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Abstract

Debate persists whether coffee is beneficial or problematic for human health. Coffee consumption has been associated with a decrease in
risk of developing type 2 diabetes, and numerous epidemiological studies have demonstrated that healthy, habitual coffee drinkers are more
protected from the risk of contracting diabetes than individuals who do not drink coffee. Coffee consumption has been associated with a
reduced incidence of impaired glucose tolerance, hyperglycaemia and insulin sensitivity. Data suggest that several coffee components, such
as chlorogenic acids, are involved in the health benefits of coffee. Various mechanisms for this protective effect have been proposed, including
effects on incretin release, liver glucose metabolism and insulin sensitivity. Epidemiological data support numerous other health benefits for
coffee, including reduced cardiovascular disease (CVD), a protective effect against some neurodegenerative conditions, a favourable effect on
liver function and a protective effect against certain cancers. These associations are based mainly on observational studies and are currently
insufficient to recommend coffee consumption as an interventional strategy for risk reduction in type 2 diabetes and other metabolic diseases.
While excessive consumption can have adverse effects on some conditions, particularly in terms of sleep quality, these effects vary among
individuals and most people do not have any symptoms from coffee drinking. Moderate coffee consumption is associated with no or little risk
of severe diseases and may offer substantial health benefits. Thus, coffee is a safe, low-energy beverage and suitable for most adult people.
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Coffee is a complex chemical mixture that contains many bioactive
molecules. These include chlorogenic acid, polyphenols, methylxanthines
including caffeine, carbohydrates, lipids, nitrogenous compounds,
nicotinic acid, potassium and magnesium.? With the exception of water,
coffee is the most consumed beverage in the world and almost 500
billion cups are consumed annually. In 2007, Finland was the top coffee
consuming country with 12 kg per capita.2 World coffee production for
2012-13 is forecast at a record high of 148 million bags.2

The impact of coffee on human health and disease has long been
recognised: in the late-16th century it was observed that coffee accelerated
digestion and increased the heart rate. A growing body of epidemiological
research data suggests that coffee consumption may help prevent several
chronic diseases, including type 2 diabetes, Parkinson's disease and liver
disease. This article aims to review epidemiological and clinical evidence for
the impact of coffee on type 2 diabetes, and other aspects of human health.

© TOUCH MEDICAL MEDIA 2013

Coffee Consumption and the Incidence of
Type 2 Diabetes

Type 2 diabetes is one of the most serious global health concerns and
its incidence is increasing: the total number of people with diabetes
worldwide is projected to rise from 366 million in 2011 to 552 million by
2030.4 In 2012, type 2 diabetes imposed direct and indirect costs of an
estimated $245 billion in the US.5 Given the high cost of diabetes in terms
of both human lives and healthcare costs, the prevention of diabetes is
vital. Developing interventions to prevent and manage type 2 diabetes
depends on an understanding of the dietary and lifestyle factors that
underlie the development of the disease.

Recent evidence suggests that coffee consumption is associated with
a decreased risk of type 2 diabetes. The first epidemiological report
indicating an inverse association between coffee consumption and
type 2 diabetes dates back to 2002. A Dutch cohort study reported that
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Table 1: Summary of Cohort Studies of Coffee Consumption and Risk of Type 2 Diabetes

Study Protocol

Prospective, population-
based cohort study 125,774
person-years of follow up

Prospective cohort study,
11 years' follow up

Prospective cohort study,
16 years' follow up

Prospective cohort study,
18 years' follow up

Prospective cohort study,

12 years' follow up (men),
18 years (women) The
Nurses' Health Study and
Health Professionals’ follow-
up study

Prospective cohort study,
175,682 person-years of
follow up

Prospective cohort study,
20 years' follow up

Prospective data from the
population-based Hoorn
Study, 6 years' follow up

Prospective cohort study,
10 years' follow up Nurses'’
Health Study Il

Retrospective cohort study,
5 years' follow up

Prospective cohort study:
lowa Women's Study, 11
years' follow up

Prospective cohort study,
8 years' follow up

Prospective cohort study, 12
years' follow up, ARIC study

Prospective cohort study,
12 years' follow up,
Whitehall Il Study

Prospective cohort study,
12 years' follow up, Singapore
Chinese Health Study

Population-based cohort
study
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Number of Participants
117,111 Dutch men and women aged
30-60 years

2,680 men and women, Pima Indians

19,518 men and women

1,361 Swedish women aged 39-65 years

41,934 US men and 84,276 US women

6,974 Finnish men and 7,655 women aged
3510 64 years

10,652 Finnish twins

1,312 Dutch men and women

88,259 US women of the Nurses' Health Study
Il aged 26-46

17,413 Japanese men and women; 49 % aged
40-65 years

28,812 US post-menopausal women

910 US adults aged >50 years

12,204 US men and women aged 45-64

4,055 British men and 1,768 women

36,908 Singaporean Chinese men and women
aged 45-74 years

2,332 Chinese men and women aged 40
and above

Dosage (Cups/Day)
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Never
Former
Current

Almost never
>4

0
<1
2-3

Relative Risk (95 %
Confidence Interval)

1 (reference)

0.79 (0.57-1.10)
0.73(0.53-1.01)
0.50 (0.35-0.72)

1 (reference)
0.92 (0.74-1.13)
1.01 (0.82-1.26)

1 (reference)

1.01(0.81-1.27)
0.98 (0.79-1.21)
0.92 (0.73-1.16)

1 (reference)

0.55 (0.32-0.95)
0.39 (0.20-0.77)
0.48 (0.22-1.06)

1 (reference)

0.93 (0.80-1.08)
0.71(0.53-0.94)
0.46 (0.26-0.82)

1 (reference)

0.99 (0.90-1.08)
0.70 (0.60-0.82)
0.71(0.56-0.89)

1 (reference)

0.76 (0.57-1.01)
0.54 (0.40-0.73)
0.55 (0.37-0.81)
0.39 (0.24-0.64)

1 (reference)

0.70(0.48-1.01)
0.71(0.50-1.07)
0.65 (0.44-0.96)

1 (reference)

0.95 (0.56-1.55)
0.92(0.53-1.61)
0.69 (0.31-1.51)

1 (reference)

0.87 (0.73-1.03)
0.58 (0.49-0.68)
0.53(0.41-0.68)

1 (reference)
0.93(0.73-1.19)
0.58 (0.37-0.90)

1 (reference)

1.01(0.85-1.19
0.78 (0.61-1.01
0.67 (0.42-1.08
0.79 (0.59-1.05

1 (reference)
0.36 (0.19-0.68)
0.38 (0.17-0.87)

1 (reference)
0.77 (0.61-0.98)

1 (reference)

0.83(0.60-1.14)
0.85 (0.60-1.20)
0.80 (0.54-1.18)

1 (reference)

0.96 (0.86-1.08)
0.90 (0.79-1.02)
0.70 (0.53-0.93)

(
(
0.77 (0.52-1.13)
(
(

0.46 (0.28-0.76)
0.37 (0.16-0.83)

Reference
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Table 1: Continued

Heath Benefits of Coffee

Study Protocol Number of Participants

Prospective cohort study,
average 7.6 years follow up

1,141 American Indian men and women
45-74 years of age with normal
glucose tolerance

42,659 German
men and women

Prospective cohort study,
8.9 years follow up

ARIC = Atherosclerosis Risk in Communities.

participants drinking at least 7 cups of coffee per day were half as likely
to develop type 2 diabetes compared with those who did not consume
coffee.¢ This finding has been supported by numerous cohort studies (see
Table 1). The association does not depend on race, gender or geographic
distribution of the study population and is consistently observed, despite
the fact that many of these studies reported that coffee consumption
was associated with lifestyle factors that tend to be associated with an
increased risk of cardiovascular and metabolic disease, such as smoking,
high body mass index (BMI), low levels of physical activity and poor diet.

Two reviews have examined the body of data relating to type 2
diabetes risk and coffee consumption. A meta-analysis covering
457,922 individuals and 18 studies concluded that an inverse log-linear
relationship exists between coffee consumption and subsequent risk of
diabetes: each additional cup of coffee consumed per day is associated
with a 7 % reduction in the excess risk of diabetes (relative risk [RR] 0.93
95 % confidence interval [Cl] 0.91-0.95) after adjustment for potential
confounders. Individuals consuming 3 to 4 cups of tea daily have a 28 %
lower risk of type 2 diabetes.” A systematic review of cohort studies
(from January 2001 to August 2011) confirmed the association between
coffee consumption and reduced risk of type 2 diabetes, and also found
an advantage of filtered coffee over pot boiled, decaffeinated coffee over
caffeinated coffee and a stronger inverse correlation in those aged less
than 60 years.® The inverse relationship between coffee consumption
and type 2 diabetes remains when lifestyle factors are taken into
account: analysis of a Finnish cohort study found that the risk of type
2 diabetes was reduced by half in obese and inactive individuals who
consumed >7 cups of coffee daily compared with those who consumed
<2 cups/day (see Figure 1).? While cohort studies have provided a large
body of evidence for the association of coffee consumption and diabetes
risk, such studies have inherent limitations. Most studies employed self-
report questionnaires, which may be imprecise and prone to bias, such
as different interpretations of the size of a cup of coffee, and use of milk
and sugar. It is not possible to ascertain a cause—effect relationship
entirely from observational data. Studies employing urinary or plasma
biomarkers of coffee intake may provide a more accurate assessment
of coffee intake.™

Effect of Coffee on Markers of Disease
Progression in Type 2 Diabetes

The association of coffee consumption with the incidence of type 2
diabetes has led to research investigating the relationship between
coffee consumption and other markers of disease progression such
as glucose tolerance and insulin sensitivity. Epidemiological studies
have reported significant associations between coffee consumption
and a lower prevalence of impaired glucose tolerance, hyperglycaemia,
hyperinsulinaemia and insulin sensitivity."-' However, acute human
intervention studies show that caffeine causes deterioration of glucose
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Dosage (Cups/Day) Relative Risk (95 % Reference
Confidence Interval)

0 1 (reference) 130

>12 0.33(0.13-0.81)

<1cup 1 (reference) 70

>4 cups 0.77 (0.63-0.94)

tolerance, assessed by acute post-prandial hyperglycaemia and lower
whole-body insulin sensitivity."”:'8

This discrepancy between the effect of caffeine and coffee on glucose
tolerance is supported by numerous literature reports. The beneficial
effects of coffee consumption are seen in both decaffeinated and
caffeinated coffee, and there are data to suggest that the physiological
effect of caffeine consumed alone differs from the effect of caffeinated
coffee.” Studies assessing the effects of caffeinated and decaffeinated
coffee on glucose tolerance have yielded inconsistent results.” A recent
randomised controlled trial (n=32) investigated the effect of drinking
instant coffee over 16 weeks on glucose and insulin concentrations
during an oral glucose tolerance test. The study concluded that both
caffeinated and decaffeinated coffee may be protective against
deterioration of glucose tolerance.?

These findings suggest that the effect of coffee on diabetes risk is not
dependent on the caffeine content, and while the caffeine in coffee may
induce an increased glycaemic response, other bioactive compounds
present in coffee may attenuate this effect by altering other aspects of
glucose metabolism.?'

Many bioactive components of coffee have been studied for their
effect on glucose tolerance. Chlorogenic acids (CGA) are the principal
polyphenols in coffee and have a potent antioxidant property.? A study
compared the consumption of instant coffee to coffee fortified with a
coffee extract rich in CGAs. Consumption of the fortified coffee induced
a reduction in the absorption of glucose of 6.9 % compared with the
instant coffee.® In a comparison of the consumption of decaffeinated
instant coffee, CGA, trigonelline (an alkaloid) and placebo, CGA and
trigonelline reduced early glucose and insulin responses during an
oral glucose tolerance test.?* Diterpenes have also been found to have
bioactive properties. Cafestol, a diterpene found mainly in unfiltered
coffee, provides benefit through varied biological activity, including
antitumorigenic, antioxidative and anti-inflammatory effects.?> Another
coffee diterpene, kahweol, also behaves as an anti-inflammatory.?

Mechanism of Action of Coffee on Type 2
Diabetes and Glucose Metabolism

A number of mechanisms have been postulated by which coffee
components may protect against type 2 diabetes (see Figure 2).° A
recent study found that CGA stimulates glucose transport in skeletal
muscle via the activation of 5 adenosine monophosphate-activated
protein kinase (AMPK) activation.? Other studies have focused the
difference in coffee components in different roasts.?? Roasting causes
a portion of the CGA to be transformed into quinides, compounds known
to alter blood glucose levels. CGA also undergoes changes according to
the extraction method used® and during the brewing process.*
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Table 2: Summary of Epidemiological Studies of Coffee Consumption and Health Impacts

Condition Association with Coffee Consumption Reference
Alzheimer’s disease Strong association with protective/therapeutic effect 82,131
Bladder cancer Weak association with increased incidence and heavy coffee consumption in some populations and among men 92
Breast cancer No association/weak evidence of reduced risk 92,132
Cardiac arrhythmia No significant association 96, 97
Cardiovascular disease No association/some evidence of reduced risk 69
Cirrhosis Association with reduced risk of alcoholic cirrhosis 89
Colorectal cancer Association with reduced risk 92,133
Depression Risk decreases with increasing caffeinated coffee consumption in women 93
Endometrial cancer Association with reduced risk 92,134
Gallstones Association with reduced risk in men and women 135,136
Gastric cancer No significant association 92,137
Gastritis Positive association of risk with coffee consumption 138
Glaucoma Positive association between heavy coffee intake >3 cups of caffeinated coffee daily and glaucoma risk 139
Gout Association with reduced incidence 140,141
Headache Chronic consumption increases risk of chronic daily headache 102
Hepatic fibrosis Association with reduced incidence in patients with chronic liver diseases, such as hepatitis C, fatty liver disease, 90
non-alcoholic steatohepatitis
Hepatocellular cancer Strong association with decreased risk 86, 92
Hypertension No significant association 74,75
Iron-deficiency anaemia Maternal coffee intake may contribute to maternal and infant anaemia 108
QOvarian cancer No significant association 92,142
Pancreatic cancer No significant association 92,137
Parkinson’s disease Strong association with reduced risk 77,78,79,143
Pregnancy and childbirth Association of heavy consumption with increased risk of stillbirth but not with infant death. Association of heavy 109, 112
consumption with miscarriage
Prostate cancer No significant association 92,144
Renal cancer No significant association 92,145
Sleep disturbance Coffee consumption interferes with sleep onset, quantity and quality 99, 100
Stroke Association with modest reduced risk in women 72

category had a 15 % lower risk. Inverse associations were demonstrated
between coffee drinking and deaths due to heart disease, respiratory
disease, stroke, injuries and accidents, diabetes and infections, but not
for deaths due to cancer.®®

The Effect of Coffee on Cardiovascular Health

The effect of coffee on cardiovascular health is an ongoing controversy,
and for many years, epidemiological studies investigating the suspected
association between coffee drinking and cardiovascular disease (CVD)
have yielded inconsistent results.¢™¢* While it has been suggested that
moderate-to-high levels of coffee consumption are associated with
increased risk of CHD,% data on higher coffee consumption are limited
and do not allow firm conclusions to be made. Furthermore, some
adverse effects of coffee on CVD are transient and may be modified
or a tolerance effect developed during long-term consumption.®®
For example, a study found that elevated levels of epinephrine and
norepinephrine caused by caffeine disappeared over 1-4 days of
coffee consumption.¢®

Several clinical trials have investigated the association between coffee
consumption and blood cholesterol levels. A meta-analysis of 14 trials
identified a dose-response relationship between coffee consumption
and both total cholesterol and low-density lipoprotein (LDL) cholesterol
(p<0.01). Increases in serum lipids were greater in studies of patients
with hyperlipidaemia and in trials of caffeinated or boiled coffee.
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However, trials using filtered coffee showed minimal increase in serum
cholesterol.” Moreover, caffeic acid, a metabolite of CGA, inhibits LDL
oxidation in vitro.¢

A meta-analysis of 21 prospective cohort studies found no association
between coffee consumption and CHD. In fact, moderate coffee
consumption was associated with a significantly reduced risk of CHD.¢
A European prospective study analysed data from 42,659 participants
in the European Prospective Investigation into Cancer and Nutrition
(EPIC)-Germany study. Coffee consumption was not associated with
increased incidence of CVD.”° A Japanese cohort study (n=76,979) found
that consumption of coffee was associated with a reduced risk of CVD
mortality.”' The US Nurses’ Health Study (n=83,076) found that long-term
coffee consumption was associated with a modest reduction in the risk
of stroke.”? Intake of coffee has been associated with an increased
risk of nonfatal myocardial infarction (M) among individuals with the
CYP1A2 genotype, indicating slow caffeine metabolism.”

Coffee has been implicated as a risk factor for hypertension but a
prospective cohort study from the Nurses’ Health Studies | and II
(n=155,594) found no association between caffeine intake and the
risk of hypertension.” A recent systematic review and meta-analysis
of 15 studies did not show any statistically significant effect of coffee
consumption on blood pressure (BP) or the risk of hypertension.
However, the studies were of low quality and the authors concluded that
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no recommendation can be made for or against coffee consumption
in relation to these indications.”> Another systematic review and meta-
analysis of clinical trials and cohort studies in hypertensive individuals
found that caffeine ingestion results in acute increase in BP by
5-8 mmHg that may last for few hours. However, the authors concluded
that current evidence does not support an association between longer-
term coffee consumption and increased BP or between habitual coffee
consumption and an increased risk of CVD in hypertensive subjects.”
In conclusion, there is insufficient evidence to show that long-term
consumption of coffee increases the risk of CHD, hypertension or stroke.
In addition, coffee drinkers have a lower risk of type 2 diabetes, which
is a risk factor for CVD.

The Effects of Coffee Consumption on
Neurodegenerative Diseases

Numerous epidemiological studies have reported an inverse association
between coffee consumption and the risk of developing Parkinson's
disease.”””? A systematic review and meta-analysis of published studies
examining the relation between caffeine intake and cognitive decline
or dementia found a trend towards a protective effect of caffeine,
although considerable heterogeneity was found across the methodology
employed, and the number of epidemiological studies was limited. The
authors concluded that no definite link between coffee consumption and
dementia could be established.®® A Finnish study found coffee drinkers
at midlife had lower risk of dementia and Alzheimer’s disease later in life
compared with those drinking no or only little coffee, and that the lowest
risk of dementia was found in people who drank 3 to 5 cups per day.®'
Several other studies have suggested that moderate caffeine intake
(corresponding to 5 cups of coffee per day) may protect against or treat
Alzheimer’s disease.®'-#

The Effect of Coffee on Fluid Balance

Caffeine is recognised as having a diuretic action, and consumers
are often advised to avoid caffeinated coffee in situations where fluid
balance may be compromised. However, a literature review found
no support for the hypothesis that consumption of coffee leads to
fluid loss in excess of the volume ingested or is associated with poor
hydration status.®* Furthermore, recent research demonstrates that
acute ingestion of moderate to low levels of caffeine (<300 mg) does
not promote dehydration at rest or during exercise.®

The Effect of Coffee on Liver Health

Research suggests that coffee imparts numerous beneficial effects on the
liver. A meta-analysis of 10 published studies found a significant inverse
association between coffee drinking and hepatocellular carcinoma.® A
recent meta-analysis of nine published case-control and seven cohort
studies has also found a significant inverse association between coffee
consumption and all liver cancers.®” A dose response seems to exist, and
a significant protective effect of coffee may start from 3 cups of coffee per
day.® Coffee drinkinghas also been associated with reduced risk of alcoholic
cirrhosis® and hepatic fibrosis in patients with chronic liver diseases, such
as hepatitis C, fatty liver disease and non-alcoholic steatohepatitis. In
addition, an inverse association has been demonstrated between coffee
consumption and elevated serum levels of liver enzymes, suggesting a
favourable effect of coffee on liver function.”

The Effect of Coffee on Cancer

A review of epidemiological evidence for associations between coffee
consumption and cancer suggested a strong and consistent protective
association for hepatocellular and endometrial cancers, a borderline
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protective association for colorectal cancer, no association with breast,
pancreatic, kidney, ovarian, prostate or gastric cancer and a weak
association with increased risk of bladder cancer with heavy coffee
consumption in some populations and among men.”

Other Health Benefits

Coffee has a number of beneficial effects on the brain, including an
inverse association with depression® and suicide.”* Since caffeine
has a stimulating effect, it is useful in situations where alertness is
needed or desired. Caffeine ingestion has been shown to provide an
effect comparable to a short nap and improve driving.”® The results
from a study that examined the association of coffee drinking with
subsequent total and cause-specific mortality, confirmed that mortality
from accidents was reduced in drinkers of caffeinated but not in
decaffeinated coffee.®

Health Concerns Associated with

Coffee Consumption

Despite the numerous documented health benefits associated with
coffee consumption, high consumption of coffee may have negative
effects on health. Increased heart rate is a frequent consequence and
immediate effect of caffeinated coffee consumption, and physicians
often advise patients with arrhythmias to avoid caffeinated coffee.

However, a recent population study (n=130,054) concluded that it is
unlikely that moderate caffeine intake increases the risk of arrhythmia,®
and expert opinions suggest that there is no benefit to patients
with cardiac arrhythmia limiting their caffeine intake.”” A Finnish
cross-sectional study showed that excited heart beat was found in
approximately 7 % of middle-aged people and that the amount of coffee
drinking had no correlation with such symptoms.”®

Coffee consumption interferes with sleep onset, quantity and
quality.”® However, effects on sleep vary widely among people, and
at the population level no association between sleeplessness and the
amount of coffee drinking has been found; among both coffee-non-
drinkers and those who drank 6 cups or more a day the prevalence was
approximately 8 %."" Individuals who suffer from sleep abnormalities
should avoid caffeinated coffee during the evening hours.

Chronic, repetitive exposures to caffeine increase the risks for
development of chronic daily headache, and physical dependency.'®?
The clinical dependence syndrome produced by caffeine is similar
to those produced by other psychoactive substances and has a
potential for abuse.'® However caffeine is not considered addictive,
and in animals it does not trigger metabolic increases or dopamine
release in brain areas involved in reinforcement and reward. Caffeine
does not either increase functional activity or induce any release
of dopamine in the shell of the nucleus accumbens, effects that
are characteristic to drugs of dependence (cocaine, amphetamine,
morphine, nicotine, etc.)'® The symptoms of caffeine withdrawal may
include headache, fatigue, decreased energy/activeness, decreased
alertness, drowsiness, decreased contentedness, depressed mood,
difficulty concentrating and irritability."® However, considerable data
show that levels of caffeine consumed by most people have largely
positive effects on behaviour.’%

Coffee interferes with the utilisation of supplemental iron.'*” Maternal

coffee intake may contribute to maternal and infant anaemia.'®® Coffee
may also have health impacts during pregnancy. A Danish study found

EUROPEAN ENDOCRINOLOGY



that a heavy coffee intake during pregnancy (8 or more cups of coffee
per day) is associated with an increased risk of stillbirth but not with
infant death,'®” leading some doctors to recommend limiting coffee
intake during pregnancy. However, others have concluded that this
evidence is insufficient to guide recommendations.m®"" Another
study has demonstrated that high doses of caffeine intake during
pregnancy increase the risk of miscarriage.”’? However, another
study concluded that there was little indication of possible harmful
effects of caffeine on miscarriage risk within the range of coffee
and caffeine consumption reported, and they detected a significant
reporting bias among women who had experienced losses before
the interview. Nevertheless, it is well known that women involuntarily
reduce their habitual coffee drinking during pregnancy,' and current
recommendations suggest restricting caffeine consumption to 200-
300 mg/day during pregnancy.'411s

In summary, although there is insufficient evidence to recommend
coffee consumption as a preventative strategy in chronic and metabolic
diseases, a large body of data suggests that coffee taken in moderation
is a safe beverage. The negative health effects of coffee tend to emerge

Heath Benefits of Coffee

in excessive consumption so heavy consumption of coffee cannot be
recommended, particularly during pregnancy.

Summary and Concluding Remarks

There is little evidence of health risks and considerable evidence
of long-term health benefits for adults consuming moderate amounts
of coffee (3—4 cups/day). However, mechanisms underlying the beneficial
actions of coffee against cardiovascular and liver disease and glucose
metabolism are not yet fully understood. The data documenting the
health benefits of coffee are based on observational studies mainly, and
are currently insufficient to recommend increased coffee consumption
as an intervention strategy for risk reduction in type 2 diabetes and
other metabolic diseases. There is a need to understand biomarkers
of coffee intake to interpret the results of future studies. There is
also a need for more research to identify novel bioactive molecules
and characterise their effects on health. An enhanced understanding
of these mechanisms may help us to derive the maximum health
benefit from coffee, as we continue to refine dietary and lifestyle
recommendations to prevent and manage the global epidemic of major
non-communicable diseases. B
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