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Abstract. A recent meta-analysis of 4 studies published up to January 2004 suggests a negative association between coffee
consumption and Alzheimer’s disease, despite important heterogeneity in methods and results. Several epidemiological studies
on this issue have been published since then, warranting an update of the insights on this topic. We conducted a systematic review
and meta-analysis of published studies quantifying the relation between caffeine intake and cognitive decline or dementia. Data
sources searched included Medline, LILACS, Scopus, Web of Science and reference lists, up to September 2009. Cohort and
case-control studies were included. Three independent reviewers selected the studies and extracted the data on to standardized
forms. Nine cohort and two case-control studies were included. Quantitative data synthesis of the most precise estimates from
each study was accomplished through random effects meta-analysis. Heterogeneity was quantified using the I statistic. The
outcomes of the studies considered for meta-analysis were Alzheimer’s disease in four studies, dementia or cognitive impairment
in two studies, and cognitive decline in three studies. The summary relative risk (RR) for the association between caffeine intake
and different measures of cognitive impairment/decline was 0.84 [95% Confidence Interval (95% Cl): 0.72-0.99; P = 42.6%)].
When considering only the cohort studies, the summary RR was 0.93 (95% CI: 0.83-1.04, P = 0.0%), and 0.77 (95% CI:
0.63-0.95, I = 34.7%), if the most influential study was excluded. This systematic review and meta-analysis found a trend
towards a protective effect of caffeine, but the large methodological heterogeneity across a still limited number of epidemiological
studies precludes robust and definite statements on this topic.
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INTRODUCTION Health Organization [2], AD and other dementias are

the fourth most important cause of DALYs in high-

Dementia is a syndrome caused by a range of ill-
nesses, including Alzheimer’s disease (AD) (the most
prevalent form), vascular, frontotemporal lobe, Lewy
body, and other types of dementia [1]. The age-
standardized Disability Adjusted Life Years (DALYS)
for dementia in 2004 was 260/100,000 in the USA and
350/100,000 in Europe [2]. According to the World
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income countries, corresponding to 3.6% of the total
DALYs, a number that is expected to grow up to 5.6%
in 2030 [3]. The growing burden of AD and other
types of dementia have highlighted the importance of
research in this field [4], and in recent years there has
been a virtual explosion of information concerning the
epidemiology, diagnosis, neuropathology, and patho-
physiology of dementing disorders.

At present, the efficacy of the pharmacological treat-
ments available is limited and thus, one of the aims of
clinical research should be the identification of modi-
fiable risk factors [5] and their interaction with genetic
susceptibility markers [6]. Lower education is a recog-
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nized risk factor for dementia [7], and it has been sug-
gested that diabetes mellitus, insulin resistance, high
cholesterol, hypertension, reduced exercise, and obesi-
ty are also associated with AD [1]. Smoking may also
be a risk factor for dementia and AD [8], especially
among the APOE &4 carriers [6]. The potential effect
of diet on the prevention of dementia [9] and cognitive
decline further extends this research field, and caffeine
intake has been receiving growing attention.

Caffeine is a widely available and consumed sub-
stance [10], and it displays affinities for several kinds
of receptors present in the synaptic membranes, and
also for cytoplasmic phosphodiesterases, enabling the
modification of synaptic mechanisms [10]. It acts as a
nonselective antagonist of adenosine receptors, and the
blockade of Ao 4 receptors has recently been demon-
strated to limit the synaptotoxic effect of Ag [11]. Ex-
perimental studies in animal models have also shown
that adenosine Az 4 and glutamate mGIu5R receptors
are co-located, and that the former play a permissive
role in mGIu5R receptor-mediated potentiation of N-
methyl-D-aspartate (NMDA) effects in the hippocam-
pus [12].

Several epidemiological studies have shown a nega-
tive association between coffee drinking and idiopath-
ic Parkinson’s disease, another important neurodegen-
erative condition, particularly in men [13]. The plau-
sible biological mechanisms evoked suggest that caf-
feine may attenuate the loss of striatal dopamine and
dopamine transporter binding sites [14].

A recent meta-analysis [15] of 4 studies published
up to January 2004 suggests a negative association be-
tween coffee consumption and Alzheimer’s disease, de-
spite important heterogeneity in methods and results.
Several epidemiological studies on this issue have been
published since then, warranting an update of the in-
sights on this topic.

We aimed to review systematically and summarize
the published studies, addressing the effect of caf-
feine in cognitive decline and dementia, and to dis-
cuss the methodological heterogeneity of the available
evidence.

MATERIAL AND METHODS
Search strategy
Potential eligible studies were identified though an

electronic search of the databases Medline, LILACS
(Latin America and Caribbean), Scopus, and Web of

Science, and by extensive searching using cross ref-
erences from original articles and reviews. Electronic
databases were searched from inception to September
2009. The search used the following terms to identify
the risk exposure (coffee OR caffeine) combined with
terms to identify the outcomes of interest: dementia
OR Alzheimer OR [(Alzheimer* OR vascul* OR cere-
brovascular OR cereb*) AND (dement* OR deterio-
rat* OR insufficien*)] OR [(cognit* OR memory* OR
mental*) AND (declin* OR impair* OR los* OR de-
teriorat*)]. When applicable, we searched all terms as
indexed and as free text terms to increase sensitivity. A
search filter was developed (Cohort Studies OR Case
Control Studies OR Prospective Studies OR Follow-Up
Studies OR Cross-Sectional Studies OR Retrospective
studies OR Epidemiological OR Incidence OR Risk
Factors OR Risk Assessment OR Risk Reduction OR
Relative Risk OR Behavior Regression Analysis OR
Multivariate Analysis OR Proportional Hazards Mod-
els) and applied to the search results in order to retrieve
epidemiological studies. There were no language re-
strictions on searching. We screened titles, keywords,
and abstracts of the citations downloaded from the elec-
tronic searches and obtained full copies of potentially
suitable reports for further assessment. We considered
studies published as a full paper or abstract as long as
relevant data could be extracted.

Selection criteria

We included studies with a cohort, case-control and
cross-sectional design that addressed the relation be-
tween caffeine consumption, through coffee and/or tea
intake regardless of assessment of other dietary sources
of caffeine, and different forms of dementia, cognitive
impairment, or cognitive decline (all diagnostic criteria
were considered).

Cross-sectional studies or analyses relying on retro-
spective assessment of exposure were excluded when
cognitively impaired subjects were the informants for
estimation of their own caffeine intake. No studies
were excluded a priori for weakness of design or data
quality. However, to be included in the meta-analysis,
studies had to provide or allow the calculation of the
relative risk (RR), or the odds ratio (OR) in case-control
studies, and the respective variance estimates.

An additional cohort study being published in the
current issue of the Journal of Alzheimer’s Diseasewas
also considered in this review [16].
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137 publications identified from electronic
databases search

132 excluded (non-relevant):

5 review articles
127 non-epidemiological studies

A4

5 articles

6 articles identified
through reference lists
search

A 4

v

11 articles included in the systematic review

Fig. 1. Systematic review flow-chart.

Data extraction

The selected articles were reviewed independently
by three researchers (JC, JS and CS) and data were
extracted using a predefined form. Discrepancies in the
evaluation of the articles were resolved by consensus,
involving a fourth researcher (NL).

From each study we collected information on: year
of publication; country of origin, and population eval-
uated (general description, number, age, and gen-
der of the participants); type of study (cohort, nest-
ed case-control, case-cohort, population- or hospital-
based case-control); exposure assessment (instruments,
period of exposure, and informants); outcomes and cri-
teria for outcome definition; control for confounding;
data on the relation between caffeine exposure and the
outcomes. From cohort studies we also extracted in-
formation regarding the length and completeness of
follow-up.

In the report by Broe and colleagues [17], one of the
comparisons presented had lifelong consumers as the
reference category, and we computed the OR using non-
consumers as the reference class, as the distribution of
matched pairs across exposure categories was provided.

When a study provided results with different degrees
of adjustment for confounders, the estimates adjusted
for the largest number of possible confounding vari-

ables were selected. Sex-specific results were extracted
whenever available.

The authors from the studies included in the present
systematic review were not contacted to retrieve addi-
tional data.

Data synthesis and meta-analysis

Each study is summarized in Table 1 and Fig. 2.
The results from studies not providing RR estimates
are described in the text. Data synthesis is further ac-
complished through meta-analysis (Fig. 3) and visual
inspection of scatter plots representing the log Rela-
tive Risk (RR) estimates from each study according to
the distribution of methodological characteristics with
potential impact on the heterogeneity of results (Fig. 5).

Studies were grouped by the outcome addressed.
Dementia and Alzheimer’s disease were defined ac-
cording to the existing clinical criteria (DSM-1V and/or
NINCDS-ADRDA). Cognitive decline was considered
when studies quantified the difference in score per-
formance using neuropsychological instruments in two
distinct occasions, regardless of the cutoff values. An
abnormal score in at least one of the tests, at any time,
was defined as cognitive impairment.

The forest plot corresponding to Figure 2 represents
the RR estimates provided in each study for the as-
sociation between caffeine intake and dementia. Sev-
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Study
D RR (95% CI) Exposure Levels of exposure
Alzheimer's disease
Broe, 1990 — 065©035,119) C EVErvs. never
Broe, 1990 —_————— 225069,736) C >4v¥5. <=4 cups
Tyas , 2001 B 103 [@047,228) C regular® vs. not regular
Lindsay, 2002 — 069 050,096) C daily vs. not daily
Maia, 2002 —_— 040 024,065 CB exposed vs. not exposed
Eskelinen, 2009 —_—— 042©012,1458) C 35vs.0-2 cupst
Eskelinen, 2009 —_—— 101033,309) C >5vs 0-2 cups t
Dementia
Eskelinen, 2009 e 030 ©.10,091) C 35vs.02 cups t
Eskelinen, 2009 —_—,— 083@032,215 C >5vs. 02 cupst
Latala, 20092 —— 091 052,159 C 358vs. 03 cupst
Laitala, 2009a e e 194 086,438 C >8vs 0-3 cupst
Laitala, 20090 —t— 127 069.234) C 358vs. 03 cupst
Laitala, 2009b +—— 227 088,584) C >8vs. 0-3 cupst
Cognitive impairment
Laitala, 2009¢ —— 083 [@054,127) C 358vs. 03 cupst
Laitala, 2009¢ —_—— 079@038,165 C »8vs 03 cupst
Laitala, 20094 —— 129@83,2000 C 358vs. 03 cupst
Laitala, 20094 —_—T— 1330865,273) C >8vs. 0-3 cups t
Santos, 2009 (F) —_— 054 0.19,156) CB+Choc. 22:62 vs. <22 mg caffeine t
Santos, 2009e (Fr 0100.01,090) CB+Choc. >62vs. <22 mg caffeine t
Santos, 2009 (F) * 019 0.02,163) CB+Choc. <75vs. >=75 mg caffeine t
Santos, 2009e (M) + 153 0.21,11.04) CB+Choc. >62vs. <22 mg caffeine t
Santos, 2009e (M) * 336 [0.51,22.12) CB+Choc. <75vs. >=75 mg caffeine t
Cognitive decline
Ritchie, 2007f (F) e 097 0.81,1.17) C+T 1-2vs. 0 coffeeteaunits t
Ritchie, 2007f (F) -+ 089 0.73,1.08) C+T 23vs.0 coffesteaunits +
Ritchie, 2007 (F) - 091 0.73,1.14) C+T >3vs, 0 coffeeftea units +
Ritchie, 2007f (M) -1 102081,1.28) C+T 1-2vs. 0 coffesftea units T
Ritchie, 2007f (M) -+ 100 ©.79,1.27) C+T 2-3vs.0 coffeeftea units T
Ritchie, 20071 (M) “+— 1.19089,159) C+T »>3vs. 0 coffeeftea units T
Ritchie, 20079 (F) - 096 0.79,1.16) C+T 1-2 vs. 0 coffeettea units T
Ritchie, 20079 (F) -+ 1.00 0.82,1.21) C+T 2-3vs. 0 coffesNea units T
Ritchie, 2007 (F) ! 082 0865,1.03) C+T >3vs. 0 coffeeteaunits T
Ritchie, 20079 (M) -4 099 080,1.23) C+T 1-2vs.0 coffeeftea units +
Ritchie, 2007g (M) ™ 111 0.68,1.40) C+T 2-3vs. 0 coffesfteaunits T
Ritchie, 20079 (M) - 092 069,1.23) C+T >3vs. 0 coffeetea units t
Ritchie, 2007h (F) - 094 (0.78,1.14) C+T 1-2v$. 0 coffeeftea units T
Ritchie, 2007h (F) - 085 [0.70,1.04) C+T 2-3vs 0 coffesfea units
Ritchie, 2007h (F) — 067 0.53,085) C+T »3vs. 0 coffeetea units T
Ritchie, 2007h (M) —. 092 073,1.16) C+T 1-2 v$. 0 coffeshtea units T
Ritchie, 2007h (M) . 108 0.85,1.38) C+T 2-3vs. 0 coffeshtea units T
Ritchie, 2007h (M) T 118 0.67,160) CoT »>3vs. 0 coffeetea units T
Ng, 2008i (F) — 097 @55,1.71) C occasionally vs. rarely
Ng, 2008i (F) —_— 103@070,151) C >=1 cup/dayvs, rarely
Ng, 20081 (M) —_—— 113 049,281) C occasionally vs. rarely
Ng, 2008i (M) —— 131071,243) C »=1 cup/day vs. rarely
Santos, 20091 (F) — 065 0.37,1.16) CB+Choc. 22:62 vs. <22 mg caffeine t
Santos, 2009 (F) —_— 049 0.24,099) CB+Choc. »>62vs. <22 mg caffeine T
Santos, 2009f (F) —_— 047 0.22,1.00) CB+Choc. <75vs. >=75 mg caffeine t
Santos, 2009f (M) ——— 091 0.43,192) CB+Choc. 22:62 vs. <22 mg calfeine T
Santos, 2009f (M) ——— 065 027,155 CB+Choc. >62vs. <22 mg caffeine t
Santos, 2009f (M) —_—r 066 0.29,149) CB+Choc. <75vs. >=75 mg caffeine t
! | I |
A 5 1 2 5

Fig. 2. Relative Risk estimates for the association between caffeine and different forms of dementia/cognitive decline, according to sources of
caffeine intake and levels of exposure. *regular consumption stands for “nearly every day”; { daily consumption a — TELE < 16; b - TICS <
22.5,¢-16 < TELE < 17.5; d - 22.5 < TICS < 26.5; e — MMSE; f— A MMSE < —2; g- A Benton < —2; h— A Isaacs < —6;i—- A

MMSE < —1; M - Male; F - Female; C — coffee; T —tea; C+T — coffee and tea; CB — caffeinated beverages; CB+Choc. — caffeinated beverages

and chocolate.

eral estimates from the same study may be provided,
referring to different exposures (e.g., coffee consump-
tion or caffeine intake estimated through a food fre-
quency questionnaire) and levels of exposure, different
outcomes (e.g., dementia and cognitive impairment),
and different criteria for definition of the same out-
come (e.g., variation in Mini Mental State Examination
(MMSE) or in Benton Visual Retention Test scores to
define cognitive decline).

Quantitative data synthesis was accomplished thro-

ugh random effects meta-analysis (DerSimonian and
Laird method), conducted with STATA®, version 9.2.
Relative Risks (cumulative incidence ratios or inci-
dence density ratios), and ORs were treated the same
and are referred to as RR [18]. Summary estimates
for exposure to caffeine were computed considering
the individual RR estimates corresponding to coffee,
coffee and tea, or overall caffeine intake, as available
from each article, under the assumption that coffee is
the main contributor for caffeine intake [19,20].
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Study %
D RR (95% CI) Wieight
Alzheimer's disease :
Broe, 1990 : 0.65 (0.36, 1.19) 5.59
Tyas , 2001 : 1.03 (047, 2.28) 3.59
Lindsay, 2002 ——— 0.69 (050, 0.96) 12,09
Maia, 2002 —_—. : 040 (0.24, 0.65) 748
Subtotal {l-squared = 40.5%, p = 0.169) <>:I- 0.62 (0.45, 0.87) 28.75
I
I
Dementia I
|
Eskelinen, 2009 * 0.83 (0.32, 2.15) 282
I
]
i
Cogpnitive impairment :
Laitala, 2009 —_ T 0.83 (0.54, 1.27) 899
1
l
I
Cogpnitive decline :
Ritchie, 2007 (F) JI'—-'-* 097 (0.81,.1.17) 17.97
Ritchie, 2007 (M) 4|—+— 1.02 (0.81, 1.28) 1599
Ng, 2008 (F) —— 1.03 (0.70, 1.51) 10.28
Ng, 2008 (M) ; + 131 (0.71, 243) 540
]
Santos, 2009 (F) —_— T 065 {0.37, 1.16) 6.00
Santos, 2009 (M) = 0.91(043, 1.92) 399
Subtotal (l-squared = 0.0%, p = 0.695) : 098 {0.87, 1.11) 59.64
I
I
Overall (l-squared = 42.6%, p =0.058) <= 0.84 (0.71, 0.99) 100.00
I
NOTE: Weights are from random effects analysis L
| | |

2 5

Fig. 3. Meta-analysis for the association between caffeine and different forms of dementia/cognitive decline, including the most precise RR
estimates from each individual study. ID — Identification; RR — Relative Risk; M — Male; F — Female.

Since more than one RR estimate were available from
several studies and the small number of independent
investigations precluded meaningful subgroup or trend
estimation analyses, only the most precise measures of
association were used from each report (except for sex-
specific estimates, which were considered separately
as if obtained from different studies). These criteria
were applied to the selection of a single estimate per
study when RR estimates were provided for different
categories of exposure. The reports by Eskelinen et
al. [21], Laitala et al. [20], and Santos et al. [16] pro-
vided RR estimates for different outcomes, and only
the results for the outcome with the most precise esti-
mates were considered. Laitala et al. [20] defined the
same outcome using different criteria, and only the cri-
terion with the most precise estimates was considered.
Ritchie et al. [22] addressed the effect of caffeine on
cognitive decline, relying on three different methods
for assessment of cognitive performance, and the esti-
mates corresponding to variation in the MMSE score

were selected to allow a more meaningful comparison
with the other studies assessing the risk of cognitive
decline [16,19].

Heterogeneity was quantified using the I?2 statis-
tic [23]. Sensitivity analyses were conducted excluding
highly influential studies or those not providing RR es-
timates adjusted for potentially important confounding
factors in addition to age and sex. The report by Tyas et
al. [24] refers to a subsample of the study published by
Lindsay et al. [25], and was also excluded in sensitivity
analysis.

Publication and publication-related biases were ex-
amined through visual inspection of the funnel plot
(Fig. 4). The Begg adjusted rank correlation test [26],
and the Egger’s regression asymmetry test [27] were
used for further assessment of these biases through hy-
pothesis testing.

Figure 5 includes scatter plots aiming to further ex-
plore the reasons for heterogeneity of results within and
across cohort studies. Only results from studies pro-
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Funnel plot with pseudo 95% confidence limits
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Fig. 4. Meta-analysis funnel plot. M — Male; F — Female.

viding RR estimates for at least two categories of expo-
sure compared with the referent were plotted. In each
study, when more than one criterion was used to define
the same outcome, only the results corresponding to
the criterion yielding the more precise estimates were
selected. All the RR estimates corresponding to each
outcome addressed in the eligible studies were repre-
sented. In Fig. 5a the log RR is represented across lev-
els of caffeine intake. The exposures considered for RR
estimates were assumed to correspond to the midpoint
of the index category range subtracted by the midpoint
of the reference category range. For this purpose, we
assumed that the open-ended upper category had the
amplitude of the preceding stratum.

Figure 5 (b to d) addresses the potential for selection
and information bias in each study, using the partici-
pants’ age at baseline, the duration of follow-up and
its completeness as surrogate markers for the latter ef-
fects. The pattern of association between these method-
ological characteristics and the RR estimates from each
study may contribute to understand the heterogeneity
between studies.

RESULTS

Eleven studies fulfilled the inclusion criteria for sys-
tematic review [16,17,19-22,24,25,28-30]. The main
characteristics of the studies and results on the relation
between caffeine intake and cognitive impairment are
summarized in Table 1 and Fig. 2.

The publication year ranged from 1989 to 2009. The
studies were conducted in Europe (three in Finland [20,
29,30], two in Portugal [16,28], one in France [22],
one multicentric study conducted in Italian, Finish and
Dutch populations [21]); one in Australia [17]; two in
Canada [24,25]; and one in China [19]. Two were case-
control [17,28], and nine were cohort studies [16,19—
22,24,25,29,30]. The age of the youngest participant
at the time of baseline evaluation ranged from 37 to 68
years. The results were stratified according to gender in
three of the studies [16,19,22], and one was conducted
on a male cohort [30].

Different sources of caffeine were accounted for in
the reports reviewed. Most studies evaluated coffee
and tea intake, assessing their effects separately [17,19,
24,25], or considering the consumption of both bever-
ages [22]. Two studies extended exposure assessment
to all caffeinated beverages [16,28] and products con-
taining chocolate [16]. Van Gelder et al. and Laitala
et al. evaluated only coffee consumption [20,30]. Dif-
ferent categories of exposure were considered, rang-
ing from less than one to 8 units, equivalent to cof-
fee cups/day. Also, the reference categories includ-
ed different proportions of non-caffeine consumers and
consumers of different amounts of caffeine (Table 1).

In one study, the outcome was measured as a continu-
ous variable according to the scores obtained in several
neuropsychological tests, and a correlation coefficient
was the only measure of association reported [29]. Van
Gelder and colleagues presented results on the decline
in cognitive performance (variationin MMSE scores as
a quantitative variable) according to coffee intake [30].
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Fig. 5. Relation between caffeine intake, participants’ age at baseline, completeness and duration of follow-up and log Relative Risk estimates
for the relation between caffeine intake (including only the studies presenting RR estimates for more than one category of exposure) and different
measures of cognitive performance*. AD — Alzheimer’s disease; D — Dementia; Cl — Cognitive impairment; CD — Cognitive decline * the areas

of the symbols are proportional to the precision of the estimates, reflecting their relative weight when summary estimates are computed.

RR estimates were computed in nine studies [16,17,
19-22,24,25,28] (Fig. 2). Five had Alzheimer’s dis-
ease as the outcome [17,21,24,25,28], defined by the
NINCDS/ADRDA criteria. Of these, only one [21]
presented more than one RR estimate to different types
of caffeine-containing beverages for the same reference
category. Maia and coworkers published a case-control
study in which exposure was assessed twenty-years be-
fore outcome definition [28]; the work by Broe et al.
was also a case-control [17], but did not specify the
period to which exposure assessment referred, and the
remaining three studies refer to cohort designs [21,24,
25]. The risk of dementia (as defined by the authors) or
cognitive impairment was assessed in 3 studies. Laita-
la and collaborators defined the outcomes according to
the scores obtained on two sets of cognitive tests de-
signed to be applied by telephone interview [20]. Two
other studies used the DSM-1V clinical criteria[21,22].

The MMSE was used in two longitudinal studies
designed to assess cognitive decline and impairment

over a 5 and 1.5-year period, in Portuguese [16] and
Chinese [19] populations, respectively. Ritchie et al.
had used the MMSE, as well as other complementary
neuropsychological tests, to define decline in cognitive
performance [22].

The summary RR for the association between caf-
feine intake and different measures of cognitive im-
pairment/decline was 0.84 (95% Confidence Interval:
0.72-0.99), with moderate heterogeneity (12 = 42.6%).
The visual inspection of the funnel plot (Fig. 4) shows
no evidence of publication bias, as the results from in-
dividual studies scatter around the overall summary RR
estimate depicting a funnel-like shape with no mean-
ingful asymmetry. The Egger’s regression asymme-
try test (p = 0.277) and the Begg adjusted rank corre-
lation test (p = 0.784) provide further support to the
hypothesis of no publication bias.

The two case-control studies provided the strongest
negative associations [17,28], corresponding to a sum-
mary RR of 0.49 (95% CI: 0.308-0.791; 12 = 33.0%).
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When considering only the nine cohort studies the sum-
mary RR was 0.93 (95% CI: 0.83-1.04) and results
were homogeneous (12 = 0.0%). Among the cohort
designs, the study by Ritchie et al. [22] is highly influ-
ential, with a weight of 60% in the overall RR estimate.
When the more influential study is excluded, summary
RR for all studies was 0.77 (95% Cl: 0.63-0.95, 12 =
34.7%), and the summary RR for cohort studies was
0.85(95% CI: 0.71-1.01, 12 = 0.0%) The sample eval-
uated by Tyas et al. [24] partially overlapped with the
larger one studied by Lindsay and colleagues [25], but
had a small weight in the overall estimates and its ex-
clusion did not change the overall conclusions mean-
ingfully.

The summary RR was 0.83 (95% Cl: 0.32-2.15,12 =
40.5%) for Alzheimer’s disease, although it combines
estimates from 2 case-control and 2 cohort studies, and
0.98 (95% ClI: 0.87-1.11, 12 = 40.5%) for cognitive
decline, but results are driven predominantly by asingle
large study [22].

The studies by Lammi et al. [29] and van Gelder et
al. [30] did not provide RR estimates for the association
between caffeine and dementia. The latter suggests a
protective effect, although only a correlation coefficient
was used to quantify the association, and the former a
protective effect with a J-shaped pattern.

The studies considered for meta-analysis provided
estimates adjusted for different potential confounding
factors and for a varying number of variables, but there
was no clear pattern regarding the degree of confound-
ing control and the RR estimates. The summary RR
was 0.80 (95% CI: 0.59-1.08, 12 = 51.6%) when con-
sidering only 5 studies (7 RR estimates), providing RRs
adjusted for both smoking and hypertension, and 0.90
(95% CI: 0.76-1.06) for the remaining 4 studies (5 RR
estimates).

Regarding the relation between levels of exposure to
caffeine and the RR estimates (Fig. 5a), results were
more heterogeneous for lower intakes, albeit the pre-
ponderant role of the study published by Ritchie and
colleagues [22] in this particular analysis, but were al-
so more likely to be inversely associated with the out-
comes.

Survival bias is likely to occur in non-inception co-
horts, and is expectedly stronger in older cohorts [31].
The extent to which a complete follow-up is not
achieved also reflects selection bias, in addition to the
latter. Changes in caffeine consumption habits with
time and with the development of cognitive impairment
may contribute to information bias, especially when
follow-up periods are longer. Cohort studies including

younger participants, having longer or more complete
follow-ups, yielded more homogeneous results and the
putative protective role of caffeine was more evident in
those enrolling older individuals, when follow-up was
more complete or shorter (Figs 5b, 5¢ and 5d). How-
ever, no linear relation or other consistent pattern was
observed between log RR estimates and age of the co-
hort participants, follow-up duration or completeness
of follow-up.

DISCUSSION

This systematic review and meta-analysis updates a
previous quantitative synthesis based in a small number
of studies and provides a summary of the best avail-
able evidence on this topic. The large methodological
heterogeneity across a still limited number of reports is
probably the most remarkable observation in our study,
which precludes robust and definite statements on a
possible negative association between caffeine intake
and dementia.

The conclusions reached by systematic reviews and
meta-analyses depend, among other factors, on the
comprehensiveness of the search strategy and on the
criteria for study inclusion and selection of data for
quantitative synthesis. These issues have implications
in the validity of our findings and deserve further dis-
cussion.

The number of studies available for review was
small, namely when compared to the 43 reported
included in a recent meta-analysis on smoking and
Alzheimer’s disease [32]. However, studies on the eti-
ologic role of caffeine intake are less frequent than
those focusing on the effects of tobacco, as shown in
two meta-analyses addressing the association between
coffee drinking, cigarette smoking and Parkinson’s dis-
ease, with 13 and 48 individual studies, respective-
ly [33]. Furthermore, there was no evidence of publi-
cation bias.

Two studies [29,30] did not provide RR estimates
for the association between caffeine and dementia, both
suggesting a protective effect, but no changes in the
conclusions of the present review and meta-analysis
would be expected if these studies could be included,
given the large heterogeneity observed across the inves-
tigations. Two reports providing only a cross-sectional
assessment of the association between caffeine intake
and dementia [34,35] were not included in the review
since the RR estimates were likely to be biased, be-
cause in participants cognitively impaired the exposure
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information was obtained by self-report. One of these
studies concluded that caffeine intake was associated
with a better cognitive performance in tests evaluat-
ing reaction time, incidental verbal memory and visuo-
spatial reasoning [35]. The study by Johnson-Kozlow
et al. suggested a relation between higher current caf-
feine consumption and a better performance in two cog-
nitive tests (Short Term Recall and Blessed Items) in
women [34].

The number of studies on this topic was small and
heterogeneous regarding the methodological options.
Four different outcomes were investigated in eleven re-
ports (Alzheimer’s disease, dementia, cognitive impair-
ment, and cognitive decline), and with the exception
of Alzheimer’s disease, the instruments and criteria for
outcome definition in each report were also heteroge-
neous. The food sources and chosen categories of ex-
posure also differed widely across studies. Under these
circumstances, and taking into account that the same
study frequently addresses more than one outcome and
presents different definitions of exposure, the criteria
used for selection of a RR single estimate from each
study is an important determinant of the validity of our
conclusions. To select independent observations to be
combined in meta-analysis we opted for the more pre-
cise estimates from each study, regardless of the corre-
sponding sources and levels of exposure and outcomes
assessed. The precision of the individual RR estimates
is not dependent on the direction of the association,
and with this criterion the selection of the exposures
corresponding to the largest number of participants is
the most likely. However, if the categories of exposure
in each individual study are defined to include a similar
number of participants per group, this criterion leads to
the selection of the estimates reflecting the weakest as-
sociations, which may have contributed to a slight un-
derestimation of the summary RR. On the other hand,
the precision of the summary estimates is reduced by
considering only part of the overall sample from each
study in the meta-analysis. Sensitivity analysis extends
the assessment of the robustness of the summary esti-
mates across different inclusion criteria, as well as the
discussion of the methodological heterogeneity.

Two case-control studies assessed exposure through
surrogate informants, and were therefore eligible for
our review; however, misclassification of exposure as
well as information bias weaken this methodological
approach, especially when a long-term recall of expo-
sure is required. Furthermore, in the case-control study
conducted by Broe and collaborators [17], the recall pe-
riod was not provided and only the potential confound-

ing effects of age and gender were accounted for, which
precludes a sound discussion of the extent to which re-
call bias and uncontrolled confounding could have in-
fluenced validity of the OR estimates. The exclusion of
the case-control studies in sensitivity analysis allowed
a meta-analysis of homogeneous results.

Even though Tyas et al. [24] and Lindsay et al. [25]
partly share their cohorts of participants, there is a
stronger protective effect described for tea in the first
case, in a predominantly rural setting, whereas in the
second case coffee is the substance associated with a
lesser cognitive decline. This may be related to other
habits associated with the predominant caffeine intake
source; in the study by Lindsay and coworkers [25],
the population was essentially urban and this differ-
ence may partly account for the results. Nevertheless,
the wide categories of exposure used in analysis (daily
regular consumption vs. irregular consumption) pre-
cluded a finer assessment of the relation between caf-
feine intake and Alzheimer’s disease. A Chinese cohort
study evaluating coffee and tea separately and adjust-
ing mutually for these two sources of caffeine showed
that total tea intake was significantly associated with
a lower prevalence of cognitive impairment, although
no protective effect was observed for coffee consump-
tion [19]. In this population, coffee intake was the
most commonly consumed caffeine-containing bever-
age, despite the high proportion of drinkers of different
types of tea. The results could be due to the fact that
other components rather than caffeine may also exert a
role on cognitive decline, but in addition to this Chinese
study [19], only Tyas et al. [24] showed associations in
different directions for coffee and tea.

Among cohort investigations the summary RR esti-
mate is driven predominantly by the study conducted by
Ritchie and coworkers [22], which showed no signifi-
cant association between decline in MMSE score and
caffeine intake. However, a protective effect of caffeine
was observed in women, both for verbal and visuospa-
tial memory performances (> 3 units of caffeine/day
vs. < lunitof caffeine/day: OR =0.67;95% Cl, 0.53—-
0.85, for verbal memory; OR = 0.82; 95% CI, 0.65—
1.03, for visuospatial memory). If these estimates had
been selected for our meta-analysis a stronger protec-
tive effect would had been achieved. The remaining co-
hort studies have similar weights in meta-analysis and
the exclusion of the highly influential study by Ritchie
et al.- yields a stronger risk reduction associated with
caffeine intake.

The most recently published cohort study, conduct-
ed by Laitala et al. [20], relied on two validated neu-
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ropsychological tests [Telephone Interview for Cogni-
tive Status (TICS) and Telephone Assessment for De-
mentia (TELE)] to classify participants in relation to de-
mentia or cognitive impairment, but none of the widely
adopted clinical criteria were used, and no significant
protective effect of caffeine was observed. However,
the RR estimate selected for meta-analysis according
to previously established criteria was one of the lowest.
If other estimates had been selected, the negative asso-
ciation suggested by the summary RR estimate would
have been slightly weaker. The studies by Eskelinen et
al. [21] and Santos et al. [16] provide RR estimates for
different outcomes, but no substantial changes in the
summary estimate would have been observed if other
individual RR estimates had been selected from each
study, except if the levels of exposure considered were
different. The differences in the relation between caf-
feine intake and cognitive function observed in these
studies, according to the levels of exposure, depict one
of the sources of heterogeneity across cohort studies.

The small number of heterogeneous studies preclud-
ed a formal trend estimation analysis, but Fig. 5a al-
lows a systematic approach to the discussion of the
dose-response relationship. The results from studies
providing RR estimates for different levels of exposure
suggest a stronger protective effect for lower consump-
tions, despite the limited number of studies and the
large weight of the study conducted by Ritchie and col-
leagues do not allow stronger inferences on this issue.
The cohort study conducted by van Gelder et al. was
not included in meta-analysis because no RR estimates
are provided, but reported an inverse J-shaped associ-
ation between the number of cups of coffee consumed
and cognitive decline, with the least decline for three
cups a day [30]. The case-control study by Broe et
al. [17] provided RR estimates for consumers of more
than 4 cups/day vs. consumers of 4 or less cups/day
and allowed the computation of estimates for lifetime
VS. non consumers, showing a protective effect for cof-
fee intake, but a deleterious effect for the consumption
of large amounts. A J-shaped relation may therefore be
hypothesized, but uncontrolled or residual confounding
are also likely explanations for such a pattern.

Cohort designs are less prone to information bias,
but also have potential limitations related to survival
bias due to the enrollment of non-inception cohorts,
and selection bias resulting from incomplete follow-up.
Studies less likely to suffer from these biases tended
to show weaker negative or even positive associations
between caffeine intake and dementia. On the other
hand, information bias may also be a concern, especial-

ly in studies with longer follow-up, as caffeine intake
habits may decrease with time as cognitive impairment
occurs, and a protective effect of caffeine was more
likely in studies with shorter follow-up.

None of the studies assessed the relation between
duration of exposure to caffeine and dementia or cog-
nitive decline, and the timing of exposure evaluation
is also a source of heterogeneity across studies. The
change in caffeine intake habits over time is difficult
to disentangle from the choice of the most appropriate
moment to assess exposure, from a biological plausi-
bility point of view. Because there are no definite data
as to when caffeine may start exerting its putative role
on neurodegeneration, the lag between caffeine expo-
sure and its potential effects on cognitive performance
cannot be accurately determined for the time being.

The evaluation of non-inception cohorts is of partic-
ular concern in longitudinal studies recruiting older in-
dividuals. Because participants suffering from chronic
illnesses are more likely to die before being recruited,
this will probably lead to an under-representation of
individuals at a high risk of cognitive impairment in
the cohort. Depending on their caffeine consumption
habits and coexisting dementia risk factors, this could
lead to biased estimates of risk. Hypertension and
smoking are especially important in this discussion; the
relation between hypertension and coffee is complex,
but it is well recognized that hypertensive patients are
less likely to drink coffee due to public perception is-
sues [36]. Because hypertension is a well known risk
factor for dementia, the exclusion of such individuals
could lead to an underestimation of the protective ef-
fect of caffeine in cognitive decline. On the other hand,
smokers tend to drink more coffee, are more prone to
suffer from chronic illnesses and have a higher mortali-
ty rate [32]. Assuming that less fit individuals are more
likely to become cognitively impaired, excluding them
from study cohorts could lead to an overestimation of
the protective effect exerted by caffeine.

The knowledge of caffeine pharmacokinetics is im-
portant when discussing its potential neuroprotective
role. Caffeine half-life is reduced in smokers [37],
which may contribute to a weaker protective effect
in tobacco consumers, under the same caffeine expo-
sures. As smoking is associated with coffee consump-
tion, the latter effect is more likely in men, among
whom the prevalence of tobacco consumption tends to
be higher [38], in accordance with the observation of
a stronger protective effect of caffeine in women by
some authors [16,19,22]. Hormonal replacement ther-
apy (HRT) could also interfere with caffeine metabo-
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lization and constitute another possible explanation for
differences between men and post-menopausal wom-
en. Studies conducted by Ascherio and coworkers ad-
dressing caffeine intake and Parkinson’s disease have
shown an increasing risk in women on HRT and with
higher caffeine intake habits [13]. Regarding cognitive
deterioration, Ritchie and collaborators found no inter-
action between caffeine and HRT [22], but there was
no additional data on this issue in the remaining articles
reviewed.

Two studies analyzed the potential effect of apolipo-
protein E (APOE) gene polymorphisms in the asso-
ciation between caffeine and dementia. The results
obtained through stratification according to the APOE
¢4 allele carrier status by Eskelinen et al. suggest a
stronger protective effect in APOE &4 allele carriers
(carriers: moderate consumption vs. low consumption:
OR =0.32,95% C1 0.11-0.92; non-carriers: moderate
consumption vs. low consumption: OR = 0.44, 95%
Cl 0.12-1.55) [21]. In the study by Ng et al., the neg-
ative association between tea consumption and cogni-
tive decline in the category defined as “high intake” did
not change meaningfully after adjustment for APOE ¢4
allele carrier status (OR = 0.57 95% CI1 0.32-1.03 after
adjustment vs. OR = 0.62 95% CI 0.36-1.08 before
adjustment) [19].

Caffeine consumption is significantly associated
with a wide range of variables also known as being
related to cognitive decline [22]. Vascular risk factors,
age, education and depressive symptoms are among
the ones generally agreed upon. It is thus relevant
to account for these variables as potential confound-
ing factors, which was accomplished in most stud-
ies [16,19-21], although to different extents. Uncon-
trolled or residual confounding and effect modification
not accounted for in the majority of studies reviewed
may contribute to explain the heterogeneous results,
although no formal assessment of these effects is pos-
sible due to the small number of highly heterogeneous
reports.

Finally, a problem inherent to all dementia research
designs is the accuracy of diagnosis. All the studies
reviewed rely either on a clinical diagnosis or on neu-
ropsychological test scores. Because the definite diag-
nosis of dementia requires pathological examination,
misclassification is likely to have contributed to biased
results [39]. However, the specificity and sensitivity of
clinical diagnosis are poorly known and it is recognized
that they differ according to the type of dementia (e.g.,
vascular, Alzheimer’s disease) and the criteria used [40,
41]. This reaffirms the importance of internationally

consensual criteria for clinical diagnosis of dementia in
epidemiological research.

In conclusion, further prospective studies evaluating
the association between caffeine consumption and cog-
nitive decline are needed. Addressing the potential bias
and confounding sources described above is essential.
Setting consensual criteria for the definition of outcome
as well as creating defined categories and types of ex-
posure might be useful in conducting meta-analyses,
and increase statistical power for the detection of an
association between caffeine and cognitive impairment
or dementia.
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