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INTRODUCTION

The sound of the grinding machine, the coffee aroma smell, 
and the first sip of the morning cup; most coffee lovers 
start their day with these rituals; owing to its brain alerting 
effect, coffee has been thought to be a force in scientific 
development (1). This review aims to provide some insight 
related to coffee consumption by discussing factors related to 
coffee history, consumption, composition, possible beneficial 
physiological effects, ways of serving, and the suggested daily 
consumption.

HISTORICAL PERSPECTIVE

The word coffee is believed to originate from an Arabic word, 
“qahwah,” which refers to a particular type of wine and its 
dark color (2). For at least more than a thousand years, coffee 
has occupied a very important place in human society. Origins 
of consumption of coffee probably start from Northeast 
Africa, which then spread out to the Middle East in the 15th 
century and from there to Europe; there is some evidence that 
it was an established drink in the Yemeni Sufi monasteries, 

from where it spread to other areas (3). Leonhart Rauwolff, a 
German physician, was the first European to remark coffee, 
around 1582, on his return from Mesopotamia searching for 
herbal treatments. He described it as “A perfect drink that 
is as black as ink and very good in illness, especially of the 
stomach.” (4).

COFFEE CONSUMPTION AMONG VARIOUS 
NATIONS AND MEDICAL PROFESSIONS

Coffee is considered one of the most used pharmacologically 
active non-alcoholic beverages, with its consumption 
becoming part of regular daily practices of modern life 
worldwide (1). However, coffee consumption varies 
among nations; Finland and Norway reported the 
highest consumption with a mean of 9.6 kg and 7.2 kg of 
coffee consumed per person per year, respectively, while 
consumption in the United States of America was reported as 
3.1 kg per person per year (5). A Canadian Community Health 
Survey study reported that coffee comes in second place, the 
first being water, as the most popular drink among Canadian 
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adults (6). The National Diet and Nutrition Survey in the 
United Kingdom demonstrated that a British adult consumes 
a mean of 130 mg of caffeine per day (7). In contrast, a 
Japanese adult consumes about 260 mg of caffeine per day 
(8). 

For medical professions, it is generally accepted that surgeons 
consume more coffee than internists; in a Swiss center 
retrospective study by Giesinger et al. (4) evaluating coffee 
consumption of physicians at work and comparing the rate 
among different specialties (n=766 doctors), they found that 
84% of physicians purchased coffee at least from one of the 
hospital canteens. Male physicians purchased significantly 
more cups of coffee per person each year than females 
(128±140 versus 86±86, p<0.01). Specialty had a significant 
effect on yearly coffee purchasing (p<0.01), where orthopedic 
surgeons reported the highest coffee purchase per person per 
year (89±136) followed by radiologists (177±191) and general 
surgeons (167±138), while anesthesiologists reported being 
the least (39±48). Interestingly, the hierarchical position 
significantly affected the pattern of purchasing (p=0.04), 
where senior consultants purchased most cups of coffee per 
person per year (140±169) while junior doctors purchased the 
least (95±85) (4). In a study by Do et al. (9) carried out on 271 
Scandinavian anesthesiologists, the authors found that 91.3% 
of anesthesiologists were coffee drinkers, with a median of 
four cups daily. In a study by Tsiga et al. (10), the authors 
evaluated and compared the health behaviors between three 
groups, namely police officers, healthcare workers (doctors 
and nurses), and ambulance workers in Thessaloniki, Greece. 
The authors found that doctors reported the highest coffee 
consumption with a mean of 2.26±1.64 times per day, 
followed by nurses who reported consuming coffee 2.02±1.33 
times per day (10).

THE MAIN COMPONENTS OF COFFEE

Coffee is composed of a mixture of compounds, with caffeine 
being the most famous constituent (1). However, coffee is 
rich in various bioactive substances, which possess a variety 
of physiological effects. Up to 1,000 phytochemicals were 
described, including chlorogenic acid, lactones, theophylline, 
cafestol, niacin, vitamin B3, magnesium, and potassium (11). 
Caffeine was isolated from coffee beans as early as 1820, and 
since then, it has been the most investigated component of 
coffee for its pharmacological potentials and possible clinical 
applications (12). The amount of caffeine in a cup of coffee 
is determined by several factors, including first the type of 
coffee bean, and second the method of preparation. The two 
most widespread plant species that produce coffee beans are 
Coffea arabica and Coffea canephora. Researchers found that 
Coffea canephora contains about twice as much caffeine as 

Coffea arabica: 68.6-81.6 versus 34.1-38.5 mg of caffeine 
per kilogram of dry coffee, respectively (13). The preparation 
method consists of a number of different variables, brewing 
water temperature, length of contact time, extraction 
pressure, bean grind size, and coffee bean roasting method 
(14). Therefore, while a home-prepared filtered coffee cup 
contains from 30 to 175 mg of caffeine, one espresso shot 
contains about 200-300 mg caffeine (15).

THE PHARMACOLOGICAL EFFECTS OF 
COFFEE COMPONENTS

After ingestion of coffee, caffeine is absorbed totally in the 
small intestine in less than one hour, which then diffuses to 
other tissues (16). Caffeine has a half-life of approximately 
four to six hours and is metabolized mainly in the liver. 
Two to three cups of coffee could raise caffeine plasma 
levels to 20-40 mol/L; this concentration enables the main 
action of caffeine as an antagonist of adenosine, which 
is an endogenous inhibitory neuromodulator leading to 
drowsiness, fatigue, and sleep (17). As adenosine receptors 
are present in most tissues, such as the cardiovascular system 
(CVS), the central nervous system (CNS), liver, muscles, and 
adipose tissue, what is considered as the physiological effect 
of coffee is achieved through the blocking action of caffeine 
on adenosine receptors (14). Another action of coffee is its 
very potent antioxidant effect exerted through its primary 
polyphenol content: chlorogenic acid (18).

EFFECTS OF COFFEE ON HEALTH

Generally, coffee, and its most important content caffeine, 
is the most used stimulant worldwide, owing to its safety 
and availability, as studies showed that coffee consumption 
was generally safe, often associated with more benefit than 
harm (19). Habitual consumption of coffee has several 
health benefits, which are shown by epidemiological data: it 
decreases the risk of neurological diseases (e.g., Parkinson’s 
and Alzheimer’s disease) and the development of certain 
cancers (e.g., hepatocellular, colorectal, and prostatic), as 
well as positively affecting liver functions and possibly playing 
a role in weight loss (its lipolytic effect increases metabolic 
rate and enhances energy expenditure) (14, 20). Furthermore, 
in the meta-analysis by Poole et al. (19) analyzing 201 articles 
to evaluate the relationship between coffee consumption 
and health outcomes, they found that consuming three to 
four cups of coffee per day is beneficial. They showed an 
association between coffee consumption and reduction in 
mortality, cardiovascular diseases, as well as neurological and 
metabolic conditions. In the following sections coffee’s effect 
on various body systems is explained.
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Psychological and Central Nervous System 

Caffeine has a CNS stimulant effect as it crosses the blood-
brain barrier. It acts as an adenosine receptor antagonist; 
furthermore, it reduces the loss of dopamine and synergizes 
with noradrenaline, resulting in fatigue sensation reduction 
and a stimulated perception (21). Some studies showed 
that caffeine is an effective stimulant for enhancing simple 
measures of cognitive performance such as alertness and 
psycho-motor functions even after prolonged periods of 
sleep deprivation up to 85 hours (22-24). Franke et al. (25) 
investigated the use of coffee and its derivatives among 
surgeons, and after analyzing the responses of 951 surgeons 
they found that 66.8% reported habitually drinking coffee, 
and the most common reason for consuming caffeine was to 
reduce fatigue (54.3%), followed by to stay awake working 
night shifts (32.2%). A study on surgery trainees by Aggarwal 
et al. (26) was done using a virtual reality laparoscopic 
simulator to investigate the effect of caffeine on improving 
fatigue, as well as technical and neurocognitive skills. Eighteen 
participants were sleep-deprived and given 150 mg of caffeine 
on one occasion, and a placebo on another occasion, before 
performing the simulation laparoscopy. The authors found 
that after caffeine ingestion, the participants could restore 
the psychomotor skills to baseline and had a better reaction 
time compared to the placebo; however, the number of errors 
between both groups was same. 

Coffee consumption was reported to have a protective effect 
against the development of Parkinson’s disease in men and 
women (27). Moreover, the risk of Alzheimer’s and Parkinson’s 
diseases is less in regular coffee consumers (28, 29). 
Interestingly, a study reported that the relative risk of suicide 
was decreased by 13% for every cup of coffee consumed daily 
(29). Some recent studies have concluded a weak protective 
effect of coffee consumption on the risk of stroke; however, 
this is still yet to be proven (14).

Endurance Performance and Physical Activity

It has been estimated that about 74% of elite athletes usually 
use caffeine as an ergogenic aid before or during sports, and 
endurance sports have the highest prevalence rate for caffeine 
consumption (30). A study showed that acute caffeine 
ingestion significantly affects endurance performance in the 
form of an increase in mean power output and faster time-
trial times compared to placebo (31). 

In a double-blind, randomized study by Church et al. (32) 
where the authors examined the ergogenic benefits of 
Turkish coffee taken an hour before exercise, the authors 
tested performance in a five km time trial, upper and lower 
body reaction to visual stimuli after ingestion of either 3.0 
mg caffeine per kg body weight or decaffeinated coffee; they 

found that the plasma concentration of caffeine, upper body 
reaction performance, respiratory exchange rate, and systolic 
blood pressure, were significantly higher with the Turkish 
coffee compared to the decaffeinated coffee. They concluded 
that ingestion of Turkish coffee resulted in better performance 
and improvement in reaction time and an increase in the 
feeling of energy. A meta-analysis of randomized controlled 
trials concluded that caffeine intake lowered the incidence of 
physical exertion during exercise, leading to longer exercise 
time (33). Furthermore, caffeine ingestion before prolonged 
cycling helped reduce muscle pain after exercise (34). 

Cardiovascular System

There is an ongoing controversy regarding the exact effect 
on the CVS; some suggest that coffee consumption has 
some adverse effects on serum cholesterol, blood pressure, 
and plasma homocysteine, whereas others suggest that 
the effect of caffeine within the coffee on epinephrine 
concentrations, hyperglycemia, and blood pressure seems to 
be weaker compared to caffeine taken in isolation (14, 20). 
Acute effects of coffee on the CVS presented as tachycardia, 
increased blood pressure, and occasional arrhythmia could 
occur directly after coffee intake; however, these are more 
profound in susceptible individuals (14). In a study by Bodar et 
al. (35) evaluating the effect of coffee consumption on atrial 
fibrillation (AF) development risk including 18,960 United 
States male physicians having a mean age of 66.1 years, the 
authors found a lower risk to develop AF among physicians 
who consumed one to three cups per day.

The association between coffee consumption and higher 
concentrations of total serum cholesterol and low-density 
lipoprotein cholesterol was attributed to the diterpene 
content in coffee oil; however, these compounds are usually 
removed by paper filters, so consuming filtered coffee may 
slightly increase serum cholesterol (36). The suggested 
harmful caffeine effect on the CVS may be neutralized by the 
benefits offered by other compounds in coffee; the 2015-2020 
dietary guidelines for Americans associate the consumption 
of three to five cups of coffee per day with reduced risk for 
cardiovascular diseases (37, 38).

Digestive System 

Coffee consumption has a protective effect on the liver, 
helping to prevent the development and progression of liver 
diseases such as liver cirrhosis and hepatocellular carcinoma 
(39). This was explained by coffee’s ability to lower the levels 
of liver enzymes (e.g., alanine aminotransferase, aspartate 
aminotransferase, and gamma-glutamyl transferase) (39). 
Furthermore, studies have proven no significant relationship 
between coffee consumption and gastric ulcers, duodenal 
ulcers, and reflux esophagitis (40). 
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Endocrine System

Studies have shown that the risk of developing type 2 
diabetes decreases with regular coffee consumption (41). 
This protective effect was estimated to be dose dependent, 
with a 7% reduction in risk for each additional cup of coffee 
(41). In contrast, some studies have shown that caffeine alone 
can lead to impaired glucose tolerance (14, 20). However, 
this effect was also found in decaffeinated coffee, leading 
researchers to think that even if caffeinated coffee causes a 
hyperglycemic response (14, 20). Other bioactive compounds 
such as chlorogenic acids and phenolic compounds can 
neutralize this effect by altering glucose absorption, liver 
glucose metabolism, and insulin sensitivity (14, 20).

Bone Metabolism

Heavy coffee intake has been associated with increased 
bone deterioration, lower bone density and the likelihood of 
fractures (14, 20, 40). This effect is due to the decrease in the 
efficiency of calcium absorption in the gastrointestinal tract 
caused by caffeine. This led dietitians to recommend calcium 
and vitamin D intake along with limiting coffee intake to 2-3 
cups per day to reduce the risk of osteoporosis and related 
fractures, specifically in older age (42). 

Risk of Cancer

Generally, coffee consumption was associated with a lower 
risk of different cancers, including those of the liver and 
colorectum; however, no clear explanation was offered to 
explain the mechanism (14). It was suggested that caffeine 
acts as an anti-cancer compound by inhibiting extracellular 
signal-regulated kinases and α-serine/threonine kinases 
and suppressing matrix-2 metalloproteinase and the 
α-transforming growth factor of cancer-associated fibroblasts 
(43).

Mortality

Some studies showed a statistically significant inverse 
association between coffee consumption and mortality after 
acute myocardial infarction (44). Compared with non-coffee 
drinkers, light (1-2 cups per day) and heavy (>2 cups per day) 
coffee drinkers had a decreased risk of mortality, with the 
maximum benefit being shown with heavy consumption (44).

DOES COFFEE HAVE SIDE EFFECTS?

Although caffeine is considered safe, some side effects with 
its increased use have been reported with variation among 
subjects according to their metabolism rate, weight, age, 
and sex (45). These side effects might include tachycardia, 
jitteriness, agitation, headache, excitability, insomnia, 
and gastrointestinal tract symptoms, and symptoms of 
intoxication were reported to occur at a dose of 1,000 mg of 

caffeine; doses of 3,000 to 10,000 mg might be lethal (46).

Furthermore, caffeine is known for its addictive properties, 
with a persistent desire to consume caffeine-containing 
foods or drinks and the possibility of developing withdrawal 
symptoms when caffeine ingestion is abruptly discontinued 
(20). Although the matter of being an addictive substance 
is debatable, some reviews showed that some of the 
symptoms necessary to diagnose dependency, mainly 
withdrawal symptoms (headache, fatigue, drowsiness), had 
been reported in heavy caffeine consumers after stopping 
intake (47). The explanation behind the appearance of some 
withdrawal symptoms is that with regular caffeine intake, 
the adenosine receptor numbers in the CNS increase, which 
makes individuals more sensitive to adenosine, and with 
subsequent reduction in caffeine consumption this will 
potentiate the usual physiological effects of adenosine, 
resulting in withdrawal symptoms (47).

HOW IS COFFEE PREPARED AND BEST 
SERVED?

Generally, coffee is prepared by infusing hot water through 
the roasted and ground coffee beans. Various methods could 
be used, such as filtration, percolation, or pressure (39). It 
could be prepared through various methods: First-Brewed 
coffee (filter coffee) can be prepared simply by brewing ground 
coffee beans in hot water and then passing that through a 
filter to separate the grounds from the brewed coffee. A cup 
of 8-oz (237 mL) brewed coffee could contain up to 95 to 330 
mg of caffeine (45). Second- Cold brew coffee (different from 
iced coffee) can be prepared by steeping the coffee grounds in 
water at room temperature between 8 and 24 hours and then 
served with ice in it (48). A 12-oz (355 mL) cold brew coffee 
cup could contain approximately 195 mg of caffeine (49). 
Third- Instant coffee can be prepared by adding hot water 
to the granules or coffee powder. It usually has less caffeine 
compared to freshly brewed coffee. An 8-oz cup of regular 
instant coffee contains about 30 to 70 mg of caffeine (45). 
Fourth- Espresso is prepared by forcing hot water or steam 
through very fine coffee grounds using a machine, stovetop 
mocha pot, or ready prepared capsules. A single serving of 
espresso contains about 50 to 150 mg of caffeine (45).

Some research reported that adding sugar to coffee 
contributes as a risk factor for health problems such as obesity 
and diabetes, so to keep the health benefits of coffee, adding 
sugar or sweetener is better avoided (50, 51). Studies showed 
that people who do not add sugar or sweeteners to their 
coffee had a lower risk of developing depression or metabolic 
syndrome (52, 53).
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HOW MUCH COFFEE SHOULD WE DRINK?

Moderate daily caffeine intake (about 2 to 4 coffee cups 
or 300 mg caffeine per day) is generally safe with less CVS 
stimulatory effects or behavioral changes in a healthy adult, 
leading to the natural beneficial effects (54). Dyslipidemic 
individuals might consume filter coffee, as the filters partly 
retain the main cholesterol-raising compounds in coffee such 
as cafestol and kahweol (45). People with known high blood 
pressure or cardiac arrhythmias are advised to limit caffeine 
intake; while for women planning on getting pregnant, it is 
better to limit their intake of caffeine to <300 mg per day 
(55). Besides, the people at risk of osteoporosis could add two 
tablespoons of milk to their coffee, which could neutralize 
the amount of calcium lost per one cup of coffee (55).

CONCLUSION

Coffee is considered the most consumed beverage 
worldwide, and it contains various bioactive compounds, 
with caffeine being the most known and studied component. 
Coffee consumption is various among nations as well as 
among various medical specialties, with surgeons and 
senior consultants ranking as the highest consumers. The 
health benefits of habitual coffee consumption outweigh its 
harmful effects. Improving fatigue resistance and alertness, 
having positive effects on psychomotor functions, reducing 
Parkinson’s risk, protecting against type 2 diabetes, and 
boosting physical activity were among the health benefits of 
coffee consumption. However, tachycardia, increase in blood 
pressure, and withdrawal symptoms were among its side 
effects. Coffee could be served through various methods: 
espresso, brewed, instant; and is better served without 
sugar. It is accepted that two to four cups of coffee per day 
is generally safe.
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