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IMPORTANCE Evidence linking coffee and tea to cognitive health remains inconclusive,
and most studies fail to differentiate caffeinated from decaffeinated coffee.

OBJECTIVE To investigate associations of coffee and tea intake with dementia risk and
cognitive function.

DESIGN, SETTING, AND PARTICIPANTS Prospective cohort study that included female
participants from the Nurses' Health Study (NHS; n = 86 606 with data from 1980-2023)
and male participants from the Health Professionals Follow-up Study (HPFS; n = 45 215 with
data from 1986-2023) who did not have cancer, Parkinson disease, or dementia at study
entry (baseline) in the US.

EXPOSURES The primary exposures were intakes of caffeinated coffee, decaffeinated coffee,
and tea. Dietary intake was collected every 2 to 4 years using validated food frequency
questionnaires.

MAIN OUTCOMES AND MEASURES The primary outcome was dementia, which was identified
via death records and physician diagnoses. The secondary outcomes included subjective
cognitive decline assessed by a questionnaire-based score (range, O-7; higher scores indicate
greater perceived decline; cases defined as those with a score =3) and objective cognitive
function assessed only in the NHS cohort using telephone-based neuropsychological tests
such as the Telephone Interview for Cognitive Status (TICS) score (range, 0-41) and a measure
of global cognition (a standardized mean z score for all 6 administered cognitive tests).

RESULTS Among 131821 participants (mean age at baseline, 46.2 [SD, 7.2] years in the NHS
cohort and 53.8 [SD, 9.7] years in the HPFS cohort; 65.7% were female) during up to 43 years
of follow-up (median, 36.8 years; IQR, 28-42 years), there were 11 033 cases of incident
dementia. After adjusting for potential confounders and pooling results across cohorts,
higher caffeinated coffee intake was significantly associated with lower dementia risk (141 vs
330 cases per 100 000 person-years comparing the fourth [highest] quartile of consumption
with the first [lowest] quartile; hazard ratio, 0.82 [95% Cl, 0.76 to 0.89]) and lower
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1zheimer disease (AD), the most common cause of de-

mentia, currently affects more than 6 million people

in the US, and is projected to nearly double to 13 mil-
lion by 2050.! The clinical trajectory of dementia is often con-
ceptualized as a continuum that may begin with subjective cog-
nitive decline (a stage where individuals report perceived
cognitive changes?), progressing to mild cognitive impair-
ment with measurable deficits on objective cognitive testing,*
and ultimately to clinical dementia.*

With limited treatment options and potential adverse ef-
fects of available therapies, early prevention is crucial. Among
modifiable risk factors, dietary components have garnered in-
creasing attention.® Coffee contains bioactive compounds, in-
cluding caffeine and polyphenols, which may offer neuropro-
tection by reducing oxidative stress and neuroinflammation.®
Experimental studies suggest that chronic caffeine exposure
may influence AD-related processes, including amyloid and tau
pathways, and AD pathogenesis is increasingly recognized as
multifactorial, involving additional mechanisms such as ly-
sosomal or autophagy dysfunction and neuroinflammatory or
immune responses.”'° Moreover, caffeine has been linked to
improved insulin sensitivity and vascular function, which may
help protect against cognitive decline.!

Several prospective studies have examined coffee and caf-
feine intake with cognitive health, yet findings remain
inconsistent.!?'® Notably, the dose-response relationship be-
tween caffeine intake and cognitive decline or dementia risk
varies across studies; some studies suggested increased risk
at higher intake levels, whereas other studies indicated pro-
tective effects that stabilize at higher intake levels.!*!> Most
previous studies were limited by single dietary assessments
and short follow-up periods, making it difficult to evaluate long-
term effects on cognitive outcomes.'” Furthermore, few stud-
ies have comprehensively assessed cognitive outcomes span-
ning the dementia continuum.

We used data from the Nurses’ Health Study (NHS) and the
Health Professionals Follow-up Study (HPFS) that had up to
43 years of follow-up with repeated dietary measurements and
assessments of dementia, subjective cognitive decline, and ob-
jective cognitive function. We hypothesized that higher con-
sumption of caffeinated coffee, tea, and caffeine was associ-
ated with lower dementia risk and better cognitive function.

Methods

Study Design
The study protocol was approved by the institutional review
boards of the Brigham and Women’s Hospital and Harvard T.H.
Chan School of Public Health. Informed consent was implied
by return of the completed questionnaires (and was ap-
proved by the local institutional review boards). This study is
reported in accordance with the Strengthening the Reporting
of Observational Studies in Epidemiology (STROBE) reporting
guideline.

The NHS began in 1976 and enrolled 121700 female regis-
tered nurses aged 30 to 55 years.'® The HPFS started in 1986
and recruited 51529 male health professionals aged 40 to 75
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Key Points

Question Is long-term intake of caffeinated and decaffeinated
coffee associated with risk of dementia and cognitive outcomes?

Findings In this prospective cohort study of 131821 individuals
from 2 cohorts with up to 43 years of follow-up, 11033 dementia
cases were documented. Higher caffeinated coffee intake was
significantly associated with lower risk of dementia. Decaffeinated
coffee intake was not significantly associated with dementia risk.

Meaning Higher caffeinated coffee intake was associated with
more favorable cognitive outcomes.

years at baseline.!® Questionnaires were sent biennially to
collect information on lifestyle factors and health conditions.
In this analysis, the start of the study (baseline) was 1980 for
the NHS cohort and was 1986 for the HPFS cohort, which is
when diet was first assessed in both studies. In both cohorts,
participants were excluded if they had a history of cancer,
Parkinson disease, or dementia; reported implausible total
energy intake (<500 or >3500 kcal/d for females in the NHS
cohort; <800 or >4200 kcal/d for males in the HPFS cohort);
or had missing intake for caffeinated beverages. After these
exclusions, 86 606 female participants in the NHS cohort
and 45 215 male participants in the HPFS cohort were
included in the dementia analysis. The participant selection
process and cohort-specific exclusions appear in eFigure 1 in
Supplement 1.

Intake Assessment for Coffee, Tea, and Caffeine

Dietary intake was measured using validated semiquantita-
tive food frequency questionnaires (FFQs) that were admin-
istered at baseline and every 2 to 4 years thereafter.2° Partici-
pants reported how often, on average, they consumed each
food and beverage, with a specified portion size. Caffeine in-
take was derived from intake levels of coffee, tea, soda, and
chocolate by multiplying the frequency of consumption for
each item by its caffeine content per serving (as estimated by
the US Department of Agriculture food composition sources)
and then summing across all items.?! In our validation stud-
ies, the intake assessed by the FFQs showed strong correla-
tions with those measured from 7-day dietary records (r = 0.80
for caffeine, r = 0.84 for coffee, and r = 0.81 for tea), demon-
strating excellent validity.2%-22 In this study, the primary ex-
posures were caffeinated coffee, decaffeinated coffee, and tea
intake. In addition, total caffeine intake was analyzed as a sec-
ondary exposure.

Ascertainment of Dementia and Cognitive Function

Dementia was the primary outcome. Cases of dementia were
identified through death records and biennial self-reported
physician diagnoses of AD or other types of dementia. Death
ascertainment was greater than 98% complete through
state records, the National Death Index, next-of-kin con-
firmation, and postal authorities; a physician blinded to
exposure data confirmed dementia as the underlying or con-
tributory cause using death certificates, medical records, and
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autopsy reports.?*> APOE4 genotype and plasma phosphory-
lated tau 217 (p-tau217) are established biomarkers reflecting
AD-related genetic susceptibility and pathophysiology.24:2°
In the 2 included cohorts, APOE4 carriers and participants
with higher plasma p-tau217 levels had substantially higher
risk of incident dementia, supporting the construct validity
of the ascertainment for disease outcomes (eMethods in
Supplement 1).24

As secondary outcomes, we assessed subjective cogni-
tive decline and objective cognitive function. Subjective cog-
nitive decline was assessed using cohort-specific 6- to 7-item
questionnaires (with yes or no responses) covering general
memory, executive function, attention, and visuospatial skills.
The questionnaires were administered in the NHS cohort in
2012 and 2014 and in the HPFS cohort in 2008, 2012, 2016,
2018, and 2020. Each yes response was scored as 1 point and
summed to create a subjective cognitive decline score (range,
0-7; higher scores indicate greater perceived decline). The
wording for each item and the administration cycles appear
ineTable1in Supplement 1. The validity of this score has been
reported.2®

For each participant, the mean score across all available
questionnaires was ascertained. Individuals with subjective
cognitive decline had a mean score of 3 or greater.2” Among
the 17139 participants in the NHS cohort who were older than
70 years, objective cognitive function was evaluated using tele-
phone-based cognitive tests from 1995 to 2008 in 4 waves and
comprising the following tests: (1) the Telephone Interview for
Cognitive Status (TICS; score range, 0-41); (2) immediate recall
of the East Boston Memory Test (EBMT); (3) delayed recall of
the EBMT; (4) delayed recall of the 10-word list for the TICS;
(5) a test of verbal fluency; and (6) the digit span backward
test.28 The high validity and reliability of these tests have been
previously reported.?®

We derived 3 cognitive scores: global cognition (combin-
ing all tests), verbal memory (including immediate and de-
layed recalls of the EBMT and the 10-word list for the TICS),
and TICS score. Test-specific z scores were calculated and av-
eraged to produce composite scores for global cognition and
verbal memory at each time point.2® Although a validated mini-
mal clinically important difference has not been established
for these telephone-based scores or standardized composite
scores in large epidemiological studies, prior work suggests
mild cognitive impairment in individuals with a 2- or 3-point
lower score on the TICS-based measures vs adults without cog-
nitive impairment.3° Objective cognitive function was not as-
sessed in the HPFS cohort.

Statistical Analysis

We modeled coffee, tea, and caffeine intake as time-
dependent covariates. For each follow-up interval, intake was
defined as the cumulative mean of all available FFQ assess-
ments up to that time point (updated at each dietary assess-
ment cycle) to represent long-term habitual intake and
reduce within-person random error. Intake of caffeinated
coffee, decaffeinated coffee, tea, and caffeine was then cat-
egorized into quantiles based on their respective distribu-
tions in each cohort.
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We applied Cox proportional hazard models to estimate haz-
ard ratios (HRs) and 95% ClIs for dementia risk by comparing
higher quantiles of intake with the lowest quantile. Follow-up
for dementia began at baseline questionnaire return, with per-
son-years accrued until the date of dementia diagnosis, death,
or the end of follow-up (January 31, 2023), whichever oc-
curred first. Cox proportional hazard models were fit using a
counting-process data structure to account for time-varying caf-
feinated beverage intake and covariates.*' Participants contrib-
uted person-time in biennial intervals; exposures and covari-
ates were updated at each dietary or questionnaire cycle.
For dietary or covariate data that were intermittently missing,
we carried forward the most recent value from the prior FFQ
or other type of questionnaire. The models were jointly strati-
fied by age (in months) and the calendar year of the current ques-
tionnaire cycle to flexibly adjust for age and period effects.
The proportional hazards assumption was evaluated by fitting
a model with a caffeine or beverage intake x follow-up inter-
action term and was assessed using a likelihood ratio test
@@l P > .05).

We constructed 2 multivariable models to examine the
robustness of the associations. Model 1 adjusted for basic
demographic characteristics, family history, and total energy
intake; the latter was included to account for differences in
body size and metabolic efficiency as well as to reduce mea-
surement error associated with self-reported dietary assess-
ment. Model 2 served as the primary fully adjusted model
and additionally controlled for lifestyle factors, diet quality,
social factors, and clinical comorbidities to isolate the inde-
pendent association of caffeine and beverage intake from
these potential confounders. The models for each type of
beverage were additionally adjusted for the other caffein-
ated beverages (eg, decaffeinated coffee models adjusted for
caffeinated coffee and tea intake). Most were treated as
time-varying covariates; however, the covariates of family
history of dementia and baseline history of depression, dia-
betes, hypertension, or hypercholesterolemia were not;
additional details appear in the eMethods and in eFigure 2 in
Supplement 1.

For the analyses of subjective and objective cognitive func-
tion, we used generalized estimating equation (GEE) models
with an unstructured working correlation matrix and robust
variance estimators to account for repeated measures within
individuals. To assess the associations of caffeinated bever-
ages and caffeine intake with subjective cognitive decline, we
fitted GEE models with a log link to estimate the prevalence
ratios and corresponding 95% CIs for subjective cognitive de-
cline that were scaled to a 3-point increment in the subjective
cognitive score. For the analyses of the objective cognitive mea-
sures (including TICS score, verbal memory z score, and global
composite z score), we used GEE models with an identity link
to quantify the multivariable-adjusted mean differences and
compared higher quantiles of intake with the lowest. The GEE
models were adjusted for the same covariates described above.
Linear trends were assessed by modeling the median intake
value as a continuous variable using Wald tests.

We then examined whether the associations between in-
take and the cognitive outcomes varied by smoking status, age,
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body mass index (calculated as weight in kilograms divided
by height in meters squared), APOE4 genotype, and AD poly-
genic risk score (PRS) tertiles. Subgroup analyses were con-
ducted in subpopulations defined by each stratification vari-
able. Effect modification was tested by including a main
exposure x stratification variable interaction term. Signifi-
cance was tested using likelihood ratio tests in the Cox pro-
portional hazard models and Wald tests in the GEE models. We
assessed potential nonlinear dose-response relationships be-
tween caffeine and caffeinated beverage intake and the out-
comes by fitting restricted cubic spline models in a pooled data-
set of both cohorts, adjusting for the aforementioned
covariables.?? Nonlinearity was evaluated by comparing a
model that includes only the linear term with one that addi-
tionally includes cubic spline terms, using the likelihood ra-
tio test. We performed several sensitivity analyses to assess the
robustness of our findings (additional details appear in the
eMethods in Supplement 1).

Analyses of dementia risk and subjective cognitive func-
tion were performed separately within each cohort. Cohort-
specific estimates were pooled using fixed-effects meta-
analysis because the results were highly consistent and there
was no evidence of between-cohort heterogeneity (P > .05 for
heterogeneity). All statistical analyses were conducted using
SAS version 9.4 (SAS Institute Inc) with 2-sided tests; P < .05
was considered statistically significant.

.|
Results

Participant Characteristics

A total of 131821 participants (mean age, 46.2 years [SD, 7.2
years] in the NHS cohort and 53.8 years [SD, 9.7 years] in the
HPFS cohort at baseline; 65.7% were female) were included
in the primary analysis (eFigure 1in Supplement 1). The age-
standardized characteristics of participants by cohort and
quartiles of caffeinated coffee intake appear in Table 1. In the
highest quartile of caffeinated coffee intake, females con-
sumed a median of 4.5 cups per day (1 cup was defined as an
8-0z [237-mL] serving of coffee or tea) vs 2.5 cups per day by
males. Participants who reported a higher intake of caffein-
ated coffee tended to be younger, consumed more alcohol,
were more likely to currently smoke, and had a higher total
energy intake. The age-standardized characteristics of the 2
cohorts at the midpoint of follow-up appear in eTable 2 in
Supplement 1 by quartiles of caffeine intake, in eTable 3 by
tertiles of decaffeinated coffee intake, and in eTable 4 by ter-
tiles of tea intake.

Coffee and Tea Intake and Dementia Risk

The duration of follow-up was 43 years (4 327 851 person-
years; median, 36.8 years [IQR, 28-42 years]). During follow-
up, there were 11033 cases of incident dementia (7975 cases
in the NHS cohort and 3058 cases in the HPFS cohort). After
the 2 cohorts were pooled, the incidence rate of dementia was
330 per 100 000 person-years for the first quartile (lowest in-
take) of caffeinated coffee intake, 298 per 100 000 person-
years for the second quartile, 229 per 100 000 person-years
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for the third quartile, and 141 per 100 000 person-years for the
fourth quartile. In the multivariable-adjusted analyses, a higher
level of caffeinated coffee intake was associated with a lower
risk of dementia (Table 2). Compared with the first quartile
(lowest intake) of caffeinated coffee intake, the pooled HR for
dementia was 0.98 (95% CI, 0.93-1.04) for the second quar-
tile, 0.81 (95% CI, 0.78-0.85) for the third quartile, and 0.82
(95% CI, 0.76-0.89) for the fourth quartile.

Similarly, higher tea intake was associated with lower
dementia risk. The incidence rate of dementia was 321 per
100 000 person-years for the first tertile (lowest intake) of tea
intake, 218 per 100 000 person-years for the second tertile, and
201 per 100 000 person-years for the third tertile. Compared
with the first tertile (lowest intake) of tea, the HR was 0.91
(95% CI, 0.86-0.96) for the second tertile and 0.86 (95% CI,
0.83-0.90) for the third tertile. In contrast, decaffeinated cof-
fee intake was not associated with dementia risk (Table 2).

Coffee and Tea Intake and Subjective Cognitive Decline

The associations of caffeinated coffee and tea intake with
subjective cognitive decline were broadly similar to those ob-
served for dementia risk. After the 2 cohorts were pooled,
the prevalence of subjective cognitive decline was 9.5% for the
first quartile of caffeinated coffee intake, 9.8% for the second
quartile, 8.7% for the third quartile, and 7.8% for the fourth
quartile. In the pooled multivariable-adjusted analyses com-
paring the highest with the lowest quartile of caffeinated cof-
fee intake, the prevalence ratio was 0.85 (95% CI, 0.78-0.93;
P < .001) for subjective cognitive decline (Table 3).

After the 2 cohorts were pooled, the prevalence of subjec-
tive cognitive decline was 9.5% in the first tertile of tea in-
take, 9.2% in the second tertile, and 8.1% in the third tertile.
In the pooled multivariable-adjusted analyses comparing the
highest with the lowest tertile of tea intake, the prevalence ra-
tio was 0.86 (95% CI, 0.80-0.93; P < .001) for subjective cog-
nitive decline. In contrast, after the 2 cohorts were pooled, the
prevalence of subjective cognitive decline was 8.5% for the first
tertile of decaffeinated coffee, 8.8% in the second tertile, and
9.7% in the third tertile. In the pooled multivariable-adjusted
analyses comparing the highest with the lowest tertile of de-
caffeinated coffee intake, the prevalence ratio was 1.16 (95% CI,
1.08-1.24; P < .001).

Coffee and Tea Intake and Objective Cognitive Function

In the analysis of objective cognitive function in the NHS
cohort only, higher intake of caffeinated coffee was associ-
ated with modestly better cognitive performance. Spe-
cifically, participants in the highest quartile had a TICS
score that was 0.11 units higher compared with the lowest
quartile (mean difference, 0.11 [95% CI, 0.01 to 0.21]; P = .03)
(Table 4). Given that the mean annual decline in the NHS
cohort is approximately 0.18 points per year for the TICS
score, this difference is equivalent to the cognitive decline
observed over approximately 0.6 years. Furthermore, this
difference represents roughly 5% of the 2- to 3-point score
gap typically observed between cognitively healthy adults
and those with mild cognitive impairment.3° The association
of higher caffeinated coffee intake with global cognition was
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Table 2. Associations of Coffee and Tea Intake With Dementia Risk in the Nurses’ Health Study (NHS; n = 86 606 Participants)
and the Health Professionals Follow-up Study (HPFS; n = 45 215 Participants)

Level of coffee and tea intake®

Quartile or tertile 1 Quartile or tertile 2 Quartile or tertile 3 Quartile 4 ?o‘:;itlrueid"
Caffeinated coffee
NHS cohort
Median intake, c/d° 0 0.43 2.50 4.50
No. of cases of 3196/902 252 1287/425853 3173/1403180 319/335467
dementia/person-years®
Incidence rate of 354/100000 302/100000 226/100000 95/100 000
dementia/person-years
Hazard ratio (95% Cl)®
Model 1° 1 [Reference] 0.92 (0.86-0.98) 0.78 (0.74-0.82) 0.74 (0.66-0.83) <.001
Model 29 1 [Reference] 0.94 (0.88-1.01) 0.80(0.76-0.84) 0.71(0.63-0.80) <.001
HPFS cohort
Median intake, c/d¢ 0 0.43 1.00 2.50
No. of cases of 1059/385578 762/262 826 505/203 006 732/409 689
dementia/person-years?
Incidence rate of 275/100000 290/100000 249/100 000 179/100 000
dementia/person-years
Hazard ratio (95% Cl)¢
Model 1 1 [Reference] 1.04 (0.95-1.14) 0.80(0.72-0.90) 0.87 (0.79-0.95) <.001
Model 29 1 [Reference] 1.06 (0.97-1.17) 0.87(0.78-0.97) 0.91(0.82-1.01) .02
Pooled cohorts
Incidence rate of 330/100000 298/100000 229/100000 141/100 000
dementia/person-years
Hazard ratio (95% CI)"
Model 1° 1 [Reference] 0.96 (0.91-1.01) 0.78(0.75-0.82) 0.81(0.75-0.87) <.001
Model 29 1 [Reference] 0.98 (0.93-1.04) 0.81(0.78-0.85) 0.82(0.76-0.89) <.001
Decaffeinated coffee
NHS cohort
Median intake, c/d° 0 0.07 1.00
No. of cases of 4475/1727 427 857/375 246 2643/964 079
dementia/person-years?
Incidence rate of 259/100000 228/100000 274/100 000
dementia/person-years
Hazard ratio (95% Cl)®
Model 1° 1 [Reference] 0.94(0.87-1.01) 1.06 (1.01-1.11) .01
Model 29 1 [Reference] 0.95(0.88-1.02) 0.98 (0.93-1.04) 73
HPFS cohort
Median intake, c/d° 0 0.07 1.00
No. of cases of 1774/684 819 362/182019 922/394 261
dementia/person-years?
Incidence rate of 259/100 000 199/100 000 234/100 000
dementia/person-years
Hazard ratio (95% Cl)®
Model 1 1 [Reference] 0.91(0.81-1.02) 1.01 (0.93-1.10) .52
Model 29 1 [Reference] 0.89 (0.79-0.99) 0.93(0.86-1.01) 21
Pooled cohorts
Incidence rate of 259 219 262
dementia/person-years
Hazard ratio (95% CI)"
Model 1° 1 [Reference] 0.93 (0.88-0.99) 1.05 (1.00-1.09) .01
Model 29 1 [Reference] 0.93 (0.87-0.99) 0.97 (0.93-1.01) .34
(continued)

more pronounced in analyses with a lag period of less than 12  lowering and antihypertensive medication use with multiple
years (eTable 8 in Supplement 1). The results were also stable ~ imputation of missing baseline caffeinated beverage intake
across multiple additional sensitivity analyses including (eTable 9 in Supplement 1). Similarly, the positive relation-
additional adjustment for metformin, aspirin, and lipid- ships with objective cognitive function persisted after
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Table 2. Associations of Coffee and Tea Intake With Dementia Risk in the Nurses’ Health Study (NHS; n = 86 606 Participants)
and the Health Professionals Follow-up Study (HPFS; n = 45 215 Participants) (continued)

Level of coffee and tea intake®

Quartile or tertile 1 Quartile or tertile 2 Quartile or tertile 3 Quartile 4 ?o‘:;itlrueid"
Tea
NHS cohort
Median intake, c/d° 0 0.07 1.00
No. of cases of 4113/1214827 1526/688 605 2336/1163320
dementia/person-years®
Incidence rate of 339/100000 222/100000 201/100000
dementia/person-years
Hazard ratio (95% Cl)®
Model 1° 1 [Reference] 0.86 (0.81-0.91) 0.83(0.78-0.87) <.001
Model 29 1 [Reference] 0.91(0.86-0.97) 0.85(0.81-0.90) <.001
HPFS cohort
Median intake, c/d¢ 0 0.07 0.79
No. of cases of 1703/595110 394/192 505 961/473 484
dementia/person-years?
Incidence rate of 286/100000 205/100000 203/100000
dementia/person-years
Hazard ratio (95% CI)®
Model 1 1 [Reference] 0.90 (0.80-1.00) 0.90 (0.83-0.98) .03
Model 29 1 [Reference] 0.90 (0.80-1.00) 0.89 (0.82-0.96) .01
Pooled cohorts
Incidence rate of 321/100000 218/100000 201/100000
dementia/person-years
Hazard ratio (95% CI)"
Model 1° 1 [Reference] 0.87(0.82-0.91) 0.85(0.81-0.88) <.001
Model 29 1 [Reference] 0.91 (0.86-0.96) 0.86 (0.83-0.90) <.001

2 Caffeinated coffee intake was divided into quartiles; decaffeinated coffee and
tea were modeled in tertiles because of their right-skewed distributions.

b Linear trends were quantified by modeling the median intake within each
category continuously and assessed with the Wald test.

€ One cup was defined as an 8-0z (237-mL) serving of coffee or tea.

9|dentified through death records and biennial self-reported physician
diagnoses of Alzheimer disease or other dementias.

€ Compares participants in each group with the lowest intake group.

f Stratified by age (in months), calendar time (in years), and adjusted for
educational attainments (nurses’ and husbands' education in the NHS cohort
and professions in the HPFS cohort), family history of dementia (yes vs no),

total energy intake (kcal/d), and menopausal status with hormone use status
for the NHS cohort.

8 Further adjusted for regular antidepressant drug use (yes vs no), history of
depression (yes vs no), body mass index (calculated as weight in kilograms
divided by height in meters squared; <23, 23-24.9, 25-29.9, 30-34.9, or =35),
duration of physical activity (<0.5, 0.5-2, >2-3.5, >3.5-5.5, >5.5 h/wk),
neighborhood socioeconomic status index (in tertiles), marriage status (yes vs
no), living arrangement (alone or not alone), smoking status (never, past, or
current [1-14, 15-24, or =25 cigarettes/d]), history of hypertension (yes vs no),
history of diabetes (yes vs no), history of hypercholesterolemia (yes vs no),
noncaffeinated sugar-sweetened beverages intake (in tertiles), total red meat
intake (in tertiles), Alternative Healthy Eating Index (in quintiles; excludes
intake of red meat, sugar-sweetened beverages, and alcohol), alcohol (O,
0.1-4.9,5.0-9.9,10.0-14.9, 15.0-29.9, or =30 g/d), multivitamin use (yes vs
no), and mutually adjusted for other caffeinated beverages.

" Results from both studies were combined using the fixed-effect model.

excluding participants who reported significant changes in
coffee intake in 1980 in the NHS cohort (eTable 10 in Supple-
ment 1); change of coffee intake at the baseline was not
assessed in the HPFS cohort.

The associations between intake of caffeine and caffein-
ated beverages and all the cognitive outcomes did not vary sig-
nificantly across subgroups defined by different levels of body
mass index, smoking status, APOE4 genotype, or AD PRS
(eTables 11-13 in Supplement 1). The inverse associations with
dementia risk were stronger among participants aged 75 years
or younger. In the pooled multivariable-adjusted analyses com-
paring the highest with the lowest quartile of caffeine intake,
the HR was 0.65 (95% CI, 0.56-0.76; P < .001) among partici-
pants 75 years of age or younger and the HR was 0.81 (95% CI,
0.75-0.88; P < .001) among participants older than 75 years
(eTable 11 in Supplement 1). Interactions by age were not sig-
nificant for subjective cognitive decline or objective cogni-
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tive function; however, the analyses of objective function in-
cluded only participants aged 70 years or older (eTables 12-13
in Supplement 1).

.|
Discussion

In 2 large prospective cohorts including US female and male
participants with repeated dietary assessments and ex-
tended follow-up, higher intake levels for caffeinated coffee,
tea, and caffeine were associated with a reduced risk of de-
mentia. These findings were further corroborated by the as-
sociations observed between caffeine and caffeinated bever-
age intake levels and lower prevalence of subjective cognitive
decline and modestly better cognitive function. Notably, the
strongest associations were observed at moderate consump-
tion levels; there were no additional advantages observed at
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Table 3. Associations of Coffee and Tea Intake With Subjective Cognitive Decline in the Nurses’ Health Study (NHS) and the Health Professionals
Follow-up Study (HPFS)

Level of coffee and tea intake®

Quartile or tertile 1 Quartile or tertile 2 Quartile or tertile 3 Quartile 4 fo‘:atlrl;db
Caffeinated coffee®
NHS cohort
Median intake, c/d¢ 0 0.43 1.25 2.50
No. of cases with subjective 1296 1000 1030 955
cognitive decline®
No. of participants 11930 8694 9901 10404
Prevalence ratio (95% Cl)f
Model 19 1 [Reference] 1.17 (1.06-1.29) 0.99 (0.90-1.09) 0.87(0.79-0.96) <.001
Model 2" 1 [Reference] 1.13(1.02-1.25) 1.00(0.91-1.11) 0.88 (0.79-0.98) <.001
HPFS cohort
Median intake, c/d¢ 0 0.29 1.00 2.50
No. of cases with subjective 306 283 260 224
cognitive decline®
No. of participants 4977 4408 4895 4771
Prevalence ratio (95% CI)f
Model 19 1 [Reference] 1.05(0.90-1.23) 0.87(0.75-1.01) 0.94 (0.81-1.09) .20
Model 2" 1 [Reference] 0.96 (0.82-1.13) 0.78(0.66-0.91) 0.79(0.67-0.93) .002
Pooled cohorts
Prevalence of cognitive decline, % 9.5 9.8 8.7 7.8
Prevalence ratio (95% Cl)'
Model 19 1 [Reference] 1.13(1.04-1.23) 0.95(0.88-1.03) 0.89(0.82-0.97) <.001
Model 2" 1 [Reference] 1.08 (0.99-1.18) 0.93(0.86-1.01) 0.85(0.78-0.93) <.001
Decaffeinated coffee
NHS cohort
Median intake, c/d¢ 0 0.07 1.00
No. of cases with subjective 2004 737 1540
cognitive decline®
No. of participants 20079 7245 13605
Prevalence ratio (95% Cl)f
Model 19 1 [Reference] 1.08 (0.97-1.19) 1.21(1.12-1.32) <.001
Model 2" 1 [Reference] 1.05(0.95-1.16) 1.18 (1.09-1.29) <.001
HPFS cohort
Median intake, c/d? 0 0.07 0.90
No. of cases with subjective 507 165 401
cognitive decline®
No. of participants 9549 3029 6473
Prevalence ratio (95% CI)f
Model 19 1 [Reference] 1.14(0.97-1.33) 1.12 (0.99-1.26) .14
Model 2" 1 [Reference] 1.19(1.01-1.39) 1.11(0.98-1.26) .27
Pooled cohorts
Prevalence of cognitive decline, % 8.5 8.8 9.7
Prevalence ratio (95% Cl)'
Model 19 1 [Reference] 1.09 (1.00-1.19) 1.18(1.11-1.26) <.001
Model 2" 1 [Reference] 1.09 (1.00-1.18) 1.16 (1.08-1.24) <.001
Tea
NHS cohort
Median intake, c/d¢ 0 0.07 0.79
No. of cases with subjective 1664 1311 1306
cognitive decline®
No. of participants 14751 12195 13983
Prevalence ratio (95% Cl)f
Model 19 1 [Reference] 0.99 (0.91-1.08) 0.79 (0.72-0.86) <.001
Model 2" 1 [Reference] 1.02(0.93-1.11) 0.84(0.77-0.92) <.001
(continued)
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Table 3. Associations of Coffee and Tea Intake With Subjective Cognitive Decline in the Nurses' Health Study (NHS) and the Health Professionals

Follow-up Study (HPFS) (continued)

Level of coffee and tea intake®

Quartile or tertile 1 Quartile or tertile 2 Quartile or tertile 3 Quartile 4 fo‘:atlrt:eid"
HPFS cohort
Median intake, c/d? 0 0.07 0.57
No. of cases with subjective 480 264 329
cognitive decline®
No. of participants 7845 4929 6277
Prevalence ratio (95% Cl)f
Model 19 1 [Reference] 0.98 (0.86-1.12) 0.91 (0.80-1.03) .13
Model 2" 1 [Reference] 1.01 (0.88-1.16) 0.91(0.80-1.03) .09
Pooled cohorts
Prevalence of cognitive decline, % 9.5 9.2 8.1
Prevalence ratio (95% Cl)'
Model 19 1 [Reference] 0.99 (0.92-1.06) 0.83(0.77-0.89) <.001
Model 2" 1 [Reference] 1.02 (0.94-1.10) 0.86 (0.80-0.93) <.001

2 Caffeinated coffee intake was divided into quartiles; decaffeinated coffee and
tea were modeled in tertiles because of their right-skewed distributions.

b Linear trends were quantified by modeling the median intake within each
category continuously and assessed with the Wald test.

< Slightly lower because dietary assessments used for the subjective cognitive
decline analysis were close to its assessment baseline (2008 and 2012) by
which time coffee consumption had declined in both cohorts.

90ne cup was defined as an 8-0z (237-mL) serving of coffee or tea.

€ Subjective cognitive decline was assessed using cohort-specific 6 to 7 yes/no
items covering general memory, executive function, attention, and
visuospatial skills (summed score range, 0-7).

f The values were scaled to a 3-point increase in the subjective cognitive score,
comparing each intake category with the lowest intake category.

& Adjusted for age (months), educational attainments (nurses’ and husbands’
education in NHS cohort and professions in HPFS cohort), family history of

dementia (yes vs no), total energy intake (kcal/d), and menopausal status with
hormone use status for the NHS cohort.

" Further adjusted for regular antidepressant drug use (yes vs no), history of
depression (yes vs no), body mass index (calculated as weight in kilograms
divided by height in meters squared; <23, 23-24.9, 25-29.9, 30-34.9, or =35),
duration of physical activity (<0.5, 0.5-2, >2-3.5, >3.5-5.5, >5.5 h/wk),
neighborhood socioeconomic status index (in tertiles), marriage status (yes vs
no), living arrangement (alone or not alone), smoking status (never, past, or
current [1-14, 15-24, or =25 cigarettes/d]), history of hypertension (yes vs no),
history of diabetes (yes vs no), history of hypercholesterolemia (yes vs no),
noncaffeinated sugar-sweetened beverages intake (in tertiles), total red meat
intake (in tertiles), Alternative Healthy Eating Index (in quintiles; excludes red
meat, sugar-sweetened beverages, and alcohol components), alcohol (O,
0.1-4.9,5.0-9.9,10.0-14.9, 15.0-29.9, or =30 g/d), multivitamin use (yes vs
no), and mutually adjusted for other caffeinated beverages.

I Results from both studies were combined using the fixed-effect model.

higher intake levels. These associations were independent of
genetic predisposition (including APOE4 genotype and AD PRS)
and major risk factors of dementia and cognitive decline, and
the findings were consistent across 2 independent cohorts.
Our findings are consistent with prior studies reporting
protective associations of caffeine and coffee intake with
cognitive decline.®*-*® For instance, an umbrella review of a
meta-analysis®® reported a 10% lower dementia risk associ-
ated with consumers of caffeine compared with nonconsum-
ers. Another meta-analysis>* of prospective studies found in-
verse associations between coffee or caffeine intake and
dementia risk. Similar results were also observed in a UK Bio-
bank study?” that assessed whether coffee and tea consump-
tion (separately or in combination) was associated with lower
dementia risk. In addition, another umbrella review of
meta-analyses®® identified an inverse association between cof-
fee consumption and AD risk. However, prior studies have gen-
erally dichotomized coffee intake, limiting the ability to fully
examine dose-response relationships.¢ Our study, which in-
cluded 2 studies that collected detailed and repeated dietary
assessments, observed a nonlinear inverse relationship across
intake levels without incremental differences at higher in-
take levels. This pattern is biologically plausible because the
absorption, transportation, metabolism, and storage of caf-
feine and other bioactive compounds in coffee and tea have
physiological limits.?”-*8 Specifically, enzymatic activities in caf-
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feine metabolism (particularly those activities mediated by
CYPIA2) may saturate at higher doses, contributing to this
threshold effect.®® Moreover, excessive caffeine intake may
negatively affect sleep quality or increase anxiety, poten-
tially offsetting its possible neuroprotective benefits.® This pat-
tern is also consistent with prior studies on coffee consump-
tion and cardiovascular disease risk in which moderate intake
was associated with the greatest benefits.*°

The observed differences in objective cognitive test
scores were modest in magnitude. For example, the mean
difference in the TICS score comparing the highest vs lowest
caffeinated coffee intake category was 0.11 points, and the
corresponding estimate for global cognition z score was small
and did not reach statistical significance. These differences
correspond to a mean age difference of 0.6 and 0.4 years in
the 2 cohorts included in this study. The minimal clinically
important differences for TICS score and the composite out-
comes assessed with the z score are not well established for
this specific study context; accordingly, these results should
be interpreted as small mean differences at the population
level rather than as change that could translate into clinically
detectable improvement for an individual. We also note that
objective cognitive outcomes were not uniformly significant
across metrics, which may reflect limited sensitivity of some
measures, differences in cognitive domains captured, or
chance variation.
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Table 4. Associations of Coffee and Tea Intake With Objective Cognitive Function in the Nurses' Health Study (NHS)

Level of coffee and tea intake in NHS cohort (n = 17 139)?

P value
Quartile or tertile 1 Quartile or tertile 2 Quartile or tertile 3 Quartile 4 for trend®
Caffeinated coffee
Median intake, c/d¢ 0 0.43 1.25 2.50
TICS score, MD (95% Cl)¢
Model 1° 0 [Reference] 0.07 (-0.03 t0 0.18) 0.08 (-0.02 t0 0.18) 0.14 (0.04 t0 0.23) .01
Model 2 0 [Reference] 0.02 (-0.08 t0 0.13) 0.03 (-0.07 t0 0.13) 0.11(0.01t00.21) .03
Verbal memory score, MD (95% Cl)9:"
Model 1© 0 [Reference] -0.01 (-0.03 t0 0.02) 0.02 (0 to 0.05) 0.02 (0 to 0.05) .04
Model 2 0 [Reference] -0.01 (-0.04 t0 0.01) 0.01 (-0.02 t0 0.03) 0(-0.02t0 0.03) .53
Global score, MD (95% CI)9"'
Model 1¢ 0 [Reference] 0(-0.03 t0 0.02) 0.02 (0 to 0.05) 0.03 (0 to 0.05) .006
Model 2° 0 [Reference] -0.01(-0.03t00.01)  0.01 (-0.01 to 0.04) 0.02 (-0.01t00.04) .06
Decaffeinated coffee
Median intake, c/d¢ 0 0.22 1.47
TICS score, MD (95% Cl)¢
Model 1° 0 [Reference] 0.12 (0.03 t0 0.20) 0.04 (-0.05t0 0.12) .99
Model 2f 0 [Reference] 0.07 (-0.02 t0 0.16) 0.02 (-0.07 to 0.11) .99
Verbal memory score, MD (95% Cl)-"
Model 1¢ 0 [Reference] 0(-0.02t0 0.02) -0.02 (-0.05 to 0) .02
Model 2f 0 [Reference] -0.01 (-0.03 t0 0.02) -0.03 (-0.05 to -0.01) .01
Global score, MD (95% Cl)9
Model 1° 0 [Reference] 0.01 (-0.01t0 0.03) 0(-0.02 t0 0.02) 48
Model 2f 0 [Reference] 0.01 (-0.02 t0 0.03) 0(-0.02 t0 0.02) .59
Tea
Median intake, c/d¢ 0 0.22 1.00
TICS score, MD (95% Cl)¢
Model 1¢ 0 [Reference] 0.17 (0.08 to 0.25) 0.16 (0.08 to 0.25) .002
Model 2f 0 [Reference] 0.14 (0.05t0 0.23) 0.16 (0.08 to 0.25) .001
Verbal memory score, MD (95% Cl)-"
Model 1© 0 [Reference] 0.03 (0.01 to 0.06) 0.05 (0.02 t0 0.07) <.001
Model 2f 0 [Reference] 0.03 (0.01 to 0.05) 0.05 (0.03 t0 0.07) <.001
Global score, MD (95% CI)%
Model 1° 0 [Reference] 0.04 (0.02 to 0.06) 0.04 (0.02 to 0.06) .002
Model 2f 0 [Reference] 0.04 (0.02 to 0.06) 0.04 (0.02 to 0.06) <.001

Abbreviations: MD, mean difference; TICS, Telephone Interview for Cognitive

duration of physical activity (<0.5, 0.5-2, >2-3.5, >3.5-5.5, or >5.5 h/wk),

Status.

2 Caffeinated coffee intake was divided into quartiles; decaffeinated coffee and
tea were modeled in tertiles because of their right-skewed distributions.

P Linear trends were quantified by modeling the median intake within each
category continuously and assessed with the Wald test.

€ One cup was defined as an 8-0z (237-mL) serving of coffee or tea.

dRanges from O to 41; higher scores indicate better objective cognition. In prior
studies, a 2- to 3-point difference typically has been observed between
cognitively healthy adults and those with mild cognitive impairment.

¢ Adjusted for age at cognitive function assessment (months), educational
attainments of nurses and their husbands, family history of dementia (yes
vs no), total energy intake (kcal/d), and menopausal status with hormone
use status.

f Further adjusted for regular antidepressant drug use (yes vs no), history of
depression (yes vs no), body mass index (calculated as weight in kilograms
divided by height in meters squared; <23, 23-24.9, 25-29.9, 30-34.9, or =35),

neighborhood socioeconomic status index (in tertiles), marriage status (yes vs
no), living arrangement (alone or not alone), smoking status (never, past, or
current [1-14, 15-24, or =25 cigarettes/d]), history of hypertension (yes vs no),
history of diabetes (yes vs no), history of hypercholesterolemia (yes vs no),
noncaffeinated sugar-sweetened beverages intake (in tertiles), total red meat
intake (in tertiles), Alternative Healthy Eating Index (in quintiles; excludes red
meat, sugar-sweetened beverages, and alcohol components), alcohol (O,
01-4.9,5.0-9.9,10.0-14.9, 15.0-29.9, or =30 g/d), multivitamin use (yes vs
no), and mutually adjusted for other caffeinated beverages.

8 Standardization of the z scores was used to improve comparability across
interview waves in which component tests and score ranges were not fully
consistent. A mean difference of 0.10 corresponds to one-tenth of an SD.
Positive mean differences indicate better cognitive performance.

" The z-standardized mean of immediate and delayed recalls from the East
Boston Memory Test and the 10-word list for the TICS.

I The z-standardized mean of all 6 objective cognitive tests.

Notably, few studies are able to differentiate between caf-
feinated and decaffeinated coffee intake.® Our analysis re-
vealed that the significant association was exclusive to caffein-
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ated coffee and tea, and no similar association was observed with
decaffeinated coffee consumption. This finding suggests that
caffeine may be the primary putative neuroprotective agent

JAMA Published online February 9, 2026

© 2026 American Medical Association. All rights reserved, including those for text and data mining, Al training, and similar technologies.

EN


http://www.jama.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2025.27259

E12

© 2026 American Medical Association. All rights reserved, including those for text and data mining, Al training, and similar technologies.

Research Original Investigation

Figure. Line Graphs Assessing Caffeinated Coffee Intake
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Intake, c/d 0 >0-1 >1-2 >2-3 >3-4 >4-5 >5

Mean z score -0.006 -0.004 0.022 0.037 0.030 0.012 -0.005
No. of participants 4653 3587 4157 3383 670 490 199

One cup was defined as an 8-0z serving of coffee or tea. Restricted cubic spline
models were used to estimate dose-response relationships. All the models were
adjusted (see table footnotes). For dementia and subjective cognitive decline, data
were pooled. Objective cognitive function (global z score) was assessed only in the
Nurses' Health Study (NHS). Cox proportional hazards were used in A. Generalized
estimating equations were used in B (with log link function and dietary data from
2006-2010 for the NHS cohort and 2002-2006 for the Health Professionals
Follow-up Study cohort) and in C (with identity link function and dietary data from
1990-1998). In C, a mean difference of 0.10 corresponds to one-tenth of an SD;
positive differences indicate better cognitive performance.

JAMA Published online February 9, 2026

Downloaded from jamanetwork.com by World Health Organization user on 02/09/2026

Coffee and Tea Intake, Dementia Risk, and Cognitive Function

underlying the observed association. An alternative explana-
tion may be the confounding by indication when individuals
switch to decaffeinated coffee due to caffeine intolerance or
other underlying health concerns that could predispose them
to cognitive decline. Consequently, the increased prevalence
of subjective cognitive decline or decreasing verbal memory
score among decaffeinated coffee drinkers at high intake lev-
els might reflect this preexisting vulnerability rather than a
direct beverage effect. Further research is warranted to eluci-
date the mechanistic pathways by which caffeinated and
decaffeinated coffee influences cognitive health. In addition,
we observed stronger associations in individuals younger
than 75 years of age. One may speculate that the induction
period for dementia may be more prominent in younger indi-
viduals, allowing earlier exposures to exert stronger predic-
tive power.*! Our findings also suggest that the observed
associations between caffeine and cognition operate inde-
pendently of major genetic risk factors for dementia, includ-
ing APOE4 genotype and AD PRS.

The neuroprotective effects of caffeine are supported by
multiple potential mechanisms. Caffeine, primarily through
its antagonism of adenosine Al and A2A receptors, modu-
lates synaptic transmission and attenuates A} accumula-
tion.*2 Experimental studies have shown that caffeine lowers
AR levels, suppresses 3- and y-secretase activity, enhances
neuronal plasticity, and stimulates mitochondrial function
and prosurvival signaling pathways.*® In addition, caffeine
may lower brain proinflammatory cytokines and mitigate
neuroinflammation, which are key contributors to cognitive
decline and the development of AD.** The ability of caffeine
to improve insulin sensitivity and reduce the risk of type 2
diabetes, which is a major risk factor for dementia, further con-
tributes to its protective effect on cognitive health.! Beyond
caffeine, coffee and tea contain bioactive compounds like
polyphenols, chlorogenic acid, and catechins, which offer
antioxidant and vascular benefits by reducing oxidative
stress and improving cerebrovascular function.*> Further-
more, tea components such as epigallocatechin-3-gallate and
L-theanine may provide additional benefits by enhancing re-
laxation and neuroprotection.*®

Limitations
Several limitations warrant consideration. First, the FFQs have
been validated for coffee and tea intake, but they did not cap-
ture granular details regarding the specific type of tea con-
sumed (eg, green vs black tea; caffeinated vs decaffeinated tea)
or specific coffee preparation methods (eg, bean origin, roast
level, or brewing technique). Variations in these factors can
influence the concentration of caffeine and other bioactive
compounds; consequently, we were unable to perform more
specific subtype analyses of tea or coffee preparations.
Second, reverse causation cannot be fully excluded be-
cause early or prodromal cognitive changes may influence bev-
erage consumption patterns or reduce the accuracy of self-
reported dietary intake. However, to mitigate this concern, we
excluded participants with major chronic diseases at base-
line and conducted a variety of sensitivity analyses, includ-
ing time-lagged analyses and the exclusion of participants who
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reported significant changes in coffee intake at baseline, all of
which yielded consistent findings.

Third, despite adjustment for a broad range of confound-
ers and medication use, residual confounding from unmea-
sured factors, including some neuroactive drugs not cap-
tured across follow-up, remains possible. Fourth, because this
is an observational study, the observed associations cannot es-
tablish causality. Fifth, objective cognitive testing was avail-
able only in the NHS cohort, limiting independent replication
of those results.

Sixth, dementia ascertainment relied on death records and
self-reported physician diagnoses with medical record con-
firmation when available. Even though the inclusion of par-
ticipants who are health professionals supports a higher va-

Original Investigation Research

lidity of reporting compared with the general population,
misclassification of dementia status remains possible, and we
could not evaluate AD dementia separately. Seventh, each co-
hort was composed of a single sex and predominantly health
professionals, which may limit generalizability to more di-
verse populations.

. |
Conclusions

Greater consumption of caffeinated coffee and tea was asso-
ciated with lower risk of dementia and modestly better cog-
nitive function, with the most pronounced association at mod-
erate intake levels.
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