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Risk factors for early-onset and late-onset dementia:
a prospective cohort study
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Summary

Background Early-onset dementia (onset before age 65 years) is an important health concern, but much of our
understanding of its risk factors is inferred from studies of late-onset dementia (onset after age 65 years). We
investigated associations between several demographic, clinical, and lifestyle factors with early-onset dementia and
compared those estimates against their associations with late-onset dementia.

Methods Data from five community-based longitudinal cohort studies from the UK and USA were pooled and
rigorously harmonised: UK Biobank, Atherosclerosis Risk in Communities Study, Framingham Heart Study,
Multi-Ethnic Study of Atherosclerosis, and Whitehall II Study. Dementia was ascertained via hospitalisation and
death records with or without clinical assessments according to each cohort’s protocol. Risk factors included sex,
self-reported race or ethnicity (Hispanic, White, Black, Asian, and Other), low education, hypertension, diabetes,
obesity, hypercholesterolaemia, depression, alcohol overconsumption, smoking, and physical inactivity. Cox
regression models, with age as the timescale and time-varying coefficients, were fitted to estimate hazard ratios
(HRs) for early-onset dementia and late-onset dementia and to test whether the HRs differed by age of onset.

Findings In 544 442 participants, there were 807 incident early-onset dementia cases and 14 253 incident late-onset
dementia cases over a median follow-up of 13-7 years (IQR 12-9-14-4). Female participants had a lower hazard of
early-onset dementia compared with males (HR 0-70 [95% CI 0-61-0-80]). Black versus White race (1-61 [1-23-2-11]),
grade school education or less (1-99 [1-67-2-38]), diabetes (2-45 [1-99-3-03]), depression (2-73 [2-34-3-20]), smoking
(1-86 [1-56-2-22]), obesity (1-24 [1-04-1-48]), physical inactivity (1-33 [1-11-1-59]), and alcohol overconsumption
(1-22 [1-01-1-47]) were independently associated with higher hazards of early-onset dementia. Hypertension stage 1
(HR 1-19 [95% CI 0-97-1-47]), hypertension stage 2 (1-16 [0-94-1-43]), and hypercholesterolaemia (1-11 [0-92-1-34])
had positive effect estimates but were not statistically significant. All risk factors had stronger associations with
early-onset dementia than with late-onset dementia except race, physical inactivity, and alcohol overconsumption.

Interpretation Our findings demonstrate the importance of modifiable risk factors in the development of early-onset
dementia and guide future research for identifying high-priority targets for primary prevention.

Funding US National Institutes of Health, the National Institute for Neurologic Disorders and Stroke, and the
National Institute of Aging.

Copyright © 2026 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction Early-onset dementia is suggested to have a stronger genetic

Dementia is a major, growing public health concern
globally.! For example, in the USA, a 2025 publication
indicates that the lifetime risk of developing dementia after
age 55 years is 42%, which is more than double previous
estimates.? This finding translates to approximately half a
million new cases in 2025 in the USA, with projections
reaching one million annually by 2060.> Cases that occur
before the age of 65 years are considered early-onset demen-
tia.* This age threshold of 65 years defining early versus late-
onset dementia was chosen because of the differential social
and societal effect of experiencing the disease in middle age,
as defined by the historical US standard retirement age.’
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basis and can have different clinical presentations, such as
the initial affected cognitive domains.>*

Much of our understanding of dementia risk factors
originates from studies consisting of mostly late-onset
cases. It is unclear whether the risk factors for late-onset
dementia are also risk factors for early-onset dementia
and whether they have the same magnitude of effect.
Although some work has been done to estimate the asso-
ciation of modifiable risk factors with early-onset dementia,
findings are inconsistent, especially for cardiovascular risk
factors such as hypertension and diabetes.>'" Additionally,
these studies excluded or did not examine the burden of
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Research in context

Evidence before this study

A systematic review of the literature using PubMed, EMBASE, and
PsycINFO databases, searching all literature from Jan 1, 1990, to
14 June, 2023, in any language, was conducted to identify
evidence for associations of body mass index, systolic and
diastolic blood pressure, diabetes status or glucose level, lipid
profile, smoking, alcohol consumption, physical activity,
depression, and educational attainment with early-onset
dementia. Search terms included (non-exhaustive) “dementia”,

“early onset”, "young onset”, “presenile”, “body mass index”,
"overweight”,

", “obesity”, “hypertension”, “blood pressure”,
"diabetes mellitus”, “blood glucose”, “metabolic syndrome”,

"hyperlipidemia”, “cholesterol”, “kidney disease”, “renal disease”,

“smoking”, “tobacco”, “alcohol”, “drinking”, “substance-related
disorders”, “exercise”, “physical activity”, “sedentary behavior”,
"depression”, “social isolation”, and “educational

attainment”. Additional searches were conducted between June
30, 2023, and June 30, 2025 to identify new publications. Most
evidence suggested detrimental associations between these risk
factors and early-onset dementia; however, heterogeneity was
high, precision was low, and data were sparse for most risk factors.
Publications on the comparison of associations between early-
onset dementia and late-onset dementia were also searched in
PubMed, resulting in three publications which made this

early-onset dementia and associations within non-White
racial or ethnic groups or by dementia subtype.®”® Fur-
thermore, although early-onset dementia is typically
defined as dementia onset before the age of 65 years, it is
also of scientific interest to examine risk factors using dif-
ferent age cutoffs, since the current definition is shaped
primarily by societal rather than clinical implications.

We harmonised and pooled data from the UK Biobank
and four prospective cohort studies from the Dementia
Risk Prediction Project (DRPP) to achieve a large sample
size of early-onset dementia cases, and to examine whether
known risk factors for late-onset dementia have similar
associations with early-onset dementia. We examined
associations using multiple age cutoffs for the definition of
early-onset dementia and by dementia subtype. We
hypothesised that some known risk factors for late-onset
dementia can pose similar or stronger associations for
early-onset dementia, which might have implications for
risk reduction and early prevention.

Methods

Study design and participants

For this study, we used data from five community-based
longitudinal cohort studies: the UK Biobank and four
studies from the DRPP (Atherosclerosis Risk in Commu-
nities [ARIC] Study, Framingham Heart Study [FHS],
Multi-Ethnic Study of Atherosclerosis [MESA], and
Whitehall II). These cohorts include participants aged

comparison for several risk factors in a general population.
Evidence so far suggests that risk factor profiles might differ
between early-onset dementia and late-onset dementia, and the
associations tend to be stronger in early-onset dementia.

Added value of this study

This study expands on the current evidence in several ways.
First, the sample consists of five harmonised community-
based cohort studies. This approach improves the diversity of
the sample and also provides well defined disease risk factor
exposure variables based on clinical measurements rather than
self-report or administrative data. Second, we provide a
statistically rigorous comparison of the magnitudes of
association between these risk factors and early-onset versus
late-onset dementia. Finally, we are the first group, to our
knowledge, to do this comparison with a wide range of risk
factor exposures in the general population within dementia
subtypes, alongside all-cause dementia.

Implications of all the available evidence

Our work, which builds on other published research, suggests that
modifiable risk factors are important in understanding the
development of early-onset dementia, and that we might be able
to identify key risk factors to target for primary prevention.

24-86 years at baseline residing in the USA and the UK,
recruited from 1948 to 2005 for FHS, 1985 to 1988 for
Whitehall II, 1987 to 1989 for ARIC, 2000 to 2002 for
MESA, and 2006 to 2010 for UK Biobank. Details of par-
ticipants and the data collected have been documented
elsewhere.'>** The baseline visit for the present analysis was
defined as the first visit where dementia ascertainment
began. This occurred at visit 1 for UK Biobank, ARIC,
MESA, Whitehall II, and the FHS Omni 1 cohort. For the
rest of the FHS cohorts, the baseline examination was
defined as follows: Original cohort, visit 14; Offspring
cohort, visit 4; New offspring spouse cohort, visit 2; Gen-
eration 3 cohort, visit 2; and Omni 2 cohort, visit 2. Partic-
ipants with dementia at baseline or missing both race and
ethnicity data were excluded from the present analysis. The
sample size and baseline age distribution by cohort is
reported in the appendix (p 6).

DRPP and UK Biobank data use at Northwestern
University and the University of Minnesota has been
approved by their Institutional Review Boards. The indi-
vidual cohorts have been approved by their local Institu-
tional Review Boards and received written informed
consent from participants.

Procedures and outcomes

Data from ARIC, FHS, MESA, and Whitehall IT were pre-
viously pooled and rigorously harmonised by the DRPP."
UK Biobank data were harmonised using the same
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approach as all cohorts included in the DRPP consortium.
In brief, demographic, clinical, and lifestyle data were
re-coded and categorised to yield comparable variable
metrics (eg, race and ethnicity categories, and alcohol use
quantities and categories) across cohorts that might have
collected data using different metrics.'* We used the
psHarmonize package (available on CRAN) to manage
harmonisation documentation and to assist with evaluating
the harmonisation process.

Demographic variables used in the analysis include self-
reported sex, self-reported race and ethnicity (Hispanic,
White, Black, Asian, and Other), and education (grade
school education or less, at least some high school, and at
least some post-secondary school). Race and ethnicity was
categorised such that if a participant indicated Hispanic
ethnicity, their value for this variable is Hispanic. If a par-
ticipant did not indicate Hispanic ethnicity, their value for
this variable is their self-reported race. Clinical and lifestyle
risk factors were measured at the baseline visit and were
hypertension (non-elevated blood pressure, elevated blood
pressure, hypertension stage 1, and hypertension stage 2),
diabetes (no diabetes, prediabetes, and diabetes), obesity
(not overweight or obese, overweight, and obese), hyper-
cholesterolaemia (non-elevated cholesterol, elevated, and
hypercholesterolaemia), depression (yes or no), alcohol
overconsumption (>168 g per week), smoking (current,
former, and non-smoker), and physical inactivity (0 meta-
bolic equivalent of a task [MET] minutes per week of
moderate or vigorous exercise). Exact definitions for
hypertension, diabetes, obesity, hypercholesterolaemia,
and depression are in the appendix (p 7). Details on the
methodology are provided in the appendix (p 2).

The primary endpoint was dementia, with a cutoff of age
65 years for defining early-onset dementia. Dementia was
ascertained according to the protocol of each contributing
study (appendix p 8). Clinical assessments were used to
identify cases of dementia in FHS and ARIC, and admin-
istrative codes were used to identify cases of dementia in all
cohorts (appendix pp 9-10). Secondary endpoints were
based on changing the age cutoff for early-onset dementia
and dementia subtypes. Details on the methodology are
provided in the appendix (pp 2-3).

Statistical analysis

Details of the statistical methods are provided in the
appendix (pp 3—4). In brief, harmonised data from all
cohorts were pooled for a combined analysis and multiple
imputation was used to address missing values. The time at
risk for dementia began at the baseline visit and continued
until dementia diagnosis, death, loss to follow-up, or
administrative censoring, whichever occurred first. The
time at risk for early-onset dementia analyses was censored
at age 65 years, and the time at risk for late-onset dementia
analyses began at age 65 years. Crude dementia incidence
rates were calculated in this manner for early-onset
dementia and late-onset dementia and further stratified
by sex. Incidence rates were also calculated per 5-year age
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group (50-54 years, 55-59 years, 60-64 years, 65-69 years,
70-74 years, 75-79 years, 80-84 years, >85 years), and the
US Census statistics from 2023 were used to calculate the
approximate number of new cases of early-onset dementia
in a given year based on these incidence rate estimates.*

The association of each exposure (demographic charac-
teristics and clinical and lifestyle risk factors) with early-
onset dementia and late-onset dementia, and a test for
whether the association differs, was estimated using Cox
regression models with time-varying coefficients. Separate
Cox models were fitted for each exposure of interest. Cox
models used participant age as the timescale. Time-varying
coefficient models were estimated that allowed the effect of
the exposure of interest to change at age 65 years. From
these models we estimated hazard ratios (HRs) for early-
onset dementia, late-onset dementia, and the interaction
between each of the exposures and time (early onset vs late
onset). Adjustment for confounding was incorporated via
three progressive sets of models: model 1 was unadjusted;
model 2 adjusted for cohort, sex, race and ethnicity, and
education; and model 3 adjusted for model 2 variables plus
all clinical and lifestyle risk factors. Only one variable,
the exposure of interest, was modelled with a time
interaction within a given model.

In an additional set of analyses, the age cutoff was varied
to 60 years, 70 years, 75 years, and 80 years. Dementia
subtypes Alzheimer’s, vascular, and frontotemporal were
also investigated in an additional set of analyses in the UK
Biobank cohort. Several sensitivity analyses were conducted
(appendix pp 4-5). In brief, they were to exclude UK Biobank,
analyse within individual cohorts, implement 3-year and
10-year lag periods, restrict follow-up to 10 years and 15 years,
de-couple medication use from risk factor classification,
exclude participants who were underweight at baseline, use
sex-specific thresholds for alcohol consumption, adjust for
family history of dementia, model all risk factor estimates
in a combined model, analyse complete-case data, and esti-
mate associations with dementia-free mortality. All analyses
were conducted using R (version 4.3.2) and Rstudio
(version 2024.04.2+764). A threshold of alpha 0-05 was used
for statistical significance.

Role of the funding source

The funders of the study had no role in study design, data
collection, data analysis, data interpretation, or writing of
the report.

Results

42553 participants from the DRPP cohorts (ARIC, FHS,
MESA, and Whitehall II) had no missing dementia status
and 502 131 participants from UK Biobank had no missing
dementia status, resulting in 544 684 participants eligible
for the analysis. Of the five combined cohorts, 236 partic-
ipants had dementia prevalent at baseline and were exclu-
ded. A subsequent six participants were excluded due to
missing race and ethnicity data. The final analytic sample
was 544442 vparticipants (figure 1) and the median
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42553 participants eligible from DRPP cohorts
(ARIC, FHS, MESA, and Whitehall II)
37542 atrisk for early-onset dementia
35958 at risk for late-onset dementia

502131 participants eligible from UK Biobank
406148 at risk for early-onset dementia
352688 at risk for late-onset dementia

v

544684 participants from all early-onset dementia
eligible cohorts
443690 at risk for early-onset dementia
388646 at risk for late-onset dementia

236 excluded due to dementia
prevalent at baseline

l—|

A 4

544448 participants without dementia
443551 at risk for early-onset dementia
388563 at risk for late-onset dementia

6 excluded due to missing
race and ethnicity data

y

544442 included in analytic sample
443545 at risk for early-onset dementia
388561 at risk for late-onset dementia

Figure 1: Study profile

The same individual could be at risk for both early-onset dementia and late-onset dementia. ARIC=Atherosclerosis
Risk in Communities. DRPP=Dementia Risk Prediction Project. FHS=Framingham Heart Study. MESA=Multi-Ethnic
Study of Atherosclerosis. The baseline examination was determined according to the time when dementia
ascertainment began for each cohort which was as follows: UK Biobank, visit 1; ARIC, visit 1; FHS Original cohort,
visit 14; FHS Offspring cohort, visit 4; FHS New offspring spouse cohort, visit 2; FHS Generation 3 cohort, visit 2;
FHS Omni 1 cohort, visit 1; FHS Omni 2 cohort, visit 2; MESA, visit 1; Whitehall I, visit 1.

follow-up time was 13.7 years (IQR 12-9-14-4). The mean
age at baseline for each cohort was as follows: ARIC,
54.2 years (SD 5-8); FHS, 54-1 years (12-0); MESA,
62-1 years (10-2); UK Biobank, 56-5 years (8-1); and
Whitehall 11, 45-0 years (6-1). The mean age at baseline in
the pooled data was 56-3 years (SD 8:-3), and 250414
(46-0%) participants were male (table). Most participants
were White (504 460 [92-7%)]). Most participants had atleast
some post-secondary education (318097 [58-5%]), and a
minority 93 088 [17-1%]) had a grade school education or
less. The baseline prevalence of stage 2 hypertension, dia-
betes, and hypercholesterolaemia was 43-4% (n=236457),
5-1% (n=27 608), and 42-9% (n=233 652), respectively.
There were 443 545 participants at risk for early-onset
dementia (aged younger than 65 years at baseline) and
388561 participants at risk for late-onset dementia (follow-
up time ends after the age of 65 years). The same participant
could be part of the at-risk population for both early-onset
dementia and late-onset dementia if their follow-up time
spanned both age ranges (total of 544442 participants).
There were 807 cases of early-onset dementia and
14253 cases of late-onset dementia in the sample. The
crude incidence rates were 1.97 (95% CI 1-84-2-11)
per 10000 person-years for early-onset dementia and
41-17 (40-50—41-85) per 10000 person-years for late-onset

Total sample

Age, years 56-3(83)
Sex

Female 294028 (54-0%)

Male 250 414 (46-0%)
Race and ethnicity

Other 10504 (1-9%)

Asian 13003 (2-4%)

Black 14739 (2:7%)

Hispanic 1736 (0-3%)

White 504 460 (92-7%)
Education

Grade school education or less

At least some high school

At least some post-secondary school

Missing

Systolic blood pressure, mm Hg
Missing

Hypertension status
Hypertension stage 2
Hypertension stage 1
Elevated blood pressure
Non-elevated blood pressure
Missing

HbA. level
HbAy., %
HbA,,, mmol/mol
Missing

Diabetes status
Diabetes
Prediabetes
No diabetes
Missing

BMI, kg/m’
Missing

Obesity status
Obesity
Overweight
Not overweight or obese
Missing

LDL cholesterol, mg/dL
Missing

Hypercholesterolaemia status
Hypercholesterolaemia
Elevated
Non-elevated cholesterol
Missing

Depression
Yes
No
Missing

Alcohol consumption, g/week
Missing

Alcohol overconsumption
Yes
No
Missing

93088 (17-1%)
132155 (24-3%)
318097 (58-4%)

1102 (0-2%)
136-8 (19-1)
1356 (0-2%)

236 457 (43-4%)
161511 (29-7%)
57261 (10-5%)
83523 (15:3%)
5690 (1-0%)

55 (0-6)
36-1(6-8)
75206 (13-8%)

27 608 (5-1%)
75797 (13-9%)
407 802 (74-9%)
33235 (6:1%)
27-4 (4-8)
3163 (0-6%)

(
(
(
(

131585 (24-2%)
227917 (41-9%)
181777 (33-4%)
3163 (0-6%)
137-0 (34-0)
47387 (8:7%)

233652 (42-9%)

158376 (29-1%)

109782 (20-2%)
42632 (7-8%)

55343 (10-2%)
424271 (77-9%)
64 828 (11-9%)
48-0 (0-0-112-0)
18699 (3:4%)

72109 (13-2%)
453634 (83-3%)
18699 (3-4%)

(Table continues on next page)
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Total sample 800 e iGReeececa e
N A : Early-onset dementia
(Continued from previous page) { S
Smoking status 368 044
Current smoker 61590 (11-3%) 44 z E
Former smoker 186 052 (34-2%) 600 i3
Non-smoker 293683 (53-9%) § . 1.67
> ' —
Missing 3117 (0-6%) 3 : 0.95 4
Physical activity as MET, min per week 960-0 (240-2220) g i 3
Missing 120785 (22-2%) § 400 - 0 : T -
Physical inactivity § : S & \\0\‘7 \\Q?«‘v
Yes 58 450 (10-7%) < o 6);;’) Q/roV
No 365207 (67-1%) & S ©
S 2 204
M 120785 (22-2% g
issing 785 ( b) £ 200 *
Data are mean (SD), n (%), or median (IQR). Data were harmonised across the UK £
Biobank, Atherosclerosis Risk in Communities study, Framingham Heart Study, Multi- 858
Ethnic Study of Atherosclerosis, and Whitehall Il study. All risk factors were measured *
as prevalent at baseline. Race and ethnicity was categorized such that if a participant 9.02 30-0
indicated Hispanic ethnicity, their value for this variable is Hispanic. If a participant did o &Y ‘ -> *
not indicate Hispanic ethnicity, their value for this variable is their self-reported race. | | | = Feeeeemmemsoiioooooood !
HbA, =glycated haemoglobin A;.. MET=metabolic equivalent of task. . . . . . . . .
& & & & & & & 2
Table: Baseline patient characteristics (n=544 442) c)bﬁp‘ (’)oﬁq‘ (cbﬁq‘ bof? /,\bﬁq‘ /\oﬁq‘ %g\@ %c;\q’
S 4 & & -~ i o ”
Age group

dementia. Stratified by sex, incidence rates were

2.34 (95% CI 2_13_2.57) per 10000 person-years in male Figure 2: Dementia incidence rate per 10 000 person-years estimates in 5-year age groups (n=544 442)

participants and 1-66 (1-49-1-83) per 10 000 person-years in
female participants for early-onset dementia, compared
with 43-20 (42-19-44-23) per 10 000 person-years in male
participants and 39-43 (38-53—40-34) per 10000 person-
years in female participants for late-onset dementia. Crude
incidence rates of dementia roughly doubled or tripled every
5 years (figure 2). For example, the incidence rates for
the groups 50-54 years, 55-60 years, and 60-64 years
were 0-95 (95% CI 0-76-1-18) per 10000 person-years,
1-67 (1-44-1-93) per 10 000 person-years, and 3-68 (3-37—4-01)
per 10000 person-years, respectively. This finding trans-
lates to approximately 13240 new cases of early-onset
dementia each year in persons aged 50-65 years in
the USA.

The associations of various demographic, clinical, and
lifestyle exposures with early-onset dementia and late-
onset dementia from the Cox regression models, as well
as a comparison of the strength of those associations are
shown (figure 3; appendix pp 11-12). In the fully adjusted
model (model 3), female participants had a lower
hazard of early-onset dementia compared with males
(HR 0-70 [95% CI 0-61-0-80]). Asian participants
(HR 1-13 [95% CI 0-75-1-70]), Hispanic participants
(1-47 [0-41-5-18]), and those in the remaining racial and
ethnic groups (0-94 [0-52-1-70]) did not have notably dif-
ferent hazards of early-onset dementia compared with White
participants; whereas the hazard of early-onset dementia in
Black participants compared with White participants was
higher (1-61 [1:23-2-11]). Lower education was associated
with a higher hazard of early-onset dementia, with an
HR of 144 (95% CI 1-23-1.70) among those with at
least some high school education and an HR of 1-99
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These incidence rates are comparable to the following number of new cases of dementia in the USA in 2023: aged
50-54 years: 1974; aged 55-59 years: 3446; aged 60-64 years: 7820; aged 65-69 years: 17 278; aged 70-74 years:

46 611; aged 75-79 years: 97 755; aged 80-84 years: 142 599; aged 85 years or older: 399 036.

(1-67-2-38) among those with a grade school education
or less, compared with those who obtained at least some
post-secondary education.

Clinical and lifestyle risk factors were also associated with
ahigher hazard of early-onset dementia. Diabetes versus no
diabetes (HR 2-45 [95% CI 1-99-3-03]) and depression
versus no depression (2-73 [2-:34-3-20]) had strong associ-
ations with early-onset dementia after adjusting for all
demographic, clinical, and lifestyle covariates. Obesity
versus not overweight or obese was also associated with
higher hazards of early-onset dementia. Compared with
their non-elevated ranges, hypertension stage 1 and stage
2 and hypercholesterolaemia exhibited higher, although
not statistically significant, HRs for early-onset dementia.
From the lifestyle risk factors, current smoking but
not former smoking was associated with higher haz-
ards of early-onset dementia, compared with never
smoking. Physical inactivity versus being physically
active and alcohol overconsumption versus none or
moderate consumption were also associated with
higher hazards of early-onset dementia (figure 3;
appendix pp 11-12).

Several exposures were more strongly associated with
early-onset dementia than with late-onset dementia. The
protective association between female versus male sex and
dementia was more pronounced for early-onset dementia
than that for late-onset dementia. Among factors associated
with an increased hazard of dementia, the associations for
lower versus higher educational attainment, diabetes
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EOD HR (95% Cl) LOD HR (95% Cl) EOD vs LOD
p value
Sex
Male (Ref) (Ref)
Female g 070 (0-61-0-80) 085 (0-82-0-88) 0-0065
Race and ethnicity
White (Ref) (Ref)
Other e 0:94(052-170) 108 (0-88-134) 065
Asian W . 113(0.75-170) 0-83(072-0:95) 016
Hispanic —e—" ' 1.47 (0-41-518) 110 (0-88-1:37) 065
Black e 1.61(1-23-2-11) 148 (1-38-1:59) 0-53
Education
At least some post-secondary education (Ref) (Ref)
At least some high thooI HH_‘ 1.44 (1:23-170) 116 (1-11-1-20) 0-0089
Grade school education or less o —o— 199 (167-2:38) 134 (129-1-40) <0-001
Hypertension status
Non-elevated blood pressure (Ref) (Ref)
Elevated b!ood pressure ﬂ—l 1.01(076-135) 1.02 (0-94-1-11) 0-94
Hypertens!on stage 1 'TQ—(._‘ 119 (0-97-1-47) 111 (1:04-119) 051
Hypertension stage 2 —e—
o 1.16 (0-94-1-43) 1.07 (1-01-1-15) 0-47
Diabetes status
No diabetes (Ref) (Ref)
Prediabetes L 0.97 (0.78-1-21) 1.07 (1:02-1-12) 041
Diabetes —e—
Ll 245 (1-99-3-03) 161 (1-52-1-70) <0-001
Obesity status
Not overweight or obese (Ref) (Ref)
8‘;‘::::5'9“ i~ 0-98 (0-83-1-16) 0-91 (0-88-0-95) 043
>o| ° 124 (1.04-1-48) 0-99 (0-94-1-04) 0-015
Hypercholesterolaemia status
Non-elevated cholesterol (Ref) (Ref)
S:;Z:Ce:Olesterolaemia THH 091(075112) 092(087:099) 093
l@f 111(0:92-1-34) 1.04 (0-98-1-09) 0-47
Depression
No (Ref) (Ref)
Yes o e 273 (2:34-3-20) 151 (1-42-1-60) <0-001
Alcohol overconsumption
No (Ref) (Ref)
Yes H.T‘_' 122 (1-01-1-47) 1.03 (0-97-1-08) 0085
Smoking status
Non smoker (Ref) (Ref)
Former smoker '—0‘—‘ 1.02 (0-87-1-20) 1.04 (1-:00-1-08) 0-82
Current smoker o —e— 1.86 (1.56-2-22) 130 (1.23-137) <0001
Physical inactivity
No (Ref) (Ref)
Yes fe® 133 (111-159) 119 (1113-1-25) 026

Figure 3: Differential associations of demographic characteristics and risk factors with early-onset dementia compared with late-onset dementia (n=544 442)
HR estimates were adjusted for cohort, education, sex, race and ethnicity, and all other risk factors (model 3). Data were harmonised across the UK Biobank,
Atherosclerosis Risk in Communities study, Framingham Heart Study, Multi-Ethnic Study of Atherosclerosis, and Whitehall Il study. All risk factors were measured as
prevalent at baseline. There were 807 early-onset dementia cases from 443 545 participants contributing person-time before age 65 years. There were 14 253 late-onset
dementia cases from 388 561 participants contributing person-time after age 65 years. The same individual could contribute person-time to both the early-onset
dementia and late-onset dementia time periods. EOD=early-onset dementia. HR=hazard ratio. LOD=late-onset dementia.

versus no diabetes, obesity versus not overweight or obese,

depression versus no depression, and current versus never
smoking were stronger for early-onset dementia than

late-onset dementia.

Excluding UK Biobank, the estimates for depression
versus no depression were attenuated for early-onset
dementia (HR 1-24 [95% CI 0-70-2-19]) and late-onset

dementia (1-10 [0-98-1-23]; appendix pp 13-14). In
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analyses for reverse causation, estimates for depression
were attenuated in the analysis with a 10-year lag period
(appendix pp 15-16). Hypercholesterolaemia versus
non-elevated cholesterol was not associated with higher
hazards of early-onset dementia or late-onset dementia in
the main analysis. However, with medications de-coupled
from the definition of clinical risk factors, the use of lipid-
lowering medication was associated with higher hazards
of both early-onset dementia and late-onset dementia
(appendix pp 17). Other sensitivity analyses including repeat-
ing the analysis in individual cohorts (appendix pp 18-19),
restricting follow-up time (appendix pp 20-21), excluding
those who are underweight at baseline (appendix pp 22-23),
modelling all variables with time-varying coefficients in a
combined model (appendix pp 24-25), using sex-specific
thresholds for alcohol consumption (appendix pp 26), adjust-
ing for family history of dementia (appendix pp 27-28), and
using complete-case data (appendix pp 29-30), did not
essentially change the main findings.

When the age threshold for dementia events was shifted
in 5-year increments from 60 years to 80 years, the associ-
ations of female versus male sex, lower versus higher
educational attainment, diabetes versus no diabetes,
depression versus no depression, alcohol overconsumption
versus no or moderate consumption, current versus never
smoking, and physical inactivity were attenuated (appendix
pp 31-33, 38-39). The associations of obesity versus not
overweight or obese and hypercholesterolaemia versus
non-elevated cholesterol disappeared when the age cutoff
shifted to age 70 years or older, and at the same age cutofts,
the association of overweight versus not overweight or
obese switched from being null to protective.

Subgroup analyses for sex and age at baseline indicated
potential differences in the effects of some factors on the
risk of dementia. Results of the sex-stratified analysis
(appendix pp 40-41), suggest that hypertension and dia-
betes might be stronger risk factors for early-onset
dementia in female individuals than in male individuals.
The analysis stratified by age at baseline accounts for
potential differences in association based on life stage. We
found that hypertension, diabetes, and obesity might have
different effects on early-onset dementia depending on
whether the exposure occurs before or after age 57 years
(appendix pp 42—43).

In the UK Biobank cohort, frontotemporal dementia
accounted for more early-onset dementia cases than late-
onset dementia cases (14-2% vs 3-1%), whereas Alzheimer’s
disease accounted for fewer early-onset dementia cases than
late-onset dementia cases (51-5% vs 61-5%). The proportion of
vascular dementia and mixed dementia cases was similar in
those who had early-onset dementia compared with late-
onset dementia (24-5% vs 26-3% and 9-8% vs 9-1%,
respectively). Comparing the associations for early-onset
dementia and late-onset dementia within each dementia
subtype, the pattern for each risk factor was generally con-
sistent with the results from all-cause early-onset dementia
and late-onset dementia (appendix pp 34-35), with some
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exceptions. The association of female sex with fronto-
temporal dementia generally showed a stronger effect for
late-onset dementia than early-onset dementia, unlike in the
analysis of all-cause dementia, in which it was stronger for
early-onset dementia than late-onset dementia. The associ-
ation of depression with frontotemporal dementia was
essentially the same for late-onset dementia and early-onset
dementia, unlike in the analysis of all-cause dementia where
the association was stronger for early-onset dementia than
late-onset dementia. Individual estimates of note include the
HR for early-onset vascular dementia, which was particu-
larly large for Asian and Black participants compared with
White participants; however, these estimates are based on a
small number of cases in each exposure group (n=6). The
HR for the association of depression versus no depression
with early-onset vascular dementia was also particularly
large (5-44 [95% CI 3-52-8-40]). Finally, comparing the
associations with early-onset dementia across subtypes,
female versus male sex, obesity versus not overweight or
obese, depression versus no depression, current versus
never smoking, and physical inactivity versus being phys-
ically active all had higher HRs for early-onset vascular
dementia than early-onset Alzheimer’s disease, although
this comparison was not tested for statistical significance.

Mostrisk factor associations with dementia-free mortality
were generally similar to their associations with dementia
(appendix pp 36-37). Lower education, hypertension stages
1 and 2, prediabetes and diabetes, obesity, depression,
alcohol overconsumption, current and former smoking,
and physical inactivity were associated with higher hazards
of dementia-free mortality both before and after age
65 years. Female sex, Asian versus White race, overweight
versus not overweight or obese, and hypercholesterolaemia
were protective against dementia-free mortality both before
and after age 65 years.

Discussion

In this analysis, we estimated the association of several
established late-onset dementia risk factors and demo-
graphic characteristics with early-onset dementia, and we
compared these associations with that of late-onset
dementia. We found that male versus female sex, Black
versus White race, lower versus higher educational attain-
ment, diabetes versus no diabetes, depression versus no
depression, obesity versus not overweight or obese, current
versus never smoking, physical inactivity versus activity,
and alcohol overconsumption (>168 g/week) versus mod-
erate or no consumption, were all associated with a greater
hazard of early-onset dementia. Furthermore, the associa-
tions with early-onset dementia, when present, had stron-
ger effect estimates than the association with late-onset
dementia. Smoking, depression, diabetes, and low educa-
tional attainment as risk factors were strongly associated
with early-onset dementia and have notably larger
early-onset dementia HRs than late-onset dementia
HRs. The association for hypertension and hyper-
cholesterolaemia with early-onset dementia was not
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statistically significant; however, the effect estimates were
greater than one. The relationship between these risk fac-
tors and dementia might be more complex, such as results
from a previous study,'® in which people with the highest
risk of dementia were those with midlife hypertension
followed by later-life hypotension. Results from the present
sensitivity analysis stratifying by age at baseline support
this hypothesis; however, our power is still somewhat low,
and these analyses should be interpreted as exploratory.
Our results for depression were attenuated when a 10-year
lag period was used, which aligns with the possibility that
depression might be both a risk factor and an early
symptom of dementia."”'"* The main analysis results for the
other risk factors were robust to potential reverse causation,
exposure misclassification, and confounding control. As
the age threshold for dementia events increased, the most
common observation was that the strength of the associ-
ation weakened. There were no instances in which a risk
factor was positively associated with dementia at one age of
onset group and negatively associated in the other. The
distribution of dementia subtypes aligned with findings in
other studies in clinical settings. We found that risk factors
were generally more strongly associated with vascular
dementia than Alzheimer’s disease.’*

Previous studies reported some risk factor associations
with early-onset dementia in the UK Biobank cohort.®”?
However, these studies are limited in focusing on only
socioeconomic risk factors or relying on dichotomous and
clinical risk factors ascertained via administrative records
or self-report.>” The present analysis included data from
UK Biobank and additional studies of participants with
diverse racial and ethnic backgrounds. We also assessed
clinical measures such as blood pressure and blood glucose
to categorise multiple levels of clinical risk factors rather
than creating dichotomous variables based on linked
administrative records. For example, using both laboratory
measurements taken at study visits and self-reported
medication use for defining diabetes, we found a strong
association between diabetes and early-onset dementia in
our analysis. However, previous cohort studies found
associations ranging from none to modest.”'*1¢

There are several limitations to consider when inter-
preting these findings. Patients with early-onset dementia
are younger, so they likely have fewer comorbid risk factors
contributing to opportunities for confounding. However,
uncontrolled confounding might still be present across all
ages despite adjustment efforts. Because individuals must
survive dementia-free to be observed in the dementia
follow-up period, differential mortality associated with
exposures (eg, smoking, diabetes) could lead to survival-
related selection, which could attenuate the observed
associations. Cancer diagnosis might contribute to survival
bias. We included fatal cancer in the competing risk of
death; however, because in this cohort non-fatal cancer
does not preclude dementia ascertainment, it was therefore
not modelled as a competing risk. Exposures were

parameterised based on their value at baseline. However,
the longitudinal exposure might be of greater aetiological
interest, and the baseline value could be considered a biased
measure. Dementia has a long preclinical phase, and some
early pathological changes might occur before dementia is
detected.” However, results from sensitivity analyses
with 3-year and 10-year lag periods to check for reverse
causation did not change the overall conclusions. Dementia
was ascertained according to each cohort’s established
protocol, and misclassification could have occurred in each
of these settings to varying degrees. Several cohorts relied
on administrative records alone for dementia classification,
which might lead to underdiagnosis of early-onset
dementia cases; however, specificity and positive predict-
ive values are high, resulting in bias likely toward the null.?
Dementia subtypes were classified via administrative hos-
pitalisation discharge codes, which might have low accur-
acy. Combining all dementia subtypes together in some
cohorts might mask important patterns that are specific to
the subtype. The UK Biobank cohort is known to be
healthier and more educated than the general population,
which could reduce the external validity of the results.>*

This study also has several strengths. Through pooling
several prospective cohorts, we obtained a relatively large
number of incident early-onset dementia cases that allowed
for higher complexity and dimensionality of models than
what is possible from individual cohorts. We formally tes-
ted whether associations are different in early-onset
dementia than late-onset dementia, we examined how the
age cutoff for defining early-onset disease changes the
results, and we included a follow-up analysis of dementia
subtypes.

In summary, several known modifiable risk factors for
late-onset dementia are also risk factors for early-onset
dementia, and a number of these factors might be more
strongly associated with early-onset dementia than with
late-onset dementia. The incidence of dementia in midlife
roughly doubles every 5 years, and although early-onset
dementia is rare, the effect of receiving this diagnosis in
midlife is devastating. These findings highlight the
importance of modifiable risk factors in the development of
early-onset dementia and contribute to our understanding
of which risk factors might be the most important targets
for primary prevention efforts.
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