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The effects of coffee and caffeine on cardiovascular and central nervous system diseases and disorders

Introduction
Coffee is the most popular hot beverage worldwide, known for its ability to increase focus and energy levels (Samoggia, del Prete and Argenti, 2020). The consumption of coffee to wake the body and be alert is a deep-rooted habit. It is an intricate beverage that contains many bioactive compounds such as vitamins and minerals, caffeine, and polyphenols (Caio E.G. Reis, Dórea and da Costa, 2019). Coffee consumption has significantly increased in popularity in the last decade, with some countries reporting around a 6.5% increase in annual growth within the last three years (Samoggia, del Prete and Argenti, 2020). The caffeine content in coffee depends on the coffee subtype, but between a brewed and instant coffee there is an average of between 60-95mg of caffeine in 1 cup (Ludwig et al., 2014). It has become an important part of culture and social interactions; from a readily available product to a specialty with premium prices, people are actively searching for the experience that coffee shops provide (Mundel, Huddleston and Vodermeier, 2017). 
Coffee contains a large number of antioxidants including polyphenols and hydrocinnamic acids, which are usually attributed to the positive health effects (Yashin et al., 2013). It has been shown to modulate glucose and lipid metabolism and improve the gut microbiome, contributing to weight loss (Jaquet et al., 2009; Akash, Rehman and Chen, 2014; Caio E G Reis, Dórea and da Costa, 2019; Konstantinidi and Koutelidakis, 2019; Chieng et al., 2022). Studies have also shown that coffee and caffeine have possible neuroprotective effects, and may be able to reduce oxidative stress, increase dopamine, and the risk of Alzheimer’s, and Parkinson’s disease (Qi and Li, 2014; Konstantinidi and Koutelidakis, 2019; Socała et al., 2020; M Yelanchezian et al., 2022). 
Historically, research has shown that caffeine could cause unfavorable health effects especially for high-risk patients, influencing health practitioners in advising patients to minimise caffeine intake if they were at risk of conditions such as cardiovascular disease (CVD) and arrythmias (Hughes, Amori and Hatsukami, 1988; Chieng et al., 2022). This has recently been contested, and now research is emerging in which describe the safety of caffeine, and shows coffee has several positive health outcomes for those who are at risk (Voskoboinik, Kalman and Kistler, 2018; Voskoboinik, Koh and Kistler, 2019; Socała et al., 2020; Chieng and Kistler, 2022). 
Although new research of the physical health effects is now emerging, it is important to evaluate all health effects of the beverage before an interventional approach is taken. The effects of caffeine and coffee are thought to mimic or increase the feelings of anxiety, and increase the risk of stress, panic attacks, anxiety, and depression (Ferré, 2008; Bergin and Kendler, 2012; Chieng et al., 2022; Nouri-Majd et al., 2022). Mental disorders are prevalent in the UK, particularly since the Covid-19 pandemic started in 2020, with the incidence of anxiety and depression increasing by 25% worldwide (Usher, Durkin and Bhullar, 2020; World Health Organization, 2022). Current research is not clear on whether the beverage that is consumed daily by most, is positively or negatively affecting health (Diogo R Lara, 2010; Richards and Smith, 2015; Socała et al., 2020). 
The aim of this review is to provide a summary of the evidence on the effects of the cardiovascular and central nervous systems. Current research will be critically appraised on the outcomes of coffee and caffeine consumption and the associations of any adverse physical and mental health outcomes. 

Discussion
Coffees main constituent, caffeine, is a purine alkaloid psychostimulant that affects both the central nervous system, and the cardiovascular system, by increasing the circulation of chemicals and hormones that increase alertness (Institute of Medicine (US), 2001; García-Blanco, Dávalos and Visioli, 2017; Chieng et al., 2022). Caffeine has an almost absolute bioavailability, with around 99% being absorbed in the body within 45 minutes of consumption (Institute of Medicine (US), 2001). It is initially absorbed through the digestive system, and then circulated around the body (van Dam, Hu and Willett, 2020). Once it crosses the blood brain barrier it acts as an adenosine antagonist by blocking the adenosine receptors in the brain (López-Cruz, Salamone and Correa, 2018). There are two types of adenosine receptors in the brain; an A1 receptor found on neurons that keep the brain awake, and an A2A receptor found on neurons that initiate sleep (López-Cruz, Salamone and Correa, 2018). Caffeine binds to these receptors which makes A1 receptor more active, and the A2A receptor less active (López-Cruz, Salamone and Correa, 2018); consequently, promoting wakefulness, alertness, and focus (Nehlig, Daval and Debry, 1992; Ribeiro and Sebastião, 2010; Lazarus et al., 2011). As a result of the adenosine blocks, caffeine causes vasoconstriction, and increases cardiac stimulation by the release of noradrenaline and norepinephrine, a neurotransmitter and hormone which both play a role in increasing energy, and the fight or flight response (Goldstein, 2010; Chieng et al., 2022). Only a small amount, 3% or less, is then excreted in urine, evidencing its high bioavailability (Institute of Medicine (US), 2001). 

Coffee and caffeine have generally been considered safe and relatively healthy for the general population however, there has been conflicting advice on whether it is safe for people with, or at risk of CVD, arrythmias and other heart conditions (Zhou and Hyppönen, 2019). One study that looked at the cardiovascular morbidity and mortality of 37,514 coffee and tea consumers over a 13-year period, found that high coffee consumption was associated with an unhealthier lifestyle compared to tea consumption. There was a higher prevalence of smoking, diabetes, higher waist circumference and unhealthy diet (de Koning Gans et al., 2010). These health factors are well known determinants of cardiovascular risk (Kotseva et al., 2019). This could have contributed to the previously understood negative effects of caffeine on cardiovascular health, influencing the advice most physicians gave patients to avoid caffeine (Hughes, Amori and Hatsukami, 1988; de Koning Gans et al., 2010; Chrysant, 2017; Zhou and Hyppönen, 2019; Chieng and Kistler, 2022). As a result of the recent increase in research on caffeine and cardiovascular risk, there are few studies that now show any increased risk for CVD.

Caffeine is associated with a temporary increase in blood pressure (Soares et al., 2018), which is strongly associated as a cause of CVD (Fuchs and Whelton, 2020). However, it has been shown that caffeine has no long-term effects on blood pressure controls, as tolerance builds quickly to a point where blood pressure is scarcely affected (Ngueta, 2020; Chieng et al., 2022). Therefore, there is minimal effect of long-term blood pressure risks.

Coronary heart disease (CHD) is a significant risk factor for heart failure (Kotseva et al., 2019). It is a condition in which a waxy plaque builds up inside coronary arteries, which blocks the supply of oxygenated blood to the heart, causing heart attacks (Turnbull et al., 2017). A 2015 study that followed cardiac patients for 10 years found that acute caffeine consumption (between 1-2 cups of coffee per day) had negative effects on acute coronary syndrome (Notara et al., 2015), concluding with a recommendation to avoid caffeine. Another study that found an increased risk, looked at the risk of coffee consumption and myocardial infarction (MI). They found that out of 2014 participants, fifty-five percent were at in increased risk of MI due to carrying a certain genotype which is related to having a slow caffeine metabolism (Cornelis et al., 2006). CYP1A2 is responsible for metabolising caffeine in the liver (Cornelis et al., 2006), participants carrying the CYP1A2*1F allele are currently evidenced to be slow caffeine metaboliser’s and therefore more sensitive to the effects, whereas CYP1A2*1A allele carriers are fast caffeine metaboliser’s and are less affected (Cornelis et al., 2006).
More recent studies, however, show either no risk or a protective effect of coffee and caffeine on CHD without testing for the CYP1A2 genotype (Floegel et al., 2012; Loomba, Aggarwal and Arora, 2016; Chieng et al., 2022). A recent UK biobank study with 502,521 participants, 34,677 of those were diagnosed with CHD. The results show that consuming up to 5 cups a day there is a significant decrease in the risk of incident CVD, with the biggest decreased risk seen for those consuming 2-3 cups (Chieng et al., 2022). This was evidenced for all coffee subtypes; ground, instant and decaffeinated. This study had several strengths; they followed The Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guidelines, they had a very large prospective cohort and performed sensitivity analysis to reduce confounding factors. 

Coffee and caffeine are known to cause a racing heart or palpitations, which is closely linked to anxiety disorder (Alsene et al., 2003). A cohort study followed 47,949 participants to measure the risk of caffeine on arrythmias, which is an irregular heartbeat, (Frost and Vestergaard, 2005). They relied on self-reported caffeine consumption and lifestyle factors using the Cox proportional hazard regression model for control of confounding factors. They followed up after 6 years, and found no risks associated with caffeine consumption and arrythmias (Frost and Vestergaard, 2005). However, another long-term cohort study, which followed 18,960 participants also using the Cox proportional hazard model, found that for participants who consumed 1-3 cups of coffee a day there was a lower risk of atrial fibrillation (Bodar et al., 2019). The only significant difference found between these 2 studies, is in one cohort there were 27,177 men and 29,876 women (Frost and Vestergaard, 2005), and the other was a cohort of 18,960 men only (Bodar et al., 2019). It is thought that caffeine may have a more prominent effects on men than women, therefore, the difference in these results could have been influenced by the different effects caffeine has between sexes (Mielgo-Ayuso et al., 2019). Although some studies are suggesting more research should be done on this due to conflicting results in some research (M Yelanchezian et al., 2022). In the UK biobank study arrythmias were diagnosed in 30,100 out of 502,521 patients. They found an associated reduced risk with ground and instant coffee, but not decaffeinated with the largest risk reduction at 4-5 cups a day (Chieng et al., 2022).
Most studies that have investigated the long-term effects of coffee and caffeine on the cardiovascular system are cross sectional observation studies, with a follow up time of between 3-30 years to evaluate any effects. Due to the nature of these studies, there is less control of confounding variables which may influence results.

Besides being a cardiac stimulant, caffeine is also a psychostimulant that has the same neurological effects as cocaine and amphetamine, increasing motor activity, arousal, and has similar reinforcing effects (Muñiz et al., 2017). It increases stimulation of dopamine in the brain which is a neurotransmitter responsible for feeling pleasure and motivation (Alasmari, 2020).  Due to the effects caffeine has on the dopaminergic system, it has been studied as a possible treatment for neurodegenerative diseases, as positive effects have been found with the prevention and treatment of diseases such as Parkinson’s and Alzheimer’s. (Maia and de Mendonca, 2002; Joghataie et al., 2004; Eskelinen et al., 2009; Postuma et al., 2012). It is thought that this may be due to the activation or the restriction of the A1 and A2A adenosine receptors (Doré et al., 2011; Snel and Lorist, 2011). More recent research on Alzheimer’s disease which is thought to be the leading cause of dementia (M Yelanchezian et al., 2022), has shown that it may also be linked to the reduction of amyloid beta (Aβ) in the brain (Murphy and LeVine, 2010; Butterfield, Swomley and Sultana, 2013). Aβ is produced in the brain throughout life but starts to accumulate with age and has the potential to cause Alzheimer’s and Dementia and induce oxidative stress (Butterfield, Swomley and Sultana, 2013). Caffeine, however, has been shown to reduce oxidative stress, regulate brain homeostasis, and reduce neuroinflammation, thereby potentially protecting against these neurodegenerative diseases (Ikram et al., 2020). Parkinson’s disease is similar in the context that it increases oxidative stress; however, it also reduces the level of circulating dopamine (Ikram et al., 2020). Currently the only drug treatment for Parkinson’s disease is dopamine replacement therapy (National Institute for Health and Care Excellence, 2017). However, studies are showing a possibility that caffeine could be used as a therapeutic treatment for the neurodegeneration of the Parkinson’s, and Alzheimer’s disease (Hameleers et al., 2000; Ritchie et al., 2007; Alasmari, 2020; M Yelanchezian et al., 2022). A meta-analysis that examined 13 studies totaling 901,764 participants found a positive relationship between coffee consumption and a lower risk of Parkinson’s disease (Qi and Li, 2014), with maximum protective effects at roughly 3 cups of coffee per day.

In addition to having potentially neuroprotective effects, caffeine and coffee can induce anxiogenic effects if doses are too high (Nardi et al., 2009; Cappelletti et al., 2015). Caffeinism is a term used for the state of intoxication due to chronic caffeine intake and can occur when daily intakes reach anything >400mg/day (Willson, 2018). The symptoms are thought to be identical to some anxiety disorders; symptoms such as nervousness, excitement, agitation and rambling flow of thought and speech (Diogo R. Lara, 2010; Willson, 2018). There are not many studies that investigate the anxiogenic effects, however it is only thought to effect sensitive individuals with preexisting anxiety or panic disorders at high doses of >400mg (Diogo R. Lara, 2010). It is not thought that caffeine causes anxiety disorder, however higher doses have been shown to increase anxiety symptoms (Diogo R Lara, 2010; Richards and Smith, 2015).
A study that investigated the mental and physical health effects of caffeine on university students, found that high caffeine intake was significantly associated with anxiogenic effects (Jahrami et al., 2020). They used a self-administered questionnaire to investigate caffeine intake and the Hopkins Symptoms Checklist-25 to assess symptoms. The results show that students consuming 400 mg/day or more were at a twice as high risk of having panic attacks and worrying too much (Jahrami et al., 2020). A similar study looked at caffeine consumption and self-assessed stress, anxiety, and depression in secondary school children (Richards and Smith, 2015). They only found a correlation between caffeine consumption and anxiety and depression. The correlation between caffeine and stress was void after additional dietary, demographic, and lifestyle variance were controlled (Richards and Smith, 2015). The potential issue with both studies is they use self – administered questionnaires which means a high probability of recall bias and possible re-causation (Marcano Belisario et al., 2015). A randomized control trial studied the effects of a high dose (480mg) of caffeine in patients with panic disorder, generalized social anxiety disorder, and performance social anxiety disorder (Nardi et al., 2009). Panic attacks were induced on 56.94% of patients, with the highest seen in the panic disorder and performance social anxiety groups (Nardi et al., 2009). Interestingly, caffeine induced anxiety symptoms in the generalized social anxiety disorder group did not differ to those in the control group, showing that caffeine may only negatively affect specific anxiety disorders. A recent systematic review and meta-analysis that included 10 studies with a total of 366 participants, investigated the effects of caffeine on panic disorder and anxiety and found that caffeine intake equivalent to 5 cups of coffee caused anxiety symptoms even for the healthy control group (Klevebrant and Frick, 2022). The mechanisms behind the anxiogenic effects of caffeine are under studied, but it is thought to be largely associated with the adenosine blocks of the A1 and A2A receptors as they are involved in heart and respiratory regulation, and threat and emotional processing (Ballesteros-Yáñez et al., 2018; Klevebrant and Frick, 2022).
It is worth mentioning that the above studies on the anxiogenic effects did not take into consideration whether the participants carried the CYP1A2 genotype which slows caffeine metabolism. 

Conclusion 
Coffee consumption has long been investigated for its effects of various health outcomes. Due to the beneficial compounds found in coffee, such as polyphenols and its antioxidant effects, it is considered a healthy beverage for most people with many positive health effects. However, studies that have investigated the health effects of coffee and caffeine are predominantly observational, which are valuable in providing long-term effects however they have a high probability of confounding factors. Effects and tolerability of caffeine are closely linked to the CYP1A2 genotype which effect the metabolism of caffeine, so study results could be skewed if this is not considered. The available evidence on the effects of the cardiovascular system is still slightly conflicting, with some studies still showing a slight risk for CHD and arrythmias. However, most of the current studies are evidencing positive cardiac effects, and in some cases protective with all coffee subtypes including decaffeinated. Most benefits on the cardiovascular system are seen when consuming 2-3 cups of coffee per day. Caffeine has been shown to have neuroprotective effects on the neurodegenerative diseases Alzheimer’s and Parkinson’s diseases, by reducing oxidative stress and increasing dopaminergic systems. Consumption >400mg can however, cause anxiogenic effects, although this seems to only effect people with panic disorder and certain anxiety disorders, namely performance social anxiety disorder. However, the mechanisms behind the short-term effects of caffeine on anxiety and panic disorder are largely under studied. 
The protective effects of coffee and caffeine for diseases are seen predominantly at an average of 3 cups a day. More randomised control trials are needed to investigate the effects of coffee and caffeine on cardiovascular and central nervous system diseases and disorders, to direct the process of intervention for prevention and treatment; particularly for the effects on anxiety as this is still in its infancy. 
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