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Abstract: This literature review aims to explore the data of articles published on the association
between coffee, caffeine and atrial fibrillation and to analyze any differences between the two sexes.
Several factors influence this complex relationship; genetic, environmental and psychosocial factors
come into play in the pathophysiology of atrial fibrillation. These factors are expressed differently
in women and men. However, the analysis of the literature has shown that comparison works
between the two sexes are extremely rare. Most population-based and prospective studies either
analyze aggregated data or focus on exclusively male or female populations. This results in a lack of
information that could be useful in the prevention of and treatment approach to atrial fibrillation. It
is necessary to deepen this issue with dedicated studies.
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1. Introduction

There have been conflicting results on the association between coffee, caffeine and
atrial fibrillation (AF), and studies focusing on the influence of sex on this complex relation-
ship are very rare [1-5].

The widespread diffusion of coffee and tea among adults and of energy drinks among
young people make it necessary to broaden our knowledge to understand the mechanisms
underlying the potential pro-arrhythmic role of caffeine-containing drinks [1-5]. This
literature review aims to explore the data of articles published on the topic and to analyze
any differences between the two sexes that have emerged from scientific studies.

Coffee is an extremely widespread drink and is part of the culture of most people [6].
It is included in most diets because it has been shown to have favorable effects on cardio-
vascular health [7]. These effects depend on the different substances that coffee contains [8].
Caffeine content is the aspect most analyzed in the literature due to the fear that the effects
on health could be deleterious [7,8]. Caffeine is an alkaloid found in coffee beans and is also
present in other dietary sources such as tea, soft and energy drinks, chocolate and cocoa
beverages. The caffeine content varies, with coffee typically containing 4 to 180 mg/150 mL,
cola 15 to 29 mg/180 mL, tea 24 to 50 mg/150 mL, cocoa 2 to 7 mg/150 mL, and chocolate
1 to 36 mg/28 mg. Energy drinks can range from 100 to 286 mg of caffeine per serving,
although some brands may contain as much as 550 mg per can or bottle. The caffeine
content in one cup of coffee varies according to the geographical region and also depends
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on the method of preparation. In Northern Europe and the United Kingdom, a cup of
coffee contains 140 mg of caffeine, in the USA 85 mg of caffeine and in Southern Europe,
where espresso and mocha are common, the amount of caffeine is around 50 mg [3,6,9].

The Food Standards Authority of Australia and New Zealand has defined three levels
of caffeine intake: low, moderate and high [10] (Table 1).

Table 1. Levels of caffeine intake according to The Food Standards Authority of Australia and
New Zealand.

Dose (mg/day) Equivalent to (mg/kg) *
Low intake 80-250 1.1-13
Moderate intake: 300-400 4-6
High intake: >500 7

Legend: * in a 70 kg weight adult.

These guidelines provide a range of caffeine intake levels based on body weight, with
the assumption that a 70 kg weight adult is being considered.

No differences between women and men are highlighted except for a reference to
pregnancy and breastfeeding.

The Food Standards Code limits the amount of caffeine that can be added to cola-type
soft drinks and energy drinks. Foods containing added caffeine must also have a statement
on the label that the product contains caffeine. It is important to indicate the quantity of
guarana on the drink label due to the molecular similarity with caffeine. [10].

In cola soda-type drinks, the total caffeine content should not exceed 145 mg/kg.
Energy drinks are regulated by Standard 2.6.4 [11] of the Code which defines the maximum
permitted levels of caffeine and other substances in these drinks (the maximum amount
of caffeine is 320 mg per liter). Furthermore, additional labeling requirements insist that
warning are included. It advises that products are not suitable for young children, pregnant
or nursing women and caffeine-sensitive individuals [10].

In 2015, the European Food Safety Authority (ESFA) published a “Scientific Opinion
on the safety of caffeine” suggesting that single doses of caffeine up to 200 mg (about
3 mg/kg body weight for a 70 kg adult) do not give rise to safety problems (Table 2). The
same amount does not give rise to safety concerns if consumed <2 h before strenuous
exercise performed under normal environmental conditions. The ESFA also points out
other components of “energy drinks” at the concentrations declared in such drinks (ap-
proximately 300-320, 4000 and 2400 mg/L of caffeine, taurine and d-glucurono-y-lactone,
respectively). The intake of alcohol at doses up to about 0.65 g/kg body weight does not
affect the safety of single doses of caffeine up to 200 mg.

Table 2. European Food Safety Authority (ESFA) dose recommendations for safety problems.

No Safety Problem Dose (mg/day) Equivalent to (mg/kg) *
up to 200 mg 3

Habitual consumers up to 400 mg 6

Pregnant women habitual consumers up to 200 3

Breastfeeding women up to 200 3

Children and adolescent Unknown

Legend: * in a 70 kg weight adult.

There are differences between habitual and non-habitual coffee consumers. Similarly,
in pregnant women, the habitual consumption of caffeine up to 200 mg per day does not
give rise to safety concerns. Single doses of caffeine and usual caffeine intakes of up to
200 mg consumed by breastfeeding women do not raise safety concerns for infants. For
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children and adolescents, the information available to date is insufficient to derive a safe
intake of caffeine. However, the diffusion of the habit of introducing soft drinks containing
caffeine is gradually increasing in younger people and it will be necessary to acquire further
information. The panel considers that the identified acute dose of harmless caffeine for
adults (3 mg/kg body weight per day) could be used for calculating the daily intake of
caffeine of no concern for these individuals [12]. No differences between women and men
are highlighted except for a reference to pregnancy.

2. Caffeine

The half-life of caffeine can vary in a healthy adult and typically ranges from 2.5 to 10 h.
Habitual consumption, the long-term consumption of caffeine and the consumption of large
amounts may prolong the half-life further [13]. After consuming caffeine, the maximum
plasma level is typically reached after around 2 h. However, plasmatic levels start to
increase as early as 30 min after consumption [6,9]. Plasmatic levels can be influenced by
various factors, including the simultaneous consumption of food [14].

Considering these factors, it is advisable to be mindful of caffeine intake, especially
when consuming larger amounts or on a long-term basis. Monitoring one’s caffeine intake
and adhering to the recommended guidelines can help individuals maintain a balanced
and healthy approach to caffeine consumption [15].

The creation of validated questionnaires for assessing caffeine intake in specific pop-
ulations is crucial for accurate evaluation. Since caffeine is present in various drinks and
foods, including coffee and energy drinks, it is important to have reliable tools to measure
and quantify caffeine consumption.

Coffee is indeed a widely consumed source of caffeine among adults, while energy
drinks are often favored by young people. The preparation method of coffee can signifi-
cantly impact the amount of caffeine extracted and present in the final drink. Factors such
as brewing time, water temperature, bean type, and coffee-to-water ratio can all affect
caffeine content [14,16-19].

This variability in caffeine levels can introduce bias when assessing overall caffeine
intake from coffee. To address this issue, validated questionnaires often include spe-
cific questions about coffee-preparation methods, such as the type of coffee consumed
(e.g., espresso, drip coffee), the frequency of consumption, and the average serving size.
These details help researchers or healthcare professionals obtain a more accurate esti-
mate of caffeine intake from coffee and account for any biases related to preparation
methods [16-19].

An analysis of UK Biobank data aims to assess associations between coffee subtypes
on incident cardiovascular outcomes [20]. Coffee subtypes were defined as decaffeinated,
ground, and instant, then categorized as 0, <1, 1, 2-3, 4-5, and >5 cups/day, and compared
to non-drinkers [20].

Consumption of ground and instant coffee was associated with a significant reduction
in arrhythmia at 1-5 cups per day, whereas this finding was not observed in subjects
consuming decaffeinated coffee. The lowest reported risk was 4-5 cups/day for ground
coffee [HR 0.83, confidence interval (CI) 0.76-0.91, p < 0.0001], whereas it was 2-3 cups/day
for instant coffee (HR 0.88, CI1 0.85-0.92, p < 0.0001). All coffee subtypes were associated
with a reduction in CVD incidence (the lowest risk was 2 to 3 cups/day for decaf, p = 0.0093;
ground, p < 0.0001; and instant coffee, p < 0.0001) compared to non-drinkers [20].

Furthermore, the questionnaire may include specific questions about the brand, size
and frequency of consumption of energy drinks and caffeinated beverages in order to
assess caffeine intake accurately. By using validated questionnaires tailored to the specific
population and taking into account the various sources of caffeine, including their prepara-
tion methods, researchers and healthcare professionals can obtain more reliable data on
caffeine intake and its potential effects on health [15,21].

When analyzing the metabolism of caffeine, it emerges that more than 95% of caffeine
is metabolized by cytochrome P450 1A2 (CYP1A2). Studies have reported that a com-
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mon polymorphism in the CYP1A2 gene, the rs762551 variant, is able to modify caffeine
metabolism by reducing enzyme activity and inducibility [22]. Specifically, individuals with
the AC and CC genotypes of this polymorphism are often referred to as “slow metabolizers,”
while those with the AA genotype are defined as “fast metabolizers” [22].

Slow metabolizers may have reduced activity of the CYP1A2 enzyme, resulting in a
slower breakdown of caffeine in the body. On the other hand, fast metabolizers with the AA
genotype have a more efficient CYP1A2 enzyme, leading to faster caffeine metabolism [22].

The association between coffee intake and the risk of hypertension, ischemic heart
disease and impaired fasting glucose can be modified by this polymorphism in a dose-
dependent manner.

For example, some studies have suggested that slow metabolizers (AC or CC genotype)
may be more sensitive to the potential adverse effects of high coffee consumption, such as
an increased risk of myocardial infarction or hypertension [22-25].

There are genetic differences between the sexes that can influence the metabolism
effects of caffeine. The amount of CYP1A2 in males appears to be higher than in females.
In the clinical evaluation of the subjects, it is also necessary to include smoking, because
CYP1A2 expression is highly inducible by smoking [26-28]. In a recent study, we evaluated
the changes in coffee consumption that occurred during the pandemic in a group of adult
women and compared the changes in smoking versus non-smoking women [28]. Phenolic
compounds are present in espresso coffee and are metabolized in the body differently in
women than in men. Several studies reported that the activity of CYP2B6, CYP2A6 and
CYP3A is higher in women than men. On the contrary, the activity of CYP2D6, CYP2E1 and
CYP1A2 is a little higher in men [28,29]. Similarly, the effects of gallic acid, caffeic acid, and
quercetin on CYP1A, CYP2A, CYP2E1, and CYP3A are influenced by sex [29,30]. The study
reported an increase in coffee intake in smokers compared to non-smoking women [28].
This increase in coffee consumption led to a greater dose of antioxidants from espresso
counteracting some negative effects on health of smoking. These effects depend on the
dosage and bioavailability of nutrients. During the pandemic, several studies reported
an increase in sugar-rich and fat-rich foods, the so-called “comfort food”, to cope with
stress [31].

The interactions between coffee intake, genetic variations and health outcomes can
be complex and influenced by various factors [32]. Further research is needed to fully
understand the implications of this polymorphism and its influence on the associations
between coffee consumption and specific health conditions.

Molecular and Cellular Action of Caffeine

Caffeine acts as a non-selective competitive antagonist of adenosine receptors, specifi-
cally the Al and A2A subtypes. By blocking these receptors, caffeine inhibits the effects of
adenosine, a neuromodulator that promotes relaxation and sleep. This antagonistic action
contributes to caffeine’s stimulating effects, promoting mental alertness, wakefulness and
reducing fatigue [33].

Mechanisms of action of caffeine include: inhibition of phosphodiesterase enzyme,
antagonism of adenosine receptors and activation of ryanodine receptors.

e Inhibition of phosphodiesterase enzyme: Caffeine inhibits the activity of phospho-
diesterase enzymes, which normally break down cyclic adenosine monophosphate
(cAMP) and cyclic guanosine monophosphate (cGMP). By inhibiting phosphodi-
esterase, caffeine increases the levels of cAMP and cGMP, leading to various physio-
logical effects [34].

e Antagonism of adenosine receptors: Caffeine acts as a competitive antagonist of
adenosine receptors, specifically the Al and A2A subtypes. By binding to these
receptors, caffeine blocks the actions of adenosine, a neuromodulator that promotes
relaxation and sleep. This antagonistic action of caffeine contributes to its stimulating
effects, such as increased alertness and wakefulness [33].



Nutrients 2023, 15, 3299

50f 15

e  Activation of ryanodine receptors: Caffeine also has the ability to activate ryanodine
receptors, which are involved in the release of calcium from intracellular stores, such
as the sarcoplasmic reticulum. This release of calcium can have effects on various
organs and systems in the body [35,36].

These mechanisms of action contribute to the wide-ranging effects of caffeine on
multiple organs and physiological processes. However, it is important to note that the
specific effects of caffeine can vary among individuals, depending on factors such as
tolerance, sensitivity and overall health.

The stimulating action of caffeine on the heart leads to an increased heart rate and
contractility, which can be beneficial in certain situations. It can enhance cardiac output
and improve blood flow to vital organs. Additionally, caffeine has been reported to cause
coronary vasodilation, which can improve blood flow through the coronary arteries and
potentially benefit individuals with coronary artery disease [37].

However, it is important to note that excessive caffeine consumption or sensitivity
to its effects can have negative consequences. The vasoconstrictive effects of caffeine on
cerebral blood vessels can lead to a decrease in flow to the brain. While this effect can be
useful in relieving headaches or migraines for some individuals, it may be dangerous if the
overall flow to the brain is compromised [38].

Furthermore, the effects of caffeine can vary depending on an individual’s sensitivity,
tolerance, and overall health. Some individuals may be more susceptible to the cardio-
vascular effects of caffeine, such as increased heart rate or arrhythmias, while others may
experience minimal or no adverse effects [9,25].

3. Effects of Coffee and Caffeine Linked to Arrhythmias Development

The relationship between caffeine consumption and atrial fibrillation has been a topic
of study and debate in medical research. A major contributor to cardiac arrhythmias,
including AF, is played by modifiable risk factors such as obesity, unhealthy diet, lack of
physical activity, sedentary lifestyle, smoking, alcohol abuse, and hypertension [39]. Some
studies have suggested a potential association between caffeine intake and AF, while others
have found no significant link. The findings have been somewhat conflicting, and more
research is needed to establish a clear and definitive relationship [39-44].

Caffeine, as a stimulant, can have various effects on the cardiovascular system, includ-
ing increased blood pressure and heart rate. It is known to temporarily block adenosine
receptors, which may have implications for cardiac electrical activity. Adenosine is in-
volved in regulating the heart’s electrical signals, and the blocking of its receptors by
caffeine could potentially affect the heart’s rhythm [45]. The underlying mechanisms
and triggering factors of AF are not yet fully understood. However, some studies have
suggested that the adenosine-mediated signaling pathway, which can be influenced by
caffeine, may contribute to the initiation of AF. This pathway could lead to increased
spontaneous sarcoplasmic reticulum calcium release in atrial myocytes, potentially play-
ing a role in the development of AF. As shown in Figure 1, caffeine’s effects on AF may
be mediated through neurohormonal stimulation and sympathetic activation, particu-
larly in individuals who are not habitual coffee drinkers. It is suggested that caffeine
may enhance these effects in nonhabitual consumers [46—48]. In cases of caffeine tox-
icity, which usually occur at very high doses, supraventricular tachycardia, atrial fib-
rillation and ventricular fibrillation can occur. It is important to note that such toxic
effects are rare and typically associated with excessive consumption or sensitivity to
caffeine [49,50].
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Figure 1. Caffeine has a range of effects on sympathetic activation, intracellular calcium trafficking
and adenosine receptors. Caffeine can have a dual effect on cyclic adenosine monophosphate (cAMP)
intracellular levels. On one hand, caffeine inhibits phosphodiesterase 2 (PDE2) by increasing cAMP
and cytosolic [Ca++] by blocking calcium reuptake into the sarcoplasmic reticulum (SR) mediate
by Sarco-Endoplasmic Reticulum Calcium ATPase (SERCA). On the other hand, caffeine inhibits
adenosine receptors (AR) so reducing cAMP levels. Furthermore, caffeine activates ryanodine
receptors (RyR), thus contributing to calcium release from the SR. The increase in intracellular [Ca++]
can induce atrial arrhythmia by improving the automaticity of atrial pacemaker cells. Conversely, the
inhibition of adenosine receptors A1R and A2AR confers antiarrhythmic properties to caffeine, as
adenosine shortens atrial refractoriness.

4. Effects of Coffee and Caffeine Linked to Arrhythmias Prevention

There is ongoing debate and research on the potential relationship between caffeine
and coffee consumption and their effects on arrhythmic risk factors and cardiovascular
health. The question of whether caffeine and coffee are arrhythmic risk factors is still open;
on the contrary, some longitudinal studies have suggested a protective effect of coffee on
cardiovascular risk. Additionally, a recent study analyzed the effects of coffee consumption
on arterial hypertension and found that regular coffee drinking is associated with lower
systolic blood pressure, pulse pressure, aortic blood pressure and aortic pulse pressure, but
with similar arterial stiffness [51,52].

The beneficial effects of coffee could be attributed to the presence of various substances
with antioxidant and anti-inflammatory properties. These substances may contribute to the
potential protective effects observed in some studies [1,6].
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Coffee is a complex beverage containing numerous chemical compounds, and our
understanding of its biological properties is continually evolving as research progresses.
While some compounds in coffee have been well-studied, many others may not have
received as much attention or may still be unidentified.

Caffeine, chlorogenic acid, trigonelline, cafestol, kahweol and ferulic acid are among
the better-described constituents of coffee that have been studied for their potential effects
on health.

Chlorogenic acid (CGA) is a type of polyphenol known for its antioxidant properties.
It may play a role in reducing oxidative stress in the body [53-55]. CGA reduces systemic
inflammation and oxidative stress. Through their action on oxidative stress, CGAs improve
endothelial function and increase the bioavailability of nitric oxide, with a consequent
reduction in blood pressure in subjects who habitually consume coffee [56]. Caffeine and
CGAs act on lipid synthesis and fatty acid metabolism through different pathways [57]. A
well-studied pathway is the suppression of lipid synthesis enzyme activity. Both caffeine
and CGAs can suppress the activity of acetyl-CoA carboxylase, fatty acid synthase and
stearoyl-CoA desaturase. By inhibiting these enzymes, caffeine and CGAs can potentially
reduce the production of fatty acids [58,59].

Furthermore, caffeine can increase fatty-acid beta-oxidation by stimulating the ac-
tivity of carnitine palmitoyltransferase, an enzyme that facilitates the transport of fatty
acids into mitochondria for the oxidation process. This can lead to the utilization of fatty
acids as an energy source [60,61]. In addition, caffeine and CGAs have been found to
activate peroxisome proliferator-activated receptor alpha (PPAR-alpha) in the liver and
adipose tissues. PPAR-alpha is a transcription factor that regulates lipid metabolism.
The activation of PPAR-alpha can lead to increased fatty acid oxidation and decreased
lipogenesis (the process of synthesizing new fatty acids) [62,63]. Finally, CGAs alone
have been shown to downregulate sterol regulatory element-binding protein-1C (SREBP-
1C). SREBP-1C is a transcription factor that promotes the synthesis of fatty acids and
triglycerides. By inhibiting SREBP-1C, CGAs can help control lipogenesis and reduce
the production of new fatty acids. The effects of caffeine and CGAs on lipid metabolism
may vary depending on the specific concentrations used, the duration of exposure and
the experimental models or systems employed in the studies. Further research is needed
to fully understand the extent and clinical implications of these effects on human lipid
metabolism [64].

Ferulic acid is another polyphenol present in coffee with antioxidant and anti-inflammatory
properties [65]. Ferulic acid can be found in cereals, fruits and vegetables [66]. Ferulic acid
exhibits a vasodilatory effect related to its ability to improve the bioavailability of nitric
oxide (NO), which exerts effects on platelet aggregation, blood pressure, and leukocyte
adhesion [67]. Cafestol and Kahweol are diterpenes found in coffee oils, and they have been
the subject of significant research and discussion due to their potential effects on cholesterol
levels [68]. On the one hand, cafestol and kahweol have been associated with raising
LDL cholesterol (low-density lipoprotein cholesterol) [69]. Early studies suggested that
coffee diterpenes (particularly cafestol), effectively increase human plasma triacylglycerol
and low-density lipoprotein (LDL), may be a potential risk of inducing cardiovascular
disease [69]. However, from a fuller perspective, cafestol and kahweol exhibit a two-faced
effect. In addition to the deleterious effects on serum lipid levels and liver enzymes in
some cases, extensive studies have demonstrated that cafestol and kahweol exhibit a wide
variety of pharmacological activities, including anti-inflammatory, anti-angiogenic and anti-
tumoral effects [49,70]. The cholesterol-raising effect of cafestol and kahweol is primarily
observed when coffee is prepared using methods that do not involve a paper filter, such
as French press or espresso. Paper filters effectively trap these compounds, reducing
their presence in the final cup. Therefore, filtered coffee, like that prepared with a drip
coffee maker, tends to have a smaller impact on cholesterol levels compared to unfiltered
coffee [6,9].
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Trigonelline is a natural alkaloid found in various plants, including coffee beans.
It is a water-soluble compound that contributes to the unique flavor and aroma of cof-
fee [49]. Trigonelline is also present in other sources such as fenugreek seeds and certain
legumes. Trigonelline is biosynthesized from nicotinic acid (vitamin B3) and is consid-
ered a derivative of this vitamin. During the roasting process of coffee beans, trigonelline
breaks down to form other compounds, including nicotinic acid (niacin) and other volatile
aroma compounds, which play a role in the overall taste and aroma of coffee. Trigonelline
may exhibit antioxidant properties, helping to combat oxidative stress in the body. Some
research suggests that it could have protective effects against certain chronic diseases,
though more studies are needed to establish specific health benefits [71]. It is worth noting
that trigonelline is distinct from caffeine, another well-known compound found in coffee,
although both contribute to the overall properties of the beverage. As with many natural
compounds, the full extent of trigonelline’s effects on health and well-being is an area of
ongoing research.

5. Clinical Studies on Coffee and Caffeine and Atrial Fibrillation

A very recent study analyzed data from 449,563 participants in the UK Biobank, with
no cardiovascular disease at the time of enrollment (55.3% were women). The mean follow-
up time was 12.5 years. As previously reported, drinking 4 to 5 cups/day of ground coffee
and 2 to 3 cups/day of instant coffee reduced incident arrhythmias [20]. Subjects who are
accustomed to drinking decaffeinated coffee did not show this protective effect on arrhyth-
mias suggesting that caffeine does not have a proarrhythmic effect. It should be noted that
interference from one’s lifestyle and other confounding factors such as age and gender is
likely to exist. The study then analyzed the effects of different coffee subtypes on all-cause
mortality and cardiovascular mortality and found significant reductions in both: all-cause
mortality (HR 0.86, CI [0.83-0.89], p < 0.0001) and CV mortality (HR 0.82, CI [0.74-0.90],
p < 0.0001). Incident CVD risk was reduced in subjects who habitually drank up to 5 cups of
coffee per day with no differences across all coffee subtypes [40]. This very recent evidence
is in line with other previous studies. The Danish Diet, Cancer and Health study evaluated
the association between the daily amount of caffeine and the risk of atrial fibrillation or
flutter. Data were collected through a detailed, semiquantitative food-frequency question-
naire (FFQ). The questionnaire assessed caffeine intake by summing the daily intake from
coffee, tea, cola soda, cocoa and chocolate for each subject. The main source of caffeine
was coffee, a drink widely consumed by adults in Denmark. Atrial fibrillation or flutter
was reported in 555 subjects (373 men and 182 women) during the follow-up period. The
authors used the lowest quintile of caffeine consumption as a reference, data are shown in
Table 1. The authors concluded that they did not find any risk of atrial fibrillation or flutter
associated with caffeine consumption [10]. In the Danish Diet, Cancer and Health study,
the number of women enrolled was slightly higher than the number of men. Apparently,
the two sexes are balanced; however, it is well known that in order to be able to effectively
evaluate whether there is a difference due to sex, it is necessary to include this endpoint in
the study and carry out an adequate recruitment comparing the data of the two groups.
Indeed, the comparison between sexes was not performed [72]. In the Multifactor Primary
Prevention Study, the consumption of 1-4 cups of coffee per day was associated with
an increased risk of developing atrial fibrillation (OR 1.24; 95% CI: 1.00, —1.54); on the
contrary, the consumption of >4 cups of coffee was not associated with a risk of atrial
fibrillation [73].

Some studies have analyzed exclusively female populations. The Women Health
study examined the relationship between caffeine consumption and incident AF in
33,638 middle-aged women taking different levels of caffeine. Caffeine intake was as-
sessed using an FF questionnaire that evaluated the average consumption during the
previous year of caffeine-containing foods and beverages. Coffee, tea, decaffeinated coffee
and types of caffeinated and decaffeinated cola soda, were also included in the evaluation.
The main source of caffeine intake was coffee (81.3%), followed by tea (10.0%), a minor
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contribution was identified from other sources: low-calorie cola with caffeine (5.6%), cola
with caffeine (1.2%) and chocolate (0.3%). Age-adjusted Cox proportional hazard models
found no increased risk of AF in women who consumed large amounts of caffeine (p for
linear trend: 0.44). The results suggest a U-shaped association with the lowest risk seen in
women in the third quintile of caffeine intake (median: 285 mg/d) [74].

When analyzing a group of 600 atrial fibrillation patients in order to identify the role of
caffeine on spontaneous cardioversion, we found that non-habitual and low coffee drinkers
showed the highest probability of spontaneous conversion (OR 1.93 95% CI 0.88-3.23;
p = 0.001). In the group of subjects with arterial hypertension, moderate but not high
coffee consumption had the lowest probability of spontaneous conversion (OR 1.13 95%
CI0.67-1.99; p = 0.05) suggesting that in these patients, other variables take place [48]. In
patients with arterial hypertension, it is possible that atrial remodeling contributes to the
onset of AF and delayed cardioversion of the arrhythmia [75].

Mendelian randomized studies showed no association between coffee consumption
and the risk of AF. The Atrial Fibrillation Consortium study, a genome-wide associa-
tion study that included 375,833 individuals, analyzed nine single nucleotide polymor-
phisms associated with coffee consumption. The odds ratio of AF for a genetically pre-
dicted 50% increase in coffee consumption was 0.98 (95% confidence interval, 0.88, 1.10;
p = n.s.). Furthermore, analyses that separated coffee-related single-nucleotide polymor-
phisms based on their association with blood levels of caffeine metabolites revealed no
association with AF [76].

The Physicians’ Health Study evaluated the association between coffee consumption
and atrial fibrillation risk in an all-male population. Data were collected using self-reported
food frequency questionnaires. The hazard ratios (95% CI) of AF were 1.0 for rare/no coffee
consumption, and was used as a reference). HR for categories of coffee consumption is
reported in Table 1. The results of this study suggest a lower risk of AF among men who
consumed 1 to 3 cups of coffee per day [77].

A prospective study analyzed 1475 participants and followed up for 12 years. The
most common source of caffeine was coffee (89.1%) followed by tea in 10.2%. Smokers
(more than one cigarette/day) were 15.5%. The study found that caffeine consumption
>320 mg/day significantly reduced the risk of AF, regardless of CYP1A2 polymorphism
(p =0.008) [78].

In a study of 400 patients (51.2% males), the risk of developing AF was associated
with recent stress, increased recent coffee consumption and obesity. Acute stress can lead
to changes in lifestyle and dietary habits including increased coffee and tea consumption.
Increased coffee consumption was more significant in nonhabitual drinkers, resulting in a
higher risk of developing AF [OR 4.1; 195% (CI): 1.98-4.56; p < 0.001]. When analyzing the
factors that influenced the spontaneous cardioversion of the arrhythmia, it emerged that
AF that appeared following recent acute stress had the highest probability of spontaneous
conversion. In this case, the combined adrenergic action of the two triggers can favor
the appearance of a transient arrhythmia [79]. Stress and anxiety are triggers for the
development of arrhythmias, and at the same time, indicate a series of lifestyle changes
including eating habits and diet [80,81]. Non-habitual coffee drinkers may experience
caffeine as a trigger for arrhythmias. This phenomenon was also reported during the recent
pandemic which led to important lifestyle changes in the population [28,82-84]. Table 3
shows data from perspective and cohort studies.
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Table 3. Some perspective and cohort studies.

Author [Ref] Population Female/Male (%) Results
Kim et al. 386,258 52.3/47.7 Each additional cup of habitual coffee
[85] subjects consumed was associated with a 3% lower
risk of incident arrhythmia (hazard ratio
[HR], 0.97; 95% CI, 0.96-0.98; p < 0.001).
UK Biobank 449,563 55.3/44.7 Drinking 4 to 5 cups/day of ground coffee
[20] subjects and 2 to 3 cups/day of instant coffee reduced
incident arrhythmias
Women Health study 33,638 100/0 No increased risk of AF in women who
[74] Subjects consumed large amounts of caffeine
Alla females
Frost 47,949 43.3/56.7 Lowest quintile of caffeine consumption was
[72] subjects used as a reference, the adjusted hazard
Danish Diet, Cancer and ratios (95% CIs) in
Health Study. quintiles 2: HR 1.12 (0.87, 1.44),
quintiles 3: HR 0.85 (0.65, 1.12)
quintiles 4: HR 0.92 (0.71, 1.20),
quintiles 5: HR 0.91 (0.70, 1.19)
Bodar et al. 18,960 0/100 The effect of coffee consumption
[77] Subjects (all males) on the risk of AF was dose-related:
Physicians” Health Study . <1 cup/week (NS)
e 24 cups/week (NS)
e  5-6 cups/week (NS)
e 1cup/day (HR =0.85;95% CI:
0.74-0.98)
e 23 cups/day (HR = 0.86; 95% CI:
0.76-0.97)
e e>4cups/day (NS)
Wilhelmsen et al. 7495 0/100 Consumption of > 5 cups/day was not
[73] Subjects (all males) significantly associated with a higher risk of
incident AF,
moderate consumption reached borderline
significance (OR = 1.24; 95% CI: 1.00-1.54)
Casiglia et al. 1475 54.6/43.4 Consumption of <320 mg caffeine/day was
[78] subjects not significantly associated with the risk
reduction in AF, while
consumption > 320 mg/day significantly
reduced this risk,
Larsson SC et al. 76,475 41,881 men in the Coffee consumption has
[86] subjects Cohort of Swedish not been shown to influence the risk of AF.
Men and 34,594
women in the Swedish
Mammography
Cohort
Mattioli et al. 247 45.4/54.6 Consumption of 1 to >3 cups of
[48] subjects coffee/day was
not significantly associated with spontaneous
conversion of AF
Shen et al. 4526 56/44 Consumption of caffeine was not
[87] subjects significantly associated with AF risk. Q1, Q2,

Framingham Heart Study

Q3 and Q4: NS
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6. Limitations

The major limitation found in the analysis of studies exploring the effects of caf-
feine and coffee on the occurrence of AF is the lack of a comparative analysis between
the sexes. The differences between the sexes are important and include genetic (for ex-
ample the metabolization of caffeine by enzymes), environmental (the differences in the
microbiome and microbiota) and lifestyle components (the different way of coping with
stress) [31,49,88-93]. Few studies have the comparison between men and women as their
primary objective, most studies evaluate the population in general or there are studies on
exclusively male or female populations [61,73,77].

Another limitation relates to the differences in the source of caffeine between young
people and adults. Young people tend to take caffeine through energy drinks or soft drinks.
The incidence of atrial fibrillation in young people is very low; however, some case reports
illustrate arrhythmic episodes as a consequence of the assumption of high doses of energy
drinks [5,94-99].

And finally, the effects of caffeine should be evaluated in the overall lifestyle of
the subject who develops arrhythmias. Associations between diet, physical activity and
sedentary lifestyle and the onset of AF have been reported by several studies [100-102].

7. Conclusions

The correlation between caffeine and coffee and atrial fibrillation is complex and
population studies do not offer unambiguous conclusions. Certainly, there are genetic,
environmental and socio-economic influences. The differences between women and men
are rarely explored regardless of the conditions for a different response in the two sexes.
Comparison studies between women and men are needed to understand which lifestyle
modifications are useful for preventing the onset of arrhythmia.
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