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ABSTRACT

A quasi-experimental design was employed to determine the
effects of a single caffeine dose on heart rate and rhythm.

The study

sample consisted of twenty normal subjects recruited from the nursing
college of a large southwestern university.

Subjects were randomly

assigned to either control or experimental groups.
cardiogram was performed on all subjects.

A baseline electro

Subjects in the experimental

group received 150 cc of caffeinated coffee and subjects in the control
group received 150 cc of decaffeinated coffee.

Repeat electrocardiograms

were obtained one-half hour and one hour after consumption of either
beverage.

All subjects completed a questionnaire describing their daily

caffeine intake.
Heart rate per minute and the number of ectopics per two minutes
were calculated from each electrocardiogram.

Analysis of variance for

repeated measures revealed a statistically significant decrease in heart
rate in the experimental group over time.
noted in ectopy between groups.

ix

No significant difference was

CHAPTER 1

INTRODUCTION

Caffeine, a methylxanthine, is a stimulant contained in a number
of commonly used substances.

Americans consume an average of 206 milli

grams per person per day in the forms of coffee, tea, cola and cocoa.

In

addition, significant amounts of caffeine may be consumed in over-thecounter medications such as cold medications and appetite-suppressants
(Graham, 1978).
Recently, increased attention has been focused on the possible
health risks associated with caffeine consumption.

Possible health risks

linked to caffeine include birth defects (Second international caffeine
workshop, 1980), exacerbation of fibrocystic breast disease (Third inter
national caffeine workshop, 1981) and cancer (Clark et al., 1982).

The

possibility of increased health risks has led to a rise in the sales of
decaffeinated coffee and the promotion of "no caffeine" beverages by soft
drink manufacturers (Clark et al., 1982).
The relationship between caffeine consumption and cardiac disease
has been investigated extensively.

In previous studies, caffeine has

been associated with the development of coronary artery disease (Jick
et al., 1973) as well as tachycardia and arrhythmias (Kirchoff, 1981).
Further investigations have diminished the role of caffeine as a coronary
risk factor (Klatsky, Friedman and Siegelaub, 1973; Dawber, Kannel and
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Gordon, 1974; Hennekins et al., 1976; and Rosenberg et al., 1980).
However, the relationship between caffeine ingestion and alterations in
heart rate and rhythm remains unclear.

This chapter reviews the studies

relating caffeine consumption to changes in heart rate and rhythm.

The

conflicting results of these studies provide the rationale for investiga
tion of the effects of a single caffeine dose on heart rate and rhythm.
The purpose, research questions, assumptions and limitations of this
investigation are then outlined.

Heart Rate and Rhythm Changes
in Response to Caffeine
A variety of studies indicate a relationship between caffeine
ingestion and heart rate, but the direction of the relationship is not
consistent.

Polonovski et al. (1952) noted an acceleration of the pulse

in groups of subjects drinking caffeinated or decaffeinated coffee.

A

greater change in mean heart rate was observed in the subjects receiving
caffeinated coffee.

However, no levels of significance were reported for

the difference in mean heart rate change between the two groups.

Levels

of significance allow an estimate of the likelihood that chance varia
bility is responsible for the differences between groups (Polit and
Hungler, 1978).

In the absence of these levels, it is impossible to

determine the relationship between the consumption of the caffeinated
beverage and the greater change in mean heart rate.
Robertson et al. (1978) noted a biphasic heart rate response to
caffeine ingestion. After ingestion of the caffeine dose, subjects experi
enced an initial bradycardia followed by an acceleration of the pulse
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above baseline.

Jung et al. (1981) observed only bradycardia in sub

jects ingesting caffeine.

Svensson, Persson and Sjoberg (1981) found no

significant difference in heart rate between a group receiving a placebo
and a group receiving caffeine.

Ivy et al. (1979) and Costill, Dalsky

and Fink (1978), in two separate studies, found no significant difference
in the heart rate increase associated with exercise between placebo and
caffeine groups.
The differences in heart rate response to caffeine ingestion may
be related to the period of time subjects remained caffeine free before
the initiation of the investigation.

For example, Robertson's subjects

remained caffeine free for twenty-one days prior to the study whereas
Jung's remained caffeine free for only sixteen hours.

A separate study

by Robertson et al. (1981) demonstrated an habituation of blood pressure
response to caffeine ingestion by chronic caffeine users.

In Robertson's

initial (1978) study, subjects demonstrated a rise in serum catechol
amines.

Jung et al. (1981) did not observe a similar catecholamine rise.

Jung et al. (1981) suggest that the lack oif catecholamine elevations may
be related to an habituation of this response in chronic caffeine users.
None of these three studies specifically discuss adaptation of heart rate
response to caffeine ingestion by chronic caffeine users.

However, the

studies do indicate that habituation, with diminished responsiveness of
certain physiologic parameters, is associated with chronic caffeine use.
The possible habituation of catecholamine response reported by Jung is
of particular interest since caffeine may act by stimulation of the sympa
thetic nervous system and adrenal glands (Robertson et al., 1978).

•1
The relationship between caffeine ingestion and cardiac rhythm
disturbances is equally unclear.

Polonovsky et al. (1952) noted extra-

systoles in three percent of normal patients ingesting either caffeinated
or decaffeinated coffee.

Ekbolm, Hartley and Day (1978) found no signif

icant relationship between caffeinated coffee consumption and ventricular
ectopy.

Prineas et al. (1980) found a small, but significant, relation

ship between chronic coffee and tea use and the incidence of ventricular
arrhythmias.

Finally, Rotenberg and DeFeo (1976) observed a time depen

dent relationship between caffeine, administration and the ventricular
tachycardia threshold in rats.

Initial doses of caffeine decreased the

ventricular tachycardia threshold and continued use raised the threshold.
In summary, the literature reveals conflicting data regarding
the relationship between caffeine ingestion and heart rate and rhythm.
The literature suggests that habituation related to chronic caffeine use
may partially explain the differing results.

Further investigation

appeared to be necessary to clarify the problem.

Study Purpose
The purposes of the study were: (1) to determine the relationship
between caffeine consumption and heart rate and rhythm changes, and (2) to
determine the relationship between chronic caffeine use and the heart
rate and rhythm response to a single caffeine dose.

Research Questions
The research questions were:
1.

Is consumption of a single 150 cc cup of cafeeinated coffee by
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healthy subjects associated with a change in heart rate?
2.

Is consumption of a single 150 cc cup of coffee by healthy sub
jects associated with alterations in heart rhythm, including
single ectopic beats?

3.

Is there a relationship between the amount of caffeine habitually
consumed and the heart rate response of healthy subjects to a
single caffeine dose?

4.

Is there a relationship between the amount of caffeine habitually
consumed and the heart rhythm response of healthy subjects to a
single caffeine dose?

Significance of the Problem
Greden (1974) states that caffeinism is frequently missed as the
cause of a number of somatic complaints including tachycardia.

Descrip

tion of the heart rate and rhythm response to caffeine ingestion and its
relationship to chronic caffeine use will aid in the delineation of groups
"at risk" for the development of caffeine-related symptoms.

Delineation

of an "at risk" group will provide a rationale for caffeine restriction.
Ideally, this study, conducted on normal subjects, will serve as the basis
for further investigations of caffeine's effects on cardiac patients.
Caffeine use is frequently restricted for patients with coronary artery
disease.

If alterations in heart rate do not occur as a result of caf

feine ingestion, the rationale for this restriction may need to be
reconsidered.
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Assumptions
1.

Heart rate and rhythm changes are related to caffeine and not to
other substances contained in coffee (Prineas et al., 1980).

2.

Self-report measures of caffeine consumption reflect habitual
caffeine use.

3.

Ingestion of a single 150 cc cup of coffee is adequate to produce
changes in the parameters under study (Polonovski et al., 1952;
Meyers, Jawetz and Goldfein (1980); and Lancaster, 1980).

Summary
A review of the studies relating caffeine to heart rate and
rhythm indicated a need for further investigation of the relationship.
The study was intended to determine the relationship between a single
caffeine dose and heart rate and rhythm changes.

CHAPTER 2

THE THEORETICAL FRAMEWORK

Introduction
The theoretical framework describing the possible relationship
between caffeine consumption and cardiovascular changes is presented in
this chapter.

The pharmacological effects of caffeine on the mechanisms

responsible for heart beat initiation and arrythmia production are dis
cussed.

Previously conducted studies describing the relationship between

caffeine and heart rate and rhythm are reviewed.
The theoretical framework (see Figure 1) is derived from the pos
tulated pharmacologic actions of metabolic stimulants, such as caffeine,
on the cardiovascular system.

Guyton (1981) defines metabolism as "the

chemical processes that make it possible for cells to continue living."
An example of a chemical change occurring within the cardiovascular
system is the ionic redistribution that results in the generation of
cardiac action potentials.

T!;is chemical change is essential to the

livelihood of all body cells since it results in the initiation of the
heart beat, and thus, the maintenance of tissue blood flow.

A metabolic

stimulant is a substance which promotes or prolongs chemical changes such
as those described above.

Caffeine may be considered a stimulant of the

cardiovascular system since its actions promote the ionic redistribution
which results in the generation of the heart beat.
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Ultimately, the effect

Metabolic stimulants

?
:

> cardiovascular changes

Construct
Level
heart rate
Concept
Level

•> rhythm

Caffeine

Operational
Level

Caffeine dosage •
in 150 cc coffee

•> One minute
rhythm strip
for beats/
minute
Two minute
rhythm strip
for supra
ventricular/
ventricular
ectopy

Figure 1.

Model of Caffeine and Cardiovascular Responsiveness.
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of caffeine on the heart rate and rhythm is explained by the stimulation
of the ionic changes responsible for the initiation of the heart beat.
The purpose of this study was to investigate the relationship
between a single caffeine dose and heart rate and rhythm changes.

In

order to accomplish this purpose, the concepts and their postulated rela
tionships must be clearly described.

The mechanisms involved in the

generation of both abnormal and normal heart beats are described to pro
vide an understanding of the effects of caffeine on heart rate and rhythm.
The results of studies investigating the relationship between caffeine and
alterations in heart rate and rhythm are also discussed.

Caffeine Actions
Metabolic stimulation by caffeine may affect heart rate and
rhythm through three possible mechanisms.

The direct cardiac effects of

caffeine include an increase in the rate and force of contraction and an
increase in ectopic impulse formation (Meyers et al., 1980).

The direct

effects of caffeine appear to be related to its action upon the phospho
diesterase enzyme system (Balazs, 1981).
for the breakdown of cyclic AMP.

Phosphodiesterase is responsible

The actions of a number of substances

provoking tachycardia are thought to be mediated by the cyclic AMP (Opie,
Nathan and Lubbe, 1979).

However, the experimental evidence does not

show a consistent correlation between phosphodiesterase inhibition and
tachycardia.

For example, Jung et al. (1981) demonstrated an elevation

in serum free fatty acids in subjects receiving caffeine.

The elevation

of free fatty acids was not suppressed by adrenergic blockade and was,
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therefore, considered to be a result of phosphodiesterase inhibition
rather than sympathetic nervous system stimulation.

The majority of the

subjects remained bradycardic throughout the investigation.

The lack of

correlation between inhibition of phosphodiesterase and an elevation of
the heart rate suggests that tachycardia associated with caffeine inges
tion is not solely related to the accumulation of cyclic AMP.
The second mechanism by which caffeine may affect heart rate and
rhythm is by elevation of catecholamine levels.

Catecholamine release

via adrenal or sympathetic nervous system stimulation is also associated
with an increased heart rate and an increase in ectopic impulse formation
(Fozzard, 1980).

Robertson et al. (1978) noted an elevation in serum

catecholamines subsequent to caffeine ingestion.

Epinephrine levels

appeared to be more elevated than norepinephrine levels, suggesting that
catecholamine elevation is related to adrenal stimulation rather than
undifferentiated sympathetic nervous system stimulation (Robertson et al.,
1978).

Robertson's subjects also experienced an increase in heart rate

above baseline after an initial bradycardia.

In the majority of his

subjects, Jung et al. (1981) did not note a rise in serum catecholamines
after caffeine consumption, and the majority of his subjects remained
bradycardic throughout the investigation.

However, three of the subjects

showed an elevation of plasma epinephrine after caffeine ingestion and
two of these three subjects demonstrated tachycardia.

An elevation in

serum catecholamines appears to be associated with an increased heart
rate in the majority of subjects.
Caffeine ingestion has not been uniformly associated with cate-

11
cholamine elevation and a subsequent increase in heart rate.

Jung et al.

(1981) restricted caffeine use by subjects for only sixteen hours prior
to the investigation.

All subjects had a history of prior caffeine use.

It is possible that these subjects had become adapted to some of the
effects of caffeine and, thus, did not experience heart rate elevation.
The sixteen hours of caffeine restriction prior to the study may not have
been, enough time to abolish this adaptation.

Robertson's et al. (1978)

subjects remained caffeine free for 21 days prior to the study.

This

time interval may have been sufficient to abolish any adaptation to the
catecholamine-releasing effects of caffeine.

His subjects experienced

an elevation in serum catecholamines and an increase in heart rate.
The action of caffeine on the calcium influx channel may be a
third explanation for its effects on the cardiovascular system.

Caffeine

facilitates calcium influx into cells and promotes the release of calcium
from the sarcoplasmic reticulum.

These actions increase the intercellular

concentration of calcium (Balazs, 1981).

The increased internal calcium

may facilitate Phase Four depolarization and precipitate catecholamine
release (Jung et al., 1981).

Facilitation of Phase Four depolarization

may lead to tachycardia or ectopic impulse formation.

However, some

authorities maintain that in vivo concentrations of caffeine are not
sufficient to increase the intracellular calcium concentration (Bowman
and Rand, 1980).
Caffeine has the potential for influencing heart rate and arrhyth
mia production by increasing catecholamine release, inhibiting phospho
diesterase or elevating intracellular calcium.

The mechanisms may also
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act in combination.

For example, catecholamines facilitate cyclic AMP

release (Opie et al., 1979).

Inhibition of phosphodiesterase, preventing

breakdown of cyclic AMP, may augment the effect of catecholamines in
increasing the concentration of cyclic AMP.

Cardiovascular Changes
Acceleration or deceleration of the heart rate occurs secondary
to increased or decreased activity of the cellular mechanisms responsible
for the initiation of a single heart beat.

Therefore, an understanding

of the mechanisms involved in heart beat initiation is necessary to
clarify the effects of metabolic stimulants on heart rate.

Arrhythmia

production also results from alterations at the cellular level.

The

cellular changes responsible for arrhythmia production must be clearly
defined to fully comprehend the effects of caffeine on the heart rhythm.

Heart Beat Initiation
An action potential is the cellular event which begins propaga
tion of an impulse and represents depolarization of the cell followed by
repolarization (Andreoli et al., 1979).

The character of the action

potential varies among different cell types.
potentials exist within the heart.

Two distinct types of action

Both bundle branches, the Purkinje

fibers and the atrial musculature are composed of cells displaying an
action potential with an initial "fast response."

In these cells, the

application of a stimulus causes the interior of the cell to become less
negative than during the resting state.

The cell membrane's permeability

to sodium will increase if this decreasing negativity reaches a certain

threshold level.

Sodium then rushes into the cell and the interior of

the cell rapidly becomes positive with respect to the exterior.

The

rapid development of a positive intracellular charge constitutes Phase
Zero of the action potential and represents depolarization of the cell.
Phase One of the action potential is the period of rapid repolarization.
The cell interior becomes slightly less positive than during Phase Zero
before reaching a plateau in Phase Two.

In Phase Two, potassium ions

flow out of the cell, which tends to make the outside of the cell posi
tive with respect to the inside (as during the resting state).

The

outward flow of potassium is balanced by an inward flow of calcium and
no net change is noted in the intracellular-extracellular charge differ
ence (Curtis, 1981).

Phase Three of the action potential represents

cellular repolarization.
decreases.

Potassium efflux increases and calcium influx

The outside of the cell then becomes positive with respect

to the inside.

Phase Four of the action potential represents the cell in

the resting state.

The high external sodium concentration and internal

potassium concentration of the resting state are re-established by the
action of the sodium-potassium pump.
Phase Four is not quiescent in cells possessing the property of
automaticity (pacemaker cells).
sodium or calcium into the cell.

Instead, there is a continuous leak of
Initially, the inflow of sodium or

calcium is balanced by the outward flow of potassium.

Eventually, the

sodium/calcium inward current exceeds the outward potassium current and
the cell generates an action potential.

Factors which decrease potassium

exit, such as catecholamines, or increase sodium or calcium entry
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accelerate the pacemaker (Fozzard, 1980).

As stated earlier, two of the

possible mechanisms for caffeine effects are the stimulation of catecho
lamine release and the facilitation of the inward calcium current.

Thus,

caffeine has the potential to accelerate the rate of firing of pacemaker
cells and increase heart rate.
The sinoatrial and atrioventricular nodes display a second type
of action potential.

The cells comprising these nodes have resting mem

brane potentials ranging from -55 to -60 millivolts.

At these levels,

the "fast response" sodium currents become inactivated.

Phase Zero in

these cells is a gradually rising potential representing an inward flux
of calcium rather than sodium (Fozzard, 1980).
in slow potential cells.

Phase One does not exist

Phase Three represents repolarization by mecha

nisms similar to those occurring in fast potential cells.

Both the AV

and SA nodes are composed of cells which undergo spontaneous Phase Four
depolarization.

Catecholamines and other agents responsible for cyclic

AMP elevations, such as caffeine, facilitate flow channel Phase Four
depolarization (Opie et al., 1979).

Arrhythmia Production
Two basic mechanisms are responsible for the development of
arrhythmias: (1) enhanced automaticity, and (2) re-entry.

Both may occur

in any portion of the conducting system.
Enhanced automaticity is the result of accelerated Phase Four
automaticity and may be caused by one of three mechanisms (Opie et al.,
1979).

The diastolic resting potential may become less negative, the

threshold potential may become more negative or the slope of Phase Four
depolarization may increase (Curtis, 1981). The development of a less
negative resting potential decreases the distance between the resting
potential and the cell's excitability threshold.

The cell may then reach

threshold more easily and firing of the cell is facilitated.
rationale applies when the threshold becomes more negative.

The same
It is impor

tant to note that the change in resting potential referred to here may
not be sufficient to abolish the "fast response."
An increase in the slope of Phase Four depolarization allows the
cell to reach threshold more quickly.

The rate of rising is increased

and may produce sinus tachycardia or the acceleration of an ectopic pace
maker.

Catecholamines may accelerate Phase Four depolarization by decreas

ing potassium efflux from cells.

Substances, such as caffeine, which

stimulate catecholamine release may produce arrythmias through this
mechanism.
Re-entry occurs when a group of repolarized cells lies in close
proximity to a group of depolarizing cells.

Curtis (1981) defines four

conditions necessary for the development of a re-entry circuit: (1) the
slowing or block of an impulse at some point in the conduction network,
(2) slowed conduction over an alternative pathway, (3) delayed activation
of tissue beyond the block, and (4) re-excitation of the tissue proximal
to the block.

The impulse is conducted down an alternative pathway and

through the block in the opposite directipn.
block is then re-excited by the impulse.

The tissue proximal to the

Areas of differing conduction

velocities must be present within the myocardium for re-entry to occur.
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Ischemia may lead to partial depolarization of cells with inactivation
of the "fast response."

In areas of ischemia, conduction is slowed, but

still possible via the "slow" response channels.

However, cells adjacent

to the ischemic area may depolarize and transmit impulses at a more rapid
rate.

The areas of different conducting velocities necessary for re-entry

are thus created.

Catecholamines and other agents, such as caffeine,

responsible for an elevation of cyclic AMP, facilitate the activation of
the slow channel and, thus, facilitate arrhythmia development (Opie et
al., 1979).
In summary, two mechanisms are responsible for arrhythmia produc
tion.

Both may be facilitated by catecholamine release.

Heart Rate Studies
Eight studies describing the relationship between heart rate and
caffeine ingestion are reviewed.

One of the studies describes a survey

of subject-identified responses to caffeine.

The remaining seven studies

are quasi-experimental studies which investigate the effect of a caffeine
dose on heart rate.
Victor, Lubetsky and Greden (1981) surveyed 127 subjects from a
university medical center for reported reactions to caffeine ingestion.
None of the subjects had a history of psychiatric or life-threatening
illness.

The subjects were asked to report their normal caffeine use

and any symptoms associated with caffeine use.

Victor et al. (1981)

found that low consumers (less than 249 milligrams per day) reported a
significantly greater sensation of tachycardia after caffeine consumption

than moderate consumers (240-749 milligrams per day).

Victor et al.

(1981) suggest that either persons who experience tachycardia with
caffeine limit their consumption or that adaptation of heart rate re
sponse occurs with moderate caffeine use.

High consumers report more

symptoms of palpitations, lightheadedness and tachycardia than moderate
consumers.

High consumers (750 or more milligrams per day) may consume

more caffeine than the body is able to adapt to and, thus, experience
symptoms.

In support of this hypothesis, Finn and Cohen (1978) report

cases of tachycardia, documented by electrocardiograms, occurring in
persons who consume large amounts of caffeine.

The study by Victor et

al. (1981) is limited by the lack of objective corroboration of subjec
tive reports.

Polonovski et al. (1952) did not find consistent evidence

of tachycardia in subjects complaining of symptoms such as palpitations.
Therefore, the reports of subjective response may not provide an accurate
reflection of the effects of caffeine on heart rate.

Victor et al.

(1981) considered tachycardia and palpitations as separate symptoms, but
did not report how subjects distinguished between these two symptoms.
Five of the remaining studies relate caffeine use to heart rate
in subjects in the resting state.

Polonovski et al. (1952) administered

a 200 milligram dose of caffeine, in several different forms, to 208
normal subjects.

The forms of caffeine use were: highly roasted

ordinary coffee (n=77), lightly roasted ordinary coffee (n=15), soluble
extract of highly roasted coffee (n= 100) and soluble extract of lightly
roasted coffee (n = 16).

A group receiving decaffeinated coffee and a

control group receiving no coffee were also tested.

The subjects in

every group, including the control group, experienced a rise in heart
rate.

The mean change in heart rate differed between groups.

However,

no levels of significance were reported for differences among groups.
Thus, it is difficult to determine if the response to caffeine really
differed among groups or if apparent differences were solely due to
chance.
Robertson et al. (1978) administered 250 milligrams of caffeine
to nine healthy, normal subjects.

The subjects remained caffeine free

for 21 days prior to the investigation.

Robertson et al. (1978) noted

an initial bradycardia followed by an elevation of the pulse above the
baseline measurement.

Robertson et al. (1978) also noted a blood pres

sure elevation in subjects subsequent to caffeine ingestion.

The initial

bradycardia corresponded with the peak rise in blood pressure.

The

bradycardia was, therefore, considered to be a reflex response to blood
pressure elevation.

However, the acceleration of the pulse above base

line occurred before the blood pressure returned to baseline.

A rise in

serum catecholamines was correlated with the heart rate elevation.
Jung et al. (1981) administered four micrograms per kilogram of
caffeine to lean, obese and post-obese subjects.

No significant differ

ences in metabolic response to caffeine were noted between the lean and
obese groups.

The post-obese group had a depressed response to caffeine

as evidenced by a significantly smaller change in metabolic rate after
caffeine ingestion than either the obese or lean groups.

The majority

of Jung's subjects remained bradycardic throughout the investigation and
did not experience an elevation in serum catecholamines.

However, two
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of the lean subjects experienced a rise in serum catecholamines associ
ated with tachycardia.
Robertson et al. (1978) do not report the weights of their sub
jects.

Therefore, it is difficult to determine if a difference in

caffeine dosage accounts for the differing results of the Jung et al.
(1981) and Robertson et al. (1978) studies.

The different results

obtained by Robertson and Jung may also be related to the time that
subjects remained caffeine free prior to the investigations.

The cate

cholamine and heart rate responses to caffeine may become adapted in
chronic caffeine users.

The longer subjects are caffeine restricted

prior to the investigation, the greater the possibility they will lose
any habituation to caffeine effects (Robertson et al., 1981).

Adapta

tion to caffeine effects may explain the different results in the two
studies.
In summary, these two studies displayed conflicting results
which may be related to the time subjects remained caffeine free prior
to the initiation of the investigations. However, in both studies a
rise in catecholamines was accompanied, at some point, by an elevation
of the heart rate above baseline.
Clubley et al. (1979) noted no change in heart rate from base
line after 75 to 300 milligram doses of caffeine.

Svensson, Persson

and Sjoberg (1980) did not note any significant heart rate changes in
23 subjects receiving 100 milligram doses of caffeine.

Both studies

were conducted on normal, healthy subjects who remained caffeine free
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for 24 hours prior to the investigations.

No attempt was made to

estimate the average daily caffeine intake of subjects in either study.
Ivy et al. (1979) and Costill et al. (1978), using doses of 250
and 300 milligrams caffeine, respectively, noted no significant differ
ence in the heart rate response to exercise between experimental and
control groups.
each study.

Nine post-absorptive, healthy subjects were tested in

No pre-investigation caffeine restrictions were reported

in either study.
In summary, comparisons between studies relating caffeine to
heart rate changes are difficult because of differing caffeine doses and
pre-investigation caffeine restriction periods.

However, even studies

using similar caffeine doses (Robertson et al., 1978 and Clubley et al.,
1979) produced different results.

The time that subjects are caffeine

free prior to the investigation appears to be significant (Robertson et
al., 1981).

Polonovski et al. (1952) and Victor et al. (1981) tested

fairly large sample sizes.

Polonovski's study is limited by the lack of

significant levels for differences between groups.

Victor's study is

limited by the lack of objective corroboration of subjective reports..

Arrhythmia Studies
Four studies relating caffeine or coffee consumption to arrhythmia
production are reviewed.

Two of the studies related chronic caffeine use

to the prevalence of arrhythmias.

The third study described the effects

of a single caffeine dose on arrhythmia development in human subjects.
The final study describes the relationship between caffeine administra
tion and alterations in the ventricular tachycardia threshold in rats.
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Prineas et al. (1980) found a small, but significant, correla
tion between chronic caffeine consumption and premature ventricular
contractions in 7252 subjects.

The subjects, by self-report, consumed

an average of five cups of coffee per day and 0.4 cups of tea per day.
Ekbolm et al. (1979) found no significant correlation between habitual
coffee use and the prevalence of ventricular ectopy in 345 subjects.
Ekbolm et al. (1979) considered habitual coffee users to be those sub
jects consuming at least one ciip of'coffee per day.

Ekbolm et al. (1979)

did not report the average daily coffee consumption of the subjects.
Three possible explanations are offered for the differing results
of these two studies.

First, a significant difference in the amount of

coffee consumed daily by the subjects in the two studies may have existed.
The likelihood that a difference in daily coffee intake explains the dif
fering results is difficult to assess, since Ekbolm et al. (1979) did not
report the average daily coffee consumption of their subjects.

Secondly,

the correlation between coffee use and the appearance of ventricular
ectopy noted by Prineas et al. (1979) may be so small that it is only
apparent in very large samples.

The coefficient of multiple correlation

(R) for coffee and tea use and the appearance of ventricular ectopy was
0.1 (p < 0.01).
Finally, Ekbolm et al. (1979) tested the appearance of ectopy in
exercising and post-exercising subjects.

Ekbolm et al. (1979) stated

that exercise may be used to provoke the appearance of ventricular
ectopics.

The factors responsible for this provocation, such as sympa
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thetic nervous system stimulation, may be sufficient to override differ
ences in ectopy between coffee drinkers and non-coffee drinkers.
Polonovski et al. (1952) investigated the effects of a single
caffeine dose on the incidence of arrhythmias.

A three percent indi-

dence in extrasystole was noted in subjects receiving ordinary highly
roasted coffee, decaffeinated highly roasted coffee and the soluble
extract of highly roasted coffee.

No evidence of extrasystole was noted

in subjects receiving lightly roasted coffee or its soluble extract.
(Again, no levels of significance are reported for the different indidence of ectopy among these groups.)

It is interesting to note that

subjects drinking decaffeinated coffee had the same incidence of ectopy
as subjects drinking ordinary highly roasted coffee.

Polonovski et al.

(1952) also studied two people known to be sensitive to coffee.

In both

cases, extrasystoles were provoked by soluble extracts of coffee, but not
by pure caffeine.

This observation leads to speculation that, at least

in two cases, caffeine may not be the agent responsible for ectopy.

The

sample size (n= 2) is too small to allow generalization of this obser
vation.

The degree of roasting of the coffee does appear to have an

effect upon the incidence of extrasystole.

The absence of significance

levels for differences between groups receiving highly and lightly
roasted coffee makes it difficult to estimate the importance of roasting
as a factor in ectopy production.
Rotenberg and DeFeo (1976) noted a relationship between a caf
feine dose of 90 milligrams per kilogram and the ventricular tachycardia
threshold in rats.

The ventricular tachycardia threshold is the minimum

current required to produce centricular tachycardia (Rotenberg and DeFeo,
1976).

Single doses of caffeine decreased the ventricular tachycardia

threshold.

Prolonged administration of caffeine (nine to eleven weeks)

raised the ventricular tachycardia threshold.

An adaptation to the

effects of caffeine might be implied from the study.

However, applica

tion of the results to humans is limited, as caffeine metabolism in rats
differs from caffeine metabolism in humans (Henry and Stephens, 1980).
The results of the studies described do not provide consistent
evidence for a relationship between caffeine and the development of
arrhythmias.

Three of the four studies considered only the incidence of

ventricular ectopy in response to caffeine ingestion.

Polonovski et al.

(1952) considered all extrasystoles, but did not consider supraventricu
lar and ventricular ectopics separately in data analysis.

Many drugs

preferentially affect certain areas of the conduction system.
also be true of caffeine.

This may

None of the studies investigated the effects

of chronic caffeine use on the ectopics associated with a single caffeine
dose.

The present study investigated the relationship between a single

caffeine dose and the development of both supraventricular and ventricular
arrhythmias.

The average daily caffeine intake of subjects was estimated

to determine if chronic caffeine use affected the development of arrhyth
mias in response to a single caffeine dose.

Hypotheses
The hypotheses to be tested were:
1.

There is a significant difference in heart rate between a group
of subjects receiving caffeinated coffee (experimental group)

and a group of subjects receiving decaffeinated coffee (control
group).
2.

There is a significant difference in the number of supraventric
ular ectopics between the group receiving caffeinated coffee and
the group receiving decaffeinated coffee.

3.

There is a significant difference in the number of ventricular
ectopics between the group receiving decaffeinated coffee and th
group receiving caffeinated coffee.

4.

There is a significant correlation between the average daily
caffeine intake and the change in ectopy over time in subjects
receiving caffeinated coffee.

5.

There is a significant correlation between the average daily
caffeine intake and the change in heart rate over time in sub
jects receiving caffeinated coffee.

Operational Definitions
The operational definitions are as follows:
Caffeine Dose: The amount of caffeine contained in 150 cc of electric
percolator grind coffee prepared according to package directions
A 150 cc cup of coffee contains approximately 100 milligrams of
caffeine (Bunker and MclVilliams, 1979).
Average Daily Caffeine Intake: The amount of caffeine consumed on an
average day as estimated by the Daily Caffeine Intake Question
naire.
Heart Rate: The number of QRS complexes in a one minute

electrocar

diogram.

This is determined by averaging the number of QRS

complexes in a two minute electrocardiogram.
Heart Rhythm: The pattern of QRS complexes and their relationship to p
waves.

A normal rhythm is one in which every QRS is preceeded

by a p wave, every p wave is followed by a QRS, the P-P and R-R
intervals are regular and the P-R intervals are consistent from
one beat to the next.

Rhythmic alterations in the R-R and P-P

intervals coinciding with respiration (sinus arrhythmia) are
considered normal providing the pattern does not emerge after
.ingestion of the control or experimental beverage (Andreoli et
al., 1979).
Supraventricular Ectopy: Supraventricular ectopics are composed of pre
mature QRS complexes of less than 0.10 seconds in duration.
These complexes may be preceeded by a premature p wave of a
different configuration than the normal p wave and are followed
by a noncompensatory pause.

A premature p wave not followed by

a QRS (blocked PAC) is also considered supraventricular ectopy
(Andreoli et al., 1979).
Ventricular Ectopy: Ventricular ectopics are composed of premature QRS
complexes of 0.10 seconds or longer in duration.

Ventricular

ectopics are followed by fully compensatory pauses and are not
preceeded by premature p waves (Andreoli et al., 1979).

Any

beat, or group of beats, occurring prematurely (at a shortened
R-R), but not meeting all the criteria for ventricular ectopy
will be considered supraventricular ectopy.
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Summary
The chapter has described the development of a theoretical
framework to describe the possible relationship between a caffeine dose
and changes in heart rate and rhythm.

The framework was derived from a

review of the literature describing the pharmacologic actions of caffeine
and the mechanisms responsible for the initiation of the normal heart
beat and arrhythmias.

The results of studies which attempted to relate

caffeine to heart rate and rhythm changes were also discsused.

CHAPTER 3

METHODOLOGY

Introduction
The study was designed to investigate the relationship between
caffeine and heart rate and rhythm changes in normal subjects.

The data

collection and analysis protocols used to accomplish this purpose are
described in detail in this chapter.

Study Design
A quasi-experimental design, in which subjects were assigned to
either a control or experimental group, was employed to investigate the
effects of caffeine administration on heart rate and rhythm.

In a true

experimental design, random sampling allows the investigator to assume
that all significant variables are equally distributed among control and
experimental groups.

Thus, the small convenience sample utilized in the

present study prevents the implementation of a true experimental design.

Study Setting
The study was conducted in the biological studies laboratory of
a southwestern college of nursing.

Subjects were received into a central

area and allowed an opportunity to ask questions.

A small room, separate

from the central area, was available for recording electrocardiograms.
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Study Sample

A convenience sample of twenty volunteers was recruited from the
undergraduate and graduate classes of a southwestern college of nursing.
The criteria for inclusion were:
1.

Female

2.

Age 18-35

3.

Able to speak and read English

4.

No history of chronic or acute physical or psychiatric illness

5.

No history of a significant weight loss (20 lbs) within the past
six months

6.

Non-smoker

7.

No habitual use of any medication

8.

No known hypersensitivity to caffeine

Rationale for Selection Criteria
Age and sex do not appear to be correlated with caffeine metabo
lism or elimination (Patwardhan et al., 1980).

However, the frequency

of ectopic beats is positively associated with age (Crow et al., 1975;
Ekbolm et al., 1979).

Ectopic beats also occur more frequently in males

than in females (Ekbolm et al., 1979).

Therefore, the sample was limited

to females between the ages of eighteen and thirty-five.
A number of medications, including Cimetidine (Desmond et al.,
1980), oral contraceptives (Patwardhan et al., 1980), phenobarbital
(Aldridge and Neims, 1979) and aspirin (Seegers et al., 1980) have been
shown to affect caffeine absorption and/or elimination.

In addition, a
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large number of over-the-counter medications contain caffeine (Clark et
al., 1982).

Also, smoking appears to increase caffeine clearance and

decrease caffeine elimination time (Parsons and Neims, 1978).

Therefore,

only non-smokers, who were not taking any medication, were included in
the sample.

Subject self-report was considered adequate assurance of

non-smoking and medication status.

Jung et al. (1981) demonstrated an

alteration in the metabolic response to caffeine in the post-obese.
Lean and currently obes-e subjects appear to have similar responses to
caffeine ingestion.

Persons who experienced recent weight loss were,

therefore, excluded from the sample.

Determination of recent weight loss

was also obtained via subject self-report.
The intent of the study was to investigate the relationship
between caffeine ingestion and heart rate and rhythm changes in normal
subjects.

Therefore, persons with a history of chronic or acute ill

nesses were also excluded.
self-report.

Health status was ascertained via subject

No physical or psychiatric examination was performed upon

the subjects.
All subjects were requested to fast for twelve hours prior to
data collection.
period.

Subjects could drink water during this twelve hour

The fast was necessary to decrease any influence food may have

on caffeine absorption.
The sample selection criteria was presented to potential sub
jects at the time of recruitment.

A willingness to participate in the

study was considered self-report evidence of compliance with the selec
tion criteria.
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Protection of Human Subjects
The research proposal describing the purpose and design of the
study was presented to the University of Arizona Human Subjects Commit
tee.

Recruitment of subjects began after approval of the project was

obtained from the Human Subjects Committee (see Appendix A).

All sub

jects were required to read a disclaimer explaining the purpose and
methodology of the study (see Appendix B).

In the disclaimer, subjects

were informed of their right to withdraw from the project at any time
without incurring ill will.

An opportunity to ask questions was allowed

at the time of subject recruitment and at the initiation of data collec
tion.
Each subject was assigned a code number and all data were coded
according to this number in order to assure subject anonymity and confi
dentiality.

Only the investigator had access to the key which related

subject number to name.

Data Collection Procedure
Subjects were mailed a copy of the disclaimer and the Daily
Caffeine Intake Questionnaire (see Appendix C).

Each subject was given

an appointment time for appearance at the biological studies laboratory.
Subjects were asked to bring the completed questionnaire to the laboratory
at the time of the appointment.

Those who neglected to bring this form

to the laboratory had an opportunity to complete the form in the labora
tory.

All subjects were provided with the investigator's phone number to

allow them an opportunity to have questions answered.

Questions were

also answered by the investigator in the biological studies laboratory.

Weight and age were recorded for all subjects upon arrival at
the laboratory.

Weight was obtained with a lever balanced scale cali

brated with a known weight.

Weights were rounded to the nearest kilogram.

Approximately fifteen minutes after arrival at the laboratory, an initial
electrocardiogram was obtained.

The fifteen minute time interval was

allotted to allow subjects to return to the resting state after the
activity involved in travel to the laboratory.

Subjects remained at

chair rest during the fifteen minute interval.
The experimental or control beverages were administered immedi
ately after recording of the initial electrocardiogram.

Subjects in the

experimental group received 150 cc of electric percolator coffee prepared
according to package directions.

The subjects in the control group

received 150 cc of percolated decaffeinated coffee of the same brand.
The control and experimental substances were given to subjects in identi
cal containers.

Repeat electrocardiograms were obtained thirty and sixty

minutes after ingestion of the experimental or control beverage.
Data were collected at two or more separate time periods.

Data

collection was conducted between the hours of eight in the morning and
one in the afternoon since subjects were requested to remain in the
fasting state for twelve hours prior to data collection.

It was there

fore more convenient for subjects to have data collection completed by
early afternoon.

Subjects had the option of participating in data col

lection in the afternoon if they so desired.

The total time commitment

required of each subject was approximately one hour and twenty minutes.
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Milk, dry cereal and juice were available to subjects after data collec
tion was completed.
Subjects were randomly assigned to either the control or experi
mental group.

Only the primary investigator was aware of the group to

which subjects were assigned.
Electrocardiograms were obtained via a polygraph recorder.

Each

of the electrocardiograms consisted of a two minute recording at a ten
millimeter per second paper speed with the electrode placed in the
chest position.

Electrocardiograms were recorded with the subject in the

semi-recumbent position.

Verification of the two minute length of the

recording was obtained through a count of the standardized one second
marks at the top of the polygraph paper.
performed by a second data collector.

Electrocardiograms were also

The second data collector was a

registered nurse with several years experience in the coronary care unit.
The data collector was oriented to the electrocardiogram procedure prior
to the investigation.

Study Instruments
Daily Caffeine Intake Questionnaire
The Daily Caffeine Intake Questionnaire (DCIQ) is a self-report
instrument intended to estimate the amount of caffeine consumed daily by
subjects.

The caffeine containing substances included on the question

naire were derived from a review of the literature.

The literature

review serves as a basis for content validity (Polit and Hungler, 197S).
No attempts were made to establish construct validity of the question
naire.
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Reliability of the Daily Caffeine Intake Questionnaire was esti
mated in a pilot sample of five subjects.

The subjects completed the

DCIQ on two separate occasions one week apart.

The results of the two

trials were correlated to establish test-retest reliability.
The DCIQ was scored by determining the number of ounces of a
caffeine containing substance was consumed by the subject.

The number

of ounced consumed of each substance was multiplied by the mean caffeine
content of that substance.

(See Table 1 for mean caffeine content of

commonly used substances.)

The product yielded the caffeine intake per

substance.

Total caffeine intake was obtained by summing the intake per

substance values.
Two sources of bias were inherent in the method of scoring the
Daily Caffeine Intake Questionnaire.

The mean caffeine content of each

substance was derived from a review of the literature.

Some variability

exists among sources regarding the caffeine content of particular sub
stances.

In cases of discrepancy, Bunker and MclVilliams' (1979) values

were used since these authors reported the assay method used in deter
mining caffeine content.

The caffeine content of common substances was

reported in the literature as milligrams caffeine per average serving of
a substance.

In order to determine the milligrams of caffeine per ounce

of a foodstuff, the reported values were divided by the serving size and
rounded to the nearest one-tenth milligram caffeine.
In addition, the caffeine content of substances such as tea and
coffee may vary with the brand and method of preparation (Clark et al.,
1982).

Therefore, the mean caffeine content may, in some cases, over-

Table 1.

Caffeine Content of Common Substances

Substance
Coffee, One Ounce:
Decaffeinated, Instant
Decaffeinated, Brewed
Instant
Electric Percolator
Non-Electric Percolator
Non-Automatic Dripolator
Automatic Dripolator

Mean Caffeine Content
in Milligrams

0.4
0.6
13.2
20.8
22.4
28.4
30.2

Tea, One Ounce:
Tea prepared with one tea bag and
five ounces hot or boiling water
One minute brew*
Three minute brew
Five minute brew
Tea prepared with one teaspoon
loose tea leaves and five ounces
hot or boiling water
One minute brew
Three minute brew
Five minute brew
Instant Tea with lemon and/or sugar
Instant Tea, unflavored

4.2
5.4
5.6
1.6
4.8

Soft Drinks, One Ounce:
Diet Rite
Diet RC
RC Cola
Pepsi Cola
Tab
Diet Dr. Pepper
Mountain Dew
Dr. Pepper
Coca Cola

2.6
2.8
2.8
3.6
4.1
4.5
4.6
5.0
5.4

Chocolate, One Ounce:
Milk Chocolate
Hot Chocolate or Cocoa

1.2
1.7

4.2
7.0
8.0

* Tea values are an average of green and black tea rounded to the
nearest one-tenth ounce. Brew time refers to the length of time
the tea bag or leaves remain in the hot water before consumption.
Data from: Bunker and McWilliams, 1979; Clark et al., 1982; and
Graham, 1978.

or underestimate caffeine use.

The Daily Caffeine Intake Questionnaire

is not an exhaustive list of all caffeine containing substances, which
may also contribute to underestimation of caffeine intake.
Self-report biases may also have influenced the accuracy of the
caffeine estimate.

Such factors are perceived social desirability of

certain responses or misunderstanding of directions may influence the
results obtained by the instrument (Polit and Hungler, 1978).

Subjects

were assured of the confidentiality of their responses to minimize the
perceived social desirability bias.
The pilot test of the instrument was used to minimize the possi
bility of vague directions.

Subjects in the pilot test were asked to

comment on the clarity and the readability of the instrument.

These

comments were used to make alterations in the instrument to promote
clarity.

It was assumed that errors related to the factors described

were equally distributed among the experimental and control groups.

Electrocardiograms
The reliability (reproducibility) of data obtained from a mechan
ical device, such as a polygraph, is influenced by the accuracy of the
machine, the accuracy of the operator and the probability of random error
(Skoog and West, 1976).

Instrumental errors result from discrepancies

in the function of the mechanical data collection instrument.

These

errors can be minimized by calibration of the machine prior to its use
with each subject.

Therefore, polygraph standardization marks were

placed at the beginning of each recording.
were consistent between recordings.

The machine calibration marks

36
All electrocardiograms were obtained by either the primary
investigator or the data collector.

The primary investigator reviewed

lead placement and other aspects of the electrocardiogram procedurd with
the data collector to minimize operator (personal) error.
The probability of random error can be estimated by repeated
measures of the same variable under the same conditions (Skoog and West,
1976).

Two minute electrocardiograms were obtained on all subjects.

The first and second minute heart rates were averaged to determine the
mean one minute heart rate.

Averaging of the first and second minute

heart rates was done to minimize the effect of momentary changes in heart
rate.

DeBacker et al. (1978) found that, for groups, "the proportion of

subjects having different frequency or kinds of ectopic beats is reason
ably stable for different test occasions." The conclusion was based on
the reproducibility of tests in normal subjects using two minute Lead
I electrocardiograms run at a ten millimeter per second paper speed.
Ekbolm et al. (1979) noted that the percentage of positive tests (occur
rence of ventricular ectopy) was almost identical on two tests for any
heart rate.

Based on the studies of DeBacker and Ekbolm, it was assumed

that the number of ectopics per group is not unduly influenced by random
error.

Data Analysis Plan
Age and weight were recorded on a physiological data collection
sheet (see Appendix D).

The heart rate and number of supraventricular

and ventricular ectopics were also recorded on the data collection sheet
after analysis of the electrocardiograms.
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The demographic data were analyzed using descriptive statistics.
A t test was used to determine if there were significant differences
between the control and experimental groups with respect to age and
weight.

Hypothesis One
Analysis of variance for repeated measures was used to assess if
a significant increase or decrease in heart rate occurred in a group
receiving caffeinated coffee compared to a group receiving decaffeinated
coffee.

The groups were compared one-half hour and one hour after the

consumption of either beverage.

Hypotheses Two and Three
Analysis of variance for repeated measures was also employed to
determine if a significant increase or decrease in the number of supra
ventricular or ventricular ectopics occurred in a group receiving caffein
ated as opposed to decaffeinated coffee.

The groups were compared one-

half hour and one hour after ingestion of either of the beverages.

Hypothesis Four
A Pearson correlation was used to assess the relationship between
daily caffeine intake (in milligrams) and the heart rate (beats per
minute) and rhythm (number of ectopics per two minutes) response to a
single caffeine dose.

Due to the small sample size, a probability level

of 0.10 or less was considered significant for all aspects of data
analysis.
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Limitations
1.

The study was primarily limited by the small sample size (n= 20).

2.

A self-report bias regarding chronic caffeine consumption may
have further limited the study.

3.

Correlation of results to specific caffeine concentrations was
limited by the absence of caffeine blood levels and substance
assays.

4.

The same brand of coffee was used in preparation of both the
experimental and control beverages.

The results of the study

were limited to this brand of coffee (Hills Brothers) and may not
be applicable to coffee produced by a different roasting technique

Summary
The chapter has described the development of a quasi-experimental
design to assess the relationship between a single caffeine dose and
alterations in heart rate and rhythm.

An explanation of the study set

ting, data collection protocol and data analysis plan was included.
The study instruments, potential sources of bias and limitations were
described.

CHAPTER 4

RESULTS OF DATA ANALYSIS

Introduction
The results of data analysis are presented in this chapter.

A

description of the sample characteristics, daily caffeine intake and
patterns of heart rate and rhythm are reported.

The analysis of differ

ences in heart rate and ectopy between experimental and control groups
is detailed.

Finally, the chapter describes the Pearson product moment

correlations between habitual caffeine intake and heart rate and supra
ventricular ectopy.

Description of the Sample
The sample consisted of twenty females drawn from the graduate
and undergraduate classes of a large southwestern university.

Subjects

were randomly assigned to either control or experimental groups.

Sub

jects in the experimental group received caffeinated coffee and subjects
in the control group received decaffeinated coffee.

Data were collected

in seven separate collection periods over a three-week time interval.
The ages of subjects within the control group ranged from 21 to
35 years.

In the experimental group, subjects' ages ranged from twenty

to 35 years.

The mean ages of subjects in the experimental and control

groups were 26.80 with a standard deviation of 4.54 years and 27.90 with
a standard deviation of 4.41 years, respectively.
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A t test revealed
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no significant difference in ages between the two groups as shown in
Table 2.
Weight varied from 44 to 76 kilograms in the experimental group
and from 54 to 85 kilograms in the control group (see Table 2).

At

test revealed no significant difference in weight between the two groups.
No other demographic data were obtained from the subjects.

Daily Caffeine Intake
Caffeine intake was calculated for each subject based on the
results of the Daily Caffeine Intake Questionnaire.

The Daily Caffeine

Intake Questionnaire was first pilot-tested to determine the clarity and
stability of the instrument.

The sample for the pilot study consisted

of five subjects who each completed two daily Caffeine Intake Question
naires.

The interval between completion of the first and second ques

tionnaires was one week.

Agreement between the scores of the first and

second questionnaires was defined as a difference of 50 milligrams
caffeine per day or less.

In two of the five subjects there was no dif

ference between the first and second scores.

Two of the remaining three

subjects produced sets of scores which agreed within fifty milligrams
caffeine.

Caffeine intake increased by 29.0 milligrams in one of these

two subjects and decreased by 49.0 milligrams in the other.

The subject

demonstrating the 49.0 milligram decrease in caffeine consumption discov
ered she was pregnant in the week between questionnaire administrations.
She consciously decreased her caffeine intake after discovery of her
pregnancy.

Thus, the scores of the pregnant subject were deleted in

Table 2.

Comparison of Age, Weight and Daily Caffeine Intake Between Experimental and
Control Groups; Mean, Standard Deviation, Standard Error and t Test (n = 20).

Experimental Group
Cn = 10)
Variable

X

S.D.

Control Group
Cn = 10)

Standard
Error

X

S.D.

Standard
Error

t
Value

Age in Years

26.80

4.54

1.43

27.90

4.41

1.39

-.55*

Weight in Kilograms

65.10

10.25

3.24

62.00

9.18

2.90

.71*

^ffeine Intake 358.21
m Milligrams

252.79

79.94

491.82

663.92

209.54

-.59*

Da^ly

* Not significant.
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determining the percent agreement between the first and second trials
of the questionnaire for the pilot sample as a whole.

Finally, caffeine

intake increased by 110.4 milligrams in one subject over the one week
period.

The subject indicated that her school work load had increased

over the one week period, resulting in an increase in coffee consumption.
In summary, the first and second questionnaire scores were in
agreement in three of the four subjects who did not consciously alter
caffeine intake.

Caffeine intake appeared to be reasonably stable 75%

of the time for the pilot sample. The results of the pilot study support
the use of a one-time questionnaire as a method of determining average
caffeine intake.
Three changes were made in the Daily Caffeine Intake Question
naire as a result of the pilot study.

First, the items "instant tea

unflavored" and "instant tea with lemon and/or sugar" were added to the
questionnaire.

The items were added because one subject wrote in

"instant tea" as a response to the pilot questionnaire.

Secondly, sub

jects were asked to place a zero next to substances not ordinarily con
sumed on the revised questionnaire.

Subjects in the pilot study did not

receive this instruction and spaces were left blank on the questionnaire.
It was impossible to determine if the blank spaces indicated that sub
jects did not consume a substance or if they had chosen not to respond
to an item.

In the pilot study, blank spaces were interpreted as non-use

of a substance.

Finally, "per day" was added to the "number of ounces"

heading of the response column as one subject in the pilot study reported
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per week usage of one beverage.

The "per day" heading was added to

emphasize the need for an estimate of daily caffeine intake.
Mean caffeine intake for subjects in the study was 491.82 milli
grams in the control group with a range of zero to 1883.4 milligrams
caffeine per day (see Table 2).

The mean caffeine intake of subjects

in the experimental group was 358.21 milligrams with a range of 85.0 to
960.0 milligrams caffeine per day.

A t test revealed no significant

difference in caffeine consumption between the two groups as indicated
in Table 2.

Five of the twenty subjects reported a range of average

intake of one or more substances on the Daily Caffeine Intake Question
naire.

The mean intake of those substances was used in determining the

total average daily caffeine consumption of the five subjects.

Heart Rate and Rhythm
Three serial electrocardiograms were obtained on each subject.
Standardization marks remained consistent on all electrocardiograms.
The mean baseline heart rate for all subjects in the control group was
67.40 with a range of 56 to 78 beats per minute.

Baseline heart rate in

the experimental group ranged from 55-86 beats per minute with an average
of 73.90 beats per minute.

Table 3 summarizes the heart rate range and

mean heart rates at baseline, one-half hour after beverage consumption
and one hour after beverage consumption for both groups.
Five of the fifteen subjects displayed a normal sinus rhythm
throughout the three serial electrocardiograms.

The remaining subjects

demonstrated sinus arrhythmia for the duration of the project.

Table 3.

Description of Heart Rate and Supraventricular Ectopy in Experimental and Control
Groups; Ranges, Means, and Standard Deviations (n = 20).

Control Group
(n = 10)

Experimental Group
(n = 10)
Variable

Range

X

S.D.

Range

X

S.D.

Heart Rate
(beats per minute)
Baseline
Time 1*
Time 2**

55-86
55-80
53-85

73.90
67.20
67.60

10.73
9.87
10.39

56-78
55-81
53-80

67.40
67.30
65.10

7.64
7.67
7.21

0.30
0.30
0.00

0.67
0.94
0.00

0
0
0-4

0.00
0.00
0.50

0.00
0.00
1.27

Supraventricular Ectopy
(number of ectopics per
two minutes)
Baseline
Time 1*
Time 2**

0-2
0-3
0

*

One-half hour after consumption of experimental or control beverage.

**

One hour after consumption of experimental or control beverage.
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None of the subjects experienced ventricular ectopy.

Two of

the subjects in the experimental group displayed supraventricular ectopy
on the baseline electrocardiogram: one subject demonstrated one premature
atrial contraction and the other subject two premature atrial contrac
tions.

One subject in the experimental group experienced a three beat

run of paroxysmal atrial tachycardia, beginning with a non-conducted
premature atrial contraction, one-half hour after coffee consumption.
No evidence of supraventricular ectopy was observed in the experimental
group one hour after coffee consumption.

None of the subjects in the

control group experienced ectopy on the baseline electrocardiogram or
on the electrocardiogram one-half hour after ingestion of the decaffein
ated coffee.

Two subjects demonstrated supraventricular ectopy one hour

after drinking decaffeinated coffee: one subject displayed four isolated
premature atrial contractions and one subject one premature atrial
contraction.

Analysis of Heart Rate and Rhythm
Differences Between Groups
Hypothesis One
The first null hypothesis states that there will be no signifi
cant difference in heart rate between experimental and control groups.
An analysis of variance for repeated measures initially indicated a
significant (p <_ .10) change in heart rate across time for combined
groups (see Table 4).

However, the difference in heart rate, between

groups, irrespective of time, was not significant.

The time and group

interaction revealed a significant F value of 4.94 (p £ .10).

Mean

Table 4.

Comparison of Groups on Heart Rate Analysis
of Variance for Repeated Measures (n = 20).

Source

df

MS

F

Group (B)
Error

l
is

132.02
222.77

0.59

Time (A)
AXB
Error

2
2
36

102.87
55.27
11.18

9.20*
4.94*

* P < 0.10

Table 5.

Comparison of Groups on Heart Rate Adjusted
by Baseline Rate Analysis of Covariance
(n = 20).

Source

df

MS

Group (B)
Covariant
Error

1
1
17

135.14
1937.40
49.10

2 .75*
,
39,
.46**

Time (A)
AXB

1
1

8.10
4.27

1.,89
3,.95**

* p = 0.12
**P <0.10

F
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baseline heart rates for the experimental and control groups were 73.90
and 67.40 respectively.

Mean heart rate in the experimental group de

creased to 67.20 beats per minute one-half hour after consumption of the
coffee.

In the control group, the heart rate remained relatively stable.

The mean heart rates in the control group one-half hour and one hour
after consumption of decaffeinated coffee were 67.30 and 65.10 beats per
minute respectively.

The significant change in heart rate across time

was, therefore, attributed to the decline in heart rate from baseline to
one-half hour after caffeine consumption.

A t test was performed to

compare baseline mean heart rate with the mean heart rate one-half hour
after beverage consumption in the experimental and control groups.

A

significant change in heart rate (p £ .10) was noted in the experimental
but not the control group.
The F value calculated for the difference between groups irre
spective of time may have been distorted by the large difference in mean
baseline heart rate between experimental and control groups.

Therefore,

a repeated measures analysis of covariance was performed using baseline
heart rate as a covariate to obtain a standardized baseline.

A signifi

cant effect of the covariate variable (heart rate at baseline) was noted
(see Table 5).

The difference between groups, irrespective of time,

closely approached significance when the covariate variable was included
in the analysis of variance (p = 0.12).

The change in heart rate across

time, irrespective of group, did not reach significance.

However, the

time by group interaction was significant (p £ .10), indicating that a
significant difference between experimental and control groups existed.
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A review of the mean heart rates for the experimental and control groups
for the three time periods indicated that the observed change represen
ted a decrease in heart rate in the experimental group.

Therefore, the

first null hypothesis was rejected.

Hypothesis Two
The second null hypothesis states that there will be no signifi
cant difference in the number of supraventricular ectopics between
experimental and control groups.

The analysis of variance for repeated

measures revealed no significant difference between groups, across time
or for the time by group interaction (see Table 6).
results failed to reject the second null hypothesis.

Therefore, the
However, the value

for time by group interaction closely approached significance, indicating
a trend toward a significant difference in the number of supraventricular
ectopics between experimental and control groups across time.

A review

of the mean number of supraventricular ectopics through the three time
periods indicated a decrease in the experimental group from 0.30 ectopics
per two minutes at baseline to zero ectopics per two minutes one hour
after coffee consumption.

In the control group, the mean number of

supraventricular ectopics increased from zero at baseline to 0.50 one
hour after ingestion of decaffeinated coffee.

The number of ectopics

per two minutes changed in differing directions in the experimental and
control groups.

Thus, it is difficult to determine if the trend toward

a significant difference between experimental and control groups repre
sents a positive or negative association between caffeine and supraven
tricular ectopy.
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Table 6.

Comparison of Groups on Supraventricular
Ectopy Analysis of Variance for Repeated
Measures (n = 20).

Source

df

MS

F

Group
Error

1
18

0.02
0.46

4.37

Time (a)
AXB
Error

2
2
36

0.07
1.07
0.51

0.13
2.09*

* P = 0.14

Hypothesis Three
The third null hypothesis states that there will be no signifi
cant difference in the number of ventricular ectopics between experimental
and control groups.

None of the twenty subjects experienced ventricular

ectopy during the investigation.

The data failed to reject the third

null hypothesis.

Hypothesis Four
The fourth null hypothesis states that there will be no signifi
cant correlation between the average daily caffeine intake and change
in ectopy over time in the experimental group.

The change in ectopy over

time (heart rhythm response) was determined by calculating the difference
in the number of supraventricular ectopics between baseline and one-half
hour post-beverage consumption and between baseline and one hour postbeverage consumption. The heart rhythm response was also calculated for
the one-half hour to one hour post-beverage consumption interval.

None
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of the subjects experienced ventricular ectopy and, therefore, only
supraventricular ectopics were considered in the calculation of heart
rhythm response.

Average daily caffeine intake was positively associated

with the change in number of supraventricular ectopics between baseline
and one hour after caffeine consumption (see Table 7).

No significant

correlation was found between daily caffeine intake and heart rhythm
response in the control group.

Hypothesis Four was rejected.

Hypothesis Five
The fifth null hypothesis states that there will be no signifi
cant correlation between the daily caffeine intake and the change in
heart rate over time.

The change in heart rate over time (heart rate

response) was determined by calculating the difference in heart rate
between baseline and one-half hour post beverage consumption and between
baseline and one hour post beverage consumption.

The heart rate response

for the one-half hour to one-hour post-beverage consumption interval was
also calculated.

A significant negative correlation was found between

the daily caffeine intake and the heart rate change in the time from
baseline to one-half hour after caffeine ingestion (see Table 7).

No

significant correlation was found between daily caffeine intake and heart
rate response in the control group.

The fifth null hypothesis was

rejected.

Summary
Caffeine administration was significantly associated with a
decline in heart rate in the experimental group.

The change in heart

Table 7. Correlation Between Daily Caffeine Intake and Heart Rate and Rhythm Response in
the Experimental and Control Groups; Pearson Correlation Coefficient (n = 20).

Heart Rate Response

Experimental Group
(n = 10)
Control Group
(n = 10)

Heart Rhythm Response

Chg 1

Chg 2

Chg 3

Schg 1

Schg 2

-0.55*

-0.51

-0.03

0.43

0.65* .

0.27

0.36

0.38

****

0.14

Schg 3

-0.10

0.14

* p. < 0.10
Chg 1
Chg 2
Chg 3

= Change in heart rate from baseline to one-half hour post-beverage consumption
= Change in heart rate from baseline to one hour post-beverage consumption
= Change in heart rate from one-half hour to one hour post-beverage consumption

Schg 1 = Change in supraventricular ectopy from baseline to one-half hour post-beverage
consumption
Schg 2 = Change in supraventricular ectopy from baseline to one hour post-beverage consumption
Schg 3 = Change in supraventricular ectopy from one-half hour to one hour post-beverage
consumption
****

No incidence of supraventricular ectopy at baseline or one-half hour after beverage
consumption in the control group

rate over time was negatively correlated with habitual caffeine use.
significant difference in supraventricular ectopy was noted between
experimental and control groups.

CHAPTER 5

DISCUSSION OF RESULTS

Introduction
The results of the data analysis, conclusions and implications
for nursing practice are discussed in the final chapter.

Design altera

tions for further research are suggested.

Heart Rate Change Following Caffeine Consumption
A decline in heart rate subsequent to caffeine consumption was
observed by Robertson et al. (1978) who attributed the decline to an
associated rise in blood pressure.

An elevation of the blood pressure

results in increased activity of the carotid and aortic baroreceptors,
resulting in a reflex drop in heart rate (Guyton, 1981).
measurements were not obtained in the present study.

Blood pressure

Therefore, it is

impossible to determine if the observed decline in heart rate in the
experimental group resulted from a reflex response to blood pressure
elevation.
Robertson et al. (1978) noted that the bradycardia persisted for
approximately one hour after caffeine ingestion.
accelerated above baseline.

Subsequently, the pulse

No significant elevation of the heart rate

above baseline occurred at any time during the present study.

A bi-

phasic response similar to that observed by Robertson et al. (1978) may
have been noted had the duration of the study extended beyond one hour.
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Individual variations in caffeine absorption may also have
resulted in the absence of heart rate acceleration one hour post-caffeine
consumption.

Jung et al. (1981) and Patwardhan et al. (1980) noted peak

caffeine levels one hour after caffeine ingestion in separate studies
involving sixteen subjects.

However, Robertson et al., in two separate

studies (1978 and 1981), noted that the time to peak serum caffeine level
ranged from fifteen to 120 minutes.

Nine subjects participated in each

of the studies.
In addition, peak caffeine levels may vary widely among indivi
duals (Robertson et al., 1978).

Further investigations which correlate

serum caffeine levels with heart rate changes are necessary to substan
tiate the causal effect of caffeine on heart rate alterations.
The negative correlation between caffeine intake and heart rate
change may indicate an adaptation by chronic caffeine users to the heart
rate effects in a single caffeine dose.

Robertson et al. (1981) noted

an adaptation of blood pressure response to a single caffeine dose in
chronic caffeine users.

Jung et al. (1981) suggested that adaptation

of catecholamine response by chronic caffeine users accounted for the
absence of previously reported elevations in serum catecholamines after
ingestion of caffeine.

No reports of adaptation of heart rate response

to caffeine by habitual caffeine users were found in the literature
reviewed.

Further investigations using larger sample sizes are necessary

to substantiate the relationship between daily caffeine intake and heart
rate response to a single caffeine dose.
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Rhythm Changes Following Caffeine Consumption
Supraventricular Ectopy
The analysis of variance for repeated measures did not reveal a
significant relationship between caffeine and supraventricular ectopy.
However, the time by group interaction reached an F value which closely
approached significance, indicating a trend toward differences between
experimental and control groups in the incidence of supraventricular
ectopics.

A significant difference in supraventricular ectopy between

the study groups may have emerged in a larger sample size.

Further

investigation is necessary to clarify the direction of the relationship
between a caffeine dose and supraventricular ectopy.

The supraventricu

lar ectopy noted in the control group resulted from the appearance of
isolated ectopic beats.

However, one subject in the experimental group

experienced a more complex arrhythmia, namely a three beat run of supra
ventricular tachycardia.

The appearance of supraventricular tachycardia

after caffeine ingestion suggests that in the study sample complex
arrhythmias may be associated with caffeine intake.

Replication of the

study on a larger sample size is necessary to verify a relationship
between caffeine and complex arrhythmias.

In addition, correlation of

serum caffeine levels with the presence of supraventricular ectopy
would assist in establishing a relationship between caffeine and ectopy.
Average caffeine intake was positively associated with a change
in the number of supraventricular ectopics between baseline and one hour
post-caffeine consumption in the experimental group.

However, none of

the subjects in the experimental group experienced ectopy one hour after
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caffeine consumption and only two of the subjects demonstrated ectopy at
baseline.

Therefore, a change in the number of ectopics from baseline

to one hour post-caffeine ingestion occurred in only two of the subjects.
The remaining eight subjects demonstrated no ectopics either at baseline or one hour after caffeine administration.

The apparent positive

correlation between daily caffeine intake and change in supraventricular
ectopy may have been related to differences in baseline ectopy rather
than changes across time as daily caffeine intake was positively associated with supraventricular ectopics at baseline (r

=

0.65, p

~

0.10).

Further investigations with larger sample sizes may clarify the relationship between habitual caffeine consumption and baseline ectopy.

Repli-

cation of the study with a larger sample size will also clarify the
relationship between daily caffeine intake and the rhythm response to
a single caffeine dose.
Ventricular Ectopy
No ventricular ectopy was noted in any of the subjects during
the course of the investigation.
may be related to the sample size.

The absence of ventricular ectopics
Prineas et al. (1980) noted a small

but significant correlation between chronic caffeine consumption and
ventricular ectopy only in a very large sample size (n

= 7252).

The

occurrence of ventricular ectopy in response to a single caffeine dose
may also only become apparent in large samples.
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Implications for Nursing Practice and
Suggestions for Further Study
Ingestion of a 150 cc cup of caffeinated coffee was related to
a decrease in heart rate within the study sample.

The importance of this

heart rate decline in normal subjects is difficult to estimate.

None of

the subjects complained of discomfort during the course of the project.
The maximum decline in heart rate in any one subject was eighteen beats
per minute.

A heart rate drop of this magnitude is unlikely to produce

effects in normal subjects.

However, such a drop in heart rate in sub

jects with known heart disease may produce more serious results.

A

decline in heart rate in persons with limited ability to increase stroke
volume may result in a decreased cardiac output (Guyton, 1981).

In addi

tion, ischemic effects, combined with the action of a pharmacologic agent,
may produce profound heart rate change resulting in deterioration of the
patient's circulatory status (Opie et al., 1979).

Further invesigations

utilizing persons with known heart disease are necessary to determine if
the heart rate changes noted in the normal sample also occur in members
of an ill population.
Generalizability of the data is also limited by the small convennience sample size.

Replication of the study on a larger scale would

extend the applicability of the data.
A possible adaptation of the heart rate response to caffeine by
habitual users was noted.

Caffeine intake ranged from 85.0 to 960.0

milligrams in the experimental group.

An adaptation to the heart rate

effects of a single caffeine dose appears to occur within the range of
habitual caffeine intake.

Further delineation of the levels of habitual
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caffeine intake associated with adaptation of the heart rate response to
caffeine may provide a rationale for caffeine restriction in individual
patients.

Perhaps caffeine restrictions can be relaxed if adaptation of

the heart rate response to a caffeine dose by habitual caffeine users is
also found in persons with cardiovascular disease.

Caffeine restriction

of persons for a two- to three-week hospitalization period may result in
a loss of the adaptation effect.

If these people resume caffeine con

sumption upon hospital discharge, they may be at increased risk for heart
rate deviations related to caffeine consumption.

Therefore, the person's

habitual caffeine use and the likelihood of post-hospitalization compli
ance with caffeine restriction must be considered when undertaking
interventions to alter daily caffeine intake.

The relationship between

caffeine consumption and supraventricular ectopy remains unclear.

Clari

fication of this relationship through replication of the investigation on
larger sample sizes is necessary to determine the advisability of relaxing
caffeine restriction in individual patients.

The correlation between

habitual caffeine use and baseline supraventricular ectopy suggests that
caffeine restriction may be beneficial for patients susceptible to supra
ventricular arrhythmias.
In summary, clarification and increased applicability of the studyresults may be obtained by replication of the study with the following
design modifications:
1.

Increase the sample size.

2.

Correlate serum caffeine levels with changes in heart rate and
rhythm.
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3.

Extend the duration of the study to two hours.

4.

Obtain a sample of persons with known cardiovascular disease.

5.

Measure blood pressure after caffeine ingestion as well as heart
rate and frequency of ectopic occurrence.
Summary
The literature suggests that the decline in heart rate after

caffeine consumption may be a reflex response to blood pressure elevation.
Blood pressure was not measured in the present study, precluding correlation of the heart rate change with blood pressure elevation.

Blood pres-

sure needs to be included as a study variable in future investigations of
the relationship between heart rate and caffeine ingestion.

In addition,

caffeine-related bradycardia was followed by an elevation of the heart
rate above baseline in an earlier study (Robertson et al., 1978).

The

shorter duration of the present study may explain the absence of a similar
heart rate elevation.

A negative correlation between heart rate change

and average daily caffeine intake may represent an adaptation to the
effects of caffeine on heart rate.

The possibility of adaptation to

caffeine effects may have significant implications for determining the
necessity of caffeine restriction in individuals with cardiovascular
illness.

Further investigations of the effects of caffeine on heart

rate in subjects with cardiovascular disease are nece-sary.
There was no significant association between a single caffeine
dose and supraventricular ectopy in the present study.

A significant

association between these variables may emerge through replication of
this study on larger sample sizes.

The positive correlation between

habitual caffeine consumption and supraventricular ectopy suggests that
caffeine restriction may be beneficial in persons at risk for supra
ventricular arrhythmias.

APPENDIX A

61

THE UNIVERSITY OF ARIZONA COLLEGE OF NURSING
MEMORANDUM
TO:

Sally Newberg
4900 East Fifth #1120
Eucson, Arizona 85711

FROM:
DATE:
RE:

Ada Sue Hinshaw, R.N., Ph.nA £ )P/°Jan R. Atwood, R.N., Ph.D.
Director of Research
Chairman, Research Committee
November 2, 1982
Human Subjects Review:

The Effects of a Single Caffeine Dose on

Heart Rate and Rhythm
Your project has been reviewed and approved as exempt from I'niversity review by the
College of llursing Ethical Review Sub-committee of the Research Committee, and the
Director of Research. A consent form with subject signature is not required for
projects exempt from full University review. Please use only a disclaimer format
for subjects to read before giving their oral consent to the research. The Human
Subjects Project Approval Form is filed in the office of the Director of Research,
if you need access to "t.
We wish you a valuable and stimulating experience with your research.
ASH:des
8/82
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DISCLAIMER

THE EFFECTS OF A SINGLE CAFFEINE DOSE
ON HEART RATE AND RHYTHM

To the Participant:
I, Sally Newberg, am conducting a study entitled, "The Effects
of a Single Caffeine Dose on Heart Rate and Rhythm."

The purpose and

objective of this study is to determine the effects of a single five
ounce cup of coffee on the heart rate and rhythm of normal subjects.
Participants in the study are females, age 18-35, who have no known
history of chronic or acute illness, hypersensitivity to caffeine or
recent significant (twenty pounds or more) weight loss.

In addition,

participants are non-smokers who do not use medications on a regular
basis.
If you choose to participate, you will be asked to complete a
questionnaire describing your usual daily caffeine consumption.

You

may choose not to answer some or all of the items on the questionnaire.
You will be given an appointment at the University of Arizona College of
Nursing biological studies laboratory.

At the time of this appointment,

you will be requested to drink five ounces of either caffeinated or
.decaffeinated coffee.

Three two-minute electrocardiograms will be

recorded—one before consumption of the coffee, one one-half hour after
consumption of the coffee and one one hour after consumption of the
coffee.

Approximately one hour and twenty minutes of your time is neces

sary.
There will be no cost or known risk incurred by you as a result
of your participation.

You will be asked not to eat or drink anything

except water for twelve hours prior to your appointment at the biological
studies laboratory.
the testing.

Breakfast will be available after the completion of
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By completing the caffeine intake questionnaire and arriving at
the laboratory for consumption of the coffee and electrocardiograph
monitoring, you will be giving your consent to participate in the study.
Participation is completely voluntary.

You may withdraw from the pro

ject at..any time without incurring ill will and are free to ask questions
at any time.

Your name will be known only to the primary investigator

although a second data collector will be present at the time of the
investigation to obtain the electrocardiograms.

All information will be

kept confidential and reported using only an identification number.
may be used for future publication.

Data
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DAILY CAFFEINE INTAKE QUESTIONNAIRE

This questionnaire is intended to estimate the amount of caffeine
you use on a daily basis.

Please state the number of ounces of each sub

stance you consume on an average day.

If you DO NOT consume a substance

on an average day, place a zero on the space next to that substance.
Subject ID Number:
Coffee-

Number of ounces/day
(Average serving is five ounces)

Automatic Dripolator Coffee
Non-Automatic Dripolator Coffee
Electric Percolated Coffee
Non-Electric Percolated Coffee

__

Instant Coffee
Decaffeinated Brewed Coffee,
Dripolator of Percolated
Decaffeinated, Instant

Instant Tea:

Number of ounces/day
(Average serving is twelve ounces)

Prepared according to package
directions
Flavored with lemon and/or sugar
Unflavored
Number of ounces/day
(Average serving is five ounces)

Tea:
Tea prepared with 1 tea bag and
give ounces hot or boiling water
1 minute brew*
3 minute brew
5 minute brew

* The brew time indicates the amount of time the tea bag or leaves are
left in the hot water before drinking the tea.
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Tea (continued)

Number of ounces/day
(Average service is five ounces)

Tea prepared with 1 teaspoon loose
tea leaves and five ounces hot or
boiling water
1 minute brew
3 minute brew
5 minute brew

Soft drinks:

Number of ounces/day
(Average serving is twelve ounces)

Coca Cola
Pepsi Cola
RC Cola
Dr. Pepper
Diet Dr. Pepper
Diet RC
Diet Rite
Tab
Mountain Dew

Chocolate:

Number of ounces/day
(Average serving is five ounces)

Hot chocolate or Cocoa
Number of one-ounce bars/day
Milk chocolate
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Sample Physiological Data Collection Sheet

Heart Rate
ID

Age

Wt.

DCI

BL

T1

SV Ectopy
T2

BL

T1

Vent. Ectopy
T2

BL

T1

T2

KEY:
ID = Subject identification number
Wt. = Subject weight
DCI = Daily Caffeine Intake
BL = Baseline
T1 = One-half hour after consumption of the experimental or control beverage
T2 = One hour after consumption of the experimental or control beverage
SV Ectopy
= Supraventricular Ectopy
Vent. Ectopy = Ventricular Ectopy
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