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Abstract

Introduction

Coffee is one of the most widely consumed beverages in the world, valued both for its sensory
qualities and, increasingly, for its potential health benefits. Global daily consumption is
estimated at approximately 2.23 billion cups. The literature emphasizes that the varying content
of biologically active compounds in coffee is significantly influenced by factors such as its
preparation method, extraction time, brewing pressure, and temperature.

Aim of the study

The aim of this study is to discuss and examine how drinking coffee affects humans from
various interdisciplinary perspectives, as well as to present both the beneficial and potential
adverse effects of coffee consumption.

Methods

A narrative review of the scientific literature was conducted using the Google Scholar, PubMed,
and Elsevier databases. Articles published between 2017 and 2025 were included, with selected
earlier publications considered due to their scientific relevance. A total of 49 articles, including
observational studies, experimental research, and systematic reviews, were analyzed.

Brief description of state of knowledge

Coffee is a rich source of chemical compounds such as chlorogenic acid, caffeine, and caffeic
acid.


https://orcid.org/0009-0008-1665-6780
mailto:katarzynaa.karas@gmail.com

These biologically active compounds reduce the risk of neurodegenerative diseases,
Alzheimer's and Parkinson's disease, reduce the risk of type 2 diabetes, and reduce the risk of
dementia. Coffee consumption prolongs and improves the quality of life, supports increased
tolerance to physical exercise, and has antioxidant properties.

Summary

Coffee has a complex composition and affects the body in many ways, and its effects depend
on individual predispositions and the amount consumed. In moderate doses, it can provide
health benefits, such as reducing the risk of certain cancers and cardiovascular diseases.
However, excessive amounts can lead to side effects, including excitability, sleep problems,
and digestive problems. The overall effect of coffee depends on lifestyle and personal
characteristics.
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1. Introduction

Coffee is consumed by people worldwide primarily for its sensory qualities; however, its health-
promoting properties are increasingly being recognized [1]. It is estimated that approximately
2.23 billion cups of coffee are consumed globally each day [2]. Coffee is a rich source of
biologically active compounds that exhibit a wide range of health benefits [3]. The daily intake
of caffeine considered safe is approximately 400 mg [4]. Other sources indicate that a daily
caffeine dose of 200-300 mg exerts beneficial effects on human health, which corresponds to
approximately 5-6 cups of espresso. Exceeding a daily intake of 500 mg of caffeine may
contribute to the development of dependence and adverse effects, such as excessive stimulation,
increased heart rate, chest pain, and sleep disturbances [5]. Additional reasons for coffee
consumption include its distinctive taste and aroma, reduction of fatigue, and enhancement of
physical performance [6,7]. It is believed that differences in the content of active compounds
in coffee may be influenced by various factors, including preparation methods, brewing time,

pressure, temperature, and additives such as sugar and milk [8].



2. Aim of the study

The aim of this study is to present and analyze the effects of coffee consumption on humans
from an interdisciplinary perspective, encompassing biological and medical aspects, as well as
to highlight both the beneficial and potentially adverse consequences of its consumption.

3. Materials and methods

This literature review was conducted based on a comprehensive analysis of scientific
publications available in the Google Scholar, PubMed, and Elsevier databases. The literature
search focused on articles published between 2017 and 2025; however, for justified reasons,
several earlier publications were also included. Of the identified materials, 49 articles were
ultimately selected for further analysis. Thirty-three of these contained only general

information, whereas 16 articles were based on specific scientific studies.

4. State of knowledge

4.1. Therapeutic properties of coffee

Coffee is a rich source of compounds such as chlorogenic acid, caffeine, caffeic acid, kahweol,
trigonelline, melanoidins, ferulic acid, and cafestol [2,9,10]. These biologically active
compounds reduce the risk of neurodegenerative diseases, including Alzheimer’s and
Parkinson’s disease, lower the risk of type 2 diabetes, and decrease the likelihood of developing
dementia. Moreover, they are associated with a reduced risk of gastrointestinal cancers,
accelerated metabolism, decreased fatigue, and improved memory and concentration. Coffee
consumption has been shown to prolong and improve quality of life, enhance tolerance to
physical exertion, and the chemical compounds contained in coffee exhibit antioxidant

properties [3].

Coffee demonstrates therapeutic properties when consumed in appropriate amounts. However,
no unequivocal consensus has been established, as previously cited data indicate a daily caffeine

intake of 200—400 mg, corresponding to approximately 3-5 cups of espresso per day [11,12].



4.2. Adverse effects of coffee consumption

Caffeine doses exceeding 500 mg are eliminated more slowly from the body. This occurs
because the liver is unable to efficiently biotransform caffeine, and the enzymes responsible for
its metabolism reach saturation, resulting in prolonged elimination time. Consequently, caffeine
exerts prolonged effects on the heart and brain, intensifying its actions, including increased
heart rate and contractility, hand tremors, agitation, and the induction of anxiety and
nervousness [13].

According to Alshahrani et al., high dietary caffeine intake was associated with lower LDL
cholesterol levels, lower systolic blood pressure, reduced insulin resistance, and higher HDL
cholesterol levels in overweight and obese individuals [14]. Saraiva et al. reported that the
negative effects of coffee consumption are most often related to caffeine withdrawal rather than
overdose. Symptoms such as headache, fatigue, irritability, muscle pain, sleep disturbances,
and nausea result from the sudden absence of caffeine in the body. These symptoms typically
appear within 12-24 hours, peak at 24—48 hours, and persist for approximately one week [15],
despite the fact that caffeine elimination from systemic circulation occurs within approximately
5 hours, indicating rapid metabolism [18]. Exceeding the maximum recommended daily
caffeine intake may lead to adverse effects, including impaired concentration, irritability, sleep
disturbances, breast size reduction in women, and gastrointestinal disorders such as gastric
ulcers [3,16]. The severity of caffeine-related adverse effects primarily depends on the

consumed dose [17].

4.3. Chemical compounds present in coffee

4.3.1. Caffeine (CsH10N4O2)

Caffeine (1,3,7-trimethylxanthine) is an alkaloid naturally present in coffee, tea, and cocoa
beans and belongs to psychoactive compounds. It was first isolated from coffee beans in the
1820s by the German scientist Friedrich Ferdinand Runge [19]. The caffeine content of coffee
depends on the method of preparation. According to scientific studies, a standard cup of coffee
contains between 65 and 120 mg of caffeine [2,19,20].

Caffeine acts as a competitive antagonist of adenosine, as its molecular structure is similar to
that of adenosine [8]. Competition occurs between adenosine and caffeine molecules for the

active binding site; binding of caffeine to the receptor results in increased secretion of



catecholamines such as adrenaline, dopamine, and serotonin, which exert stimulatory effects
on the human body [21].

4.3.2. Caffeic acid (CoHsO4)

Caffeic acid (3,4-dihydroxycinnamic acid) is a hydroxycinnamic acid present in coffee beans
and tobacco leaves. The effects of caffeic acid on pregnancy in mice have been extensively
studied. It has been shown that caffeic acid may disrupt the implantation process. Additionally,
offspring of mothers exposed to caffeic acid exhibited lower body weight gain compared to
those of unexposed mothers. However, other studies have demonstrated that caffeic acid does

not exhibit teratogenic effects in developing mouse fetuses [12].

4.3.3. Chlorogenic acid (CisHisO»v)

Chlorogenic acid is an ester of quinic acid and caffeic acid. Its highest concentrations are found
in coffee beans and tea. It has been demonstrated that chlorogenic acid reduces the risk of
neurodegenerative diseases, including stroke [3]. Moreover, it decreases intestinal glucose
absorption. Coffee consumption has been shown to slow the development of obesity, thereby

reducing the risk of type 2 diabetes, regardless of sex [1,10].

4.3.4. Trigonelline

Trigonelline, a metabolite of vitamin B3 [22,23], is a pyridine alkaloid commonly found in
coffee beans and fenugreek. Notably, both pyridine and piperidine alkaloids demonstrate the
ability to bind f-amyloid molecules, which may be relevant in research on Alzheimer’s disease
and other neurodegenerative disorders [21,24]. Additionally, trigonelline exhibits antioxidant
properties that contribute to improved glucose tolerance.

Javad Fahanik-Babaei conducted a study in rats in which Alzheimer’s disease—like symptoms
were induced by bilateral injection of aggregated B-amyloid into the CAL region of the
hippocampus. Administration of trigonelline resulted in improved spatial memory and novel

object recognition abilities [25].

4.3.5. Ferulic acid (C10H1004)
Ferulic acid (4-hydroxy-3-methoxycinnamic acid) is a derivative of cinnamic acid. It has been
demonstrated to possess antioxidant properties, inhibit reactive oxygen species, and reduce

oxidative stress. Furthermore, it exhibits antioxidant effects against low-density lipoproteins.



Due to its strong antioxidant properties, as described by Fahanik-Babaei et al., ferulic acid has

attracted attention as a potential anticancer compound [26].

4.3.6. Kahweol (C20H2605) and cafestol (C20H2305)

Kahweol and cafestol are natural diterpenes present in large amounts in coffee beans. Both
compounds exhibit anticancer activity against colorectal, liver, and endometrial cancers, as well
as anti-inflammatory and antidiabetogenic effects. Moreover, they may reduce the risk of
osteoporosis by modulating osteoclast activity and limiting excessive bone resorption [12].
They also regulate metabolism by interacting with LDL receptors involved in lipoprotein

endocytosis [27].

4.4. Caffeine metabolism

Approximately 95% of caffeine is metabolized in the liver via cytochrome CYP1A2
(Cytochrome P450 1A2), while 3% or less is excreted unchanged in the urine [28]. Complete
absorption of caffeine from the gastrointestinal tract occurs within approximately 45 minutes
after consumption. Peak plasma caffeine concentrations are reached between 50 and 150
minutes post-ingestion [16]. Juliana de Paula et al. described the plasma half-life of caffeine as
variable, averaging between 2.5 and 5 hours in adults. The shortest recorded half-life was 2.3
hours, while the longest reached up to 12 hours, indicating substantial interindividual variability
in caffeine elimination [29].

During caffeine metabolism, paraxanthine (67-82%) is produced in the greatest amount, along
with theobromine and theophylline [30,31]. The CYP1A2 gene, which encodes enzymes
involved in the metabolism of various substances, plays a key role in the biotransformation of
caffeine, paraxanthine, and theobromine [32]. The rate of caffeine metabolism is largely
genetically determined by CYP1A2 activity [31]. Additionally, medications and cigarette
smoking influence caffeine metabolism [10]. Smoking increases caffeine clearance and

shortens its half-life, whereas oral contraceptive use slows caffeine metabolism [32].

4.5. Effect of coffee on fatigue

Adenosine binds to adenosine receptors located on the surface of nerve cells, generating neural
signals transmitted to the brain that indicate fatigue. Caffeine acts as an antagonist of these
receptors, blocking adenosine binding and preventing signal generation, thereby inhibiting
fatigue perception in the central nervous system. Adenosine affects multiple systems, including

the genitourinary, nervous, cardiovascular, immune, and respiratory systems [33]. It functions



as a metabolic signal indicating an imbalance between energy supply and demand, triggering
compensatory mechanisms such as increased cerebral blood flow [34]. By blocking adenosine
receptors, caffeine can inhibit many of adenosine’s effects not only in the brain but also in other

systems, thereby modifying its overall physiological impact [35].

4.6. Effect of coffee on the development of Alzheimer’s Disease

Due to the increasing prevalence of neurodegenerative diseases, the relationship between coffee
consumption and Alzheimer’s disease incidence has been analyzed. A prospective study
conducted in Canada included individuals aged 65 years and older and assessed Alzheimer’s
disease occurrence. The study involved 6,434 participants who completed a risk assessment
questionnaire twice at regular five-year intervals. At baseline, all participants demonstrated
normal cognitive function as assessed by the Mini—Mental State Examination (MMSE). After
five years, cognitive status was reassessed. Analysis revealed that regular coffee consumption
was associated with a 31% lower risk of developing Alzheimer’s disease, suggesting a potential

protective effect of caffeine on cognitive function in older adults [36,37].

4.7. Effect of coffee on the cardiovascular system

Statistical data reported by M. Ding et al. indicated that consumption of approximately 3-4
cups of coffee per day was associated with a higher frequency of cardiovascular risk, whereas
lower or higher intake levels provided fewer benefits or no protective effect [38].

Findings regarding the impact of coffee consumption on coronary heart disease risk remain
inconsistent. Y. Park et al. analyzed 32 studies and found no significant association between
coffee intake and coronary heart disease risk. Further analysis revealed that coffee consumption
significantly increased coronary heart disease risk in men, whereas no such correlation was
observed in women [39]. Conversely, an increasing number of epidemiological studies
recommend coffee consumption for the prevention of cardiovascular diseases, stroke, and
mortality [40]. Other authors report that regular coffee intake is associated with a reduced risk
of hypertension, heart failure, hypercholesterolemia, and atrial fibrillation [41]. There are also
reports suggesting that coffee consumption may protect against atrial arrhythmias, particularly
atrial fibrillation [42].

4.8. Effect of coffee consumption on the gastrointestinal system
According to observations by Taborska et al., coffee consumption offers various benefits,
including improved digestion and accelerated gastrointestinal transit. Coffee stimulates gastric



acid secretion, increases bile and pancreatic enzyme production, reduces the risk of gallstone
formation, enhances colonic motility, and modulates gut microbiota. Despite these effects,
coffee is not considered a significant risk factor for gastroesophageal reflux disease, peptic
ulcers, inflammatory bowel disease, or gastrointestinal cancers [43].

In contrast, Koochakpoor et al. evaluated the association between coffee and caffeine intake
and the risk of irritable bowel syndrome (IBS). Their findings indicated that both coffee and
caffeine consumption were significantly associated with an increased risk of IBS. This

association was particularly pronounced among women and individuals with obesity [44].

4.9. Effect of coffee on other systems and organs

Moon-Kyung et al. demonstrated that high consumption of instant coffee was associated with
the development of chronic obstructive pulmonary disease (COPD) in individuals with a
smoking history exceeding 20 pack-years or in never-smokers [42]. Similar conclusions
regarding coffee consumption and COPD development were reported by Wan-Zhe et al. [45].
Zdrojewicz et al. observed that caffeine is rapidly absorbed, crosses the blood—brain barrier,
and exhibits a broad pharmacological profile, including use in antiasthmatic preparations,
which may indirectly suggest its effects on bronchial vasculature and the cardiovascular system
[46].

Xiaoling et al. demonstrated that caffeine intake may prolong pregnancy duration, although
results may be confounded by factors such as tobacco smoking. Even doses below 200-300 mg
per day may be associated with adverse reproductive outcomes, including an increased risk of

spontaneous miscarriage [47].

4.10. Effect of coffee consumption on cancer development

Iriondo-DeHond et al. conducted a systematic review of scientific literature on the relationship
between coffee consumption and cancer development. Based on the collected studies, they
concluded that coffee consumption has a protective effect against liver cancer, hepatocellular
carcinoma, and breast cancer. However, coffee intake may increase the risk of lung cancer. For
other cancers, including pancreatic, bladder, ovarian, and prostate cancer, the association with
coffee consumption remains inconclusive [48]. Carter et al. explain that current scientific
evidence is limited due to challenges inherent to observational studies, including the risk of
reverse causality and confounding factors. This is particularly relevant for coffee consumption,

which often co-occurs with other lifestyle-related behaviors [49].



5. Conclusions

Coffee is a beverage with a complex chemical composition and multidirectional biological
activity. Its effects on the human body depend on individual predispositions and the amount
consumed. Excessive intake may contribute to adverse effects such as increased excitability,
irritability, and sleep disturbances. Regular coffee consumption is associated with potential
health benefits, including protective effects against Alzheimer’s disease and certain cancers,

such as liver and breast cancer.

Current research on the impact of coffee consumption on the cardiovascular system vyields
inconclusive results. Moderate coffee intake, defined as approximately 3—4 cups per day, may
be associated with either an increased or decreased risk of cardiovascular diseases, depending
on sex and individual factors. At the same time, a growing body of evidence suggests that
regular coffee consumption may contribute to a reduced risk of hypertension, heart failure, atrial
fibrillation, stroke, and overall mortality, as well as exhibit a potential protective effect against

atrial arrhythmias.

Coffee supports gastrointestinal function and may reduce the risk of cardiovascular diseases;
however, its effects on the heart may vary according to sex and the amount of caffeine
consumed. Nevertheless, caffeine intake is associated with an increased risk of irritable bowel
syndrome, chronic obstructive pulmonary disease in smokers, and potentially adverse
reproductive outcomes at high doses. Overall, the compounds present in coffee demonstrate
protective properties, although the extent of their effects may vary depending on individual

characteristics and lifestyle factors.
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