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Abstract. While animal data suggest a protective effect of caffeine on cognition, studies in humans remain inconsistent. We
examined associations of coffee and caffeine intake in midlife with risk of dementia, its neuropathologic correlates, and cognitive
impairment among 3494men in theHonolulu-AsiaAging Study (mean age 52 at cohort entry, 1965–1968) examined for dementia
in 1991–1993, including 418 decedents (1992–2004) who underwent brain autopsy. Caffeine intake was determined according
to self-reported coffee, tea, and cola consumption at baseline. Logistic regression was used to calculate odds ratios (OR) and
95% confidence intervals (CI) for overall dementia, Alzheimer’s disease (AD), vascular dementia (VaD), cognitive impairment
(Cognitive Abilities Screening Instrument score <74), and neuropathologic lesions at death (Alzheimer lesions, microvascular
ischemic lesions, cortical Lewy bodies, hippocampal sclerosis, generalized atrophy), according to coffee and caffeine intake.
Dementia was diagnosed in 226 men (including 118 AD, 80 VaD), and cognitive impairment in 347. There were no significant
associations between coffee or caffeine intake and risk of cognitive impairment, overall dementia, AD, VaD, or moderate/high
levels of the individual neuropathologic lesion types. However, men in the highest quartile of caffeine intake (>277.5mg/d) were
less likely than men in the lowest quartile (≤115.5mg) to have any of the lesion types (adjusted-OR, 0.45; 95% CI, 0.23–0.89;
p, trend = 0.04). Coffee and caffeine intake in midlife were not associated with cognitive impairment, dementia, or individual
neuropathologic lesions, although higher caffeine intake was associated with a lower odds of having any of the lesion types at
autopsy.
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INTRODUCTION

Recent studies have provided conflicting informa-
tion on the role of caffeine intake in the development of
dementia. Experiments in Alzheimer’s disease (AD)-
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transgenic mice have demonstrated beneficial effects,
with improvements in cognition in treated animals
[1–3]. Results from epidemiologic studies in humans,
however, have been inconclusive, with some suggest-
ing a reduced risk of dementiawith higher coffee intake
in midlife [4], and others pointing to a lack of associ-
ation [5].
We therefore examined the associations between

midlife coffee and caffeine intake and the risk of
dementia, its neuropathologic correlates, and cognitive
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impairment in late life in a nested case-control study
of more than 3400 men ages 71–93 years, for whom
standardized information reflecting caffeine intake had
been collected at ages 45–65 years.

METHODS

Study population

Data were from the Honolulu-Asia Aging Study
(HAAS), a community-based prospective cohort study
of 3734 Japanese American men followed since 1965
as part of the Honolulu Heart Program (HHP). Details
of the study have been described elsewhere [6, 7].
Briefly, theHHP included 8006menof Japanese ances-
try born between 1900–1919, who were residing on
Oahu, Hawaii, in 1964. Information on baseline char-
acteristics, including demographic, dietary, physical
activity, and medical history, was obtained through
structured interview at the first HHP examination
(1965–1968). The HAAS was established in 1991 as
an extension of the HHP to study aging-related condi-
tions, with a special focus on brain diseases, and inclu-
ded 3734men, ages 71–93 years (representing approx-
imately 80% of surviving members of the original
cohort) [7]. The Kuakini Medical Center Institutional
Review Board reviewed and approved this study. All
participants or their representatives provided written
informed consent.

Clinical dementia and cognitive impairment
outcomes

A nested case-control design was used with expo-
sure and covariate information collected prospectively
from the HHP cohort in 1965–1968, and cases and
controls defined in 1991–1993, the first time at which
dementia case finding and standardized cognitive
assessments were performed. Analyses were limited
to men with available Cognitive Abilities Screening
Instrument (CASI) scores (n= 3734) and excluded
those with scores <74 who did not participate in the
dementia evaluation phase (n= 240), leaving 3494men
available for analysis.
Case finding was conducted in a multi-step proce-

dure according to a previously described protocol that
included screening and standardized dementia evalua-
tions [7]. Briefly, cognitive function of all participants
was tested with the 100-point CASI, a combination of
the Hasegawa Dementia Screening Scale, the Folstein
Mini-Mental State Examination, and the Modified
Mini-Mental State Test [8]. Participants with poor

CASI scores (<74) and stratified samples from sub-
sets with higher scores were invited to return for
the dementia evaluation, accompanied by a proxy
informant. Follow-up examinations and the dementia
evaluations included a neurologic examination, neu-
ropsychological testing, and informant interview about
changes in cognitive function and behavior. Computed
tomography or magnetic resonance brain imaging was
performed and routine blood tests conducted for men
provisionally classified as demented.
Based on these data, a consensus diagnosis for

dementia was provided by the study neurologist and
two physicians with expertise in dementia, accord-
ing to criteria of the Diagnostic and Statistical
Manual of Mental Disorders, third edition, revised
(DSM III-R) [9]. Probable or possible AD was diag-
nosed according to criteria from the National Institute
of Neurological and Communicative Disorders and
Stroke-Alzheimer’s Disease and Related Disorders
Association [10]. Dementia attributed to AD but with
minor evidence of co-prevalent conditions was classi-
fied as possible AD. In a previously examined subset
of the HAAS cohort, 77% of men with the clinical
diagnosis of probable pure AD demonstrated sufficient
neuritic plaques to meet neuropathological criteria for
definite or probableAD,while those classified as possi-
ble were less often confirmed as definite [11]. Probable
or possible vascular dementia (VaD) was diagnosed
using criteria of the California Alzheimer’s Disease
Diagnostic and Treatment Centers [12].Mixed demen-
tia attributed to VaD as the primary cause and mixed
dementia attributed principally to AD were classified
separately. For the purpose of the present analysis,
dementia cases classified asAD included probableAD,
possible AD, and mixed dementia with major attribu-
tion to AD. Dementia cases classified as VaD included
probable VaD, possible VaD, andmixed dementia with
dominant attribution to vascular causes.
We defined cognitive impairment as a CASI score

<74 (16th percentile of scores for all men exam-
ined), independent of dementia classification. This
corresponds approximately to a score of 22 on the
Mini-Mental State Examination, a level often used to
indicate cognitive impairment [13]. Substantial over-
lap existed between cognitive impairment and general
(all cause) dementia classifications.

Neuropathologic outcomes

Of the 3494 men included in the clinical out-
come analyses, 418 decedents were autopsied from
1992–2004. These men were included in analyses of
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midlife coffee and caffeine intake and the presence of
neuropathologic lesions at death. Details of the HAAS
autopsy protocol and evaluation of the neuropathologic
material have been described in detail elsewhere [14,
15]. Permission for the full or limited autopsy was
obtained from the next of kin.
We examined each of the following categories of

neuropathologic lesions without respect to clinical
condition: Alzheimer lesions (neocortical neurofib-
rillary tangles and neuritic plaques), microvascular
ischemic lesions (microinfarcts and lacunar infarcts),
neocortical Lewy bodies, hippocampal sclerosis, and
generalized brain atrophy. For each of the five
lesion categories, decedents were classified using a
3-level lesion index (none/negligible/low, moderate,
and high). As previously described, these indices were
developed through a multi-step process to reflect simi-
lar strengths of association with cognitive impairment
and dementia [14]. For these analyses, each lesion type
was defined as being present if moderate or high levels
of the lesion were identified.

Assessment of coffee and caffeine intake

Information on coffee, tea, and cola consumption
was obtained from a standardized, validated 24-hour
dietary recall administered on all participants at cohort
entry (1965–1968) [16, 17]. Participants reported caf-
feinated coffee intake as the number of 4-oz cups
consumed. For analyses of clinical outcomes, coffee
intake categorieswere defined as 0, 4–8, 12–16, 20–24,
and ≥28 oz/d. For analyses of pathological outcomes,
four coffee intake categories were used, given fewer
case numbers (0, 4–8, 12–16, ≥20 oz/d). Tea intake
was reported as the number of 4-oz cups consumed
(without specification of black or green tea), and cola
intake as the number of 6-oz cups consumed.
Caffeine intake was calculated based on the esti-

mated caffeine content for coffee (137mg/8 oz), tea
(47mg/8 oz), and cola (46mg/12 oz) consumption
reported from the 24-hour dietary recall [18]. Caffeine
was examined in quintiles for analyses of clinical out-
comes and in quartiles for analyses of pathological
outcomes, given fewer case numbers, with quartiles
calculated based on the autopsied subgroup. Caffeine
consumption was also assessed as a continuous vari-
able, per standard deviation (SD) unit (223mg).

Covariates

Covariates assessed at baseline included age (years,
continuous), bodymass index (BMI, <25.0, 25.0–29.9,

≥30.0 kg/m2), physical activity index (tertiles) [19],
cigarette smoking (never, past, current), alcohol
consumption (0, >0−<0.5, 0.5−<1.0, 1.0−<2.0,
≥2.0 drinks/d), education (years of completed school-
ing), number of childhood years spent in Japan
(<5/≥5), occupational complexity (a 6-level ordi-
nal scale reflecting average educational attainment),
marital status, elevated cholesterol (serum level
≥240mg/dL), hypertension (systolic blood pressure
[SBP] ≥140mmHg, diastolic blood pressure [DBP]
≥90mmHg, or history of antihypertensive medication
use), diabetes (history of diabetes or use of insulin or
oral medications for diabetes), and cardiovascular dis-
ease (history of stroke, angina, myocardial infarction,
or other coronary heart disease). Genotyping for the
presence of apolipoprotein E (APOE) �4 (1 or 2 alleles
vs. none) was performed at Duke University, Durham,
NC, using conventional methods [20].

Analysis

Age-adjusted participant characteristics in midlife
were compared according to categories of coffee intake
using analysis of variance for continuous variables and
logistic regression for categorical variables. Logistic
regression was used to calculate odds ratios (ORs)
and corresponding 95% confidence intervals (CIs) for
overall dementia, AD, VaD, their neuropathologic cor-
relates, and cognitive impairment, according tomidlife
coffee and caffeine intake. The main multivariable-
adjusted model included age (age at cohort entry for
clinical outcomes and age at death for pathological
outcomes), physical activity index, smoking, years
of education, hypertension, elevated cholesterol (all
assessed at HHP baseline), plus APOE �4 status deter-
mined at the HAAS examination. A second model
further adjusted for baseline BMI, alcohol consump-
tion, number of childhood years spent in Japan, history
of diabetes mellitus, cardiovascular disease, occupa-
tional complexity, and marital status, in addition to the
variables included in the main model.
Separate models included joint terms to evaluate

potential interactions between coffee intake and smok-
ing status (never, past, current), physical activity index
(tertile 3 vs. 1/2), and BMI (</≥25.0 kg/m2). The
likelihood ratio test (LRT) was used to assess for
statistically significant effect modification, contrast-
ing age-adjusted models with and without interaction
terms of interest. Tests for linear trends in the OR
across categories of exposurewere performedusing the
LRT, assigning median values to each category where
appropriate.
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In secondary analyses, linear regression was used
to examine associations between coffee and caffeine
intake and CASI score as a continuous variable.
Mean caffeine intake was compared between groups
of decedents defined by the presence of neuropatho-
logic lesions using general linear models. Two-sided
p-values were reported in all analyses. p-values <0.05
were considered statistically significant. All data anal-
yses were performed using SAS Software Version 9.2
(SAS Institute Inc, Cary, NC).

RESULTS

Participant characteristics are shown according to
midlife coffee intake in Table 1. Men who consumed
more coffee were slightly younger, less likely to
have hypertension, more likely to have high choles-
terol and to smoke, and tended to be less physically
active.
A total of 226 cases of dementia (including 118

AD, 80 VaD) and 347 cases of cognitive impairment
were diagnosed 25 years following cohort entry. Cof-
fee (Table 2) and caffeine (Table 3) intake were not
significantly associated with overall dementia, AD,
VaD, or cognitive impairment adjusting for age, with

similar results after adjustment for the main poten-
tial confounders. Further adjustment for BMI, alcohol
consumption, diabetes, cardiovascular disease, occu-
pational complexity, marital status, and childhood
years spent in Japan did not materially alter the results.
Coffee and caffeine consumption were also not asso-
ciated with CASI score as a continuous variable (data
not shown).
Coffee intake was not significantly associated with

overall dementia in analyses stratified by smoking sta-
tus using joint terms (LRT, p= 0.66), nor was there
evidence for effect modification by midlife physical
activity or BMI (LRT, p= 0.69 and 0.78, respectively).
Similarly, there were no significant associations with
cognitive impairment examining the joint effects of
coffee intake and smoking status, physical activity, or
BMI (data not shown).
Among 418 decedents, there were no significant

associations between midlife coffee (Table 4 ) or caf-
feine (Table 5) intake and the presence of Alzheimer
lesion, microvascular ischemic lesions, generalized
atrophy, cortical Lewy bodies, or hippocampal scle-
rosis at autopsy. However, the risk of having any of
the lesions was decreased among those in the high-
est quartile of caffeine intake (multivariable-adjusted
OR, 0.45; 95% CI, 0.23–0.89; LRT p, trend = 0.04;

Table 1
Age-adjusted midlife characteristics according to coffee intake for the 3494 men in the HAAS

Coffee intake in midlife (oz/d) p*

0 4–8 12–16 20–24 ≥28
Number of men 588 1074 914 463 455
Mean age (SD) 52.7 (4.7) 53.0 (4.9) 52.4 (4.4) 52.2 (4.2) 51.3 (3.8) <0.001
Mean caffeine intake, mg (SD) 56.3 (65.0) 168.1 (67.5) 282.8 (63.3) 429.0 (60.1) 708.5 (233.4) <0.001
BMI ≥25.0 kg/m2 (%) 34.5 33.8 33.6 33.2 36.4 0.68
Hypertension† (%) 36.3 37.2 33.6 29.9 27.3 <0.001
High cholesterol‡ (%) 23.2 22.9 24.9 28.2 28.9 0.005
Diabetes mellitus (%) 9.0 6.5 5.8 6.1 8.4 0.58
Cardiovascular disease|| (%) 2.5 2.2 2.5 1.8 3.3 0.60
APOE �4 positive (%) 19.1 17.9 16.9 21.5 20.0 0.34
Smoking status (%)
Never 45.3 41.6 31.8 27.9 19.2 <0.001
Past 30.6 27.2 30.0 31.8 22.6 0.15
Current 24.0 31.2 38.2 40.2 57.6 <0.001

Highest physical activity¶ (%) 35.8 36.4 29.2 31.1 34.2 0.07
Alcohol intake ≥1 drink/d (%) 20.1 27.1 26.1 21.0 19.2 0.14
Education, yrs (se) 10.5 (0.13) 10.7 (0.10) 10.6 (0.10) 10.6 (0.14) 10.8 (0.15) 0.60
Married (%) 89.2 91.8 92.1 91.5 91.6 0.24
≥5 childhood yrs in Japan (%) 17.7 17.7 17.1 17.9 14.6 0.27

* p-values are from Wald chi square tests for trend for categorical variables and analysis of variance for continuous
variables;

† Hypertension defined as systolic blood pressure ≥140mmHg, or diastolic blood pressure ≥90mmHg, or antihyper-
tensive medication use;

‡ High cholesterol defined as level ≥240mg/dl;
Diabetes defined as history of diabetes or use of insulin or oral medications for diabetes;

|| Cardiovascular disease defined as history of myocardial infarction, angina, other coronary heart disease, or stroke;
¶ High physical activity defined as the highest tertile of physical activity index.



R.P. Gelber et al. / Coffee Intake and Risk of Dementia 611

Table 2
Odds ratios (95% confidence intervals) for dementia and cognitive impairment after 25 years according to midlife coffee

intake

Coffee intake in midlife (oz/d)

0 4–8 12–16 20–24 ≥28
No. of men 588 1074 914 463 455
All dementia
No. of cases 41 69 63 30 23
Age-adjusted 1.00 0.83 (0.54–1.26) 1.13 (0.73–1.74) 1.15 (0.69–1.93) 1.11 (0.64–1.93)
Multivariable-adjusted* 1.00 0.93 (0.59–1.46) 1.24 (0.78–1.97) 1.14 (0.66–1.98) 1.09 (0.59–2.00)

Alzheimer’s disease
No. of cases 25 39 32 14 8
Age-adjusted 1.00 0.76 (0.44–1.30) 0.93 (0.53–1.62) 0.89 (0.45–1.78) 0.64 (0.28–1.48)
Multivariable-adjusted* 1.00 0.89 (0.50–1.59) 1.09 (0.60–2.00) 0.95 (0.45–2.00) 0.59 (0.23–1.54)

Vascular dementia
No. of cases 10 26 21 12 11
Age-adjusted 1.00 1.34 (0.63–2.83) 1.55 (0.71–3.35) 1.93 (0.81–4.58) 2.21 (0.91–5.37)
Multivariable-adjusted* 1.00 1.37 (0.64–2.94) 1.54 (0.69–3.41) 1.57 (0.62–3.95) 1.96 (0.76–5.03)

Cognitive impairment (CASI <74)
No. of cases 60 120 86 47 34
Age-adjusted 1.00 1.04 (0.73–1.47) 1.02 (0.70–1.47) 1.20 (0.78–1.85) 1.05 (0.66–1.67)
Multivariable-adjusted* 1.00 1.08 (0.74–1.57) 1.07 (0.72–1.59) 1.18 (0.75–1.87) 0.99 (0.60–1.65)

* Adjusts for age, physical activity index, smoking, years of education, APOE �4 status, elevated cholesterol, and
hypertension.

Table 3
Odds ratios (95% confidence intervals) for dementia and cognitive impairment after 25 years according to midlife caffeine

intake

Caffeine intake (mg/d)

0–115.5 >115.5–188.0 >188.0–277.5 >277.5–415.0 >415.0–2673.0

No. of men 707 604 784 704 695
All dementia
No. of cases 43 42 51 54 36
Age-adjusted 1.00 1.13 (0.71–1.80) 1.26 (0.81–1.96) 1.46 (0.94–2.26) 1.25 (0.77–2.03)
Multivariable-adjusted* 1.00 1.21 (0.74–1.96) 1.31 (0.82–2.09) 1.47 (0.92–2.35) 1.12 (0.66–1.91)

Alzheimer’s disease
No. of cases 26 24 26 24 18
Age-adjusted 1.00 1.05 (0.58–1.90) 1.05 (0.59–1.87) 1.03 (0.57–1.86) 1.08 (0.57–2.03)
Multivariable-adjusted* 1.00 1.20 (0.65–2.23) 1.15 (0.62–2.11) 1.07 (0.57–2.00) 0.95 (0.46–1.95)

Vascular dementia
No. of cases 11 15 19 22 13
Age-adjusted 1.00 1.59 (0.71–3.52) 1.82 (0.85–3.89) 2.28 (1.08–4.81) 1.74 (0.76–3.98)
Multivariable-adjusted* 1.00 1.52 (0.68–3.43) 1.83 (0.84–3.99) 2.09 (0.97–4.52) 1.45 (0.59–3.53)

Cognitive impairment (CASI <74)
No. of cases 67 69 77 80 54
Age-adjusted 1.00 1.22 (0.83–1.78) 1.19 (0.82–1.72) 1.37 (0.95–1.97) 1.13 (0.76–1.69)
Multivariable-adjusted* 1.00 1.20 (0.80–1.80) 1.21 (0.82–1.79) 1.33 (0.90–1.98) 1.02 (0.66–1.59)

* Adjusts for age, physical activity index, smoking, years of education, APOE �4 status, elevated cholesterol, and
hypertension.

Table 5). Examining caffeine as a continuous vari-
able, per SD-unit (223mg), there were no significant
associations with any of the clinical outcomes or with
specific neuropathologic lesions at death. However,
caffeine intake was again associated with the presence
of any of the lesions. Adjusting for age at death, the
OR for having any lesions, as compared to no lesions,
was 0.78 (95% CI, 0.64–0.96). Additionally adjust-
ing for education, APOE �4 status, smoking, physical

activity, elevated cholesterol, and history of hyper-
tension, the OR for any lesions was 0.77 (95% CI,
0.61–0.97).
Mean caffeine intake in midlife was 276mg among

the 154 decedents with microvascular ischemic
lesions, as compared to 333mg among the 121 dece-
dents without any lesions, adjusting for age at death,
years of education, and APOE �4 status (p= 0.06).
Adjusted mean caffeine intake among decedents with
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Table 4
Odds ratios (95% confidence intervals) for brain pathology according to midlife coffee intake among 418 decedents,

1992–2004

Coffee intake in midlife (oz/d)

0 4–8 12–16 >20

No. of men 64 137 103 114
Alzheimer lesions
No. of cases 14 31 30 28
Age-adjusted 1.00 1.02 (0.49–2.11) 1.56 (0.74–3.29) 1.20 (0.57–2.52)
Multivariable-adjusted* 1.00 1.16 (0.53–2.54) 1.82 (0.81–4.08) 1.02 (0.44–2.37)

Microvascular ischemic lesions
No. of cases 28 53 39 34
Age-adjusted 1.00 0.81 (0.44–1.48) 0.79 (0.42–1.49) 0.55 (0.29–1.04)
Multivariable-adjusted* 1.00 0.80 (0.42–1.49) 0.84 (0.43–1.62) 0.58 (0.29–1.15)

Generalized atrophy
No. of cases 28 63 47 50
Age-adjusted 1.00 1.06 (0.57–1.96) 1.12 (0.59–2.13) 1.02 (0.54–1.92)
Multivariable-adjusted* 1.00 1.20 (0.63–2.27) 1.30 (0.66–2.55) 1.24 (0.62–2.48)

Cortical Lewy bodies
No. of cases 14 20 16 13
Age-adjusted 1.00 0.59 (0.27–1.27) 0.67 (0.30–1.50) 0.46 (0.20–1.07)
Multivariable-adjusted* 1.00 0.63 (0.28–1.40) 0.76 (0.33–1.76) 0.52 (0.21–1.31)

Hippocampal sclerosis
No. of cases 9 12 8 9
Age-adjusted 1.00 0.56 (0.22–1.44) 0.53 (0.19–1.48) 0.54 (0.20–1.45)
Multivariable-adjusted* 1.00 0.50 (0.18–1.40) 0.65 (0.22–1.93) 0.64 (0.21–1.97)

Any lesions
No. of cases 49 100 75 72
Age-adjusted 1.00 0.78 (0.39–1.59) 0.83 (0.40–1.72) 0.51 (0.25–1.03)
Multivariable-adjusted* 1.00 0.84 (0.40–1.74) 1.00 (0.46–2.17) 0.52 (0.24–1.13)

* Adjusts for age at death, physical activity index, smoking, years of education, APOE �4 status, elevated cholesterol,
and hypertension.

AD lesions was 279mg (p= 0.10, as compared to
those without any lesions).

DISCUSSION

In this nested case-control study, coffee and caf-
feine intake in midlife were not associated with overall
dementia, AD, VaD, or cognitive impairment after 25
years. Among decedents, the highest level of caffeine
consumption was associated with a lower risk of hav-
ing any of the neuropathologic lesions, however, there
were no significant associations according to lesion
type.
The association between the highest level of caffeine

intake and a lower OR for having moderate/high levels
of any of the lesion types may reflect a causal rela-
tionship. Analyses of some of the specific lesion types
may not have reached statistical significance due to
limited case numbers, and it is plausible that caffeine
serves a protective role common to the development
of co-prevalent lesion types. Caffeine, an adenosine
receptor antagonist, acts as a brain stimulant acutely
and enhances alertness [21]. Recent studies in mice
have supported a protective role of caffeine exposure in
the development of cognitive impairment, the restora-

tion of cognition, and the reversal of AD pathology,
suggesting a potentially therapeutic and preventive role
of caffeine in AD [1–3]. Furthermore, higher caffeine
intake has been associated with fewer white matter
lesions onmagnetic resonancebrain imaging inwomen
[22]. Caffeine has also been shown in multiple stud-
ies to have a protective role in the development of
Parkinson’s disease [23, 24].
However, previous epidemiologic studies of caf-

feine intake and cognition in humans have provided
inconsistent results [25]. In a case-control study from
Portugal, caffeine intake was associated with a lower
risk of AD [26]. However, caffeine consumption was
assessed retrospectively as the average intake over the
prior 20 years. A subsequent study from Finland sug-
gested that midlife coffee intake decreased risk of late
life AD and any dementia [4], whereas another study
among Finnish twins did not show any associations
[5]. In prospective cohort studies from France [27] and
Portugal [28] amongmenandwomen≥65years of age,
higher coffee intake was associated with reduced cog-
nitive decline among women over the ensuing 4 years,
however, midlife coffee intake and long-term effects
were not examined.
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Table 5
Odds ratios (95% confidence intervals) for brain pathology according to midlife caffeine intake among 418 decedents,

1992–2004

Caffeine intake, quartiles (mg/d)

0–137.0 138.5–231.0 251.5–391.5 411.0–1872.5

No. of men 109 99 105 105
Alzheimer lesions
No. of cases 27 25 25 26
Age-adjusted 1.00 1.00 (0.53–1.90) 0.98 (0.52–1.84) 1.03 (0.55–1.93)
Multivariable-adjusted* 1.00 1.10 (0.55–2.18) 0.96 (0.48–1.90) 0.85 (0.42–1.73)

Microvascular ischemic lesions
No. of cases 43 46 31 34
Age-adjusted 1.00 1.31 (0.75–2.27) 0.64 (0.36–1.12) 0.73 (0.42–1.28)
Multivariable-adjusted* 1.00 1.27 (0.72–2.26) 0.66 (0.37–1.20) 0.79 (0.43–1.45)

Generalized atrophy
No. of cases 54 40 46 48
Age-adjusted 1.00 0.66 (0.37–1.16) 0.80 (0.46–1.40) 0.87 (0.50–1.52)
Multivariable-adjusted* 1.00 0.68 (0.38–1.22) 0.87 (0.49–1.55) 1.01 (0.56–1.84)

Cortical Lewy bodies
No. of cases 19 14 18 12
Age-adjusted 1.00 0.76 (0.36–1.62) 0.99 (0.49–2.03) 0.62 (0.28–1.36)
Multivariable-adjusted* 1.00 0.82 (0.38–1.80) 1.10 (0.52–2.31) 0.71 (0.30–1.66)

Hippocampal sclerosis
No. of cases 13 9 8 8
Age-adjusted 1.00 0.71 (0.29–1.77) 0.61 (0.24–1.56) 0.63 (0.25–1.60)
Multivariable-adjusted* 1.00 0.67 (0.25–1.78) 0.62 (0.23–1.71) 0.77 (0.27–2.20)

Any lesions
No. of cases 87 70 71 68
Age-adjusted 1.00 0.59 (0.31–1.12) 0.53 (0.28–1.00) 0.46 (0.25–0.86)
Multivariable-adjusted* 1.00 0.61 (0.31–1.20) 0.57 (0.30–1.10) 0.45 (0.23–0.89)

* Adjusts for age at death, physical activity index, smoking, years of education, APOE �4 status, elevated cholesterol,
and hypertension. LRT p, trend=0.04 for any lesions.

Our study has several strengths, including the stan-
dardized, prospective collection of information on
risk factors and multiple potential confounders, the
community-based and longitudinal study design, a
large number of participants with high response rates
at the baseline and follow-up examinations, and highly
standardized clinical and neuropathologic endpoints.
Furthermore, previous analyses have provided robust
demonstrations of the relationship of midlife coffee
and caffeine intake with another neurologic condition,
Parkinson’s disease [23].
Several limitations should be considered in the inter-

pretation of our results. The cohort included only
Japanese American men residing on Oahu, which
thereby limits generalizability of our results. However,
limiting the study demographic also reduces potential
confounding due to ethnicity and geography. Secondly,
calculation of caffeine intake was likely imprecise,
based on 24-hour recall of coffee, tea, and cola intake,
without information on caffeine from food, such as
chocolate. However, we expect that any misclassifi-
cation of caffeine intake would have been random
with respect to outcome assessment. Lastly, we did
not analyze incident cases of dementia following expo-

sure assessment, but rather identified prevalent cases
after 25 years. However, censoring and death prior to
case ascertainment may be expected to lead to under-
estimates of associations between caffeine intake and
risk of dementia. Furthermore, although dementia may
have initially developed years earlier, it is unlikely that
participants were demented at the time of risk factor
assessment in midlife.
In conclusion, our study does not support an associ-

ation between midlife coffee or caffeine intake and the
risk of dementia or cognitive impairment. The high-
est levels of caffeine consumption was associated with
a decreased risk of having any of the neuropatho-
logic correlates of dementia at autopsy, however, there
were no associationswith specific lesion types. Further
prospective studies and future clinical trials of caffeine
intake, while challenging [29], are needed to confirm
our findings.
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