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Abstract

Research reports on pulmonary function measurements often mention caffe-
ine abstinence as a condition for testing subjects. Yet, the effects of caffeine on
respiration are not well documented. This study was intended to investigate
the physiological effects of caffeine on respiratory resistance measurements
and the necessity of caffeine avoidance in such testing. Thirty-one subjects
were administered caffeine in pill form for dosages in the range of 3 - 4.5
mg/kg body weight. Respiratory resistance was measured with the Airflow
Perturbation Device every 15 minutes after caffeine ingestion until a full hour
of elapsed time. No changes were noted in inhalation, exhalation, and average
respiratory resistances during the times of measurements. The conclusion is
that for low dosages of caffeine, respiratory resistance measurements are not
affected by caffeine ingestion prior to testing.
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1. Introduction

Caffeine is a drug of the methylxanthine class. It is widely consumed to provide
energy, to improve focus, or to stave off sleep. It is most commonly found in
coffee, tea, soda, and chocolate. The average rate of consumption in the United
States is 200 mg per day. Caffeine is primarily a non-specific adenosine receptor
antagonist and a stimulant of the central nervous system. It binds to all types of
adenosine receptors [1], competitively inhibiting the receptors and preventing
adenosine, a depressant, from binding to its receptor and triggering “sleepiness”
[2]. Unlike many other functions of caffeine, adenosine receptor antagonism

occurs even at low plasma concentrations of caffeine, and thus is likely to be the
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main cause of the observed effects of caffeine consumption [3].

Effects of caffeine consumed through coffee have been studied in the past and
the results have been ambiguous, largely because the magnitude of the effects of
caffeine varies greatly depending on the person who consumes it [4]. Most
caffeine consumed by humans is ingested in coffee, yet coffee has many other
ingredients that could factor into the effects perceived to be caused by caffeine.
Additionally, long term studies with caffeine are extremely difficult because sub-
jects build up a tolerance to the drug, and its effect at the beginning of a study
could be quite different from its effect at the end [5].

Some studies have shown that adenosine, the effect of which is lessened by
caffeine consumption, can cause bronchoconstriction [6]. This would suggest
that caffeine ingestion could ease tension on the lungs, making it easier for a
person to breathe. Perhaps for this reason, some past studies of respiratory ef-
fects have made sure that caffeine had not been ingested prior to testing. Some
past experiments on the effect of caffeine had subjects abstain from caffeine for
24 hours beforehand, for example [7] and [8], but several others only required
their subjects to abstain from caffeine for 12 hours, such as [9], [10], and [11].

Respiratory resistance, meanwhile, is a measure of the effort to cause air to
flow in the respiratory tract. A higher respiratory resistance requires more effort
to breathe. Resistance is calculated using the pressure driving airflow divided by
the rate of the airflow. The Airflow Perturbation Device (APD), a medical in-
strument that measures respiratory resistance noninvasively, was used in this
study to measure respiratory resistance separately during inhalation, during ex-
halation, and as the average of the two. It requires the subject to breathe nor-
mally through the device while a segmented wheel rotates in the flow pathway.
The wheel modifies, or perturbs, flow rates and mouth pressures, the amounts of
which depend on respiratory resistance and device resistance [12] [13]. Device
resistance is measured, so respiratory resistance can be obtained. The advantage
of using the APD is that the values for inhalation and exhalation can be meas-
ured distinctly during spontaneous breathing. In this experiment, the APD was
used to investigate if there is a correlation between caffeine ingestion and respi-

ratory resistance.

2. Methods and Materials
2.1. Subjects and Materials

Thirty-one healthy subjects volunteered to participate in the experiment. All vo-
lunteers were in good health, with no recurring respiratory problems, no recur-
ring sinus problems, and no congestion on the day of testing. The subjects
represented a diverse group of students and nonstudent volunteers. As repre-
sentatives of the entire population, they had a range of ages, heights, weights,
and health conditions. All volunteers weighed between 50 and 105 kg (110 and
230 pounds), and were over the age of 18. Any potential subject who weighed
below 50 kg was excluded from the experiment for safety reasons, and any sub-

ject above 105 kg was excluded to maintain a narrow range of dosages in testing.
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Potential subjects with moderate to severe asthma or a similar respiratory condi-
tion or with a suspected allergy to caffeine were prohibited from participating as
well. They were provided with information on the experimental procedure and
any risks associated with it, as well as information on how the data would be
used. They were required to read and sign a consent form as well as to fill out a
health questionnaire to ensure that they were viable candidates for the experi-
ment. The testing protocol received previous University of Maryland IRB ap-
proval.

In preparation for the experiment, subjects abstained from consuming caffe-
ine, including that from coffee (including decaf), tea, soft drinks, or chocolate,
for at least 12 hours (overnight) before completing the experiment. Because
these subjects were not being paid for their service, it was unreasonable to expect
them to abstain from caffeine for a full day, so this particular experiment was
conducted with subjects who had not had caffeine in over 12 hours. Subjects
were also asked to refrain from consuming any non-essential medications such
as aspirin or ibuprofen for 12 hours beforehand to ensure that such medications
would not skew the results of the test.

The caffeine pills given to the subjects were Jet Alert TM regular strength
caffeine pills (Bell Pharmaceuticals, Bell Plaine, MN). They are widely available,
over-the-counter, 100 mg tablets. They are small, tasteless, and easy to swallow.
Two, three, or four pills, depending on the subject’s body weight, were adminis-
tered in consumer-available paper cups, along with water. This corresponded to
a dosage of 3 - 4.5 mg/kg body weight. Previous caffeine studies have been con-
ducted at a wide variety of dosages, ranging from 3 [14] to 13 [8] mg/kg. Some
studies chose to use a specific mass of caffeine rather than a dosage per body
weight [9], [11], and [15]. 3 - 4.5 mg/kg was selected for this experiment because
it is at the lower, and therefore safer, end of this range.

The placebo pills used in the experiment were 100% lactose pills obtained via
online order from Placebo World (in UK, placebo-world.com). They were cho-
sen because they are the same size, shape, and color as the caffeine pills.

In the event that subjects were lactose intolerant, they were warned that the
caffeine pills contained a small amount of lactose as an inactive ingredient and
that the placebo pills, if they were completing the placebo trials, were 100% lac-
tose. Subjects were then reminded that they could back out of the experiment at
any time, and were asked if they would like to do so as a result of their lactose
intolerance. If they wanted to continue, they were allowed to do so.

Subjects were offered no reward in exchange for participation, which, along
with test length and the necessity for the subject to refrain from drinking coffee
that morning, provided a barrier to subject recruitment. As a result, subject de-
mographics such as gender were not evenly distributed, and the subjects were of

a wide range of ages (see Table 1).

2.2. Experimental Protocol

Each subject was given their own disposable, removable mouth piece for the
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Table 1. Subject demographics (Values given are means + std dev (range)).

Female Male Total
Number of Participants 23 8 31
Weight (kg) 67.6 9.3 (39.3) 84.0  16.4 (45.5) 71.9 + 13.4 (54.5)
(1bs) 148.8 +20.5 (86.5)  184.8 +36.0 (100)  158.1 +29.4 (120)
Height (cm) 170.7 £7.9 (25.4) 179.9 + 8.9 (27.9) 173.0 + 8.9 (33.0)
(in) 67.2 +3.1 (10) 70.8 + 3.5 (11) 68.1 +3.5(13)
Age (yrs) 38.4 +20.3 (52) 36.5 +20.4 (47) 37.9 +20.0 (52)

Est. Daily Caffeine

i 233.4 +162.4 (540) 169.4 + 156.3 (450) 216.9 + 160.8 (540)
Consumption (mg)

Est. Weekly Exerciser (hr) 6.4 +3.7 (14) 5.0 +4.0 (12) 6.1 +3.8(15)

APD to maintain proper hygiene. Subjects were also given disposable nose clips,
which prohibited air from escaping through the subjects’ noses, forcing all inha-
lation and exhalation flow through the mouth, and therefore through the APD.
Subjects took practice measurements with the APD to ensure that they were
comfortable using the device, and any questions the subjects had were answered
before beginning the experiment.

Subjects were tested over one hour, for a total of 30 measurements. These
measurements were split into 6 sets, each with 5 measurements taken over a 3 - 5
minute time period. The first set was completed before consumption of any pills,
and each subsequent set was completed at specific time points, corresponding to
0, 15, 30, 45, and 60 minutes after caffeine intake. The measurements consisted
of breathing into the APD for approximately 15 - 30 seconds, while wearing the
nose clip, until the device produced a reading on the subject’s inhalation, exhala-
tion, and average respiratory resistance.

In between measurements, the subjects were allowed to remove the nose clip
while the person administering the test recorded the data, so that the subject was
more comfortable during the test. To further ensure comfort, the subject was al-
so given a few extra seconds in between tests to breathe without the hindrance of
the nose clip or APD. The subject was also given water during the test to alle-
viate any other discomfort.

To ensure that no “placebo effect” was taking place, eight subjects who were
willing to volunteer more of their time performed the test three times, rather
than once. Some of the times, the subject took a caffeine pill, and some of the
times, the subject took a placebo. This was to determine if just the act of taking a
pill causes the subject to change, whether voluntarily or involuntarily, his or her
respiratory resistance. The subject was not told whether they were taking the
caffeine or the placebo. Taking the test three times limited the likelihood that the
subject would know whether they were being given caffeine or a placebo.

Four subjects who were willing to contribute even more of their time also
completed a “Nocebo” test, in which no pills were taken, but the rest of the ex-

perimental procedure remained exactly the same.
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2.3. Data Analysis

Measurements for each subject were recorded and used to determine larger
trends. All five samples taken at a given time were averaged. The purpose of
taking multiple samples was to limit the effect of the natural variation of a per-
son’s respiratory resistance on the results of the experiment [16]. The values
taken at each time were compared with those at every other time, so as to deter-
mine if the caffeine had any effect, and if so, at what point. This was done for the
placebo and “nocebo” trials as well. Additionally, the values at each time for the
caffeine trials were compared to those for the placebo and “nocebo” trials to de-
termine more directly if there was any significant difference between the trials
with caffeine and those without it. When doing this, only the caffeine trials of
subjects who also completed placebo trials were used. When comparing values
taken at different times, the separate inhalation and exhalation values were com-
pared, as well as those for the average resistance.

Each statistical comparison made was tested for statistical relevance using a
two-tailed, paired t-test at a = 0.05, as well as a Wilcoxon Sign-Rank test at a =
0.05.

3. Results

No significant change was observed in respiratory resistance after ingestion of
caffeine, placebo, or nothing. No significant change was observed for either in-
halation values, exhalation values, or average values.

Table 2 provides values for inhalation, exhalation, and respiratory resistance
at regular time intervals after caffeine consumption. Resistance values did not
noticeably increase or decrease over time after caffeine ingestion. These data are
visualized in Figure 1 below, which shows the distribution of the resistance val-
ues for each subject. For some subjects, respiratory resistance varies considera-
bly, while for others, the values are rather consistent. Outliers in the measure-
ments appear to be rare.

There was also no major difference found between the effects of caffeine and
those of a placebo. Table 3 provides values for resistances at regular time inter-
vals for both caffeine and placebo. These values come only from those subjects
who participated in the placebo trials.

The resistance values for trials with placebo appear to generally be higher.

This trend is visible in Figure 2. However, a statistical comparison did not find

Table 2. Respiratory resistance values for all thirty-one caffeine trials. Values are split into
inhalation, exhalation, and average resistance. Resistance values were measured in
cmH,O-sec/L.

Before 0 min 15 min 30 min 45 min 60 min

In 3.19 £ 0.78 3.19 £ 0.75 3.17 £0.71 3.19+0.73 3.25+0.72 3.20£0.71
Ex 3.00 +0.79 2.94+£0.78 2.92£0.77 2.87 £0.79 2.89£0.79 2.87 £ 0.83

Avg 3.10 £ 0.74 3.06 +0.73 3.04+0.71 3.03 +£0.72 3.07 £0.71 3.04 £0.72
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Resistance Distribution by Subject
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Figure 1. Box-and-whisker plot showing distribution of respiratory resistance values for
every subject in caffeine trials. Each subject’s inhalation, exhalation, and average values for
all time points are represented in the boxes. The red lines show the location of the median
resistance value for each subject, and the boxes show the first and third quartiles of the
subjects’” readings. The minimum and maximum are shown at the ends of the whiskers,
unless they are qualified as an outlier, in which case, they are shown with a red +.
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Figure 2. Average respiratory resistance over time for caffeine and placebo for eight sub-
jects who participated in placebo trials. Only average values are shown in the figure. Upper
and lower bounds of error range (+ Std Dev) are shown in dot-dashed lines that corres-
pond in color to the trend line itself. This trend shows no significant difference between
the caffeine and placebo treatments.

any significant difference between the placebo data and the caffeine data for any
time point.

Finally, the resistance values for subjects who participated in the nocebo trials
are provided in Table 4. These subjects completed trials with caffeine, placebo,
and nocebo, which involved no pill.
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Table 3. Respiratory resistance values for caffeine and placebo for eight subjects who par-
ticipated in placebo trials. Values are split into inhalation, exhalation, and average resis-
tance. Resistance values were measured in cmH,O-sec/L.

Before 0 min 15 min 30 min 45 min 60 min

In 355%£0.99 3.59+1.07 355+1.02 3.61+098 3.61+1.00 3.46+0.97

Caffeine Ex 3.44+092 3.29+0.95 330+1.00 3.31+1.01 325%1.06 3.20+1.10
Avg 351+£091 344+099 3424099 346+097 343+0.99 3.33+1.01

In 375%+1.12 3.69+1.12 373+120 3.73+123 373+124 3.73x1.11

Placebo Ex 3.54+1.18 3.37+1.08 3.44+123 333+1.10 3.44+1.14 341%1.05

Avg 365+1.11 353+1.06 359+1.16 353+1.12 359+1.15 3.56+1.03

Table 4. Respiratory resistance values for caffeine, placebo and nocebo for four subjects
who participated in nocebo trials. Values are split into inhalation, exhalation, and average
resistance. Resistance values were measured in cmH,O-sec/L.

Before 0 min 15 min 30 min 45 min 60 min

In 330+099 341%+126 325+1.01 334+098 345+124 3.24+1.20
Caffeine Ex 3.24+1.01 3.07+1.01 3.03+1.07 3.10+1.06 3.17+124 299+1.33
Avg 327099 324+1.13 314+1.03 322+1.01 331+122 311+1.24
In 341+1.01 348+1.03 340+0.52 3.24+099 330+£092 3.35+0.83
Placebo Ex 337+152 329+134 338%+139 316+129 3.17+127 3.29+1.30
Avg 339+126 339+1.16 339+1.11 322+1.14 3.24+1.09 3.31+1.05
In 344+083 342+0.77 331%0.77 3.25+0.88 3.39+090 3.36+0.85
Nocebo Ex 324+090 3.25+088 326%+094 3.15+1.13 345+122 3.34+1.08

Avg 334086 3.34+0.81 329+0.85 3.20+099 3.42+1.05 3.35+0.96

Again, there was no significant difference between resistance values for caffe-

ine, placebo, and nocebo trials for these subjects.

4. Discussion

There was no significant change in respiratory resistance from beginning to end
of the caffeine trials. This would imply that respiratory resistance is not affected
by caffeine ingestion. The act of taking a pill does not appear to affect respiratory
resistance either, as there was no significant difference over time for placebo tri-
als. Additionally, the repeated measurement-taking of the testing process did not
appear to have any effect on respiratory resistance, as there was no significant
increase or decrease in resistance values over time in the “nocebo” trials. These
results were also found to be true for both the inhalation and exhalation phases
of the breathing period.

Ingestion of small amounts of caffeine appears to have no effect on respiratory
resistance, so pulmonary function laboratory measures of respiratory resistances
are not expected to be influenced by drinking caffeine beverages prior to testing.

Due to the risk involved in this experiment, very low dosages of caffeine were
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used. In order to truly determine if larger doses of caffeine can have an effect on

respiratory resistance, further testing with higher caffeine doses would be re-

quired.
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