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Abstract

Background Drinking coffee is habitually widespread around the world. Moderate coffee consumption has a beneficial health
effect on the human body. However, there are controversial effects of consuming coffee on blood glucose and insulin levels in
diabetic patients, which remain to be fully elucidated.

Purpose The aim of this review was to clarify the relationship between coffee consumption and developing type 2 diabetes
mellitus (T2DM).

Methods The common internet search engines were utilized to access the abstracts and full text of articles published in English in
the last 20 years.

Results The association between the frequent consumption of coffee and the risk of developing type 2 diabetes has been studied
intensively through epidemiologic and intervention studies. In fact, coffee is a major source of chlorogenic acids (CGAs) in the
human diet. The presence of CGAs and other phenolic compounds in coffee plays a role in inhibiting glucose absorption via
interference with glucose transporters and increasing insulin sensitivity. However, short-term trials confirmed the detrimental
effects of heavily drinking coffee due to the presence of caffeine. Caffeine has been found to impair glucose tolerance and
decrease insulin sensitivity.

Conclusion Several clinical trials have confirmed the relationship between the consumption of coffee and the development of

T2DM. Moderate consumption of coffee has been suggested for its long-term benefits and positive health effects.
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Introduction

Coffee beverage is the second most popular consumed drink
in the world after water (Butt and Sultan 2011). Most people
habitually enjoy consuming coffee on a daily basis for its
unique aroma, flavor, mental alertness, and social engage-
ment (Dérea and da Costa 2005). In fact, there are both ben-
eficial and detrimental outcomes of consuming coffee that
affect human health (Butt and Sultan 2011; Akash et al.
2014; Higdon and Frei 2006). The health-promoting features
of coffee are often attributed to its rich phytocomponents,
including caffeine and chlorogenic acids (CGAs) (Ludwig
et al. 2014; Cano-Marquina et al. 2013). The biological effect
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of coffee constituents must reach an organ or tissue in a suf-
ficient concentration and be maintained for an adequate peri-
od of time in order to exhibit the beneficial or detrimental
effects on the human body (Butt and Sultan 2011; Ludwig
et al. 2014; Nawrot et al. 2003). Caffeine is a major pharma-
cologically active compound that has been shown to possess
positive and negative impacts on human health, and the bal-
ance between the beneficial and detrimental effects of caf-
feine depend significantly on the individual’s susceptibility
to it (Ludwig et al. 2014). Caffeine may enhance mental
alertness and memory consolidation, improve attention, help
to stop a decline in brain activity with old age, and reduce risk
factors involved in metabolic syndromes (Ludwig et al. 2014;
Borota et al. 2014; Heckman et al. 2010; Imagawa et al.
2009; Doherty and Smith 2004). However, the potential ad-
verse effects of excessive caffeine intake should be consid-
ered, particularly in children, pregnant women, individuals
with hypertension, and diabetic patients (Nawrot et al.
2003; Temple 2009; Heckman et al. 2010).
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On the other hand, coffee contains a considerable number
of phenolic constituents, such as CGAs, that display antioxi-
dative properties (Ludwig et al. 2014). These protective com-
pounds are linked to potential health benefits on the human
body, including the prevention of several chronic diseases,
such as its contribution to reducing the risk of developing type
2 diabetes mellitus (T2DM) (van Dam and Hu 2005; van Dam
et al. 2006; Bidel et al. 2008; Ludwig et al. 2014).

The prevalence of diabetes in all age groups has contin-
ued to rise over the past several decades (Wild et al. 2004;
Shaw et al. 2010; Guariguata et al. 2014). Diabetes and, in
particular, T2DM is thought to develop due to a combination
of environmental and genetic factors. There is evidence that
dietary habits and lifestyle play important roles in develop-
ing or preventing diabetes. The relationship between coffee
consumption and the risk of developing T2DM has been
studied in epidemiologic and observational investigations
(van Dam and Hu 2005; van Dam et al. 2006; Bidel et al.
2008). These studies have shown that a high consumption of
coffee beverage is associated with a better glucose tolerance
and a substantially lower risk of T2DM (van Dam and Hu
2005; Bidel et al. 2008). Moreover, the role of coffee con-
stituents in reducing the risk of T2DM through decreasing
body fat has also been investigated (Astrup et al. 1990;
Bracco et al. 1995; Horton and Geissler 1996; Acheson
et al. 2004; Higdon and Frei 2006; Lopez-Garcia et al.
2006; Thom 2007). This can be explained by the important
role of some coffee constituents through direct or indirect
interference with glucose absorption. Some coffee compo-
nents might directly blockade the glucose transporters, in-
creasing its rate of removal from plasma, or indirectly impair
the release of glucose from disaccharides and polysaccha-
rides (Ludwig et al. 2014). However, other clinical trials
have shown that coffee consumption has been found to im-
pair glucose tolerance and decrease insulin sensitivity
(Graham et al. 2001; Johnston et al. 2003; Robinson et al.
2004; Moisey et al. 2008; Loopstra-Masters et al. 2011).
These conflicting effects of coffee beverage on blood glu-
cose and insulin levels have to be elucidated. Therefore, the
focus of this article is to clarify the relationship between
coffee consumption and developing T2DM.

Consumption of coffee

Coffee is a favorite beverage for many people around the
world and it is frequently and widely consumed (Mitchell
et al. 2014). Coffee beverage, whether it is actually prepared
from Coffea arabica or Coffea canephora var. Robusta, con-
tains a variety of chemicals that provide significant amounts of
caffeine and CGAs (Briandet et al. 1996; Casal et al. 2000; El-
Abassy et al. 2011; Farah 2012; Garrett et al. 2012). In
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addition, boiled coffee (unfiltered) is considered a source of
cafestol and kahweol (Cavin et al. 2002; Farah 2012).

Caffeine occurs naturally in coffee beans and is rapidly
absorbed in the stomach and small intestine and distributed
to all tissues of the human body (Higdon and Frei 2006). The
world’s primary source of caffeine varies globally; however,
coffee is considered the major prominent source of caffeine
(Frary et al. 2005; Heckman et al. 2010; Mitchell et al. 2014).
Caffeine is involved in some physiological effects, such as
increased metabolic rate (Dulloo et al. 1989; Bracco et al.
1995; Doherty and Smith 2004), stimulation of the central
nervous system (Smit and Rogers 2000; Ferré 2008), acute
elevation of hypertension, diuresis, and reduction in cognitive
decline in elderly men (Carrillo and Benitez 2000; Higdon and
Frei 2006). Heavy and long-term consumption of caffeine
may exhibit health problems associated with its pharmacolog-
ical effects (Carrillo and Benitez 2000).

The other main constituent in coftee is CGAs. CGAs, as a
phenolic compound, possess antioxidant activity (Clifford
2000; Clifford et al. 2003). In the human body, the CGAs
are metabolized by microflora and hydrolyzed to caffeic acid
and quinic acid. Both CGAs and caffeic acid have antioxidant
activity (Clifford 2000).

The concentrations of CGAs and caffeine present in coffee
beverages vary considerably based on several natural and ar-
tificial factors. It has been reported that a standard cup of
coffee beverage is assumed to provide 70-350 mg of CGAs
(Clifford 1999, 2000) and 58-259 mg of caffeine (McCusker
et al. 2003; Higdon and Frei 2006). This variation in the con-
centration of CGAs and caffeine contents depends on the va-
riety of coffee beans, methods of coffee preparation, brewing
process (boiled coffee vs. filtered coffee), degree of roasting,
and additives (del Castillo et al. 2002; McCusker et al. 2003;
Higdon and Frei 2006; Vignoli et al. 2011; Ludwig et al.
2014). For example, the caffeine and CGAs contents were
found to be higher in Robusta variety coffee beans compared
to Arabica variety coffee beans (Casal et al. 2000; Vignoli
et al. 2011). In addition, it is evident that individual variation
in the metabolism of coffee components may increase or de-
crease the exposure of an individual to a bioactive compound
in coffee (Urgert and Katan 1997; Higdon and Frei 2006).

It has been proven that the consumption of four cups of
coffee per day is safe for most healthy adults (Higdon and Frei
2006; Mitchell et al. 2014). In fact, an average daily consump-
tion of three to four cups of coffee beverage can provide an
average of 203-906 mg of caffeine and 245-1225 mg of
CGAs per day (Clifford 1999, 2000; McCusker et al. 2003;
Nawrot et al. 2003; Higdon and Frei 2006). However, some
groups, including people with hypertension, children, adoles-
cents, and the elderly, may be more vulnerable to the adverse
effects of caffeine and they should limit their consumption of
coffee beverage (Nawrot et al. 2003; Higdon and Frei 2006;
Temple 2009). In fact, the limitation of coffee consumption
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during pregnancy should ensure that no more than 300 mg per
day of caffeine is provided in order to exclude any increased
probability of spontaneous abortion (Higdon and Frei 2006;
Temple 2009; Chen et al. 2014, 2016). For children, the aver-
age intake should be restricted to 2.5 mg/kg of body weight
per day, as a high level of caffeine intake is linked to some
legitimate health concerns, such as anxiety, nervousness, or
sleep disturbances (Nawrot et al. 2003; Higdon and Frei 2006;
Temple 2009).

Health benefits of coffee consumption

This section will briefly cover the health benefits behind cof-
fee intake. In fact, coffee beans contain several components
that are definitely involved in health benefits. These consti-
tutes possess bioactive characteristics, especially caffeine and
CGAs, as mentioned above. In addition, some of these con-
stituents have potential therapeutic antioxidant and anticancer
effects (Ddrea and da Costa 2005; Esquivel and Jiménez
2012; Ludwig et al. 2014; Jeszka-Skowron et al. 2015). It
has been concluded that CGAs might exert anticarcinogenic
activity through inhibiting DNA methyltransferase (del
Castillo et al. 2002; Vignoli et al. 2011). Epidemiologic re-
searches have suggested that coffee consumption may help
prevent several chronic diseases, including T2DM,
Parkinson’s disease, cardiovascular disease, and liver disease
(Higdon and Frei 2006; Farah 2012; Cano-Marquina et al.
2013).

Moreover, regular and moderate coffee consumption
may increase memory activity and improve physical per-
formance due to the presence of caffeine (Dulloo et al.
1989; Bracco et al. 1995; Graham 2001; Doherty and
Smith 2004; Imagawa et al. 2009), which acts mainly
upon the central nervous system, stimulating wakefulness
(Smit and Rogers 2000; Ferré 2008), increasing concen-
tration, decreasing the sensation of fatigue, and relieving
headache symptoms (Carrillo and Benitez 2000; Higdon
and Frei 2006; Heckman et al. 2010).

In terms of the effect of caffeine in losing weight, there was
an association between caffeine and increasing energy expen-
diture and, consequently, reducing weight (Dulloo et al. 1989;
Astrup et al. 1990; Bracco et al. 1995; Horton and Geissler
1996; Acheson et al. 2004; Higdon and Frei 2006; Lopez-
Garcia et al. 2006), suggesting that weight loss may play a
role in the beneficial effect of coffee consumption on the risk
of T2DM. However, other studies have not found that caffeine
alone is effective in promoting weight loss (Egger et al. 1999).

Moreover, coffee beverages have some anticarcinogenic
activities due to the presence of cafestol and kahweol (Cavin
et al. 2002). Also, there was an inverse association between
the consumption of caffeinated coffee and reduction in a type
of skin cancer risk (Song et al. 2012).

On the other hand, some studies confirmed the positive
effects of caffeine, including a negative association with the
incidence of T2DM, as well as assisting in weight manage-
ment (Greenberg et al. 2005; Lopez-Garcia et al. 2006;
Heckman et al. 2010).

In addition, it is well known that many phenolic com-
pounds in coffee, such as CGAs, may have potential ef-
fects on glucose and insulin levels (Johnston et al. 2003;
Higdon and Frei 2006; Bidel et al. 2008). It was reported
that the level of CGAs that seems to have health benefits
would range from 0.5 to 2.5 g per day (Clifford et al.
2003; van Dam and Hu 2005; van Dam et al. 2006;
Bidel et al. 2008; Stalmach et al. 2009). This issue has
been clarified in depth in section titled The consumption
of coffee and its association with T2DM.

Detrimental effects of coffee consumption

The positive association between the consumption of coffee
and some chronic disease risks has been more frequently
investigated but there were some potential harmful effects
of coffee on the human body, particularly at certain times
and different stages of life. It is widely believed that coffee
may cause symptoms of insomnia and restlessness for some
healthy people and it is responsible for many of the central
nervous system stimulant and addictive properties of caf-
feine (Smit and Rogers 2000). In addition, coffee consump-
tion is associated with increases in several cardiovascular
disease risk factors, including blood cholesterol, blood pres-
sure, and plasma homocysteine (Ding et al. 2014). Some
clinical studies have shown that the intake of coffee, espe-
cially unfiltered coffee, contributed significantly to the in-
crease in triglycerides, low-density lipoprotein (LDL) cho-
lesterol, and total cholesterol (Jee et al. 2001; Cai et al.
2012). It is evident that the presence of cafestol and
kahweol in unfiltered coffee was involved in increasing se-
rum levels of total and LDL cholesterol (Urgert and Katan
1997; Jee et al. 2001; Cai et al. 2012). Nevertheless, the
caffeine content of coffee can cause a marked rise in blood
pressure and irregular heartbeat, especially in those already
suffering from hypertension and those who do not normally
consume caffeine (Nawrot et al. 2003; Higdon and Frei
2006; Ding et al. 2014).

Moreover, a high level of caffeine intake during pregnancy
is associated with slightly increased risk of miscarriage, still-
birth, premature delivery, and lower birth weight (Chen et al.
2014, 2016; Li et al. 2015; Rhee et al. 2015).

However, the most significant health concern about cof-
fee consumption is its association with increased risk of
developing T2DM, which is discussed in detail later in the
section titled The consumption of coffee and its association
with T2DM.
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Coffee consumption and diabetes mellitus
Definition and prevalence of diabetes mellitus

Diabetes mellitus is a metabolic disorder characterized
by hyperglycemia and caused primarily by a defect in
insulin secretion from the islet cells of the pancreas,
resulting in an inability of peripheral cells to use glu-
cose. It is thought to develop for a variety of reasons,
including several pathogenic processes ranging from au-
toimmune destruction of the {3-cells of the pancreas
with consequent insulin deficiency to abnormalities that
result in resistance to insulin action (American Diabetes
Association, ADA 2018). The majority of cases of dia-
betes fall into two categories: type 1 diabetes mellitus
(T1DM) and T2DM. T1DM results from (-cell destruc-
tion, leading to absolute insulin deficiency. Markers of
the immune destruction of the {3-cell include islet cell
autoantibodies, autoantibodies to insulin, autoantibodies
to glutamic acid decarboxylase, and autoantibodies to
tyrosine phosphatises. Some patients with this type of
diabetes may present ketoacidosis as the first manifesta-
tion of the disease. This type of diabetes commonly
occurs in childhood and adolescence and accounts for
only 5-10% of those with diabetes. People with TIDM
present acute symptoms and markedly elevated blood
glucose levels, and they need insulin for survival
(ADA 2009).

T2DM accounts for 90-95% of those with diabetes
and results from progressive insulin secretory defect
(Olefsky and Kruszynska 2001). The cause of T2DM
is thought to be due to a combination of environmental
and genetic factors. Most of individuals with T2DM are
obese and they do not usually need insulin treatment to
survive. The risk of developing this form of diabetes
increases with age, lack of physical activity, and obesi-
ty. Obesity itself or having an increased percentage of
body fat distributed predominantly in the abdominal re-
gion, causes some degree of insulin resistance. Insulin
resistance may improve with weight reduction and/or
hypoglycemic treatment (ADA 2012).

The prevalence of diabetes mellitus is increasing at an
alarming rate across many countries, and the number of peo-
ple with diabetes mellitus around the world is expected to rise
from 2.8% in 2000 to 4.4% in 2030 (Wild et al. 2004; Shaw
et al. 2010). This doubling in cases of diabetes mellitus is
thought to be for a variety of reasons, such as aging, effects
of modernization, increase in the prevalence of obesity, and
sedentary lifestyle (Wild et al. 2004; Shaw et al. 2010). It is
expected that most people who live in developing countries
will experience the largest increase in cases of diabetes due to
their low and middle incomes (Shaw et al. 2010; Guariguata
etal. 2014).
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The consumption of coffee and its association
with T2DM

Dietary habits and lifestyle play a crucial role in maintaining
basic life activities and developing or preventing chronic dis-
eases such as diabetes. The association between habitual cof-
fee consumption and risk of developing T2DM has been in-
tensively studied in several prospective epidemiologic studies
and clinical trials. Some controlled clinical trials have found
that there was a reduction in glucose tolerance after the inges-
tion of caffeine or caffeinated coffee, suggesting that coffee
consumption could increase the risk of diabetes. On the other
hand, most of the prospective epidemiologic studies have
shown that the ingestion of caffeinated and decaffeinated cof-
fee can reduce the risk of diabetes, concluding that habitual
coffee consumption is associated with a lower risk of T2DM.
These controversial findings will be addressed in this section,
focusing on the role of coffee components in developing or
preventing T2DM (Table 1).

It is well known that coffee influences glucose absorption
and, thus, elicits an effect on the blood glucose levels and,
subsequently, the insulin levels. It has been observed that there
is an increase in the area under the glucose and insulin curves
and reduction in the insulin sensitivity following the ingestion
of coffee with meals (Graham et al. 2001; Johnston et al. 2003;
Moisey et al. 2008). Most of the physiologic effects of coffee
can be attributed to the presence of caffeine in coffee, which
causes an increase by about 25-50% in the area under the
glucose and insulin curves (Graham et al. 2001; Moisey
et al. 2008). This effect of caffeine has been confirmed
through short-term trials using decaffeinated coffee, which
concluded that decaffeinated coffee may be better suited for
enhancing glucose tolerance and insulin sensitivity than caf-
feinated coffee (Greenberg et al. 2010; Loopstra-Masters et al.
2011). An explanation of this effect is linked to the fact that
caffeine is a phosphodiesterase inhibitor, which can increase
the concentration of cyclic adenosine monophosphate
(cAMP). Increased concentrations of cAMP have been asso-
ciated with an impaired glucose tolerance after the consump-
tion of caffeinated coffee beverage (Johnston et al. 2003).
Caffeine can also inhibit muscle glucose uptake, as it acts as
an adenosine receptor antagonist (Salazar-Martinez et al.
2004; Higdon and Frei 2006).

In contrast to these studies, others have not observed this
association (Saremi et al. 2003). Moreover, considering the
effects of caffeine on blood glucose and insulin levels that
have been shown in some short-term intervention studies,
these influences might be modified during long periods of
coffee consumption among heavy and chronic coffee con-
sumers (Bidel et al. 2008). Although not all prospective cohort
studies have observed significant inverse associations be-
tween coffee consumption and T2DM risk, some studies con-
firmed the positive effects of caffeine, including a negative
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Table 1 The role of coffee components in developing and preventing type 2 diabetes mellitus (T2DM)
Coffee components Function Outcomes Possible explanation References
Caffeine Increases the concentration of 1 T2DM risk Through impairing glucose tolerance Johnston et al. (2003)
cyclic adenosine monophosphate
Acts as adenosine receptor antagonist 1 T2DM risk Through inhibiting muscle glucose ~ Salazar-Martinez et al. (2004);
uptake Higdon and Frei (2006)
Increases energy expenditure, | T2DM risk Through losing weight Dulloo et al. (1989); Astrup et al.
metabolic rate, and lipid oxidation (1990); Bracco et al. (1995);
Horton and Geissler (1996);
Higdon and Frei (2006);
Heckman et al. (2010);
Acheson et al. (2004)
CGAs Inhibits glucose transporters | T2DM risk  Through reducing the amount of Bidel et al. (2008)
glucose absorbed
Impairs releasing glucose from | T2DM risk Through lowering plasma glucose Bidel et al. (2008)
disaccharides and polysaccharides concentration
Affects the secretion of gastrointestinal | T2DM risk Through slowing intestinal glucose ~ Johnston et al. (2003);
peptides absorption McCarty (2005)

Inhibits glucose-6-phosphatase

| T2DM risk

Through reducing plasma glucose
output from the liver

McCarty (2005); Higdon and
Frei (2006); Bidel et al. (2008)

1 =increases; | = decreases

association with the incidence of T2DM, as well as assisting in
weight management (Lopez-Garcia et al. 2006; Heckman
et al. 2010). Although caffeine ingestion may contribute to
insulin resistance (Graham et al. 2001), insulin resistance
may improve with weight reduction (ADA 2009). In fact,
the ingestion of caffeine or caffeinated coffee was associated
with weight loss through increasing energy expenditure, met-
abolic rate, and lipid oxidation (Dulloo et al. 1989; Astrup
et al. 1990; Bracco et al. 1995; Horton and Geissler 1996;
Higdon and Frei 2006; Heckman et al. 2010; Acheson et al.
2004). Consequently, moderate and regular coffee consump-
tion could be involved in reducing the risk of developing
T2DM (van Dam and Feskens 2002; Higdon and Frei 2006;
Muley et al. 2012).

The relationship between coffee consumption and the risk
of developing T2DM has been studied in short-term random-
ized controlled trials and in epidemiologic studies (van Dam
and Hu 2005; van Dam et al. 2006; Bidel et al. 2008). These
studies have shown that a high consumption of coffee bever-
age was associated with a better glucose tolerance and a sub-
stantially lower risk of T2DM (van Dam and Hu 2005; Bidel
et al. 2008). In fact, participants who consumed four to six
cups or more of coffee per day had a lower risk of T2DM
compared with those who consumed less than two cups per
day, suggesting that components in coffee other than caffeine
may have protective effects (van Dam and Feskens 2002;
Higdon and Frei 2006; Muley et al. 2012). In addition, habit-
ual coffee consumption was significantly associated with low-
er fasting insulin concentrations and 2-h glucose concentra-
tions. Thus, it can reduce the risk of impaired glucose test (van
Dam et al. 2004). Moreover, it has been mentioned that the

prophylactic effects of coffee may also play a role on lowering
the risk factors of diabetes and delaying the progress of dia-
betes complications as well (Oka 2007). Various mechanisms
for this protective effect have been proposed, including effects
on liver glucose metabolism and insulin sensitivity (Bidel and
Tuomilehto 2012).

All of these beneficial health effects of coffee on lowering
the risk of developing T2DM were attributed to its content of
CGA:s. In fact, coffee is considered as a major source of CGAs
in the human diet (Clifford 1999, 2000; Thom 2007). The
CGAs may have a potential effect on the glucose and insulin
levels (Johnston et al. 2003; Higdon and Frei 2006; Bidel et al.
2008). The possible role of CGAs in glucose metabolism could
be via its effect on inhibiting glucose transporters (Na+-depen-
dent glucose transporter), which would influence the amount of
glucose absorbed. Moreover, these compounds may influence
a-glucosidase activity, which would lower the amount of glu-
cose made available within the intestine and, thus, lower the
plasma glucose concentration (Bidel et al. 2008). Furthermore,
regular consumption of coffee may affect the secretion of gas-
trointestinal peptides (glucose-dependent insulinotropic poly-
peptide [GIP] and glucagon-like peptide-1 [GLP-1]) by de-
creasing GIP and increasing GLP-1, leading to slow intestinal
glucose absorption (Johnston et al. 2003; McCarty 2005). In
addition, the CGAs may reduce plasma glucose output from the
liver by inhibiting glucose-6-phosphatase (McCarty 2005;
Higdon and Frei 2006; Bidel et al. 2008).

In fact, the phenols are poorly absorbed from the human
small intestine and are likely metabolized to their metabolites,
where approximately a third of CGAs is only absorbed and
about 67% reach the colon and may be metabolized to caffeic
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acid and quinic acid (Higdon and Frei 2006). It has been
reported that the beneficial health effect of lowering the risk
of developing T2DM was found in people who consumed
seven or more cups of coffee a day (van Dam and Hu 2005;
Bidel et al. 2008). It is well known that the effects of phenols
will depend on the amount consumed and also on their bio-
availability (Manach et al. 2004). Indeed, randomized clinical
trials to investigate the effect of Arabica coffee on blood glu-
cose and insulin levels has not observed this effect (Al-
Mssallem and Brown 2013), owing to a lower CGAs content
(Louie et al. 2008; Al-Mssallem and Brown 2013). Thus, the
beneficial effects of CGAs would appear to be at a higher
volume of coffee beverages consumed or for long periods of
frequent coffee consumption. Moreover, the differences in
coffee-drinking habits, such as adding full-fat cream and
sugars, should be considered, as sweetened coffee could ne-
gate any beneficial effects on glucose metabolism (Tan 2003).

Conclusion

There is an association between coffee consumption and de-
veloping type 2 diabetes mellitus (T2DM). This relationship
has been confirmed through a number of controlled clinical
trials. The impact of the ingestion of coffee on impairing glu-
cose tolerance and decreasing insulin sensitivity was attribut-
ed to the effect of caffeine, which can inhibit muscle glucose
uptake. However, caffeine has an effect on increasing the met-
abolic rate and energy expenditure. Thus, it is associated with
lowering the risk of developing T2DM. On the other hand,
regular and long-term consumption of coffee may have a po-
tential effect on reducing the risk of developing T2DM due to
the presence of chlorogenic acids (CGAs). CGAs play an
essential role in influencing the amount of glucose absorbed,
lowering plasma glucose concentration, and delaying intesti-
nal glucose absorption. It is suggested that moderate con-
sumption of coffee, from three to four cups per day, seems
generally safe and more likely to benefit human health than
harm. The influence of heavy coffee intake indicates that some
detrimental effects can occur and the consumption of decaf-
feinated coffee may be wise.
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