634 159.06 167.46
15 166 157 155 150 142 1624 1653 170.34
16 187 184 180 175 162  188.6 = 184.8 184.74
17 148 143 138 128 97 1489 148.14 13794
18 170 165 157 +145 134 1702 1614 164.58
19 167 161 155 153 141 1663 167.64 169.62
20 175 171 165 157 145 176  170.76 172.5
21 159 156 147 145 131 161.5 1614 16242
22 176 168 160 151 148 173.1 166.08 174.66
23 161 155 147 142 135 160.5 159.06 165.3
24 175 170 163 156 146 175.1 169.98 173.22
25. 183 181 178 173 146" 1857 183.24 173.22
26 178 176 167 162 151 180.9 174.66 176.82
27 164 165 152 149 142 1702 164.52 170.34
28 161 160 162 155 135 1654 1692 1653
29 149 145 138 135 128 1508 153.6 160.26
30 127 123 118 114 101 129.5 137.22 140.82
31 157 155 151 144 131 160.5 160.62 16242
32 183 178 170 158 - 155 1828 171.54 179.7
33 174 173 170 165 146 178 177  173.22
34 172 160 161 161 143 1654 173.88 171.06
35 164 161 160 156 158 1663 169.98 181:86
36 193 189 187 179 163 193.5 187.92 185.46

80




Appendix H

" Raw Data for Actual Exercise and Predicted HR Recorded by HR Monitors at 10 s

(continued) *

SetNo. HRACT HRI0O HR20 HR30 HR60 Pred10 Pred30 Pred60
37 158 151 145 139 125 156.6 156.72 158.1
38 163 157 155+ 148 139 1624 163.74 168.18

-39 152 151 144 127 111 156.6 14736 148.02
40- 196 195 190 183 167 1993 191.04 188.34
41 164 163 162 163 135 1683 17544 1653
42 168 165 163 157 140 1702 170.76  168.9
43 181- 176 175 175 156 1809 184.8 18042
44 163 160 152 151 137 1654 166.08 166.74
45 164 166 152 147 142 1712 16296 170.34
46 150 146 136 134 128  151.8 152.82 160.26
47 169 167 170 163 146 172.1 17544 173.22
48 185 181 174 171 160 1857 181.68 183.3
49 152 148 144 129 116 1537 14892 151.62
50 176 161 156 156 148 1663 16998 174.66
51 150 145 1397 129 99 150.8 148.92 139.38
52 174 170 168 155 144 . 175.1 1692 171.78
53 159 150 148 135 - 125 1557 153.6 158.1
54 166 163 160 160 134 1683 173.1 164.58
55 164 163 154 148 134 1683 163.74 164.58
56 160 158 151 145 131 1634 1614 162.42
57 190 180 161 143 125 184.8 159.84 158.1
58 168 161 158 154 136 1663 16842 166.02
59 157 150 149 145 107 155.7 1614 145.14
60 154 148 146 139 127 1537 156.72 159.54
61 181 174 162 146 130 1789 162.18 161.7
62 155 151 146 138 126  156.6 15594 158.82
63 165 159 153 155 118 - 1644 1692 153.06
64 175 168 163 159 144 173.1 17232 171.78
65 182 169 167 157 123 174.1 170.76 156.66
66 181 177 170 166 148 1818 177.78 174.66
67 186 171 164 159 138 176 17232 167.46
68 159 154 155 148 130 1595 163.74 161.7
69 164 160 158 151 142 1654 166.08 170.34
70 177 172 169 161 154 177 173.88 178.98
71 136 132 124 122 100 1382 14346 140.1
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Appendix H

Raw Data for Actual Exercise and Predicted HR Recorded by HR Monitors at 10 s

(continued) :
{ :

Set No. HRACT. HR10 HR20 HR30 HR60 Pred10 Pred30 Pred60
72 161 157 157 156 132 1624 169.98 163.14

} 73 164 158 154 154 140 1634 168.42 168.9
74 172 168 167 165 146  173.1 177 173.22
75 ‘154 154 146 139 130 159.5 156.72 161.7
76 182 180 176 170 155- 1848 1809 179.7
77 160 155 150 146 136 160.5 162.18 166.02
78 174 170 169 161 140 1751 173.88 168.9
79 178 176 176 168 150 1809 17934 176.1
80 167 165 159 159 144 1702 17232 171.78
81 171 167 157 144 131 172.1 160.62 162.42
82 143 138 127 110 111 144 134.1 148.02
83 143 140 135 128 118 146  148.14 153.06
84 206 198 . 191 187 183 2022 194.16 199.86
85 154 153 155 149 126 158.6 164.52 158.82
86 153 157 157 155 117 1624 169.2 152.34
87 179 182 182 177 163 186.7 186.36 185.46
88 164 163 157 144 136 168.3 160.62 166.02
89 139 131 121 121 117 1372 142.68 152.34
90 179 158 156 148 140 1634 163.74 168.9
91 145 140 131 124 113 146  145.02 149.46
92 152 145 146 138 132 150.8 15594 163.14
93 140 140 140 138 118 146 15594 153.06
94 187 183 172 160 145 187.7 173.1 1725
95 163 150 147 137 119 1557 155.16 153.78
96 190 181 163 143 125 185.7 159.84 158.1
97 155 159 153 152 118 1644 166.86 153.06
98 158 151 145 138 127  156.6 15594 159.54
99 168 167 155 144 131 172.1 160.62 162.42
100 143 139 135 126 117 145  146.58 152.34
101 179 182 177 177 161 186.7 186.36 184.02
102 179 163 156 148 140 1683 163.74 1689
103 140 140 140 132 118 146 151.26 153.06
104 186. 171 164 159 138 176  172.32 167.46
105 138 132 126 122 100 1382 14346 140.1
106 172 166 165 162 145 1712 17466 1725
107 147 139 131 125 113 145 145.8 149.46
108 162 151 148 135 118 156.6 153.6 153.06

82

HR-ACT- Monitored actual’'HR recorded before end of exercise. HR10, HR30, HR60-
Monitored HRR measures at 10, 30, and 60 s, respectively in the first minute postexercise.
Pred10, Pred30, and Pred60- HR predicted from HR10, HR30, and HR60, respectively.
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