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Review Article

Caffeine, Diabetes, Cognition, and Dementia
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Abstract. People with diabetes mellitus are at increased risk of cognitive dysfunction. This review explores the relation between
caffeine intake, diabetes, cognition and dementia, focusing on type 2 diabetes (T2DM). Epidemiological studies on caffeine/coffee
intake and T2DM risk are reviewed. Next, the impact of T2DM on cognition is addressed. Finally, the potential for caffeine to
modulate the risk of cognitive decline in the context of diabetes is explored. The conclusion is that, although epidemiological
studies indicate that coffee/caffeine consumption is associated with a decreased risk of T2DM and possibly also with a decreased
dementia risk, we can at present not be certain that these associations are causal. For now, recommendations for coffee
consumption in individuals with T2DM or pre-diabetic stages are therefore difficult to establish, but it should be acknowledged
that caffeine does appear to have several properties that warrant further investigations in this field.
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INTRODUCTION

People with diabetes mellitus are at increased risk
of cognitive dysfunction. The nature and severity of
diabetes-associated cognitive decrements varies with
age and diabetes type [1]. On the occasion of the meet-
ing “Caffeine and the Brain”, which was held in Lisbon,
June 2009, this review explores the relation between
caffeine intake, diabetes, cognition and dementia. The
focus will be on type 2 diabetes (T2DM), because both
epidemiological studies on the relation between caf-
feine intake and incidence of diabetes, and studies on
the relation between diabetes and incidence of dementia
predominantly involve individuals with T2DM. First,
epidemiological studies linking caffeine/coffee use to
reduced T2DM risk will be reviewed. Next, the impact
of T2DM on cognition will be addressed. Finally, the
potential for caffeine to modulate the risk of cognitive
decline in the context of diabetes will be explored.
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CAFFEINE AND T2DM

A brief update on T2DM

Insulin resistance is a key feature of T2DM [2]. In
initial stages, insulin resistance is compensated by an
increase in insulin secretion by the pancreas. Once this
compensation fails, glucose levels start to rise. When
glucose levels reach the thresholds defined in diagnos-
tic criteria, currently 7.0 mmol/l for fasting plasma glu-
cose and 11.1 mmol/l for a casual glucose sample [3],
diabetes is diagnosed. Hence, the progression from
normal glucose metabolism to T2DM is a gradual pro-
cess that evolves over many years. Well before the on-
set of T2DM, insulin resistance is accompanied by oth-
er metabolic and vascular abnormalities (e.g. obesity,
dyslipidemia, raised blood pressure, and prothrombotic
and proinflammatory states) [4,5]. This cluster of risk
factors is referred to as the metabolic syndrome [4] and
predisposes to T2DM as well as to cardiovascular dis-
ease [4]. Indeed, there is a strong association between
T2DM and atherosclerosis [6]. In addition T2DM is
associated with so-called microvascular complications,
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but these mainly occur after the actual onset of hyper-
glycemia [7].

Treatment of patients with T2DM is directed at im-
provement of the vascular risk factor profile and low-
ering of glucose levels through reduction of insulin re-
sistance (for example, with diet, exercise or drug thera-
py), or stimulation of endogenous insulin secretion [2].
Eventually, exogenous insulin can be needed.

Age is an important determinant of T2DM risk. The
annual T2DM incidence increases from < 0.1% be-
low the age of 30 to 1% around the age of 70 years
(e.g. [8–10]). Currently, in Europe and the USA the
prevalence of diabetes peaks around an age of 70 years,
at 10 to 20% [11,12]. Genetic factors also play a role:
a positive family history confers a 2.4 fold increased
risk for T2DM [2]. In the context of this review it is
important to note that obesity, lifestyle, and overeat-
ing seem to be the triggering pathogenic factors [2],
and that lifestyle and socioeconomic factors are held
responsible for much of the worldwide increase in the
incidence and prevalence of diabetes [13].

Coffee and T2DM: epidemiological evidence

In 2002, data from a large prospective population-
based cohort linked coffee consumption to reduced
T2DM risk [14]. Individuals who reported to drink at
least seven cups of coffee a day were 0.50 (95% CI
0.35–0.72) times as likely to develop T2DM as those
who drank two cups or fewer. These risk estimates
were adjusted for potential confounders, since coffee
use was related to several other socioeconomic and
lifestyle variables that affect T2DM risk, such as level
of education, physical activity, and diet.

Since then, several studies confirmed these observa-
tions. In a meta-analysis of 9 cohort studies of cof-
fee consumption and risk of T2DM, including data on
close to 200.000 individuals, the relative risk of T2DM
was 0.65 (95% CI 0.54–0.78) for the highest category
of coffee consumption (6 or 7 cups per day) and 0.72
(95% CI 0.62–0.83) for the second highest (4–6 cups
per day), compared with the lowest consumption cate-
gory (0 or � 2 cups per day) [15]. A later study from
the USA indicated that reduced T2DM risk was mainly
attributable to the consumption of decaffeinated, rather
than regular coffee [16], but this observation is at vari-
ance with those of European studies that mainly con-
cerned consumption of regular coffee [15]. These ap-
parent discrepancies highlight the inherent limitations
of observational studies, in that causality cannot be in-
ferred from associations alone. Lifestyle and socioe-

conomic factors are important determinants of T2DM
as well as coffee consumption, which may confound
the association between T2DM and coffee use in many
ways.

Definite proof for a causal relation between cof-
fee consumption and T2DM risk should be obtained
through large randomized controlled trials, of suffi-
cient duration to detect effects on T2DM incidence.
To my knowledge, no such studies have been pub-
lished yet or have been registered at trial registries
(http://www.who.int/ictrp/en/). Importantly, such trials
should also deal with safety issues. Some authors have
expressed concerns related to the consumption of cof-
fee and cardiovascular disease [17,18]. Although re-
cent observational studies suggest that these concerns
may be unfounded [19–21], these issues will also need
to be addressed.

How could coffee consumption reduce the risk of
T2DM?

It is still not completely clear how coffee consump-
tion might reduce the risk of T2DM. Paradoxically,
placebo controlled studies in healthy volunteers ob-
served that short-term caffeine administration reduced
rather than improved insulin sensitivity [22]. More-
over, in a placebo controlled study in patients with
T2DM, caffeine produced higher average daytime glu-
cose concentrations and exaggerated post-prandial glu-
cose responses [23]. Possibly, the effects of isolated
caffeine administration on glucose metabolism under
these laboratory conditions differ from those of long-
term habitual caffeine intake as part of coffee consump-
tion [24,25]. The association between coffee intake
and reduced T2DM might also be due to coffee com-
ponents other than caffeine. This would be in line with
the observation from epidemiological studies that de-
caffeinated coffee also reduces T2DM risk [16]. Cof-
fee beans contain thousands of constituents, including
lipids, proteins, carbohydrates, vitamins, and miner-
als [24]. Alone, or through synergistic effects with caf-
feine, these compounds may affect T2DM risk through
multiple mechanisms, including weight loss, thermo-
genesis, antioxidant effects, effects on the gut and the
liver, and modulation of satiety [24,26]. A detailed dis-
cussion of these mechanisms is beyond the scope of this
paper. The reader is referred to recent reviews [24–27].
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T2DM, COGNITION, AND DEMENTIA

Cognition in non-demented individuals with T2DM

A large number of studies have addressed cognition
in non-demented individuals with T2DM (reviewed
in [28–30]). Studies on pre-diabetic stages of glu-
cose dysmetabolism are somewhat scarcer [28,29], but
there is an abundant number of studies on each of
the individual vascular risk factors that constitute the
metabolic syndrome, in particular hypertension (re-
viewed in [29]).

Cross-sectional studies in patients with T2DM report
cognitive decrements, particularly on psychomotor ef-
ficiency, executive function, and learning and memory
skills, relative to controls without DM (reviewed in [28,
31]). The magnitude of the decrements appears to vary
with age, with effect sizes ranging from 0.4 to 1.0 stan-
dard deviation units [28,31] in study populations with a
mean age above 65, and somewhat smaller effect sizes
(< 0.5) in populations with a mean age below 60 [28,
31].

Over the past years our research group has applied
the same standardized detailed psychometric evaluation
in a number of cohorts of patients with T2DM (∼400
in total) [32–34]. Each cohort included non-diabetic
controls, and possible confounding effects of age, sex,
education, and pre-morbid IQ were carefully taken into
account. Interestingly, cognitive decrements relative
to the control groups were quite consistent across the
studies, despite marked differences in diabetes duration
of the patients involved. In individuals with screening-
detected T2DM of 2 years [34] or 5–10 years [32] du-
ration effect sizes were ∼0.2 and ∼0.3, respectively. In
individuals with 10 years duration of T2DM, diagnosed
in regular care, effect sizes were ∼0.3 [33]. Moreover,
when we applied the same testing protocol to individu-
als with the metabolic syndrome without T2DM, effect
sizes relative to controls were ∼0.3 [32].

The overall picture that emerges from these cross-
sectional studies is that the decrements are present in
early (pre)diabetic stages and show limited progression
with increasing diabetes duration. Longitudinal stud-
ies largely support this view. In a recent longitudinal
study, with 4 years follow-up, we observed no acceler-
ated decline in a well controlled T2DM group relative
to controls [35]. Other longitudinal studies, that gen-
erally used relatively brief cognitive assessment batter-
ies, also reported no or limited (up to 50% on top of
the rate of normal aging) accelerated cognitive decline
in individuals with T2DM [36–38].

It is essential to note that the observation that pa-
tients with T2DM do not show marked cognitive de-
cline relative to controls as the group level does not
mean that the impact of T2DM on cognition is negli-
gible. Patients with T2DM are clearly overrepresented
among the subgroup of individuals who show acceler-
ated cognitive decline [36,37]. Indeed, T2DM is a risk
factor for cognitive disturbances, such as mild cogni-
tive impairment (MCI) or cognitive impairment no de-
mentia (CIND) [39–41], concepts that are considered
to capture intermediate stages of cognitive dysfunction
between normal cognitive aging and dementia. The
challenge for the years to come is to identify the fac-
tors that predispose individual patients with T2DM to
accelerated cognitive decline.

T2DM and dementia

In a systematic review of longitudinal population-
based studies we have shown that the incidence of de-
mentia in patients with diabetes was increased by 50
to 100%, relative to non-diabetic individuals [42]. Al-
though this increased incidence was quite consistent
across the studies included in our review, it should be
noted that more recent studies did not find a significant
relation between diabetes and dementia [43], or only
observed significant relations in subgroups of patients,
for example in patients with undiagnosed diabetes [44],
or in those patients that did not have an apolipoprotein
E ε4 allele [45]. The majority of available studies sub-
divided dementia cases in Alzheimer’s disease (AD) or
vascular dementia (VaD), based on clinical diagnostic
criteria. Given the clear association between T2DM
and stroke, it does not come as a surprise that diabetes
is associated with VaD [42]. The majority of studies
included in our systematic review also observed an as-
sociation between T2DM and AD, but it has to be ac-
knowledged that clinical diagnostic criteria cannot re-
liably distinguish between typical AD type pathology
and vascular lesions in the brain, even if the diagnostic
work-up includes brain imaging.

For dementia in general, outside of the context of
diabetes, it is increasingly acknowledged that among
the oldest individuals the majority of demented pa-
tients show mixed dementia at autopsy, also in peo-
ple clinically diagnosed with AD [46,47]. Moreover,
despite the fact that AD is the most common type of
dementia that is diagnosed at old age, in the oldest
old, AD type pathology at autopsy distinguishes poor-
ly between those individuals who were demented in
life and those who were not [48]. When it comes to
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diabetes, an increasing number of autopsy studies on
possible pathological dementia correlates is becoming
available. Thus far the picture that emerges from these
studies is that diabetes is not associated with AD-type
pathology, whereas vascular pathology in the brain is
more common [49–52].

Brain imaging in T2DM

Brain imaging studies in T2DM predominantly in-
volve individuals without frank cognitive impairments
(reviewed in [53]). Cross-sectional studies consistent-
ly report modest degrees of global atrophy relative to
controls (reviewed in [53,54]). Reduced hippocam-
pal and/or amygdalar volumes have also been report-
ed [55–57], but it is not yet clear whether atrophy of
these temporal lobe structures is out of proportion to
the global cerebral atrophy. With regard to vascular
lesions, T2DM is associated with a 1.5 to 2 fold in-
crease in the prevalence and incidence of infarcts (re-
viewed in [53]). The relationship between T2DM and
white matter hyperintensities (WMHs) is less evident.
Several large population-based studies did not observe
a significant association between T2DM and WMHs
(reviewed in [53]). However, case-control studies that
applied more refined WMH rating scales or volumetric
measurements did observe a modest increase in WMH
severity in patients with T2DM [54,58]. A recent study
also identified T2DM is a risk factor for WMH pro-
gression [59].

Underlying mechanisms

There are many mechanisms through which T2DM
may affect the brain, including vascular disturbances,
glucose toxicity, hypoglycemic episodes and distur-
bances of cerebral insulin signalling (reviewed in [60–
62]). Other factors, such as glucocorticoids, may mod-
ulate these effects [63,64]. The next section of this
review provides a summary of these mechanisms.

“Glucose-toxicity” is generally assumed to be one
of the key factors in the development of long-term di-
abetic complications [65], particularly in so-called mi-
crovascular diabetic complications such as retinopa-
thy, nephropathy and neuropathy. Toxic effects of
high glucose levels are mediated through an enhanced
flux of glucose through the so-called polyol and hex-
osamine pathways, disturbances of intracellular sec-
ond messenger pathways, an imbalance in the genera-
tion and scavenging of reactive oxygen species, and by
advanced glycation of important functional and struc-

tural proteins [65]. Such “toxic” effects of hypergly-
caemia may also lead to slowly progressive functional
and structural abnormalities in the brain, either through
direct effects of elevated glucose levels on brain tis-
sue or through abnormalities in the cerebral microvas-
culature [66]. Chronically hyperglycaemic rodents in-
deed express cognitive impairments and abnormalities
in synaptic plasticity [67]. In the context of this review
it is of particular interest that these abnormalities in
plasticity may involve alterations in adenosine receptor
density [68,69]. Possibly, caffeine, as a non-selective
adenosine receptor antagonist [70], might modify these
processes.

Vascular disturbances are also an obvious factor to
consider. T2DM and associated vascular risk factors
clearly increase the risk of ischemic stroke [71,72].
Chronic exposure to hyperglycaemia may also lead to
abnormalities in cerebral capillaries, such as basement
membrane thickening [73,74]. Cerebral blood flow is
reduced in experimental models of diabetes [75], but
the effects of T2DM on cerebral perfusion in humans
are less clear [76].

Disturbances in cerebral insulin signaling are anoth-
er intriguing lead [77,78]. While the brain has long
been considered an insulin insensitive organ, it is now
known that insulin has many physiological effects on
the brain [79,80]. Insulin is transported actively across
the blood-brain barrier [81] and may even be produced
locally in the brain [82]. Insulin receptors are distribut-
ed throughout the brain, with particular abundance in,
for example, the hippocampus and the cortex [83].
Insulin modulates food-intake and energy homeosta-
sis [84] and may also be involved in learning and mem-
ory [85]. Ageing affects insulin and its receptor in the
brain, and these changes may be even more pronounced
in patients with AD [82,86,87]. The observation that
activation of the insulin receptor was impaired in brain
autopsy samples of patients with AD has given rise to
the hypothesis that AD may be qualified as “an insulin
resistant brain state” [86]. Finally, alterations in in-
sulin and glucose homeostasis may also affect amyloid-
β and tau metabolism [78,88]. It is tempting to sug-
gest that hyperinsulinaemia and insulin resistance in
patients with T2DM may thus disturb cerebral function
and interfere with amyloid-β metabolism, thus medi-
ating the increased dementia risk. Studies in animal
models support this view [89,90]. It should be not-
ed, however, that it is yet unknown how T2DM and
its treatment affect insulin signaling in the brain in hu-
mans. Moreover, as indicated in a previous section of
this review, autopsy studies in humans do not observe
increased AD pathology in patients with T2DM.
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In summary, many of the processes that have been
implicated in the pathogenesis of brain ageing and
dementia, including (micro)vascular disease, cerebral
glucose dysmetabolism, oxidative stress, and aberrant
insulin signaling can be aggravated by T2DM. It has to
be acknowledged, however, that it is still unclear which
of these processes primarily determine the increased
dementia risk in T2DM. In fact, the prime determinants
of cognitive decline may even differ between patients,
depending on their level of glycemic control, vascular
risk factor profile, co-morbid conditions and individual
(genetic) susceptibility.

CAFFEINE, COGNITION, AND DEMENTIA

The potential impact of caffeine on cognition and
the relation between caffeine intake and dementia will
be addressed in other reviews in this theme issue of
the Journal of Alzheimer’s disease. In short, caffeine
can affect the brain through adenosine receptors, in-
fluencing several aspects of cerebral function, includ-
ing cognition [70,91]. Studies in animal models pro-
vide evidence of neuroprotective effects and modula-
tion of the metabolism of amyloid-β [91]. As such
the relation between caffeine consumption and AD is
of considerable interest. Indeed, evidence is emerging
that caffeine consumption is associated with decelerat-
ed cognitive decline [92]. In addition, midlife coffee
consumption was associated with a decreased late life
dementia risk [93]. On the other hand, caffeine intake
in older individuals did not modulate the risk of inci-
dent dementia over 4 years follow-up [92]. Again it
should be emphasized that no causal relationships can
be inferred from these observational studies, and this
topic will need further investigation.

CAFFEINE, DIABETES, AND COGNITION:
FIVE CUPS A DAY KEEPS DEMENTIA AWAY?

A compound that reduces the risk of T2DM and at
the same time protects the brain against the effects of
cognitive aging or dementia would be the ultimate so-
lution for cognitive decline and dementia in the context
of T2DM. It will be evident from this review that we are
currently unable to establish beyond doubt if caffeine
is such a compound. Thus far, no studies have specifi-
cally targeted potential effects of caffeine or coffee on
cognition in patients with T2DM, but studies in ex-
perimentally diabetic rodents do suggest that caffeine

may attenuate some of the effects of diabetes on the
brain [94]. Mechanistic studies show a range of poten-
tial targets through which coffee/caffeine could exert
these beneficial effects. However, further, dedicated
studies are required.

In conclusion, coffee/caffeine consumption is asso-
ciated with a decreased risk of T2DM and possibly also
with a decreased dementia risk. At present we can-
not be certain that these associations are causal. There
have been concerns of the cardiovascular safety of high
coffee consumption, although these concerns are not
supported by recent large epidemiological surveys. For
now, recommendations for coffee consumption in indi-
viduals with T2DM or pre-diabetic stages are difficult
to establish, but it should be acknowledged that caf-
feine does appear to have several properties that warrant
further investigations in this field.
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