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IMPORTANCE Intake of sweetened beverages, including sugar-sweetened beverages (SSB)
and artificially sweetened beverages (ASB), has been linked to multiple health outcomes, but
their associations with dementia risk among older adults are unclear.

OBJECTIVE To assess whether the consumption of SSB and ASB is associated with the risk of
all-cause dementia in older adults.

DESIGN, SETTING, AND PARTICIPANTS This multicohort study examined data from US adults
aged 65 and older enrolled in the Health and Retirement Study (2013), the Atherosclerosis
Risk in Communities study (1987-1995), the Chicago Healthy and Aging Project (1993-2012),
the Rush Memory and Aging Project (1997-2005), the Framingham Heart Study original
cohort (1986-1994), and its offspring cohort (1991-2001). Data were analyzed from May 27 to
September 24, 2024.

EXPOSURES SSB and ASB intake was assessed using validated food frequency questionnaires.

MAIN OUTCOMES AND MEASURES The primary outcome was all-cause dementia ascertained at
least 2 years after baseline from active research follow-ups and passive surveillance. Cox
proportional hazard regression models were used to assess the associations of SSB and ASB
with incident dementia.

RESULTS Of 10 974 participants (60.0% female, mean [SD] age: 73.2 [6.8] years), 2445
developed incident all-cause dementia over 116 067 person-years of follow-up. Consumption
of SSB and ASB in older adulthood was not associated with dementia risk in later life. The
pooled hazard ratio (HR) per serving per week for SSB was 0.99 (95% CI, 0.98-1.01; P = .18;
I2 = 0%) and for ASB was 1.00 (95% CI, 0.99-1.01; P = .99; I2 = 1%). The pooled HRs
comparing the highest (�1 serving per day) with lowest (0 to <1 serving per month)
consumption groups were 0.90 (95% CI, 0.78-1.03) for SSB and 1.00 (95% CI, 0.83-1.21) for
ASB. These findings were similar across cohorts and subgroups. In contrast, an inverse
association was observed for the Mediterranean diet score (HR, 0.92; 95% CI, 0.85-0.99 per
5-unit increment) as a positive control.

CONCLUSIONS AND RELEVANCE In this study, late-life consumption of SSB or ASB was not
associated with the risk of dementia. However, given their detrimental effects on metabolic
health and related chronic diseases during early life and midlife, the effects of early-life
consumption of SSB and ASB on the risk of dementia warrant further investigation.
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D ementia is a clinical syndrome characterized by
cognitive decline severe enough to interfere with
daily life and independence, primarily caused by

neurodegeneration.1 It imposes significant burdens on indi-
viduals and health care systems.1,2 This underscores the need
for primary prevention strategies and research aimed at iden-
tifying risk factors.1,3 Diet, a modifiable risk factor, has been
linked to dementia risk, making it a target for primary pre-
vention strategies.4,5 Excessive sugar consumption6 contrib-
utes to the burden of metabolic diseases such as obesity and
diabetes,7,8 which are important risk factors for dementia.9

Sugar-sweetened beverages (SSB) are a major source of sugar
intake,10 and approximately 20% of older adults had daily
consumptions of SSB in the US as of 2013.11 Animal studies
have shown that excessive sugar intake, including that from
SSB, contributed to Alzheimer disease (AD)–like pathologic
features, including upregulation of apolipoprotein E and
accelerated aggregation of β-amyloid.12 Nevertheless, the
brain is the most energy-demanding organ and may need suf-
ficient and efficient energy sources; simple sugar serves as
one of the main fuels,13,14 and the complexities of this asso-
ciation necessitate further investigations.

Previous population-based evidence on the association
of sweetened beverages with dementia is still scarce and
inconclusive.15-19 In the UK Biobank, higher intake of SSB (>2
units per day vs none) was associated with higher risks of all-
cause dementia and AD,15,20 while another community-
based study in the US reported no association.16 Artificially
sweetened beverages (ASB), marketed as a healthier alterna-
tive, also raised concerns with respect to their potential neu-
ropsychologic effects, while existing evidence is mixed.15,16

These inconsistencies may result from the differences in di-
etary assessment methods, the accuracy of dementia diagno-
sis, and age range in the population at dietary assessments.4

As underdiagnosis and misclassification are common con-
cerns in dementia research, active follow-up is essential to mini-
mize potential biases and improve diagnostic accuracy. More
importantly, given the long preclinical phase of dementia,4,21

long-term follow-up is needed, as prediagnosis cognitive de-
cline and mental disorders may affect dietary habits.21 To ad-
dress these knowledge gaps, we evaluated whether SSB and
ASB consumption was associated with the risk of all-cause
dementia in 6 US cohort studies, leveraging validated diet
measurement methods and long-term active follow-up for
dementia diagnosis.

Methods
Study Participants
We harmonized individual-level data from 6 prospective
studies: the Health and Retirement Study (HRS [2013]), the
Atherosclerosis Risk in Communities (ARIC [1987-1995])
study, the Chicago Healthy and Aging Project (CHAP [1993-
2012]), the Rush Memory and Aging Project (MAP [1997-
2005]), the Framingham Heart Study (FHS) original cohort
(1986-1994), and its offspring cohort (FOS [1991-2001]). Data
were analyzed from May 27 to September 24, 2024. The HRS

is a large nationally representative survey of community-
dwelling adults aged 50 years or older,22 and dietary assess-
ment was administered in the 2013 Health Care and Nutrition
Study (n = 8035). Commenced in 1987-1989, the ARIC
recruited 15 792 participants aged 44-66 years from field cen-
ters in 4 US communities,23 with 2 diet assessments at visits 1
(1987-1989) and 3 (1993-1995). The CHAP began in 1993 and
has enrolled 10 802 individuals 65 years of age or older in Chi-
cago, Illinois, as of 2012,24 and participants completed a
dietary assessment after recruitment. The MAP (n = 2022) is
an ongoing population-based cohort study since 1997 in the
Chicago metropolitan area.25 From 2004, MAP participants
were invited to complete dietary assessments at the annual
clinical evaluations. The FHS is a community-based cohort
study since 1948.26 Surviving participants of the original
cohort aged 67 to 96 years completed the dietary assessments
in the 20th, 21st, and 22nd examinations (1986-1994). Chil-
dren of the original cohort and their spouses formed the FOS
cohort in 1971 and completed dietary assessments in exami-
nations 5 (1991-1995), 6 (1995-1998), and 7 (1998-2001).27 This
study followed Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) reporting guideline for cohort
studies. The HRS was approved by the University of Michigan,
the ARIC was approved by each participating site, the CHAP and
MAP were approved by Rush University Medical Center, and the
FHS original cohort and FOS were approved by the Boston
University Medical Center. All participants provided written
informed consent. This pooling project was approved by School
of Public Health, Zhejiang University.

We included participants aged 65 years or older with valid
dietary information (total energy intake 500-3500 kcal/d for
women, 800-4200 kcal/d for men28). We defined baseline as
the date of completion of (the latest) food frequency ques-
tionnaire (FFQ) and excluded participants without informa-
tion on dementia diagnosis or with dementia at baseline and
those who developed dementia in the first 2 years of follow-
up. Therefore, dietary assessments preceded the ascertain-
ment of dementia by at least 2 years. Of the remaining partici-
pants, we excluded those with a history of stroke before or at
baseline because it may directly and substantially impact cog-
nitive status (eFigure 1 in Supplement 1). The study time-

Key Points
Question Is consumption of sugar-sweetened beverages (SSB)
and artificially sweetened beverages (ASB) associated with risk of
all-cause dementia in adults aged 65 and older?

Findings In this multicohort study including data from 10 974
older adults in the US, consumption of SSB and ASB was not
associated with the risk of all-cause dementia during a mean
follow-up of 10.7 years. The pooled hazard ratios per serving per
week were 0.99 for SSB and 1.00 for ASB.

Meaning In this study, higher late-life consumption of SSB and
ASB was not associated with the risk of dementia among older
individuals; however, early-life consumption of sugar-sweetened
and artificially sweetened beverages and risk of dementia warrant
further investigation.
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frames and follow-up periods for each cohort are shown in
Figure 1.

Assessment of Sweetened Beverages Intake
Despite some cohort-specific modifications, intake levels of SSB
and ASB in all 6 cohorts were assessed using FFQ29-33 based
on the extensively validated Harvard FFQ.34 In HRS, CHAP, and
MAP, we used the FFQ administered at baseline to collect in-
formation on beverage intake. In ARIC, FHS original cohort,
and FOS, we calculated average amounts from the repeated
assessments. We summed the intake of sugary fruit bever-
ages, sugar-sweetened soft drinks, and carbonated drinks as
SSB and low-calorie and diet drinks as ASB. To ensure statis-
tical power, we amalgamated the intake categories into never
or less than 1 serving per month (reference), 1 to less than 4
servings per month, 1 to less than 7 servings per week, and 1
or more servings per day based on previous literature35 and
the population distribution.

Ascertainment of Dementia
The outcome in this study was all-cause dementia ascer-
tained at least 2 years after baseline, combining results from
active follow-ups and passive collection of diagnosis informa-
tion in all cohorts. In HRS, dementia was identified according

to the Langa-Weir criteria using data from objectively mea-
sured cognitive function and proxy interviews.36 In ARIC,
dementia was ascertained from in-person or telephone cog-
nitive assessments, informant interviews, or hospitalization
codes or death certificates, and cases were reviewed by a panel
of neurologists.37 In CHAP, MAP, FHS original cohort, and FOS,
dementia was ascertained by a team of clinicians led by neu-
rologists and neuropsychologists based on a structured medi-
cal history, neurologic examination, and a battery of several
cognitive tests.24,25,38 Details are described in eMethods in
Supplement 1.

Covariates
We used questionnaires completed at and before baseline to
collect the information on age, sex (male or female), race and
ethnicity (American Indian or Alaska Native; Asian; Black or
African American; Native Hawaiian or Other Pacific Islander;
White; or other [participants describing themselves as race or
ethnicity other than the prespecified categories]) (not avail-
able in FHS original cohort), educational level (below college
or college and above), smoking status (current, former, or never
smokers), physical activity, total energy intake, Mediterra-
nean diet score, and body mass index (BMI) categories calcu-
lated as weight in kilograms divided by height in meters

Figure 1. Graphical Representation of Exposure and Outcome Assessment in the 6 Studies
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The ellipses between 1996-2000 and 2011-2015 indicate a gap in the timeline in
which few major study events occurred relevant to this analysis. ARIC indicates
Atherosclerosis Risk in Communities; CHAP, Chicago Healthy and Aging Project;

FHS, Framingham Heart Study; FOS, Framingham Offspring Study;
HCNS, Health Care and Nutrition Study; HRS, Health and Retirement Study;
MAP, Rush Memory and Aging Project.
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squared (<25, ≥25 to <30, or ≥30), depressive symptom, type
2 diabetes (T2D, yes or no), hypertension (yes or no), hyper-
cholesterolemia (yes or no, not available in HRS, CHAP, and
MAP), and heart diseases (yes or no). Race and ethnicity was
included as a covariate to account for known disparities in de-
mentia risk across these groups. Specifically, the Mediterra-
nean diet score that reflects Mediterranean diet adherence has
been extensively studied and found to be associated with bet-
ter cognition in existing literature.39 We primarily used covar-
iates collected concurrently with FFQ completion. If such data
were missing, the values were carried forward from previous
visits, and the remaining missing values were imputed with
multiple imputation with chained equations.40 Details of their
measurements were described in eMethods in Supplement 1.

Statistical Analysis
For descriptive statistics, continuous variables were pre-
sented as mean (SD), and categorical variables as number (per-
centage). The missing rates of covariates were presented in
eTable 1 in Supplement 1. Cox proportional hazard regression
models were used to examine the associations of SSB and ASB
with incident all-cause dementia. Survival time for each ob-
servation was calculated from the baseline of each cohort (date
of the latest FFQ) to the date of incident dementia, death, loss
to follow-up, or the end of follow-up, whichever occurred first.
Hazard ratios (HRs) and 95% CIs were estimated with sequen-
tial adjustments for covariates, with proportional hazard as-
sumption verified using the Schoenfeld residual method. We
analyzed data from each cohort separately and pooled their es-
timates using random-effects models.41

Stratified analyses were performed by age (<75 years or
≥75 years), sex (male or female), BMI category (<30.0 or
≥30.0), and the existence of chronic diseases (T2D, hyperten-
sion, hypercholesterolemia, heart disease, yes or no), and
interaction terms were tested using likelihood ratio test. We
conducted several sensitivity analyses to assess the robust-
ness of the primary findings. First, we mutually adjusted for
SSB and ASB to test their independent associations with inci-
dent dementia. Second, we further excluded participants
who developed dementia in the first 5 years of follow-up
because early preclinical changes such as sensory alterna-
tions may affect dietary intake behaviors. Moreover, given
the long latency of dementia, dietary intake may be less likely
to affect risk over a short follow-up period. Third, we
restricted our analyses to participants without baseline T2D,
because participants with T2D may change their beverage
consumption pattern after diagnosis. Fourth, we excluded
participants with heart disease at the study baseline. Fifth,
considering the competing risk between mortality and inci-
dent dementia, we repeated the main analyses using the
Fine-Gray competing risk model.42 As a post hoc positive
control analysis to verify that the null associations were not
due to dementia misclassification or dietary measurement
error, we assessed the association of the Mediterranean diet
score with incident dementia.

Statistical analyses were performed using R version 4.3.0
(R Project for Statistical Computing). We reported 2-sided P val-
ues throughout and P < .05 indicated statistical significance.

Results

Baseline Characteristics of Participants
According to inclusion and exclusion criteria, a total of 10 974
participants were included. The mean (SD) age at baseline was
73.2 (6.8) years, and 60.0% participants were female (Table 1).
Detailed information on the race and ethnicity of study par-
ticipants is shown in Table 1. The medians (IQRs) of SSB in-
take ranged from 0.00 (0.00-1.00) servings per week in MAP
to 1.25 (0.25-4.00) servings per week in ARIC. ASB intake was
lowest in CHAP and MAP (median, 0.00; IQR, 0.00-0.50) and
highest in ARIC (median 1.00; IQR, 0.00-4.00) (eTable 2 in
Supplement 1).

Association of Sweetened Beverages
With Incident Dementia
Over 116 067 person-years, 2445 participants (324 of 18 370
person-years in HRS; 1010 of 48 859 person-years in ARIC; 323
of 11 232 person-years in CHAP; 266 of 15 834 person-years in
MAP; 226 of 13 179 person-years in FOS; and 296 of 8593
person-years in FHS original cohort) developed incident
all-cause dementia. The incidence rates were 17.6 per 1000-
person-years in HRS, 20.7 per 1000-person-years in ARIC,
28.8 per 1000-person-years in CHAP, 16.8 per 1000-person-
years in MAP, 17.1 per 1000-person-years in FOS, and 34.4 per
1000-person-years in FHS original cohort (eFigure 2 in
Supplement 1).

Consumptions of the 2 types of sweetened beverages
were not significantly associated with the risk of incident
dementia. In the multivariable-adjusted model, the pooled
HRs per serving/week increment were 0.99 (95% CI, 0.98-
1.01; P = .18 for trend) for SSB and 1.00 (95% CI, 0.99-1.01;
P = .99) for ASB (Figure 2). These findings were consistently
shown in multiple models with different sets of covariates
(eTables 3 and 4 in Supplement 1) and showed minimal
heterogeneity across studies (I2 = 0% for SSB and 4% for ASB).
The pooled HRs comparing 1 or more servings per day vs 0 to
less than 1 serving per month of intake were 0.90 (95% CI,
0.78-1.03) for SSB intake of SSB and 1.00 (95% CI, 0.84-1.21)
for ASB (Table 2). One serving per week substitution of SSB
with ASB was not associated with the risk of incident all-
cause dementia (pooled HR, 1.01; 95% CI, 0.98-1.04) (eFig-
ure 3 in Supplement 1).

Subgroup and Sensitivity Analyses
The findings for SSB and ASB in terms of dementia did not
substantially differ across major subgroups of participants
defined by age, sex, BMI category, and chronic disease (Figure 3;
eTables 5 and 6 in Supplement 1). Among individuals aged 75
years or older, the pooled HR for ASB intake (per serving per
week) was 1.03 (95% CI, 1.00-1.06).

In the sensitivity analyses, the findings for sweetened bev-
erages and dementia risk were similar to the primary analysis
results. When we mutually adjusted for the 2 sweetened bev-
erages or excluded incident dementia cases that occurred
within the first 5 years of follow-up, the findings were un-
changed. The findings were also consistent when restricted to
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participants without T2D or heart disease and competing risk
of mortality was accounted for (eTable 7 in Supplement 1). In
a post hoc analysis, the pooled HR for every 5-point incre-
ment in the Mediterranean diet score increment was 0.92 (95%
CI, 0.86-0.99) (eTable 8 in Supplement 1).

Discussion

In 6 prospective cohorts with a total of 10 974 older adults and
more than 2000 incident all-cause dementia cases, we did not

Table 1. Baseline Characteristics of Study Participants

Variable

Cohort, No. (%)
Overall
(N = 10 974)

HRS
(n = 3172)

ARIC
(n = 3082) CHAP (n = 1494) MAP (n = 1279) FOS (n = 1103)

FHS original
cohort (n = 844)

Age, mean (SD), y 73.2 (6.8) 74.7 (6.8) 67.4 (1.7) 74.9 (5.6) 81.0 (6.8) 70.8 (4.4) 77.5 (4.4)

Sex

Female 6580 (60.0) 1920 (60.5) 1593 (51.7) 948 (63.5) 969 (75.8) 611 (55.4) 539 (63.9)

Male 4394 (40.0) 1252 (39.5) 1489 (48.3) 546 (36.5) 310 (24.2) 492 (44.6) 305 (36.1)

Race and ethnicitya

American Indian or
Alaska Native

NA NA 0 1 (0.1) 4 (0.3) NA NA

Asian NA NA 0 0 6 (0.5) NA NA

Black or African
American

NA 366 (11.5) 551 (17.9) 783 (52.4) 50 (3.9) NA NA

Native Hawaiian or
Other Pacific Islander

NA NA 0 2 (0.1) 1 (0.1) NA NA

White NA 2692 (84.9) 2531 (82.1) 708 (47.4) 1212 (94.8) 1093 (99.1) NA

Otherb NA 114 (3.6) 0 0 6 (0.5) 10 (0.9) NA

Tertiary education 5226 (47.6) 1526 (48.1) 1303 (42.3) 741 (49.7) 742 (58.0) 609 (55.2) 305 (36.1)

Current smoker 1002 (9.1) 214 (6.7) 431 (14.0) 176 (11.8) 27 (2.1) 80 (7.3) 74 (8.8)

Physical exercise

<1 Time/wk NA 884 (27.9) NA NA NA NA NA

≥1 and <3 Times/wk NA 1229 (38.7) NA NA NA NA NA

≥3 Times/wk NA 1059 (33.4) NA NA NA NA NA

Physical exercise scorec NA NA 2.6 (0.8) NA 3.6 (3.7) 38.6 (6.3) 33.6 (5.4)

Physical exercise time,
mean (SD), min/wk

NA NA NA 219.7 (323.2) NA NA NA

BMI

<25 3386 (31.2) 929 (29.3) 896 (29.1) 465 (33.6) 455 (35.6) 342 (31.0) 299 (35.4)

≥25 and <30 4364 (40.2) 1211 (38.2) 1270 (41.2) 573 (41.3) 484 (37.8) 469 (42.5) 357 (42.3)

≥30 3116 (28.7) 1032 (32.5) 916 (29.7) 348 (25.1) 340 (26.6) 292 (26.5) 188 (22.3)

Energy intake, mean (SD),
kcal/d

1704.0 (581.1) 1743.4
(662.2)

1598.2 (516.5) 1723.4 (589.9) 1731.2 (549.8) 1789.0 (502.9) 1755.7 (550.7)

Mediterranean diet score,
mean (SD)d

28.0 (5.4) 27.9 (5.6) 25.3 (4.0) 28.8 (4.9) 32.3 (5.4) 29.4 (5.0) 29.1 (5.0)

Depressive symptom
score, mean (SD)e

NA 1.1 (1.7) 29.9 (7.4) 1.3 (1.7) 1.0 (1.5) 14.1 (4.5) NA

Depressive symptom NA NA NA NA NA NA 23 (2.7)

Type 2 diabetes 1947 (17.7) 782 (24.7) 553 (17.9) 237 (15.9) 143 (11.2) 172 (15.6) 60 (7.1)

Hypertension 6359 (57.9) 2081 (65.6) 1559 (50.6) 697 (46.7) 726 (56.8) 679 (61.6) 617 (73.1)

Hypercholesterolemia NA NA 1949 (63.2) NA NA 760 (68.9) 186 (22.0)

Heart disease 1940 (17.8) 892 (28.1) 309 (10.0) 173 (11.6) 105 (8.2) 216 (19.6) 245 (29.0)

Abbreviations: ARIC, Atherosclerosis Risk in Communities; BMI, body mass
index (calculated as weight in kilograms divided by height in meters squared);
CHAP, Chicago Healthy and Aging Project; FHS, Framingham Heart Study;
FOS, Framingham Offspring Study; HCNS, Health Care and Nutrition Study;
HRS, Health and Retirement Study; MAP, Rush Memory and Aging Project;
NA, not applicable.
a Information on race and ethnicity was obtained based on prespecified

categories in questionnaires completed at and before baseline.
b Participants describing themselves as race or ethnicity other than the

prespecified categories (not available in FHS original cohort).
c In ARIC, physical activity was measured via the Baecke questionnaire. In MAP,

physical activity was measured based on the sum of self-reported minutes

spent over the previous 2 weeks on 5 activities. In FOS and FHS original
cohort, physical activity was measured using Physical Activity Index based on
oxygen consumption or metabolic equivalents.

d Mediterranean diet score, range 0-55, where higher scores connote greater
accordance. In ARIC, the maximum number of points for the Mediterranean
diet score was 50 due to the lack of information on olive oil.

e The depressive symptom score was assessed by the validated 8-item Center
for Epidemiologic Studies-Depression (CES-D) scale in HRS (scored from 0 to
8), 10-item CES-D scale in CHAP and MAP (scored from 0 to 10), 21-item Vital
Exhaustion Questionnaire in ARIC (scored from 0 to 42), and 20-item CES-D
scale in FOS (scored from 0 to 40).
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observe association of consumption of SSB or ASB with the risk
of dementia. The findings were consistent across major study
subgroups. The multiple sensitivity analysis and positive con-
trol of the Mediterranean diet suggested the robustness of
methodologic approaches.

Only a few cohort studies have examined the associa-
tions of sweetened beverage intake with incident dementia in
older adults, and the findings have been inconsistent. In the
UK Biobank (median follow-up, 9.5 years; mean age, 56.4
years), higher intake of SSB and ASB (>2 units per day vs
nonconsumers) were each associated with a higher risk of
dementia15; while another cohort study of 2888 participants
aged over 60 years found no significant association.16 Pool-
ing findings from 6 well-characterized cohort studies, we ob-
served null associations of late-life consumptions of SSB and
ASB with all-cause dementia, with narrow CIs indicating rela-
tively high precision. This suggests that the lack of associa-

tions is less likely due to inadequate statistical power and more
reflective of an absence of association between SSB, ASB, and
dementia risk. The difference may stem from the dietary mea-
surement approaches and population characteristics. For in-
stance, the UK Biobank consisted mostly of middle-aged par-
ticipants at baseline and used 24-hour diet recalls that may not
well represent long-term dietary habits. In the UK Biobank
study, the association for SSB was only found at a very high
consumption level (>2 units/d),15 but few participants in the
6 US cohorts reached such level. In contrast, the FFQ could bet-
ter capture long-term dietary intake, and the exposure levels
were generally stable in repeated measurements. Differences
in approaches to energy intake adjustment may further con-
tribute to inconsistencies in previous studies. Some studies
adjust for total energy intake, assuming that the source of en-
ergy (beverages vs other foods) is critical, while others do not.
These differing approaches may partially explain heteroge-

Figure 2. Forest Plots for the Associations of Sugar-Sweetened and Artificially Sweetened Beverages With Risk of All-Cause Dementia
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We estimated hazard ratios (HRs) and 95% CIs from individual cohorts using
Cox proportional hazard regression models adjusted for age, sex, ethnicity (not
in Framingham Heart Study [FHS] original cohort), educational level, smoking
status (not in Rush Memory and Aging Project [MAP]), physical activity, body
mass index, total energy intake, Mediterranean diet score, depressive

symptom, diabetes, hypertension, hypercholesterolemia (not in Health and
Retirement Study [HRS]), and heart diseases. The pooled estimates were from
random-effects models. ARIC indicates Atherosclerosis Risk in Communities;
CHAP, Chicago Healthy and Aging Project; FOS, Framingham Offspring Study.

Table 2. Associations of Sugar-Sweetened and Artificially Sweetened Beverages With Risk of All-Cause Dementia

Variable

Sugar-sweetened beverages Artificially sweetened beverages

No. of
partic-
ipants

No. of
cases

Person-
years

Pooled HR (95% CI) No. of
partici-
pants

No.
of
cases

Person-
years

Pooled HR (95% CI)
Multivariable
model 1a

Multivariable
model 2b

Multivariable
model 1a

Multivariable
model 2b

Beverage intake
category

0 To <1
servings/mo

3648 743 36 737.3 1 [Reference] 1 [Reference] 5181 1137 50 728.4 1 [Reference] 1 [Reference]

1 To <4
servings/mo

2354 517 25 179.3 0.99 (0.86-1.13) 1.01 (0.83-1.23) 1746 402 19 346.6 0.96 (0.80-1.15) 0.99 (0.81-1.20)

1 To <7
servings/wk

3800 917 41 953.0 1.11 (0.92-1.34) 1.02 (0.88-1.18) 2875 676 33 238.0 1.02 (0.86-1.22) 1.06 (0.86-1.32)

≥1 Servings/d 1169 268 12 180.1 1.07 (0.88-1.30) 0.90 (0.78-1.03) 1153 228 12 631.5 1.04 (0.82-1.31) 1.01 (0.84-1.21)

Per serving/wk
increment

NA NA NA 1.01 (0.99-1.03) 0.99 (0.98-1.01) NA NA NA 1.00 (0.99-1.02) 1.00 (0.99-1.01)

P value for trend NA NA NA .23 .18 NA NA NA .63 .99

Abbreviations: HR, hazard ratio; NA, not applicable.
a Multivariable model 1 was adjusted for age and sex.
b Multivariable model 2 was adjusted for age, sex, ethnicity (not in Framingham

Heart Study original cohort), educational level, smoking status (not in Rush

Memory and Aging Project), physical activity, body mass index, total energy
intake, Mediterranean diet score, depressive symptom, diabetes,
hypertension, hypercholesterolemia (not in Health and Retirement Study),
and heart diseases.
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neity in effect estimates across studies.43 There are also de-
bates on whether diabetes, which could be both a con-
founder and a mediator for the association, should be adjusted
for.16 Nevertheless, our findings did not show substantial
changes when these factors were taken into account.

Our study of 6 US-based prospective cohorts provided valu-
able information with rigorous study designs and relatively
long-term follow-up and should be interpreted within the con-
text of several methodological challenges in dietary assess-
ment and dementia diagnosis.4 The primary strengths of the
6 studies include long-term follow-up with validated ap-
proaches to assess dietary intake and active ascertainment to
reduce misclassification of dementia. The rigorous follow-up
procedures implemented in the 6 cohorts likely minimized the
underdiagnosis of dementia, which showed a comparable in-
cidence rate with a previous study involving US older adults.44

Considering the long preclinical period of dementia, prediag-
nosis cognitive decline and mental health may well affect the
dietary habits of individuals (such as altered taste)21 and ne-
cessitates a sufficiently long-term follow-up. The average fol-

low-up time of the 6 cohorts (10.7 years) in our study was lon-
ger than that of most existing studies. We only included
incident dementia cases diagnosed 2 or more years after base-
line, and the small number of excluded cases did not intro-
duce major selection bias.45 In addition, our study focused on
an older population, which allowed us to exclude early-onset
dementia, which differed in pathological features from late-
onset dementia. The large number of incident cases (>2000)
allowed us to estimate the associations with a high level of pre-
cision. Also, our sensitivity analysis on the Mediterranean diet
as a positive control further suggests that dietary measure-
ment errors and dementia misclassification may have less bear-
ing on our findings.

Existing literature has pointed out that liquid sources of
carbohydrates provide less satiety compared with solid sources
and lead to excessive energy intake. In addition, excessive sugar
intake might induce a rapid increase in blood glucose,46 which
may elevate dementia risk.47 However, our findings do not sup-
port this hypothesis and reflected the complex associations be-
tween SSB intake and brain health, particularly considering that

Figure 3. Associations of Sugar-Sweetened and Artificially Sweetened Beverages
With Risk of All-Cause Dementia in Study Subgroups
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We estimated hazard ratios (HRs) and
95% CIs from individual cohorts using
Cox proportional hazard regression
models adjusted for age, sex,
ethnicity (not in FHS original cohort),
educational level, smoking status (not
in MAP), physical activity, body mass
index, total energy intake,
Mediterranean diet score, depressive
symptom, diabetes, hypertension,
hypercholesterolemia (not in HRS),
and heart diseases. The subgroup
variables were excluded from the
covariate set for the corresponding
subgroup analysis. The estimates
were then meta-analyzed with
random-effects models.
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sugar serves as one of the primary fuel sources supporting brain
function.13,14 The associations between ASB and health out-
comes also have been controversial, and the evidence for de-
mentia is still scarce. A meta-analysis showed that ASB might
be a risk factor for T2D,48 while another cohort study over 20.9
years49 found no association for liver diseases. Our findings,
based on 6 well-established cohorts, also found no associa-
tion between late-life ASB consumption and dementia, which
affirms the complexity between artificial sweeteners and cog-
nitive health.

Limitations
However, our findings should be interpreted with caution. First,
because we focused our analysis on the older population, most
of them surviving to the baseline may be healthier than the
general population and less susceptible to the harm of un-
healthy dietary intake. Second, unmeasured and residual con-
founding could still exist. Third, the study population had a
lower prevalence of daily SSB and ASB consumption (approxi-
mately 10%) compared with the general US older population,
where approximately 20% of individuals aged 55 years or older
reported daily consumption in 2013.11 Therefore, the repre-

sentativeness and generalizability of our findings to broader
populations warrant further investigation. Given the associa-
tion between sweetened beverages and other diseases, espe-
cially metabolic diseases, our study does not challenge the ex-
isting dietary guidelines for the older population with respect
to SSB or ASB. Recognizing the adverse effects of sweetened
beverages in several chronic diseases, especially cardiometa-
bolic diseases in midlife, the role of early-life consumption of
SSB and ASB in the risk of dementia remains to be investi-
gated. In addition, there are many other sources of sugar (such
as sweets and flavored yogurts), so the potential harm of ex-
cessive sugar intake should still be monitored.50

Conclusions
In this multicohort study using data from 6 studies, consump-
tion of SSB and ASB in older adulthood was not associated with
the risk of later-life dementia. Given their detrimental effects
in metabolic health and related chronic diseases during midlife,
early-life consumption of SSB and ASB and the risk of demen-
tia remain to be investigated.

ARTICLE INFORMATION

Accepted for Publication: March 12, 2025.

Published Online: June 18, 2025.
doi:10.1001/jamapsychiatry.2025.1230

Author Affiliations: School of Public Health, The
Second Affiliated Hospital, Zhejiang University
School of Medicine, Hangzhou, Zhejiang, China
(Chen, Ding, Yuan); Department of Nutrition,
Harvard T.H. Chan School of Public Health, Boston,
Massachusetts (Chen, Bjornevik, Yuan); Rush
Institute for Healthy Aging, Rush University Medical
Center, Chicago, Illinois (Dhana, Beck, Rajan);
Department of Internal Medicine, Rush University
Medical Center, Chicago, Illinois (Dhana, Agarwal,
Beck, Rajan); Rush Alzheimer’s Disease Center,
Rush University Medical Center, Chicago, Illinois
(Agarwal, Rajan); Glenn Biggs Institute for
Alzheimer’s & Neurodegenerative Diseases, UT
Health San Antonio, San Antonio, Texas (Melo van
Lent); Department of Neurology, Boston University
School of Medicine, Boston, Massachusetts (Melo
van Lent); The Framingham Heart Study,
Framingham, Massachusetts (Melo van Lent);
Department of Epidemiology, Harvard T.H. Chan
School of Public Health, Boston, Massachusetts
(Ma, Bjornevik); CAS Key Laboratory of Nutrition,
Metabolism and Food Safety, Shanghai Institute of
Nutrition and Health, University of Chinese
Academy of Sciences, Chinese Academy of
Sciences, Shanghai, China (Zong).

Author Contributions: Dr Yuan had full access to all
of the data in the study and takes responsibility for
the integrity of the data and the accuracy of the
data analysis. Messrs Chen and Ding contributed
equally and are considered co–first authors.
Concept and design: Chen, Yuan.
Acquisition, analysis, or interpretation of data:
All authors.
Drafting of the manuscript: Chen, Ding.
Critical review of the manuscript for important
intellectual content: Dhana, Agarwal, Beck, Rajan,
Melo van Lent, Ma, Zong, Bjornevik, Yuan.

Statistical analysis: Chen, Ding, Beck, Yuan.
Obtained funding: Rajan, Yuan.
Administrative, technical, or material support: Ma,
Zong, Yuan.
Supervision: Melo van Lent, Yuan.

Conflict of Interest Disclosures: Dr Dhana
reported grants from National Institute on Aging
paid to institution and grants from Alzheimer’s
Association paid to institution outside the
submitted work. Dr Agarwal reported grants from
National Institutes of Health/National Institute of
Aging (NIH/NIA) during the conduct of the study;
and grants from Alzheimer’s Association outside
the submitted work. Dr Rajan reported grants from
NIH R01AG058679 and grants from NIH
R01AG073627 during the conduct of the study.
Dr Melo van Lent reported grants from NIH NIA and
grants from Alzheimer’s Association during the
conduct of the study. No other disclosures were
reported.

Funding/Support: This study was supported by the
Zhejiang University Global Partnership Fund
(Dr Yuan) and Alzheimer’s Association
(AARG-22-928604, to Dr Yuan).

Role of the Funder/Sponsor: The funding
organizations had no role in the design and conduct
of the study; collection, management, analysis, and
interpretation of the data; preparation, review, or
approval of the manuscript; or decision to submit
the manuscript for publication.

Data Sharing Statement: See Supplement 2.

Additional Contributions: We thank the
participating individuals and staff of the cohorts for
their continuing dedication and efforts.

REFERENCES

1. Livingston G, Huntley J, Liu KY, et al. Dementia
prevention, intervention, and care: 2024 report of
the Lancet Standing Commission. Lancet. 2024;
404(10452):572-628. doi:10.1016/S0140-6736(24)
01296-0

2. GBD 2019 Dementia Forecasting Collaborators.
Estimation of the global prevalence of dementia in
2019 and forecasted prevalence in 2050: an
analysis for the Global Burden of Disease Study
2019. Lancet Public Health. 2022;7(2):e105-e125.
doi:10.1016/S2468-2667(21)00249-8

3. Risk Reduction of Cognitive Decline and
Dementia. WHO Guidelines. World Health
Organization; 2019. Accessed December 11, 2023.
https://www.ncbi.nlm.nih.gov/books/NBK542796/

4. Morris MC. Nutrition and risk of dementia:
overview and methodological issues. Ann N Y Acad
Sci. 2016;1367(1):31-37. doi:10.1111/nyas.13047

5. Liu YH, Gao X, Na M, Kris-Etherton PM, Mitchell
DC, Jensen GL. Dietary Pattern, Diet Quality, and
Dementia: A Systematic Review and Meta-Analysis
of Prospective Cohort Studies. J Alzheimers Dis.
2020;78(1):151-168. doi:10.3233/JAD-200499

6. Walton J, Bell H, Re R, Nugent AP. Current
perspectives on global sugar consumption:
definitions, recommendations, population intakes,
challenges and future direction. Nutr Res Rev. 2023;
36(1):1-22. doi:10.1017/S095442242100024X

7. Qin P, Li Q, Zhao Y, et al. Sugar and artificially
sweetened beverages and risk of obesity, type 2
diabetes mellitus, hypertension, and all-cause
mortality: a dose-response meta-analysis of
prospective cohort studies. Eur J Epidemiol. 2020;
35(7):655-671. doi:10.1007/s10654-020-00655-y

8. Huang Y, Chen Z, Chen B, et al. Dietary sugar
consumption and health: umbrella review. BMJ.
2023;381:e071609. doi:10.1136/bmj-2022-071609

9. Barnes DE, Yaffe K. The projected effect of risk
factor reduction on Alzheimer’s disease prevalence.
Lancet Neurol. 2011;10(9):819-828. doi:10.1016/
S1474-4422(11)70072-2

10. Malik VS, Hu FB. The role of sugar-sweetened
beverages in the global epidemics of obesity and
chronic diseases. Nat Rev Endocrinol. 2022;18(4):
205-218. doi:10.1038/s41574-021-00627-6

Research Original Investigation Sweetened Beverages and Incident All-Cause Dementia Among Older Adults

808 JAMA Psychiatry August 2025 Volume 82, Number 8 (Reprinted) jamapsychiatry.com

© 2025 American Medical Association. All rights reserved, including those for text and data mining, AI training, and similar technologies.

Downloaded from jamanetwork.com by Universidad Nacional Autonoma de Mexico (UNAM) user on 11/09/2025

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapsychiatry.2025.1230?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2025.1230
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapsychiatry.2025.1230?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2025.1230
https://dx.doi.org/10.1016/S0140-6736(24)01296-0
https://dx.doi.org/10.1016/S0140-6736(24)01296-0
https://dx.doi.org/10.1016/S2468-2667(21)00249-8
https://www.ncbi.nlm.nih.gov/books/NBK542796/
https://dx.doi.org/10.1111/nyas.13047
https://dx.doi.org/10.3233/JAD-200499
https://dx.doi.org/10.1017/S095442242100024X
https://dx.doi.org/10.1007/s10654-020-00655-y
https://dx.doi.org/10.1136/bmj-2022-071609
https://dx.doi.org/10.1016/S1474-4422(11)70072-2
https://dx.doi.org/10.1016/S1474-4422(11)70072-2
https://dx.doi.org/10.1038/s41574-021-00627-6
http://www.jamapsychiatry.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2025.1230


11. Park S, Xu F, Town M, Blanck HM. Prevalence of
sugar-sweetened beverage intake among
adults—23 states and the District of Columbia, 2013.
MMWR Morb Mortal Wkly Rep. 2016;65(7):169-174.
doi:10.15585/mmwr.mm6507a1

12. Cao D, Lu H, Lewis TL, Li L. Intake of
sucrose-sweetened water induces insulin resistance
and exacerbates memory deficits and amyloidosis
in a transgenic mouse model of Alzheimer disease.
J Biol Chem. 2007;282(50):36275-36282. doi:10.
1074/jbc.M703561200

13. Howarth C, Gleeson P, Attwell D. Updated
energy budgets for neural computation in the
neocortex and cerebellum. J Cereb Blood Flow Metab.
2012;32(7):1222-1232. doi:10.1038/jcbfm.2012.35

14. Mergenthaler P, Lindauer U, Dienel GA, Meisel
A. Sugar for the brain: the role of glucose in
physiological and pathological brain function.
Trends Neurosci. 2013;36(10):587-597. doi:10.1016/
j.tins.2013.07.001

15. Chen H, Chen J, Cao Y, et al. Sugary beverages
and genetic risk in relation to brain structure and
incident dementia: a prospective cohort study. Am J
Clin Nutr. 2023;117(4):672-680. doi:10.1016/
j.ajcnut.2023.01.015

16. Pase MP, Himali JJ, Beiser AS, et al. Sugar- and
artificially sweetened beverages and the risks of
incident stroke and dementia: a prospective cohort
study. Stroke. 2017;48(5):1139-1146. doi:10.1161/
STROKEAHA.116.016027

17. Pase MP, Himali JJ, Jacques PF, et al. Sugary
beverage intake and preclinical Alzheimer’s disease
in the community. Alzheimers Dement. 2017;13(9):
955-964. doi:10.1016/j.jalz.2017.01.024

18. Miao H, Chen K, Yan X, Chen F. Sugar in
beverage and the risk of incident dementia,
Alzheimer’s disease and stroke: a prospective
cohort study. J Prev Alzheimers Dis. 2021;8(2):
188-193. doi:10.14283/jpad.2020.62

19. Jiang X, Huang J, Song D, Deng R, Wei J, Zhang
Z. Increased consumption of fruit and vegetables is
related to a reduced risk of cognitive impairment
and dementia: meta-analysis. Front Aging Neurosci.
2017;9:18. doi:10.3389/fnagi.2017.00018

20. Chen Y, Zhang Y, Yang H, et al. Associations of
sugar-sweetened, artificially sweetened, and
naturally sweet juices with Alzheimer’s disease:
a prospective cohort study. Geroscience. 2024;46
(1):1229-1240. doi:10.1007/s11357-023-00889-0

21. Scheltens P, De Strooper B, Kivipelto M, et al.
Alzheimer’s disease. Lancet. 2021;397(10284):
1577-1590. doi:10.1016/S0140-6736(20)32205-4

22. Sonnega A, Faul JD, Ofstedal MB, Langa KM,
Phillips JWR, Weir DR. Cohort profile: the Health
and Retirement Study (HRS). Int J Epidemiol. 2014;
43(2):576-585. doi:10.1093/ije/dyu067

23. ARIC Investigators. The Atherosclerosis Risk in
Communities (ARIC) study: design and objectives.
Am J Epidemiol. 1989;129(4):687-702. doi:10.1093/
oxfordjournals.aje.a115184

24. Bienias JL, Beckett LA, Bennett DA, Wilson RS,
Evans DA. Design of the Chicago Health and Aging

Project (CHAP). J Alzheimers Dis. 2003;5(5):349-355.
doi:10.3233/JAD-2003-5501

25. Bennett DA, Schneider JA, Buchman AS,
Barnes LL, Boyle PA, Wilson RS. Overview and
findings from the Rush Memory and Aging Project.
Curr Alzheimer Res. 2012;9(6):646-663. doi:10.
2174/156720512801322663

26. Tsao CW, Vasan RS. Cohort Profile: The
Framingham Heart Study (FHS): overview of
milestones in cardiovascular epidemiology. Int J
Epidemiol. 2015;44(6):1800-1813. doi:10.1093/ije/
dyv337

27. Feinleib M, Kannel WB, Garrison RJ, McNamara
PM, Castelli WP. The Framingham Offspring Study:
design and preliminary data. Prev Med. 1975;4(4):
518-525. doi:10.1016/0091-7435(75)90037-7

28. Willett W. Nutritional Epidemiology. OUP USA;
2013.

29. Feskanich D, Rimm EB, Giovannucci EL, et al.
Reproducibility and validity of food intake
measurements from a semiquantitative food
frequency questionnaire. J Am Diet Assoc. 1993;93
(7):790-796. doi:10.1016/0002-8223(93)91754-E

30. Shimakawa T, Sorlie P, Carpenter MA, et al;
ARIC Study Investigators. Dietary intake patterns
and sociodemographic factors in the
atherosclerosis risk in communities study. Prev Med.
1994;23(6):769-780. doi:10.1006/pmed.1994.1133

31. Rimm EB, Giovannucci EL, Stampfer MJ, Colditz
GA, Litin LB, Willett WC. Reproducibility and validity
of an expanded self-administered semiquantitative
food frequency questionnaire among male health
professionals. Am J Epidemiol. 1992;135(10):1114-1126.
doi:10.1093/oxfordjournals.aje.a116211

32. Morris MC, Tangney CC, Bienias JL, Evans DA,
Wilson RS. Validity and reproducibility of a food
frequency questionnaire by cognition in an older
biracial sample. Am J Epidemiol. 2003;158(12):
1213-1217. doi:10.1093/aje/kwg290

33. Jacques PF, Sulsky SI, Sadowski JA, Phillips JC,
Rush D, Willett WC. Comparison of micronutrient
intake measured by a dietary questionnaire and
biochemical indicators of micronutrient status. Am J
Clin Nutr. 1993;57(2):182-189. doi:10.1093/
ajcn/57.2.182

34. Willett WC, Sampson L, Stampfer MJ, et al.
Reproducibility and validity of a semiquantitative
food frequency questionnaire. Am J Epidemiol.
1985;122(1):51-65. doi:10.1093/oxfordjournals.
aje.a114086

35. Qi Q, Chu AY, Kang JH, et al. Sugar-sweetened
beverages and genetic risk of obesity. N Engl J Med.
2012;367(15):1387-1396. doi:10.1056/
NEJMoa1203039

36. Crimmins EM, Kim JK, Langa KM, Weir DR.
Assessment of cognition using surveys and
neuropsychological assessment: the Health and
Retirement Study and the Aging, Demographics,
and Memory Study. J Gerontol B Psychol Sci Soc Sci.
2011;66(suppl 1):i162-i171. doi:10.1093/geronb/
gbr048

37. Gottesman RF, Albert MS, Alonso A, et al.
Associations between midlife vascular risk factors

and 25-year incident dementia in the
Atherosclerosis Risk in Communities (ARIC) cohort.
JAMA Neurol. 2017;74(10):1246-1254. doi:10.1001/
jamaneurol.2017.1658

38. Seshadri S, Wolf PA, Beiser A, et al. Lifetime risk
of dementia and Alzheimer’s disease: the impact of
mortality on risk estimates in the Framingham
Study. Neurology. 1997;49(6):1498-1504. doi:10.
1212/WNL.49.6.1498

39. Scarmeas N, Anastasiou CA, Yannakoulia M.
Nutrition and prevention of cognitive impairment.
Lancet Neurol. 2018;17(11):1006-1015. doi:10.
1016/S1474-4422(18)30338-7

40. White IR, Royston P, Wood AM. Multiple
imputation using chained equations: issues and
guidance for practice. Stat Med. 2011;30(4):377-399.
doi:10.1002/sim.4067

41. Riley RD, Lambert PC, Abo-Zaid G.
Meta-analysis of individual participant data:
rationale, conduct, and reporting. BMJ. 2010;340:
c221. doi:10.1136/bmj.c221

42. Gerds TA, Scheike TH, Andersen PK. Absolute
risk regression for competing risks: interpretation,
link functions, and prediction. Stat Med. 2012;31
(29):3921-3930. doi:10.1002/sim.5459

43. Tomova GD, Arnold KF, Gilthorpe MS, Tennant
PWG. Adjustment for energy intake in nutritional
research: a causal inference perspective. Am J Clin
Nutr. 2022;115(1):189-198. doi:10.1093/ajcn/nqab266

44. Kukull WA, Higdon R, Bowen JD, et al.
Dementia and Alzheimer disease incidence:
a prospective cohort study. Arch Neurol. 2002;59
(11):1737-1746. doi:10.1001/archneur.59.11.1737

45. Putter H, van Houwelingen HC. Understanding
landmarking and its relation with time-dependent
Cox regression. Stat Biosci. 2017;9(2):489-503.
doi:10.1007/s12561-016-9157-9

46. van Dam E, van Leeuwen LAG, Dos Santos E,
et al. Sugar-induced obesity and insulin resistance
are uncoupled from shortened survival in
drosophila. Cell Metab. 2020;31(4):710-725.e7. doi:
10.1016/j.cmet.2020.02.016

47. Crane PK, Walker R, Hubbard RA, et al. Glucose
levels and risk of dementia. N Engl J Med. 2013;369
(6):540-548. doi:10.1056/NEJMoa1215740

48. Imamura F, O’Connor L, Ye Z, et al.
Consumption of sugar sweetened beverages,
artificially sweetened beverages, and fruit juice and
incidence of type 2 diabetes: systematic review,
meta-analysis, and estimation of population
attributable fraction. BMJ. 2015;351:h3576. doi:10.
1136/bmj.h3576

49. Zhao L, Zhang X, Coday M, et al.
Sugar-sweetened and artificially sweetened
beverages and risk of liver cancer and chronic liver
disease mortality. JAMA. 2023;330(6):537-546.
doi:10.1001/jama.2023.12618

50. Agarwal P, Ford CN, Leurgans SE, et al. Dietary
sugar intake associated with a higher risk of
dementia in community-dwelling older adults.
J Alzheimers Dis. 2023;95(4):1417-1425. doi:10.
3233/JAD-230013

Sweetened Beverages and Incident All-Cause Dementia Among Older Adults Original Investigation Research

jamapsychiatry.com (Reprinted) JAMA Psychiatry August 2025 Volume 82, Number 8 809

© 2025 American Medical Association. All rights reserved, including those for text and data mining, AI training, and similar technologies.

Downloaded from jamanetwork.com by Universidad Nacional Autonoma de Mexico (UNAM) user on 11/09/2025

https://dx.doi.org/10.15585/mmwr.mm6507a1
https://dx.doi.org/10.1074/jbc.M703561200
https://dx.doi.org/10.1074/jbc.M703561200
https://dx.doi.org/10.1038/jcbfm.2012.35
https://dx.doi.org/10.1016/j.tins.2013.07.001
https://dx.doi.org/10.1016/j.tins.2013.07.001
https://dx.doi.org/10.1016/j.ajcnut.2023.01.015
https://dx.doi.org/10.1016/j.ajcnut.2023.01.015
https://dx.doi.org/10.1161/STROKEAHA.116.016027
https://dx.doi.org/10.1161/STROKEAHA.116.016027
https://dx.doi.org/10.1016/j.jalz.2017.01.024
https://dx.doi.org/10.14283/jpad.2020.62
https://dx.doi.org/10.3389/fnagi.2017.00018
https://dx.doi.org/10.1007/s11357-023-00889-0
https://dx.doi.org/10.1016/S0140-6736(20)32205-4
https://dx.doi.org/10.1093/ije/dyu067
https://dx.doi.org/10.1093/oxfordjournals.aje.a115184
https://dx.doi.org/10.1093/oxfordjournals.aje.a115184
https://dx.doi.org/10.3233/JAD-2003-5501
https://dx.doi.org/10.2174/156720512801322663
https://dx.doi.org/10.2174/156720512801322663
https://dx.doi.org/10.1093/ije/dyv337
https://dx.doi.org/10.1093/ije/dyv337
https://dx.doi.org/10.1016/0091-7435(75)90037-7
https://dx.doi.org/10.1016/0002-8223(93)91754-E
https://dx.doi.org/10.1006/pmed.1994.1133
https://dx.doi.org/10.1093/oxfordjournals.aje.a116211
https://dx.doi.org/10.1093/aje/kwg290
https://dx.doi.org/10.1093/ajcn/57.2.182
https://dx.doi.org/10.1093/ajcn/57.2.182
https://dx.doi.org/10.1093/oxfordjournals.aje.a114086
https://dx.doi.org/10.1093/oxfordjournals.aje.a114086
https://dx.doi.org/10.1056/NEJMoa1203039
https://dx.doi.org/10.1056/NEJMoa1203039
https://dx.doi.org/10.1093/geronb/gbr048
https://dx.doi.org/10.1093/geronb/gbr048
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaneurol.2017.1658?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2025.1230
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaneurol.2017.1658?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2025.1230
https://dx.doi.org/10.1212/WNL.49.6.1498
https://dx.doi.org/10.1212/WNL.49.6.1498
https://dx.doi.org/10.1016/S1474-4422(18)30338-7
https://dx.doi.org/10.1016/S1474-4422(18)30338-7
https://dx.doi.org/10.1002/sim.4067
https://dx.doi.org/10.1136/bmj.c221
https://dx.doi.org/10.1002/sim.5459
https://dx.doi.org/10.1093/ajcn/nqab266
https://jamanetwork.com/journals/jama/fullarticle/10.1001/archneur.59.11.1737?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2025.1230
https://dx.doi.org/10.1007/s12561-016-9157-9
https://dx.doi.org/10.1016/j.cmet.2020.02.016
https://dx.doi.org/10.1056/NEJMoa1215740
https://dx.doi.org/10.1136/bmj.h3576
https://dx.doi.org/10.1136/bmj.h3576
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2023.12618?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2025.1230
https://dx.doi.org/10.3233/JAD-230013
https://dx.doi.org/10.3233/JAD-230013
http://www.jamapsychiatry.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2025.1230

