How does coffee work?
On my way to get my latte one morning I thought, how exactly does coffee affect my brain? Is there an optimum dosing and timing to get the best effects? As I pulled out my wallet to pay the cashier, it also occurred to me that research expenses are tax deductible. So after careful literature review and extensive experimentation (single vs. double espresso, morning vs. evening), here’s what I’ve learned about how coffee works. We’ll start with a walk around Washington, D.C.’s Tidal Basin.

If you stroll beside Washington’s Potomac River in spring you’ll join over 600,000 visitors who enjoy the cherry blossoms every year. You may be told that the cherry trees were a gift from the Japanese government. But that’s not the complete story. There are cherry trees in Washington, and we understand how coffee works, because Japan’s top chemist couldn’t make good sake wine.
The year was 1884. Jokichi Takamine, after finishing first in his college class, had just returned to Japan from graduate study of chemistry in England and Scotland, paid for by the Japanese government. Demand for sake was high, but sake quickly went bad, because of bacteria that grew in the brew. Takamine thought that he could remove the bacteria and create a long-lasting sake, so he set up a company. Unfortunately, the company went under almost as fast as sake going bad. To be fair, the problem was a fair. Takamine wasn’t around to run the company because he’d been asked to run the Japanese pavilion at the 1884-5 World Fair in New Orleans. For Takamine the fair wasn’t the only attraction in New Orleans; he met and fell in love with eighteen-year-old Caroline Hitch, fair daughter of a prestigious local family. They married in New Orleans in August 1887 and then moved to Japan.
Fortunately for the future of science and coffee drinkers, Takamine abandoned the quest for long-lasting sake. Instead, he made several important chemical discoveries, licensing one of them to the American pharmaceutical company Park-Davis. Park-Davis asked Takamine to come back to the U.S. and try to make a medicine from the adrenal glands of pigs and cows. Doctors knew that a remedy made from pig’s adrenal glands could stop bleeding, but the remedy quickly deteriorated because it was an impure mix of chemicals and tissues. Park-Davis wanted to find the single ingredient that would stop bleeding. Takamine set up a lab in New York, near Central Park. Within a year, he had purified the critical chemical, which he named adrenaline, after the adrenal glands from which it was extracted.
The impact of pure adrenaline was immense, both for those who took it and for those who sold it. Patients who otherwise would bleed to death during surgery were saved by application of adrenaline, which constricted their blood vessels and stopped the blood from flowing. Takamine grew rich and famous. He became well-known in the U.S., and was called Japan’s "uncrowned ambassador." In 1912 he had 2,100 cherry seedlings sent from Japan and planted them as a gift from the Japanese people. This was the beginning of the cherry blossoms we enjoy today in Washington.
Adrenaline was the first hormone to be purified. It’s also known as epinephrine. Both words mean the same thing; the Latin ad+renes and the Greek epi+nephros both mean “on the kidney", which is the anatomic location of the adrenal gland. Like all hormones (Greek horman, “to set in motion”), adrenaline is a chemical messenger excreted by one cell that affects the actions of distant cells. Takamine’s discovery of adrenaline in 1900 caused an intense search to find other hormones, and lead to the isolation of the hormone insulin in 1922 by the Canadian researchers Banting and Best. 
You likely know the “adrenaline rush” that comes with intense fear, anger, or stress; it is part of the “fight or flight” response. When our ancestors were walking across the plains of Africa, and a pride of lions suddenly raised their heads above the grass, those ancestors who survived needed a quick way to put their bodies into high gear. Adrenaline (controlled by the sympathetic nervous system) gives us the rush of oxygen and sugar to our muscles that enable fight or flight. It increases our respiratory rate, increases blood pressure (by constricting peripheral blood vessels), increases blood flow to our heart (by dilating cardiac blood vessels), accelerates heart rate, and dilates our pupils (so we can see better whatever is chasing us, and where we can escape). Adrenaline and the “fight or flight” response also shut down unnecessary activities such as digestion: inhibiting salivation (giving us that dry-mouth feeling of fear) and, in extreme cases, causing us to evacuate our bowels and bladder (so we’re not carrying dead weight with us while trying to escape the lions).
By now you’ve figured out that one of the ways that coffee works is by raising adrenaline levels in our blood, raising our energy levels and alertness. 250 milligrams (mg) of caffeine (roughly two cups of coffee) will triple the amount of adrenaline in your blood, from 15 picograms per milliliter (pg/ml) to 45 pg/ml. A single eight-ounce cup of regular brewed coffee has about 150 mg of caffeine. Decaf coffee has much less, typically less than 5 mg. Espresso has about double the caffeine of regular coffee. Tea has about one-third, at 50 mg or less per cup. A 12-ounce can of soda (cola) has about the same caffeine as a cup of tea, a little less than 50 mg. Chocolates contain caffeine, ranging from 5 to 35 mg per ounce.
If you made one big pile of all the coffee, tea, and chocolate consumed in the U.S. in one year, and divided it evenly among every American, on average we’d all get about 150 mg per day, or the equivalent of one cup of coffee. Of course, some of us get a lot more, and some don’t get much at all. Interestingly, among psychiatric patients, those diagnosed with depression drink much less coffee than do those diagnosed schizophrenia.
Americans drink a lot of coffee, but they aren’t the biggest coffee drinkers. That honor goes to the Scandinavians, who average 400 mg caffeine per day, or nearly 3 cups, perhaps to help stay awake in dark winter evenings. The English average more caffeine per day (about 200 mg) than Americans do, but about half is from tea. 

Caffeine gets absorbed quickly into our blood; we get peak blood plasma caffeine concentrations between 15 minutes (on an empty stomach) and two hours (with a meal). Protein enzymes in our liver, particularly an enzyme named cytochrome P450 1A2, metabolize (break down) caffeine. It takes about four hours for a typical human adult to metabolize half the caffeine in their blood (a half-life of four hours). Pregnant mothers in their last trimester metabolize caffeine slowly (half-life up to 15 hours). Newborn infants do not have much active P450 1A2; the half life of caffeine is about 80 hours. Pregnant or nursing mothers should be careful of caffeine being passed to their infant. P450 1A2 reaches adult levels by about one year of age. Caffeine half-life is doubled in women taking oral contraceptives.
Caffeine, like nicotine and many drugs, is a poison produced by plants to protect themselves from being eaten by insects or other animals. In small doses, they may have more appealing effects on humans. Cytochrome P450 1A2 is one of a family of proteins in the human liver that break down such poisons and drugs. Because of differences in their genes, people (and animals) differ in the activity of P450 1A2, some being better than others at breaking down poisons and drugs. These differences account in part for differences in how we caffeine affects us. In rats and mice, caffeine has a half life of about 1 hour, which shows that their proteins for metabolizing caffeine are much more efficient than the human versions.  In humans, P450 1A2 is important for breaking down drugs including propranolol, imipramine and melatonin.  Propranolol (Inderal) is used to treat hypertension (high blood pressure), angina (chest pain), cardiac arrhythmias (irregular heart beat) and anxiety disorders. When propranolol is given to patients who have had a heart attack it reduces the risk of subsequent heart attack. It’s also used to prevent migraines. Imipramine (Tofranil) is an antidepressant, and is sometimes used to treat eating disorders and anxiety/panic disorders. Melatonin is a hormone produced by the pineal gland that participates in regulating sleep. It’s sold as a non-prescription medication to treat insomnia and jet lag. If you have reason to take any of these drugs, and you know you are particularly sensitive or particularly insensitive to caffeine, you might want to talk with your doctor whether or not you should adjust your dose of the drug, because your P450 1A2 may metabolize the drug (as it does caffeine) more quickly or more slowly than the person for whom the average dose was designed.

How does coffee keep you alert?

Adrenaline is only part of the story on caffeine; it explains many of the physical effects. What happens in our brain is somewhat different. Scientists have long hypothesized that there is some “sleep substance” that gradually accumulates during the day, and that when that substance reaches high enough levels, it triggers fatigue and then sleep. A plausible mechanism might be that the sleep substance is a by-product of producing energy; the more energy we consume, the more sleep substance is produced as a waste product, the more we feel sleepy. The best evidence today is that the sleep substance is adenosine, and that coffee blocks adenosine’s effects. 

Adenosine meets the criterion of being a by-product of producing energy. It is part of the molecule, adenosine tri-phosphate (ATP), that our bodies use to store energy. ATP is like a battery. Our cells synthesize ATP using energy from sugar, fat, and anything else we eat.  Then, when our cells need a little shot of energy, they break down ATP into adenosine and three phosphate molecules (hence the tri-phosphate). Breaking those chemical bonds releases the energy that was stored when ATP was synthesized. Over the course of a day, as we are physically and mentally active, we consume energy (ATP) and release adenosine. 
Cells in our brains (and throughout our bodies) have adenosine receptors that sense the level of adenosine. Nerve cells in particular have lots of adenosine receptors; when adenosine concentrations are high, it inhibits nerve transmission. Adenosine is the most potent inhibitor of neural transmission; it is like a super-regulator that overrides all the other neurotransmitters, and forces shut down (sleep) if we need to recharge our ATP batteries. 

The basal forebrain is a region that regulates wakefulness. Adenosine promotes sleep by blocking the activity of neurons in the basal forebrain.  Levels of adenosine rise steadily in the basal forebrain the longer we are awake. When researchers microinject adenosine into these basal forebrain areas in rats, it induces sleep; in contrast, injection of an adenosine antagonist induces wakefulness. When we are sleep deprived our brains produce more adenosine receptors in an attempt to make us more sensitive to adenosine and force us to sleep. This over-production of the adenosine receptor may be the molecular basis of “sleep deficit”; the extra adenosine receptors may make us sensitive to lower levels of adenosine and thus make us sleep longer than normal.

There are two types of adenosine receptors in our brain, with different effects. The A1 adenosine receptor is very abundant in the cortex, which is the part of the brain responsible for most of what we consider higher brain functions: solving problems, planning, complex memory. A1 receptors are also abundant in the hippocampus, which is critical in memory formation, in the cerebellum, which coordinates movement, and in the hypothalamus, which is a super-regulator of internal body functions. When adenosine binds to the A1 receptor on a neuron, it directly inhibits firing of the neuron. At the molecular level, when the A1 receptor is activated, it activates potassium channels and inhibits calcium channels, which results in a hyperpolarized membrane, which in turn inhibits firing of the neuron.

Caffeine has the opposite effect to adenosine (it is an adenosine antagonist). Caffeine competes with adenosine to bind to the adenosine receptors, but when caffeine binds the receptor, it blocks the signal that the receptor sends. So, part of the story of how caffeine affects our brains is that it prevents adenosine from binding to the A1 receptors; the A1 receptor is not activated, potassium channels close and calcium channels open, the membrane is less polarized, and it’s easier for the neuron to fire. So caffeine lets the nerves in our important thinking and memory areas (cortex, hippocampus) keep firing. The neurons that have adenosine receptors can themselves produce neurotransmitters, such as dopamine, serotonin, adrenaline, noradrenaline, glutamate, and GABA. So it’s not always easy to determine if an effect is due directly to adenosine or instead is due to modulated release of these other neurotransmitters.
The second important adenosine receptor in our brain is the A2A receptor. The A2A receptor is most abundant in the basal ganglia, the part of our brain that controls voluntary motor activity. The basal ganglia are involved in Parkinson’s disease, which is a movement disorder. About 2 percent of people over age 65 have Parkinson’s disease, though it affects younger people (including the actor Michael J. Fox). Parkinson’s is characterized by insufficient dopamine in the basal ganglia, and is treated with the drug L-Dopa (a pre-cursor to dopamine) which you may remember from the film Awakenings. Dopamine increases motor activity; it is antagonized by adenosine, which reduces motor activity. When caffeine binds to the A2A receptors in the basal ganglia it acts in a way similar to dopamine to increase motor activity. This stimulation of motor activity via the basal ganglia, along with adrenaline effects, is how caffeine makes us want to get up and move. 
We have good epidemiologic and experimental evidence that caffeine protects us against Parkinson’s disease. In the Honolulu Heart Program, Japanese-American men have been followed since 1965. The researchers measured caffeine consumption among the men in 1965 and again in 1971, and in the mid-1990’s identified patients who had gotten Parkinson’s disease. They found that men who had not been coffee-drinkers at the beginning of the study were five times more likely to get Parkinson’s disease than men who drank large amounts of coffee, with intermediate risk for men who drank less coffee. These results were replicated in the Nurses Health study and in the Health Professionals Study, both of which found caffeine was protective against Parkinson’s. Because of the evidence that caffeine is protective, and because it is known to bind the A2A receptor, drugs have recently been developed that bind selectively to the adenosine A2A receptors (but not to the more widespread A1 receptor) and tested in animal models of Parkinson’s. These tests showed that the A2A antagonists improved the symptoms of Parkinson’s, and human clinical trials are now underway. The combination of caffeine or other A2A antagonists with dopaminergic treatments such as L-dopa is a promising route for treating Parkinson’s.
Does coffee make you smarter?

How would you like to spend a week in near total sleep deprivation, constantly exposed to cold and wet, required to perform intense physical and mental tasks, while being screamed at, criticized, and put into no-win situations by people who hold decision making power over you? Welcome to “Hell Week”, part of the U.S. Navy’s training course for sailors who hope to join the elite Navy SEALS commando unit. Only one in four who start SEAL training complete it. The U.S. military, not surprisingly, is very interested in the effects of caffeine on cognitive function, vigilance, and decision making. In ground warfare and aerial combat, a millisecond faster response may literally be the difference between life and death; sleep-deprived, stressed combatants need every advantage they can get. Harris Lieberman and his colleagues at the Army Research Institute decided Hell Week was a great opportunity to see exactly what caffeine can do.

Hell Week begins with 72 hours of near total sleep deprivation and intense physical activity.  Of the 90 SEAL trainees who volunteered for Lieberman’s study at the start of Hell Week, 68 were still in the program 72 hours later and could participate in his study. Each trainee was given a pill containing 100, 200, or 300 mg of caffeine or an identical-looking placebo, and was tested to see the effects of the caffeine. The trainees took four computer-based tests before Hell Week began, and the same four tests 1 hour and 8 hours after taking the caffeine or placebo. The four tests are the visual vigilance test, the reaction time test, the match-to-sample test, and the repeated acquisition test.
In the visual vigilance test, you have to detect a faint image that appears randomly on the computer screen for two seconds. The image appears, on average, once per minute. When you see the image, you press the space bar on the keyboard as quickly as you can. The computer records whether or not you detect the image, how long it takes you to detect it, and how many false alarms you had (pressing the space bar when there is no image).

In the reaction time test, you see an image at one of four locations on the screen, and you have to press one of four corresponding keys on the keyboard. The computer records how many times you got the right key or the wrong key, how long it took you to press the key, how many times you pressed a key before any image was shown, and how many times you didn’t press the key at all when an image appeared. 

The match-to-sample test evaluates how well your short-term memory is working. The computer displays an 8x8 checkerboard of red and green squares for 4 seconds. The screen goes blank for up to 15 seconds. Then the computer shows two checkerboards, one on the left and one on the right. One checkerboard is identical to the original, and the other checkerboard has the colors of the squares reversed. You have to press either the right or the left arrow key, for whichever checkerboard you think matches the original. The computer gives you 20 such trials, and records how many correct answers you give, how long it took you to press the key, and how many times you didn’t press any key within 15 seconds.

The repeated acquisition test evaluates both short-term memory and motor learning. In this test, you have to learn and remember a correct sequence of 12 key presses by trial and error, using the four arrow keys on the keyboard. You start by pressing one of the four arrow keys, and the computer indicates if that key is the correct or incorrect first key in the sequence. After you learn the correct first key, you choose the second key to press, and the computer indicates if that is the correct or incorrect second key in the sequence. Eventually, you (hopefully) figure out the correct sequence of 12 keys. After you enter that sequence 15 times without any errors, the test is over. Doesn’t this sound like a fun test to do when you are sleep-deprived? The computer records how long it takes you to complete 15 correct sequences, and how many errors you made getting there. 

The SEAL trainees were also given a test of marksmanship in which they fired a rifle simulator and the computer recorded how quickly, how accurately, and how often they hit the target in 8 shots.
So what did the caffeine do? The sleep deprivation and stress of Hell Week profoundly reduced the trainees’ score on every test compared to their pre-Hell Week baseline. Caffeine partially restored scores, giving the best results on the reaction time, good results on the vigilance test, and mixed results on the memory tests. Of the various measures recorded for each test, the biggest effects were on the alertness-related measures. The 200 mg and 300 mg doses were about equally effective, with possibly a slight edge to the 200 mg dose. The 100 mg dose was much less effective, showing little difference from placebo. Among the best results, 200 mg caffeine reduced incorrect hits by 73% and premature errors by 98% in the reaction time test. In the repeated acquisition test (learning and memorizing a sequence of key presses), 200 mg caffeine restored 70% of the lost performance, and in the vigilance test restored 40% of the lost performance. Caffeine was no better than placebo in the match-to-sample test of short term memory.
One concern about caffeine was that muscle tremor might reduce scores in the marksmanship test. In fact, there were no significant differences between the caffeine and placebo groups and, if anything, score were slightly better with caffeine. A caveat is that the marksmanship tests were done with the trainees firing from a lying-down position, where any tremor might be better controlled.

Lieberman’s results in these Navy SEAL tests are similar to the results of most previous studies of caffeine and cognition done in either rested or sleep-deprived subjects. When subjects are rested, the researchers see that caffeine has its biggest effects on alertness, attention, and vigilance, with mixed results on cognitive tasks such as memory, learning, or reasoning tasks. In those studies that do show improvement on these cognitive tasks, they may be best explained as the consequence of improved alertness or attention. 

There is evidence for a complex interaction between caffeine effects and your state of arousal, personality (anxiety), and age. The results are not all consistent and clear, but it’s plausible that many of the beneficial effects of caffeine are related to increasing a low level of arousal or alertness. If you are already in a highly aroused and alert state, caffeine may do little good, and in some cases decreases performance.
From what we know about the molecular mechanisms of how coffee works in the brain – blocking the adenosine receptors to inhibit sleepiness and maintain arousal – it’s plausible that caffeine’s effects on cognitive function tests are due more to alertness than to a direct effect on memory or learning. A counter-argument to this interpretation is given by studies, such as that by Amy Arai and colleagues at the University of California, Irvine, that show that adenosine can block long-term potentiation (LTP) , which is widely considered to be a major mechanism of memory formation, and subsequent studies that show caffeine improves LTP. 

Lieberman’s results suggest that 200 mg or 300 mg of caffeine are about equally effective. Other studies have shown that doses in the 200 to 400 mg range are most effective in a variety of settings. Doses over 400 mg don’t improve performance, and sometimes make it worse, in part due to increased anxiety and other side effects. Given the half life of 4 hours, it suggests that two or three cups of coffee over the course of a day will likely give the optimal results with the least side effects.
Caffeine as a treatment for pain, migraine, and tension headaches

Caffeine has long been known to relieve pain, either by itself or as an adjuvant to over-the-counter pain-relief medications such as aspirin, ibuprofen and acetaminophen. It also increases the pain-relieving effect of narcotics such as morphine. In the U.S., caffeine is not included in standard over-the-counter formulations because some people may experience the undesirable effects of sleeplessness or anxiety if they take the medicine and are not aware that it contains caffeine. But if you have pain or a headache and want a more effective pain-killer, here’s what you might consider.

In a study reported in 2000, Seymour Diamond and his colleagues looked at the effects of ibuprofen with or without caffeine for treating tension headaches. When they had a tension headache, the patients took one of four treatments: placebo, 400 mg ibuprofen (two standard tablets), 200 mg caffeine (about a cup and a half of coffee), or the combination of 400 mg ibuprofen plus 200 mg caffeine. Neither the patients nor the doctors knew which drug the patient was getting. The results were that six hours after taking the medications, 71% of patients taking caffeine plus ibuprofen had complete relief, compared to 58% for those taking ibuprofen alone, 58% for those taking caffeine alone, and 48% for those taking placebo. The median time to what the patients considered a meaningful improvement was 108 minutes for patients taking caffeine plus ibuprofen, 161 minutes for those taking ibuprofen alone, 132 minutes for those taking caffeine alone, and 279 minutes for those taking placebo. The patients who got caffeine had higher rates of nervousness, dizziness, or nausea. Other studies have shown that higher doses of caffeine worsen these side effects without improving pain relief. So, you are more likely to get relief, and to get it about an hour sooner, if you have a cup of coffee along with your ibuprofen. Of course, you are likely to get some of the coffee side effects. Similar studies of caffeine in combination for migraine headaches and post-surgical pain show that it is effective for these types of pain, too.
The mode of action of caffeine in reducing pain is not clear. One possibility is that, by blocking the A1 receptors in the brain, it reduces transmission of pain signals. There is evidence that a third type of adenosine receptor, the A2B receptor, is involved. Osama Abo-Salem and his colleagues synthesized compounds that bind selectively to either A1, A2A, or A2B receptors, and tested to see which was most effective at blocking pain in an animal study. They found that the compounds that bind the A2B receptor were most effective, while compounds binding A1 or A2A had little benefit. The A2B receptor is present mainly in tissues outside the brain, so its role in pain relief may be to block signals in the peripheral nervous system, before they can reach the central nervous system. They also found that the A2B receptor-specific compounds increased the effect of morphine, a known effect of caffeine. Caffeine constricts the blood vessels in the brain, and this may contribute to relieving migraine. It’s possible that other actions of caffeine, such as inducing other neurotransmitters, may also be part of the pain-relieving mechanism. If we can understand how caffeine works, it gives us a new opportunity to development more effective pain medications with better side-effect profiles than existing drugs.
Caffeine tolerance, withdrawal and dependence
If you are a regular coffee drinker and stop suddenly, the effects you are most likely to have  are headache, fatigue, and reduced concentration, mood effects such as depression, anxiety or irritability, and less commonly tremor, nausea or sleep disturbances. Not everyone has symptoms of withdrawal, and whether or not you get withdrawal effects doesn’t seem to be related to how much you drank (at least over one cup of coffee per day). For most people who have withdrawal effects, they will start within a day after stopping caffeine (though some people feel effects within a few hours), and end within three days. This headache usually doesn’t respond to standard pain-killers (aspirin, etc.), but does respond to caffeine, which may contribute to dependence. 

We can develop at least partial tolerance to some but not all the effects of caffeine. Researchers define dependence as either an increase in the dose needed to achieve a desired effect or an increase in tolerance to the undesired side effects, which may lead to higher consumption. Humans show some degree of tolerance to the effects of caffeine on blood pressure, heart rate and adrenaline levels in the blood (the same dose has less effect). There is no evidence of tolerance in caffeine effects on energy consumption in the brain (the same dose has the same effect), and little evidence for tolerance to caffeine effects on alertness and wakefulness. Some tolerance develops to the anxiety-related side effects. Heavy coffee drinkers often show no sleep disturbances, but it is not clear how much this is because the coffee never did affect their sleep or if it initially had an effect to which they develop tolerance. How we develop tolerance is not well understood. Animals produce more A1 receptors after sustained caffeine, though only at high doses, and show little or no change in the A2A receptors. The compensation mechanism may involve adjustments related to other neurotransmitters that caffeine and adenosine influence, specifically dopamine and adrenaline, rather than direct effects on the adenosine receptors.
Caffeine meets four of the seven criteria defined for dependence by the American Psychiatric Association in the Diagnostic and Statistical Manual of Mental Disorders (DSM): tolerance, withdrawal symptoms, persistent desire or unsuccessful efforts to reduce or control use, and use despite knowledge of a persistent of recurrent physical or psychological problem that is likely to have been caused or exacerbated by the substance.  The DSM does not consider the severity of any of these symptoms. Caffeine acts, in part, on the same part of the brain that is targeted by addictive drugs such as cocaine and amphetamines, in the area sometimes called the “pleasure center”. The anatomic name for the pleasure center is the mesolimbic dopamine reward pathway, and its key component is the nucleus accumbens. Experiments by Olds and Milner in the 1950’s showed that, if you electrically stimulate a rat’s mesolimbic dopamine reward pathway when it presses on a lever, the rat will continue to press without taking any breaks for food, water, sex, or anything else, stopping only when it collapses exhausted. Cocaine, amphetamine, and other addictive drugs stimulate this dopamine reward pathway. Caffeine differs from these drugs in several ways. Caffeine activates many areas of the brain; it activates the nucleus accumbens only at high doses, and only activates the core part of the nucleus accumbens, which controls motor activity. The addictive drugs specifically activate the nucleus accumbens with relatively less effect in other parts of the brain, and target the shell part of the nucleus accumbens, which is the key structure for motivation, reward and addiction. Caffeine does not stimulate activity in the shell of the nucleus accumbens except at very high doses, as part of generalized brain activation.  
Is coffee bad for your health?
There are specific instances where caffeine has undesirable effects that may be a health concern, such as increased blood pressure in a person with heart disease or neurologic effects in a fetus or new-born exposed to caffeine. Are there more general concerns that the average, healthy adult should be concerned with? Many researchers have looked for major health risks attributable to caffeine. Recently, there has been concern that coffee may increase serum cholesterol; this effect is now known to be due to two other compounds in coffee (cafestol and kahweol) that are largely eliminated in percolated, filtered or instant coffee, but remain in Turkish coffee and to a lesser degree in espresso. 
The molecular actions of caffeine – increasing adrenaline and stimulating the autonomic nervous system – are similar to putting our bodies in a continuous if low-level state of stress. Few of us feel a need for more stress in our lives, and there is abundant evidence for undesirable health effects of increased stress. However, despite many studies looking for a connection between caffeine and stress effects such as increased cardiovascular disease, there is little evidence that caffeine is causing such disease. It may be that the effects are obscured by the heterogeneous nature of the populations being studied or by other effects (due to diet, smoking, alcohol use, or access to health care). We may not be measuring the right thing to detect a bad effect. It’s also possible that some beneficial effects of caffeine (such as increasing physical activity and exercise) are offsetting some of the harmful effects. It’s an area we need to keep an eye on. As for me, I’m off to get my morning latte.
