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Abstract

Arguably, caffeine is the world’s leading drug of choice. It is estimated that in the U.S. and Europe at
least ninety per cent of the adult populations consume caffeine-containing beverages several times each
day. It is also known that consumers prefer their hot coffee to be in the range of 45-60°C (i.e. as hot as
140°F). If such a drink is spilled on the exposed skin it can cause full-thickness, third degree burns within
5 seconds. These are the kinds of burns that produce permanent damage and scarring for life. The
prudence of consuming hot coffee and other hot drinks at such temperatures is questionable, especially

when children and adolescents are involved.
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Introduction

Arguably, caffeine is the world’s leading drug of choice [1-5]. It is
estimated that in the U.S. and Europe at least ninety per cent of the adult
populations consume caffeine-containing beverages several times each
day [1-5]. It is also known that consumers prefer their hot coffee to be in
the range of 45-60°C (i.e. as hot as 140°F) [6-10]. If such a drink is spilled
on the exposed skin it can cause full-thickness, third degree burns within
5 seconds [6-10]. These are the kinds of burns that produce permanent
damage and scarring for life [8, 10]. The prudence of consuming hot
coffee and other hot drinks at such temperatures is questionable,
especially when children and adolescents are involved.

Caffeine’s vehicles of delivery are well-known and include: coffee,
energy drinks, pre-workout mixtures, soft drinks, sports drinks, tea, and
others (e.g. candy, chewing gum, ice cream, and yogurt). They also
include exercise ergogenic aids such as pills, caplets and capsules
(personal communications with research subjects) all of which are
unregulated and contain unidentified fillers. According to the USDA, one
8-ounce cup of coffee (240 milliliters) contains about 100 milligrams of
caffeine. Among fifty three sports drinks and dietary supplements
analyzed by the USDA, twenty seven products provided 100-200 mg
caffeine (per manufacturer’s labels), eleven had 200-400 mg, another
eleven contained 400-600 mg, and four boasted 700-800 mg of caffeine.

The cognitive and psychosomatic effects of caffeine have also been
explored in recent years [11-15]. Who has not met a university student
who uses coffee and other caffeinated products to stay awake cramming
for exams? Following are a few student testimonials describing their
experiences with the drug.

Student 1...“T did not start drinking coffee every day until high school. If
I do not drink caffeine for one day, or do not get my coffee early enough
in the day, I will usually get a headache from lack of caffeine”...
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Student 2...“Caffeine, arguably the most abused and addictive legal
substance in modern times, somehow weasels its way into many innocent
lifestyles under the guise ‘America Runs on Dunkin.” 1 quickly
succumbed to caffeine’s grasp as soon as I entered the university... With
the nearby coffee shops closed (COVID-19) it was always a hassle to
obtain coffee when | needed it for exams. | resorted to seeking the only
accessible beverage with caffeine, a sixteen fluid ounce Monster Energy
drink (172 mg caffeine)...My relationship with caffeine quickly
expanded to two cans per night for an exam...and on some especially
rough testing days, even three cans per night (i.e. 344-516 mg caffeine)”...

Student no. 3--- “During the sophomore year of high school I had my first
significant experiences with caffeine as a stimulant. On the lacrosse team,
I was introduced to “pre-work out” mixes (150-300 mg caffeine). More
often than not, these doses were doubled for a ‘better buzz’...I got caught
in the flow trying to be like the older guys on the team. | often felt side
effects from taking larger doses of pre-workout, e.g. light-headedness,
heart palpitations (exacerbating my pre-existing arrhythmia), and tingling
in the fingers and toes”...

Student no. 4---“When people learn that I do not drink coffee and, in fact,
dislike the taste, they are incredulous. One time, in college, one of my
friends dared me to drink really strong coffee...The severe headache I got
after drinking that only strengthened my dislike for the drink and my
resolve to never get into the habit of using it”.

Caffeine and the cardiovascular system

A bolus of hot liquid passing through the esophagus near the heart
(because of their physical proximity) can disturb electrical activity in the
specialized cardiac conduction system. The disturbances are easily
monitored on an electrocardiogram, and at the very least include unstable
and wandering isoelectric baselines. We have observed this and related
cardiovascular effects with hot beverages and caffeine in young adults
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[16-19]. After a cup of hot coffee has been stored in the stomach, it
reflexly affects peripheral blood flow and other circulatory
hemodynamics. Beyond these reflex effects, and after caffeine has been
absorbed and is being delivered to the organs and tissues, marked
peripheral vasoconstriction and accompanying reductions in blood flow
occur (a non-reflex, direct effect of caffeine) [16-19].

An overheated stomach sends neurohumoral messages to the central
nervous system alerting it that there has been an increase in core body
temperature. Reflexly, the superficial blood vessels (e.g. in apical skin)
vasodilate to help eliminate rather than store the excess heat. This
vasodilation and attendant increase in blood flow are easily monitored in
fingers and toes [20-23]. Depending on the volume of hot fluid
consumed, and its temperature, peripheral vasodilation can last 15-30
minutes or more. After the body has eliminated the excess heat, a
prominent peripheral vasoconstriction can also be monitored. This is a
compensatory, heat-conserving response to the initial, heat-induced
reflex. Hot drinks can and do upset the physiological homeostasis of
thermoregulation in the body.

The cardiovascular blood flow response to caffeinated hot beverages has
two components. The first is due to heat; the second results from
caffeine’s direct vascular actions. Thus, there are both direct and indirect
cardiovascular effects that result from consuming caffeinated hot
beverages. Any hot liquid, including pure water, when stored in the
stomach, will provoke the thermoregulatory reflexes I have just described.
This is evident when one compares caffeinated hot drinks such as coffee
with non-caffeinated hot water [16]. Caffeine, on the other hand, is a
direct vasoconstrictor and hot water is not.

Caffeine’s vascular mechanism of action

Caffeine’s primary mode of action is blockade of vascular adenosine
receptors. Adenosine is a naturally-occurring, continuously-released,
physiologically-important, and relatively-potent vasodilator [24-34]. It
vasodilates by binding to adenosine receptors on vascular smooth muscle
and by causing the smooth muscle cells to relax [25]. It cannot do this
when adenosine receptors are occupied by caffeine and other methyl
xanthines, all of which are adenosine receptor antagonists.

In other experiments we have asked subjects to consume caffeine
containing tablets of 200-400 mg (simulating the doses the addicted get
in one or two cups of coffee/large energy drinks, etc.). Routinely and
within as little as fifteen minutes we see caffeine-mediated peripheral
vasoconstriction. This is revealed by graded, marked, and time dependent
decrements in monitored blood flow even when arterial perfusion
pressure is maintained. These decrements in blood flow are caused by the
drugs prominent vasoconstrictor actions which again are due to blockade
of adenosine receptors [26-29]. With 200-400 mg caffeine, the
vasoconstriction lasts at least 45-60 minutes and can, in some cases,
reduce digital flow to near zero [16-19]. Such limited blood flow can
cause ischemia and hypoxia. If sustained, tissue necrosis and permanent
damage can result [30-34].

Summary and conclusions

Casual observations might convince an extraterrestrial visitor that the
consumption of coffee is as essential to life on earth as is respiratory
minute ventilation. Yet, well-informed readers know the only liquid
required physiologically by the body is water. Decades ago on the written
portion of my Ph.D. prequalifying examinations a renal physiologist
asked me to discuss the physiology of water. He was the first to teach me
that no other liquid is required by the mammalian body. He also
contributed importantly to my excellent graduate school education by
teaching me renal physiology and serving on my guidance committee.
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I wonder if caffeine-addicted humans could replace their coffee with
water would they be better off physiologically? For certain they might
save money. Arguably, they could even save time (no more waiting on
lines at Starbucks/Dunkins). Would job efficiency and productivity
suffer? Beyond the period of withdrawal what kind of person would each
become? If | was sufficiently persuasive as a writer, | would convince
my readers to try the experiment. One might be pleasantly surprised by
the outcome.
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