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Abstract

Background:�In�USA,�an�adult�has�a�daily�intake�of�caffeine�which�is�2.4�mg�kg−1�body�weight.�Caffeine�is�taken�
in mostly as coffee and most of the people think that it has a direct or an indirect relationship with their health 
(Madeira, Boia, Ambrósio, & Santiago, 2017). This is a clear indication that people think that caffeine is affecting 
their health but they are not sure how. Previous studies have shown that caffeine behaves as a stimulant drug which 
makes a person very active through a very prominent increase in a person’s productivity, (Yamato et al., 2002). 
This information will be drawn in from this source to determine the reason for the increment of productivity. It has 
also been listed that caffeine basically affects the parts of the brain which are responsible for a person’s emotional 
response (The hippocampus) and these have always been the target organs for researchers (Yamato et al., 2002). This 
information links neurotransmitters directly to caffeine as hippocampus area is largely governed by the action of 
neurotransmitters (Tao & Auerbach, 2000).
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Introduction

A heavy heart rate variability has been noticed in 
people who intake caffeine and caffeine also takes 
a toll on the functionality of their nervous system 
and muscles (Rauh, Burkert, Siepmann, & Mueck-
Weymann, 2006). Heart rate is administered 
through blood by “enzymes'' (Bhagat, Narang, 
Sharma, Dash, & Chauhan, 2009). Caffeine also 
impairs a person’s basic decision-making ability 
but the more research is still required on how 
the complex decision making ability is affected 
and which elements of the human body are 
involved . (Häusser, Schlemmer, Kaiser, Kalis, & 
Mojzisch, 2014). This is a clear indication by the 
authors that research which should be done on 
neurotransmitters because they are responsible for 
complex decision making (Fecteau, Fregni, Boggio, 
Camprodon, & Pascual-Leone, 2010) .This research 
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should be conducted because neurotransmitters 
in�uence� the� way� enzymes� work� in� a� human�
body (Owolabi, Olatunji, & Olanrewaju, 2017). 
Enzymes represent the entire meshwork of the 
human body and the body cannot function if the 
functioning of enzymes is altered in any way 
(“BPS Publications,” n.d.). Studies have indicated 
that any drug that enters the body alters the way 
human enzymes work (Abdullah & Ismail, 2018). 
But no research is available on caffeine’s ability to 
affect the normal function of enzymes indirectly, by 
directly affecting the neurotransmitter balance in 
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our body. The question arises how caffeine affects 
the neurotransmitters, and can it be a reason for the 
impairment of normal enzymes functioning in the 
human body? The purpose of this literature review 
will be to determine the effects of caffeine on 
neurotransmitters and to show that if the normal 
functioning of the enzymes is altered or not.

Decoding the neurotransmitter-enzyme dynamic 
relationship

How does caffeine affect the neurotransmitter 
balance?

The main ways that caffeine affects the 
neurotransmitters is by altering the adenosine 
receptors and vasoconstriction in the brain 
which indicates that it attacks our system at a 
neural level (Diukova et al., 2012). It increases the 
levels of the neurotransmitter which is known as 
glutamate (Owolabi, Olatunji, & Olanrewaju, 2017). 
Glutamate is known to make a person hyper active 
(primary effect noted after the ingestion of caffeine) 
(Vyleta & Smith, 2008). It has been proved that 
the administration of caffeine increases the rate of 
release of “acetylcholine” neurotransmitter from 
the hippocampus (Souza et al., 2015). All the sources 
that have been mentioned above agree that caffeine 
is responsible for the neurotransmitter imbalance. 
Glutamate, adenosine and acetylcholine are known 
to be some of the major neurotransmitters present 
in the human body and are also known to interact 
with one another on a constant basis (“Fine-tuning 
neuromodulation by adenosine - ScienceDirect,” 
n.d.).

How does this imbalance indirectly affect the 
enzyme functioning?

Previous studies have indicated that caffeine 
increases the heart rate (Rauh, Burkert, Siepmann, 
& Mueck-Weymann, 2006). Heart rate alterations 
(caused by muscle movement) are a major reason 
for a heart attack (Christoffels, 2011). Studies have 
shown that an increase in the levels of the enzyme 
“troponin” leads to a heart attack (Skeik & Patel, 
2007). As stated earlier, caffeine is proven to increase 
the amount of neurotransmitter “glutamate” in the 
body (Owolabi, Olatunji, & Olanrewaju, 2017). 
Studies have indicated that glutamate makes the 
muscles more permeable (easy entry) to Calcium 
which is needed to trigger troponin’s action on 
the muscles (Kajioka et al., 2012). The patients 
who have been victims of heart attacks are mostly 
required to limit their caffeine intake (Srivastava, 
Fazzari, George, & Marzo, 2017). This literature 
review can justify the reason for this requirement 

as caffeine can be seen to promote heart attacks 
through altering the neurotransmitter balance and 
indirectly altering the functioning of the enzyme 
troponin. Here, caffeine can increase the levels of 
glutamate which in turn can result in increased 
levels of calcium. Which can trigger an increase in 
the�levels�of�the�enzyme�troponin�and��nally�result�
in a hyperactive muscle (heart attack by muscle 
spasms or tachycardia).

How is the decision-making ability impaired?
Complex decision-making ability is altered because 
of the neurotransmitter imbalance and studies have 
shown that it is mainly impacted by hypervigilance 
or we can say “panic” (Phillips & Ogeil, 2015). It has 
been determined that in this case a neurotransmitter 
named “adrenaline” is the reason for the panic and 
stress (Battram, Graham, & Dela, 2007). The amount 
of “phenylethanolamine N-methyltransferase” in 
mice with high levels of adrenaline and caffeine 
(mammals like humans) was found to be higher 
than the normal levels (Henry & Stephens, 1980). 
This enzyme is known to be responsible for the 
formation of “adrenaline” (Kaneda et al., 1988). 
This information clearly indicates that due to the 
high levels of adrenaline, the levels of the enzyme 
responsible for its formation also increased. 
In this case too, the increase in the levels of 
phenylethanolamine N-methyltransferase can lead 
to cardiovascular uncomfort (Hou, Wang, Gao, Liu, 
& Liu, 2012).

Conclusion:

It was seen that caffeine altered the levels of the 
neurotransmitter acetylcholine which can increase 
the permeability of muscle cells to calcium 
(hyperactive muscles after excessive consumption 
of caffeine) and caffeine also altered the levels 
of phenylethanolamine N-methyltransferase 
which can lead to the accumulation of stress 
due to neurotransmitter (adrenaline imbalance) 
and indirect hyperactivity of the enzyme. The 
information presented clearly indicates that 
excessive consumption of caffeine can be a very 
good reason for the indirect alteration of the normal 
functioning of enzymes. Here, the audience will 
be able to see the newly established relationship 
between the functioning of an enzyme with a 
neurotransmitter which is in the complete control 
of a drug (like a cascade reaction which involves so 
many�steps�before�it�could�produce�a��nal�product).
It can also be seen this way that a foreign substance 
is controlling the most important elements of our 
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body. This review also relates calcium levels to 
caffeine intake (increased calcium levels can also be 
a reason for heart attacks).

This review did not offer any practical tests that 
could be conducted to test the disturbed enzyme 
function and elevated neurotransmitter levels. 
Further research can be conducted to determine 
how these levels can be tested in laboratories 
so that “caffeine dependent” neurotransmitter 
imbalances and enzyme impairment (leading to 
consequences like heart attacks) can be prevented 
on a premature clinical level (before the person 
is a victim, as stated above). Researchers can 
also further investigate the relationship between 
calcium levels and occurrences of heart attacks by 
doing statistical analysis on a population level. The 
levels of adrenaline can be tested by measuring the 
blood pressure as adrenaline increases the blood 
pressure (Struthers, Reid, Whitesmith, & Rodger, 
1983).

These tests can be done on a group of patients 
who already suffer from neurotransmitter 
imbalance (through diseases like dementia). This 
will help the researchers in reducing the extra 
work� (very� dif�cult� to� identify� caffeine� addicts�
from a vast population) and they will be sure that 
the patients have neural imbalance. They can then 
detect the levels of calcium (which will also help in 
determining if calcium is only associated in the case 
of caffeine dependent imbalance or in every neural 
imbalance. Techniques like DNA sequencing can 
be used in case the physical presence of the patients 
becomes an ethical issue (emotional values of 
families associated with dementia patients).

Caffeine consumption is increasing day by day 
among and is widespread among all the age groups. 
Under these circumstances, it is very important that 
every person should have the knowledge of how 
many dangerous consequences (like heart attacks 
and increased anxiety levels due to stress) lie ahead 
of them. This is an issue which is ignored and 
never taken seriously because caffeine has made 
a certain place in everyone’s life. Everyone should 
care about this topic because not just heart attacks 
or stress, impairment of enzymes in the body can 
also be fatal. Every reaction that is carried in our 
body is due to thousands of enzymes working 
together. Even if the functioning of a single enzyme 
is altered, severe mutations can also arise.
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