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The behavioral effects of caffeine are well documented, and research suggests that caffeine may help to prevent and
manage cognitive changes as a person gets older. The present article describes a secondary analysis of epidemiological
data from a sample of 3659 volunteers (average age: 70 years; range 61-98 years). Information about regular caffeine
consumption was collected. Demographic variables were used as covariates in the analyses. The outcomes were ratings
of general health, anxiety and depression scores (from the Hospital Anxiety and Depression Scale), and the frequency of
cognitive failures. The results showed that higher caffeine consumption was associated with better reported health, lower
anxiety and depression scores, and fewer cognitive failures. Caffeine from coffee was responsible for these associations.
These findings confirm that caffeine may help prevent cognitive deficits and manage the health and cognition of the elderly.
Longitudinal studies, preferably with interventions, are needed to provide evidence of causal mechanisms.

Keywords: Anxiety, Caffeine, Cognition, Depression, Health, The Elderly

Corresponding Author: Prof. Andrew P. Smith, School of Psychology, Cardiff University, 63 Park Place, Cardiff, CF10 3AS, UK;

E-mail: smithap@cardiff.ac.uk

INTRODUCTION

Caffeine and Its Mechanism of Action

The principal sources of caffeine, a methylxantine, are coffee, tea
and energy drinks. Small amounts are found in cocoa and chocolate,
and caffeine is added to soft drinks and medicines. Individual daily
consumption has been estimated to be 200-450 mg (Gilbert, 1984)
and intra-individual consumption is consistent over time, as is the
considerable inter-individual variation. Peak plasma concentration
is typically reached in 30-60 min after ingestion (Rall, 1980).
The half-life of caffeine varies between 3-7 h with an average of
about 5 h.

The most plausible mechanism of caffeine, at doses achieved
during normal usage, is blockade of adenosine receptors
(Fredholm, 1995), which produces stimulant effects (Franchetti
et al,, 1994). In addition to central nervous system effects, caffeine
also affects the autonomic nervous system. Studies have shown
increased electromyographic activity (James, 1990), increased skin
conductance (e.g., Smith et al., 1993) and raised skin temperature
(e.g., Koot and Deurenberg,1995). Caffeine increases blood pressure
(e.g., Smits et al., 1993), an effect largely due to increased vascular
resistance (e.g. Biaggioni et al., 1991). Caffeine also has diuretic
effects (Fredholm, 1984), and stimulates gastric secretion (Cohen
and Booth, 1975). It has also been shown to increase basal meta-
bolic rate (e.g. Poehlman et al., 1989), and change neuroendocrine

function. Research has shown increases in adrenaline, noradrenaline
(Lane et al., 1990) and cortisol (Lovallo et al., 1989) after caffeine
consumption.

Several mechanisms of action of caffeine at the cellular level
have been proposed (see Fredholm et al, 1999; Nehlig et al,
1992). The most plausible mechanism in humans is adenosine
receptor antagonism. Other research has examined the effects of
caffeine on neurotransmitters and some of the behavioral effects of
caffeine could reflect changes in endogenous catecholamines. This
can be related to adenosine, which inhibits the release of various
neurotransmitters through presynaptic receptors. Therefore, ade-
nosine antagonists, such as caffeine, can be expected to increase
release of certain neurotransmitters. Caffeine increases the rates
of synthesis and turnover of noradrenaline (see Nehlig et al., 1999,
for a review). There is supporting empirical evidence for this view;
Smith et al. (2003) found that caffeine reversed the behavioral
impairments seen following administration of clonidine, a drug
which at low doses acts pre-synaptically, binding to autoreceptors
that reduce the turnover of central noradrenaline.

Caffeine can also increase behaviours related to dopamine.
Garrett and Griffiths (1997) suggested that such effects of caffeine
reflect indirect action on dopamine receptors that is secondary
to the antagonism of adenosine receptors. Roache and Griffiths
(1987) found that diazepam and caffeine generally produced
opposing and/or mutually antagonistic effects. Increased cerebral
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concentrations of serotonin and its precursor tryptophan have
been found following caffeine, although these studies have used
doses greater than those typically consumed by humans. Caffeine
can also reverse some of the behavioral impairments induced by
a scopolamine challenge (Riedel et al., 1995), which suggests that
it influences the cholinergic system. Overall, caffeine has many
varied effects on neurotransmitters which largely reflect changes
in adenosine and the subsequent effects at the pre-synaptic
receptors.

Caffeine has a unique mechanism of action among all central
stimulant drugs. For example, the mechanism of caffeine is
different from that of amphetamine or cocaine (see Fredholm etal.,
1999, and Nehlig, 1999, for reviews). It does not increase the release
of dopamine nor lead to increased activation of D1 dopaminergic
neurotransmission in the nucleus accumbens. Caffeine can also
change local levels of cerebral energy metabolism. These local
increases of cerebral glucose utilisation occur in areas which
underlie the positive behavioral effects of caffeine. Caffeine also
reduces cerebral blood flow in areas where energy metabolism
is simultaneously increased (Nehlig, 1994). Caffeine resets the
coupling between metabolism and cerebral blood flow, with
behavioral effects often reflecting a restoration of function
rather than stimulation above normal levels. A variation of the
CYP1A2 gene (-163A > C) influences the rate of caffeine
metabolism (see Doepker et al., 2016), which may underlie the
variation of CNS effects and other physiological changes induced
by caffeine.

Behavioral Effects of Caffeine

The effects of caffeine on behaviour have been frequently dis-
cussed. Reviews by Doepker et al. (2016), Glade (2010), Lieberman
(1992), and Smith (2002, 2005a, 2011, 2014, 2018) suggest that the
behavioral effects of caffeine are largely positive except in sensitive
individuals and after very large doses. Glade (2010) concludes that
moderate amounts of caffeine lead to enhanced cognitive perfor-
mance; better motor performance; increased wakefulness, alertness
and feelings of energy; decreased mental fatigue; more accurate and
faster reactions; increased concentration and focusing of attention;
enhanced short term memory; and increased logical reasoning.
Some effects of caffeine are often most beneficial when alertness
is reduced, e.g. under sleep deprivation, when working at night,
when the person has a cold, and after lunch (see Smith, 2011, for
areview).

Effects of Caffeine on Anxiety, Depression
and Sleep

Caffeinism is usually associated with daily intakes between 1000 and
1500 mg. It refers to symptoms that are virtually indistinguishable
from severe chronic anxiety. However, there is little evidence of
a correlation between caffeine intake and anxiety in non-clinical
volunteers or psychiatric outpatients (Lara, 2010). In the case of
depression, moderate caffeine intake has been associated with
fewer symptoms and a reduced risk of suicide. Smith (2011) carried
out secondary analyses of a large epidemiological database which
showed that caffeine consumption was associated with reduced
depression.

One of the negative effects associated with caffeine is impaired
sleep. Research suggests that sleep disruption is apparent when
higher doses (>300 mg) of caffeine are consumed immediately
before bedtime. Indeed, consumers often reduce their consump-
tion later in the day to prevent sleep disturbance.

Caffeine and Real-Life Performance

Smith (2005b) investigated associations between habitual caffeine
consumption and performance and safety at work. Those who
consumed more caffeine reported greater increases in alertness
and a smaller slowing of reaction time over the working day.
Higher caffeine consumers had about half the risk of frequent/
very frequent cognitive failures and a reduced risk for accidents at
work. These effects have also been found in a non-working sample
(Smith, 2009).

There has been considerable research on caffeine and sustained
military operations. Lieberman et al. (2002) concluded that “When
cognitive performance is critical and must be maintained during
exposure to severe stress, administration of caffeine may provide
a significant advantage” A systematic review (Ker et al, 2010)
examined the effects of caffeine on shift-workers and concluded
that “Based on the current evidence, there is no reason for healthy
individuals who already use caffeine within recommended levels to
improve their alertness to stop doing so”

Caffeine and Driving

Smith (2014) conducted a study investigating associations between
caffeine consumption and road traffic accidents in a representative
community sample. The results showed that consumption of caf-
feine nearly halved the risk of being involved in a road accident.

Caffeine and Cognitive Function in the
Elderly

A systematic review and meta-analysis (Santos et al, 2010)
considered nine cohort and two case control studies investigating
the relationship between caffeine consumption and dementia/
cognitive impairment in the elderly. The meta-analysis showed a
trend towards a protective effect of caffeine. Kromhout et al. (2020)
examined associations between caffeine consumption, behavioral
problems and mental health in the elderly in care homes. Of the
206 participants, 70% showed behavioral symptoms. An increase
in caffeine consumption was associated with a decrease in the
presence of behavioral symptoms such as affect and agitation. High
and low caffeine consumption groups also differed on the presence
of disinhibition and depression.

CAFFEINE AND THE HEALTH AND
COGNITION OF THE ELDERLY

The present study examined caffeine, cognition and mental health
in a free-living sample of elderly adults. Smith (2005) and Smith
(2009) conducted secondary epidemiological analyses on data
from the Bristol Stress and Health at Work survey (Smith et al.,
2000) and the Cardiff Health Survey (Wadsworth et al., 2003), and
showed that higher consumption of caffeine was associated with
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fewer cognitive failures and better safety (fewer minor injuries
and accidents). The present study continued these analyses but
focused on the group aged over 60 years. In addition to cognitive
functioning, the analyses also examined general health, anxiety and
depression.

Participants and Methods

This study is based on a secondary analysis of the database used
by Smith (2005, 2009). These studies were approved by the local
research ethical committees and carried out with the informed
consent of the volunteers. This database contained information on
level of caffeine consumption, cognitive failures, general health,
anxiety and depression. It also contained information about
possible confounders that need to be controlled in such analyses
(e.g. demographics — see Wadsworth et al., 2003).

Participants
3659 participants, aged over 60 years, were included in the analysis.

Methods

Participants reported their daily consumption of caffeinated
beverages and these were converted to caffeine content [mg] using
the method described by Brice and Smith (2002).

General Health was measured using a single question: “Over
the past 12 months, how would you say your health in general has
been?” The rating scale consisted of “Very good”, “Good”, “Fair’,
“Bad” and “Very Bad”.

Anxiety and Depression were measured using the Hospital
Anxiety and Depression Scale (HADS; Zigmond and Snaith, 1983).

Cognitive Failures involved a single question covering failures
of memory, attention and action: “How frequently do you find
that you have problems of memory (e.g. forgetting where you put
things), attention (e.g. failures of concentration) or action (doing
the wrong thing)?” [responses were on a 5-point rating scale from
“not at all” to “very frequently”].

Statistical Analysis

Linear regressions were carried out to determine whether caffeine
consumption predicted cognitive failures, general health, anxiety
and depression. Demographic variables were entered in the first
step of the regression (model 1) followed by caffeine consumption
(model 2). Interactions were not included in the models as there
was no a priori reason for predicting them. The analyses were car-
ried out using IBM SPSS version 25.

RESULTS

The demographic characteristics of the participants, and their
caffeine consumption levels, are given in Table 1.

Data on cognitive failures were only available from 1347
participants. Table 2 shows the cognitive failures regression.

The frequency of cognitive failures increased with age and
decreased with greater caffeine consumption. The results of
the regression using general health in the last 12 months as the
dependent variable is shown in Table 3.

TABLE 1 | Demographic characteristics of the sample and levels of caffeine
consumption.

Age Median = 70 years
Range: 61-98 years

Gender 47.9% Male

Marital Status Married: 63.5%
Single: 6.1%

Divorced: 5.8%

Widowed: 23.1%
Employment status 85% not working
98% white

None: 40.5%

GCSE: 12.7%
Advanced Level: 5.3%
National Diploma: 9.3%
Degree: 2.4%

Higher Degree: 8.3%

Mean = 249 mg (95% Cl: 244, 253)
Mean = 96 mg (95% CI: 92, 100)
Mean = 153 mg (95% Cl: 149, 156)

Ethnicity

Highest Educational Qualification

Overall daily caffeine consumption
Daily caffeine from coffee

Daily caffeine from tea

TABLE 2 | Regression examining whether caffeine consumption predicts cognitive
failures (high scores = more frequent cognitive failures).

Model Unstandardized Standardized
Coefficients Coefficients
B Std. Error Beta t P
1 (Constant) 729 .285 2.555 .011
Age .012 .004 .082 2.902 .004
2 (Constant) .881 .295 2.985 .003
Age .011 .004 .077 2.708 .007
Caffeine .000 .000 -.054 -1.982 .048

TABLE 3 | Regression examining whether caffeine consumption predicts general
health over the last 12 months (low scores = better general health).

Model Unstandardized Standardized
Coefficients Coefficients
B Std. Error Beta t P

1 (Constant) .286 158 1.805 .071

Marital status .024 .010 .046 2.564 .010

Age .016 .002 125 7.238 .000

2 (Constant) 415 164 2.536 .011

Marital status .023 .010 .044 2.450 .014

Age .016 .002 120 6.929 .000

Caffeine .000 .000 -.051 -3.049 .002

Health was worse in those who were widowed and also declined
with age. Higher caffeine consumption was associated with better
subjectively perceived health. The results of a regression using
anxiety over the last six months as the dependent variable are
shown in Table 4.

Anxiety was higher in females, those who were widowed
or divorced, and the younger participants. Higher caffeine
consumption was associated with lower anxiety scores.

Finally, a regression examined whether caffeine consumption
predicted depression; the results are shown in Table 5.
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TABLE 4 | Regression examining whether caffeine consumption predicts anxiety

TABLE 7 | Regressions examining effects of caffeine from coffee and tea on the

over the last 6 months (high scores = greater anxiety). outcomes.
Model Unstandardized Standardized Unstandardized Standardized
Coefficients Coefficients Coefficients Coefficients
B Std. Error Beta t P B Std. Error Beta t P
1 (Constant) 7.364 740 9.954 000 Cognitive Failures
Marital status 119 044 081 2722 .007 Caffeine from Coffee .000 .000 —.061 2116 .035
Sex 1.396 144 A74 9713 .000 Caffeine from Tea .000 .000 -030  -1.030 .303
Age —.041 .010 -.071 -3.944 .000 D .
epression
2 (Constant) 7.805 762 10246000 Caffeine from Coffee ~ —.002 000 _059  -3273 .00
Marital status 18 044 049 2626009 Caffeine from Tea —.001 001 ~019 1092 275
Sex 1.388 144 173 9.665 .000 i
Anxiety
Age —.043 .011 -.074 -4115 .000 )
Caffeine from Coffee -.002 .000 —-.059 -3.273 .001
Caffeine —-.001 .000 -.042 -2.402 .016 )
Caffeine from Tea —-.001 .001 -.019 -1.092 275
General Health
TABLE 5 | Regression examining whether caffeine consumption predicts )
depression over the last 6 months (high scores = greater depression). Caffeine from Coffee -000 000 —059 -3.403  .001
Model Unstandardized Standardized Caffeine from Tea .000 .000 -.023 -1.362 173
Coefficients Coefficients
B Std. Error Beta t P
1 (Constant) ~.400 623 —642 521 A final analysis examined whether the effects of caffeine were
Marital status 157 037 079 4260 .000 due to caffeine from coffee or tea (Table 7).
Age 063 009 407 7116 000 The refsults of ftfhe regress.lon.ic1 shovlved that. thedhlgh}c;r cadﬂfemce1
mount from ignifican i ith r
5 (Constant) oad 640 068 946 aj og .t q coffee was s gnificantly ass.oc ated with reduce
cognitive failures, lower anxiety and depression, and better general
Marital status .163 .037 077 4172 .000 . . . .
health. Caffeine from tea was not significantly associated with
Age 061 009 123 6.870 .00 any of the outcomes. Further analyses considered consumption
Caffeine —-.001 .000 -.048 -2.808 .005

TABLE 6. | Regression examining whether caffeine consumption predicts cognitive
failures controlling for anxiety, depression and general health (high scores = more
frequent cognitive failures).

Model Unstandardized Standardized
Coefficients Coefficients
B Std. Error Beta t P
1 (Constant) .639 .303 2,109  .035
Marital status .043 .018 .071 23583 .019
Age .013 .004 .087 2.951 .003
2 (Constant) 403 .306 1316 .189
Age 012 .004 .082 2.838  .005
Caffeine .000 .000 -054 1977 .048
Depression .043 .011 137 3.731 .000
Anxiety .058 .009 226 6.429  .000
General health -.024 .034 -.022 -719 472
over last
12 months

Depression scores were higher in the older participants, and in
those who were widowed or divorced. Also, here higher caffeine
consumption was associated with lower depression scores.

A regression was also carried out to determine whether the
association between caffeine and cognitive failures reflected the
caffeine-mental health association. The results are presented in
Table 6, and they show that the effects of caffeine on cognitive
failures do not reflect the caffeine-mental health association, even
though mental health was a strong predictor of cognitive failures.

of decaffeinated coffee and tea. Levels of consumption of these
beverages were not significantly associated with the outcomes (all
P-values > 0.05).

DISCUSSION

There is evidence in the literature that caffeine may help prevent
or manage cognitive decline in the elderly. Much of this research
has been conducted using samples where early signs of Alzheimer’s
disease or similar types of neurodegeneration are present. The
present study extends these results to a younger sample living at
home, and suggests that problems of memory, attention and action
are reduced in people with greater caffeine consumption. Similar
effects have been reported in samples of working age (Smith, 2005,
2009). The present results are consistent with a study by Jarvis
(1993) that demonstrated significant dose-response relationships
between caffeine intake and cognition, with the beneficial effects of
caffeine being greater in the older participants.

There has been considerable research on caffeine and mental
health, with a number of studies reporting low levels of depres-
sion in higher caffeine consumers (Wang et al., 2015; Grosso
etal,, 2016). The present study confirms these findings and extends
them by demonstrating similar effects of caffeine in anxiety and
general health. Further, research is now required to examine
specific aspects of health to determine which show associations
with caffeine.

The associations between total caffeine and the outcomes were
due to caffeine from coffee. This may reflect the higher amounts
of caffeine in coffee compared to tea. No significant associations
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were found with decaffeinated coffee and tea, which suggests that
the associations were with caffeine and not the other constituents
of the drinks.

The present study has a number of limitations. First, it was a
cross-sectional study and future research should have a longitudinal
design preferably with an intervention. Secondly, subjective reports
were used, and future research should involve objective measure-
ment of both the cognitive outcomes and the caffeine consumption.
Further research with objective measurement of cognitive function
is required to determine whether caffeine is associated with general
benefit or only specific domains are improved. It is also possible
that caffeine was restricted in some individuals because of existing
health problems (e.g. cardiovascular issues), which could account
for the reduced wellbeing in those who consumed less caffeine.
Finally, some of the benefits of consuming caffeine could reflect the
social situation rather than a direct pharmacological effect of caf-
feine. The results of this study add to the existing literature and the
main conclusions about the effects of caffeine.
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