
Risk Factors for Young-Onset Dementia in the UK Biobank
Stevie Hendriks, PhD; Janice M. Ranson, PhD; Kirsten Peetoom, PhD; Ilianna Lourida, PhD; Xin You Tai, PhD;
Marjolein de Vugt, PhD; David J. Llewellyn, PhD; Sebastian Köhler, PhD

IMPORTANCE There is limited information on modifiable risk factors for young-onset
dementia (YOD).

OBJECTIVE To examine factors that are associated with the incidence of YOD.

DESIGN, SETTING, AND PARTICIPANTS This prospective cohort study used data from the UK
Biobank, with baseline assessment between 2006 and 2010 and follow-up until March 31,
2021, for England and Scotland, and February 28, 2018, for Wales. Participants younger than
65 years and without a dementia diagnosis at baseline assessment were included in this
study. Participants who were 65 years and older and those with dementia at baseline were
excluded. Data were analyzed from May 2022 to April 2023.

EXPOSURES A total of 39 potential risk factors were identified from systematic reviews of
late-onset dementia and YOD risk factors and grouped into domains of sociodemographic
factors (education, socioeconomic status, and sex), genetic factors (apolipoprotein E),
lifestyle factors (physical activity, alcohol use, alcohol use disorder, smoking, diet, cognitive
activity, social isolation, and marriage), environmental factors (nitrogen oxide, particulate
matter, pesticide, and diesel), blood marker factors (vitamin D, C-reactive protein, estimated
glomerular filtration rate function, and albumin), cardiometabolic factors (stroke,
hypertension, diabetes, hypoglycemia, heart disease, atrial fibrillation, and aspirin use),
psychiatric factors (depression, anxiety, benzodiazepine use, delirium, and sleep problems),
and other factors (traumatic brain injury, rheumatoid arthritis, thyroid dysfunction, hearing
impairment, and handgrip strength).

MAIN OUTCOME AND MEASURES Multivariable Cox proportional hazards regression was used
to study the association between the risk factors and incidence of YOD. Factors were tested
stepwise first within domains and then across domains.

RESULTS Of 356 052 included participants, 197 036 (55.3%) were women, and the mean (SD)
age at baseline was 54.6 (7.0) years. During 2 891 409 person-years of follow-up, 485
incident YOD cases (251 of 485 men [51.8%]) were observed, yielding an incidence rate of
16.8 per 100 000 person-years (95% CI, 15.4-18.3). In the final model, 15 factors were
significantly associated with a higher YOD risk, namely lower formal education, lower
socioeconomic status, carrying 2 apolipoprotein ε4 allele, no alcohol use, alcohol use
disorder, social isolation, vitamin D deficiency, high C-reactive protein levels, lower handgrip
strength, hearing impairment, orthostatic hypotension, stroke, diabetes, heart disease,
and depression.

CONCLUSIONS AND RELEVANCE In this study, several factors, mostly modifiable, were
associated with a higher risk of YOD. These modifiable risk factors should be incorporated
in future dementia prevention initiatives and raise new therapeutic possibilities for YOD.
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T he global prevalence of dementia is expected to rise
from 50 million in 2020 to 115 million in 2050.1

Although prevalence is highest in older people (late-
onset dementia [LOD]), dementia can also occur at a younger
age. When the onset of dementia symptoms occurs before the
age of 65 years, it is defined as young-onset dementia (YOD).2

The estimated global prevalence of YOD is 3.9 million.3

Although prevalence of YOD is low compared with LOD, the
personal, societal, and economic impact of YOD is particu-
larly high, with consequences related to employment, social
life, and familial responsibilities.4

Identification of modifiable and nonmodifiable risk factors
would aid in developing targeted interventions to prevent YOD
and increase our understanding of underlying mechanisms. In
YOD, previous research has largely focused on genetic factors,
although genetic factors identified so far only account for 5% to
10% of all YOD cases.5 Apolipoprotein E (APOE) is one of the
major genetic risk factors in YOD, as it could increase the risk of
Alzheimer dementia in younger persons.6

While modifiable risk factors for LOD have been studied
extensively, little is known about factors increasing risk for YOD.
The 2020 report of the Lancet Commission on Dementia Pre-
vention, Intervention and Care suggests that by eliminating
modifiable risk factors, the number of LOD cases could be
reduced by as much as 40%.7 Some well-established risk fac-
tors for LOD include smoking, high alcohol intake, cardio-
metabolic factors, and depression.8 Protective factors for LOD
are physical activity, healthy diet, and cognitive or social
activity.8 It is unclear whether these factors also apply to YOD.
To our knowledge, the only systematic review on risk factors
of YOD identified 14 studies investigating modifiable risk fac-
tors for YOD, with most studies focusing on a single factor and
none examining interactions between factors.9

The aim of the present study is to use data from a large
population-based cohort to examine a comprehensive set of
factors in relation to the incidence of YOD.

Methods
Study Design and Participants
We used data from the UK Biobank, an ongoing prospective co-
hort study in the UK consisting of more than 500 000 partici-
pants recruited between 2006 and 2010 aged 37 to 73 years at
baseline. Participants were assessed in one of 22 centers across
the UK and underwent a comprehensive baseline assessment.10

They provided biological samples, completed touch-screen
questionnaires, and underwent physical examination. All par-
ticipants provided written informed consent, which was
approved by the North West Multicenter Research Ethics
Committee; because data were deidentified, this study did not
require additional approval. The present study was con-
ducted in all participants younger than 65 years and without
a diagnosis of dementia at baseline (Figure 1). For the analy-
ses, everyone was right-censored when they turned 65 years
of age during follow-up. This study followed the Strengthen-
ing the Reporting of Observational Studies in Epidemiology
(STROBE) reporting guideline.

Incident Dementia
Incident YOD cases were identified from hospital inpatient reg-
isters or death register linkage. A diagnosis of all-cause demen-
tia was based on the International Classification of Diseases, Ninth
Revision (ICD-9) and ICD-10 codes (eTable 1 in Supplement 1).
Incident all-cause dementia was used as defined by the UK
Biobank Outcome Adjudication Group.11

Risk Factors
A total of 39 potential risk factors were identified based on sys-
tematic reviews on factors having a potential association with
either YOD or LOD (eTables 2 and 3 in Supplement 1). All fac-
tors available in UK Biobank were included for analysis using
the baseline data (self-report and hospital records). We grouped
them into domains of sociodemographic, genetic (APOE sta-
tus), lifestyle, environmental, blood marker, cardiometa-
bolic, psychiatric, and other factors. eTable 4 in Supplement 1
shows the factors available in the UK Biobank, including how
they were operationalized for our analyses. Age, sex, educa-
tion, socioeconomic status, and APOE status were included in
all analyses. APOE status was extracted from blood assays in
the UK Biobank. Two single-nucleotide variants, rs429358 and
rs7412, within the APOE gene define the 3 main APOE alleles
(ε4, ε3, and ε2). These variants were genotyped, leading to 6

Figure 1. Flowchart of Included Participants

502 536 Participants in UK Biobank

356 052 Included in analyses

146 484 Excluded
146 423 ≥65 y

36 Had dementia
at baseline

485 Persons with young-onset
dementia

355 567 Healthy individuals

Key Points
Question Are there modifiable risk factors associated with
young-onset dementia (YOD)?

Findings In this cohort study including more than 356 052
participants in the UK Biobank, there were multiple modifiable
and nonmodifiable risk factors for YOD. Alcohol use, higher formal
education, and lower physical frailty (higher handgrip strength)
were associated with lower risk of incidence of YOD, whereas
increased risk of YOD was associated with low socioeconomic
status, apolipoprotein E status, alcohol use disorder, social
isolation, vitamin D deficiency, high C-reactive protein levels,
hearing impairment, orthostatic hypotension, stroke, diabetes,
heart disease, and depression.

Meaning In this study, a wide range of risk factors were associated
with YOD, and targeted interventions may prove effective for
dementia prevention in middle-aged adults.
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possible alleles (ε4ε4, ε4ε3, ε4ε2, ε3ε3, ε2ε3, and ε2ε2). A
3-category variable was derived for APOE status; no ε4 alleles,
1 ε4 allele, or 2 ε4 alleles.

Statistical Analysis
Baseline characteristics were summarized for persons with and
without YOD separately and are presented as percentages for
categorical variables and means with SDs for normally distrib-
uted continuous variables. Incidence rates of YOD were ana-
lyzed for 5-year age bands starting at age 40 years (earliest re-
cruitment age) and separately for men and women. We used
Cox proportional hazards regression models to analyze the
association between risk factors and incident YOD. Age was

used as the timescale, starting at birth, with participants be-
coming at risk at their baseline assessments (between 2006
and 2010) and continued until whichever came first: incident
dementia, loss to follow-up, death, end of follow-up (March
31, 2021, for England and Scotland and February 28, 2018, for
Wales) or reaching the age of 65 years.

Risk factors were analyzed in a manual stepwise-
forward manner. The correlation between factors was
assessed with a correlation matrix. All 39 factors were first
analyzed separately, adjusting for age, sex, education, socio-
economic status, and APOE status (model 1). Factors that
were statistically significant in model 1 (P < .05), were ana-
lyzed in multivariable models together with other significant
factors within the same domain (eTable 4 in Supplement 1)
(model 2). Factors that remained significant within the
domain-specific multivariable models were then analyzed
together across domains. For this step, we started with the
sociodemographic domain and added the other domains
stepwise, first including lifestyle factors (model 3), then

Table 1. Baseline Characteristics

Characteristic

No. (%)
Incident YOD
(n = 485)

No YOD
(n = 355 567)

Age, mean (SD), y 53.5 (5.2) 54.6 (7.0)

Sex

Female 234 (48.2) 196 802 (55.3)

Male 251 (51.8) 158 765 (44.7)

APOE statusa

No ε4 allele 307 (63.3) 246 463 (69.3)

1 ε4 Allele 127 (26.2) 90 070 (25.3)

2 ε4 Alleles 30 (6.2) 8206 (2.3)

Level of educationb

Academic or other
professional degree

299 (61.6) 176 245 (49.6)

Lower degree 166 (34.2) 172 547 (48.5)

Socioeconomic statusc

Quintile 1 (least deprived) 58 (12.0) 69 956 (19.7)

Quintiles 2-4 232 (47.8) 212 024 (59.6)

Quintile 5 (most deprived) 194 (40.0) 73 107 (20.6)

Lifestyle factors

Regular physical activity 295 (60.8) 254 899 (71.7)

Moderate alcohol use 206 (42.5) 171 950 (48.4)

Heavy alcohol use 188 (38.8) 148 649 (41.8)

Alcohol use disorder 30 (6.2) 2126 (0.6)

Former smoker 133 (27.4) 114 950 (32.3)

Current smoker 110 (22.7) 39 985 (11.2)

Healthy diet 193 (39.8) 165 975 (46.7)

High level of cognitive activities 19 (3.9) 16 343 (4.6)

No social isolation 333 (68.7) 269 393 (75.8)

Married 274 (56.5) 256 970 (72.3)

Environmental factors

Nitrogen oxide, mean (SD), μg/m3 48.03 (15.20) 44.33 (15.62)

Particulate matter, mean (SD), μg/m3 10.31 (1.14) 10.01 (1.06)

Pesticide exposure 0 1723 (0.1)

Diesel exposure 3 (0.6) 7332 (2.1)

Blood markers

Vitamin D of 10-20 ng/mL 170 (35.1) 135 317 (38.1)

Vitamin D <10 ng/mL 107 (22.1) 54 787 (15.4)

eGFR function of
60-90 mL/min/1.73 m2

153 (31.5) 112 632 (31.7)

eGFR function
<60 mL/min/1.73 m2

36 (7.4) 11 351 (3.2)

C-reactive protein >1 mg/dL 72 (14.8) 37 096 (10.4)

Microalbumin 30 (6.2) 13 301 (3.7)

Macroalbumin 7 (1.4) 1226 (0.3)

(continued)

Table 1. Baseline Characteristics (continued)

Characteristic

No. (%)
Incident YOD
(n = 485)

No YOD
(n = 355 567)

Cardiometabolic factors

Stroke 29 (6.0) 4296 (1.2)

Hypertension 182 (37.5) 91 403 (25.7)

Diabetes 59 (12.2) 16 545 (4.7)

Hypoglycemia 3 (0.6) 246 (0.07)

Heart disease 46 (9.5) 11 727 (3.3)

Atrial fibrillation 6 (1.2) 3107 (0.9)

Aspirin use 91 (18.8) 39 766 (11.2)

Overweight (BMI of 25-30) 154 (31.8) 131 169 (36.9)

Obesity (BMI >30) 124 (25.6) 67 860 (19.1)

Orthostatic hypotension 3 (0.6) 181 (0.1)

Psychiatric factors

Depression 34 (7.0) 3273 (0.9)

Anxiety 28 (5.8) 31 494 (8.9)

Benzodiazepine use 3 (0.6) 425 (0.1)

Delirium 1 (0.2) 33 (<0.1)

Sleep problems sometimes 191 (39.4) 168 667 (47.4)

Sleep problems usually 165 (34.0) 97 717 (27.5)

Other factors

Traumatic brain injury 0 42 (<0.1)

Rheumatoid arthritis 2 (0.4) 546 (0.2)

Thyroid dysfunction 0 2 (<0.1)

High handgrip strength 159 (32.8) 157 859 (44.4)

Hearing impairment 151 (31.1) 78 927 (22.2)

Abbreviations: APOE, apolipoprotein E; BMI, body mass index (calculated as
weight in kilograms divided by height in meters squared); YOD, young-onset
dementia.

SI conversion factor: To convert vitamin D to nmol/L, multiply by 2.496;
C-reactive protein to mg/L, multiply by 10.
a 21 Persons with YOD and 10 828 persons without YOD did not have APOE

information.
b 20 Persons with YOD and 6775 persons without YOD did not have education

information.
c 1 Person with YOD and 480 persons without YOD did not have socioeconomic

status information.
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environmental factors (model 4), followed by blood markers
(model 5), cardiometabolic factors (model 6), psychiatric fac-
tors (model 7), and other factors (model 8). Model 8 was
used for final inferences and interaction analyses with sex
and APOE status. This approach allowed us to balance han-
dling the number of candidate risk factors with a need for
keeping control over mutual dependencies among variables,
especially potential mediating effects.12

We conducted 3 different sensitivity analyses. Age of
diagnosis was extended to 70 years to include cases with a
diagnostic delay.13 The sample size increased to 437 957 per-
sons, and 1209 persons had a diagnosis of dementia. Second,
to investigate possible reverse causation, the outcome vari-
able was restricted to participants diagnosed with dementia
3 years or more after their baseline assessment. A total of 77
participants with a diagnosis within 3 years of their assess-
ment were excluded. Third, to compare the risk factors from
the final model between YOD and LOD, we also analyzed this
model for persons 65 years or older. Here, 4957 persons had
a dementia diagnosis over 2 402 206 person-years. Both
stratified analyses and interaction analyses with age were
performed.

The proportional hazard assumption was tested by
Schoenfeld residuals14 and was satisfied. All statistical analy-
ses were performed with Stata version 17 (StataCorp). Statis-
tical significance was set at an α of .05 in 2-sided tests.

Results
At baseline, 502 536 participants were assessed. After exclu-
sion, 356 052 participants were included in the analysis
(Figure 1). Baseline characteristics are provided in Table 1. Of
356 052 included participants, 197 036 (55.3%) were women,
and the mean (SD) age was 54.6 (7.0) years. During 2 891 409
person-years (mean [SD] follow-up duration 8.12 [4.35] years;
median [IQR] follow-up of 9.18 [4.05-12.09] years), 485 inci-
dent YOD cases were identified. Incidence rates increased with
age in 5-year age bands and were higher in men compared with
women (Table 2).

Risk Factors of YOD
Of the 39 factors univariately analyzed in model 1, 30 had a sig-
nificant association with YOD incidence (Table 3; eTable 5 in
Supplement 1). These factors were combined in joined analyses,
within domains, and across domains (Table 3; eTable 5 in Supple-
ment 1). For the domain analyses, correlation matrixes were

assessed, showing no highly correlated variables (eResults in
Supplement 1). In the final model, associations between 15 fac-
tors and YOD incidence remained (Table 3; Figure 2).

For education, having an academic or other professional
degree was associated with a lower risk of YOD compared with
having a lower level of education. For socioeconomic status,
persons with the lowest socioeconomic status showed a higher
risk of YOD compared with persons with the highest socioeco-
nomic status. Moderate or heavy alcohol use had a lower as-
sociation with YOD compared with alcohol abstinence, while
persons with a diagnosis of alcohol use disorder had a higher
association with YOD. For social isolation, participants who vis-
ited friends or family once a month or less had a higher asso-
ciation with YOD than persons visiting friends or family more
often. Vitamin D deficiency (less than 10 ng/mL; to convert to
nanomoles per liter, multiply by 2.496) or a high C-reactive pro-
tein (CRP) level (more than 1 mg/dL; to convert to milligrams
per liter, multiply by 10) was associated with YOD. Partici-
pants who had a handgrip strength (as a proxy for physical
frailty) higher than the normative value (eTable 4 in Supple-
ment 1) had a lower association with YOD compared with per-
sons with a lower handgrip strength. Hearing impairment was
associated with a higher incidence of YOD, as well as ortho-
static hypotension, stroke, diabetes, heart disease, or depres-
sion. Persons with 2 APOE ε4 alleles had a higher association
with YOD compared with those with no ε4 allele, while there
was no association for those with 1 allele.

Interactions With Sex and APOE Status
Diabetes and CRP levels had a significant interaction with sex
(eTable 6 in Supplement 1). Men with diabetes had a higher risk
for YOD than men without diabetes, while there was no asso-
ciation with diabetes in women. Women with high CRP levels
had higher risk of YOD compared with women with low CRP
levels, while there was no association with CRP in men. There
were no interactions between APOE status and the risk fac-
tors from the final model (eTable 6 in Supplement 1).

Sensitivity Analyses
The final analyses were repeated also including those diag-
nosed with dementia between ages 65 and 70 years. All risk
factors remained significantly associated with YOD inci-
dence (eTable 7 in Supplement 1). Observed associations
were stronger for APOE status, stroke, diabetes, and heart
disease. Associations for socioeconomic status, education,
alcohol use disorder, hearing impairment, orthostatic hypo-
tension, vitamin D, and depression slightly attenuated.

Table 2. Incidence Rates of Young-Onset Dementia in the UK Biobank by 5-Year Age Bands and Sex

Age, y

Incidence per 100 000 person-years (95% CI)

Total Among male participants Among female participants
40-44.9 1.00 (0.14-7.11) 0 1.88 (0.26-13.33)

45-49.9 3.55 (2.06-6.12) 5.41 (2.81-10.39) 2.00 (0.75-5.34)

50-54.9 8.65 (6.66-11.24) 9.36 (6.42-13.64) 8.08 (5.62-11.63)

55-59.9 14.64 (12.22-17.55) 17.18 (13.34-22.12) 12.68 (9.79-16.43)

60-64.9 30.43 (27.17-34.09) 36.06 (30.81-42.21) 26.03 (22.10-30.67)

Total 16.77 (15.35-18.34) 19.60 (17.32-22.18) 14.53 (12.78-16.51)
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Table 3. Risk Factor Analyses

Risk factor

HR (95% CI)a

Model 1 Model 2 Model 3 Model 4 Model 8
Sociodemographic factors

Formal education 0.60 (0.49-0.72) 0.60 (0.49-0.72) 0.60 (0.47-0.76) 0.61 (0.48-0.78) 0.63 (0.48-0.81)

Socioeconomic statusb

Middle deprivation (quintiles 2-4) 1.28 (0.95-1.72) 1.28 (0.95-1.72) 1.41 (0.97-2.05) 1.44 (0.97-2.14) 1.26 (0.85-1.88)

High deprivation (quintile 5) 3.01 (2.22-4.08) 3.01 (2.22-4.08) 2.45 (1.65-3.63) 2.37 (1.54-3.64) 1.82 (1.19-2.77)

Sex 1.29 (1.07-1.55) 1.29 (1.07-1.55) 1.36 (1.08-1.71) 1.32 (1.05-1.67) NA

Genetic factor

APOE status

1 Allele 1.13 (0.92-1.39) 1.13 (0.92-1.39) 1.19 (0.93-1.53) 1.25 (0.97-1.61) 1.27 (0.97-1.65)

2 Alleles 2.92 (2.00-4.28) 2.92 (2.00-4.28) 2.18 (1.29-3.69) 2.18 (1.27-3.76) 1.87 (1.01-3.44)

Lifestyle factors

Physical activity 0.71 (0.58-0.87) 0.73 (0.55-0.96) 0.78 (0.62-0.98) 0.79 (0.62-1.00) NA

Alcohol use

Moderate 0.57 (0.44-0.74) 0.61 (0.41-0.91) 0.55 (0.40-0.75) 0.55 (0.40-0.76) 0.72 (0.52-1.00)

Heavy 0.54 (0.42-0.71) 0.63 (0.43-0.93) 0.53 (0.39-0.73) 0.53 (0.39-0.73) 0.64 (0.46-0.90)

Alcohol use disorder 4.91 (3.20-7.53) 4.52 (2.26-9.05) 3.87 (2.37-6.33) 4.15 (2.50-6.88) 2.39 (1.37-4.15)

Smoking

Former 0.95 (0.76-1.19) 0.86 (0.63-1.18) NA NA NA

Current 1.73 (1.35-2.20) 1.12 (0.75-1.67) NA NA NA

Diet 0.84 (0.70-1.02) NA NA NA NA

Cognitive activity 1.07 (0.67-1.73) NA NA NA NA

Social isolation 1.26 (1.02-1.55) 1.41 (1.05-1.89) 1.40 (1.10-1.79) 1.40 (1.09-1.81) 1.53 (1.18-1.98)

Marriage 1.38 (1.02-1.85) 1.18 (0.82-1.70) NA NA NA

Environmental factors

Nitrogen oxide 1.01 (1.00-1.02) 1.00 (0.99-1.01) NA NA NA

Particulate matter 1.25 (1.16-1.36) 1.26 (1.09-1.46) NA 1.08 (0.97-1.20) NA

Pesticide NA NA NA NA NA

Diesel

Sometimes 0.89 (0.21-3.88) NA NA NA NA

Often 1.69 (0.22-12.92) NA NA NA NA

Blood markers

Vitamin D

10-20 ng/dL 1.13 (0.89-1.42) 0.93 (0.63-1.38) NA NA 1.10 (0.82-1.47)

<10 ng/mL 1.66 (1.28-2.16) 1.88 (1.26-2.80) NA NA 1.59 (1.15-2.18)

C-reactive protein >1 mg/dL 1.41 (1.06-1.88) 2.50 (1.58-3.95) NA NA 1.54 (1.03-2.30)

eGFR function

60-90 mL/min/1.73 m2 1.09 (0.89-1.34) 0.87 (0.61-1.24) NA NA 1.02 (0.78-1.32)

<60 mL/min/1.73 m2 2.57 (1.79-3.69) 2.01 (1.15-3.50) NA NA 1.55 (0.99-2.44)

Albumin

Microalbumin 1.29 (0.86-1.95) 1.07 (0.68-1.68) NA NA NA

Macroalbumin 3.28 (1.53-7.04) 1.15 (0.36-3.73) NA NA NA

Cardiometabolic factors

Stroke 4.26 (2.86-6.35) 3.41 (2.23-5.21) NA NA 2.07 (1.26-3.41)

Hypertension 1.44 (1.18-1.76) 1.38 (1.07-1.77) NA NA NA

Diabetes 2.27 (1.69-3.04) 1.97 (1.40-2.78) NA NA 1.65 (1.15-2.36)

Hypoglycemia 7.31 (2.34-22.80) 3.53 (1.10-11.34) NA NA 2.25 (0.54-9.36)

Heart disease 2.77 (2.05-3.76) 1.64 (1.11-2.43) NA NA 1.61 (1.10-2.36)

Atrial fibrillation 1.00 (0.42-2.45) NA NA NA NA

Aspirin use 1.69 (1.33-2.16) 1.03 (0.75-1.42) NA NA NA

BMI

Overweight (25-30) 0.81 (0.65-1.00) 0.74 (0.57-0.96) NA NA NA

Obesity (>30) 1.11 (0.88-1.41) 0.99 (0.74-1.31) NA NA NA

Orthostatic hypotension 8.76 (2.80-27.36) 6.72 (2.12-21.35) NA NA 4.20 (1.30-13.62)

(continued)
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When the dementia outcome was restricted to partici-
pants diagnosed at least 3 years after their baseline assess-
ment, APOE status, alcohol use disorder, CRP levels, and
orthostatic hypotension ceased to be significantly associated
with YOD incidence (eTable 8 in Supplement 1).

Stratified analyses comparing YOD and LOD showed that
hearing impairment, orthostatic hypotension, and CRP levels

were not associated with LOD. For education, APOE status, and
hearing impairment, there was a significant interaction with age.
For education and APOE status, the association was significantly
higher for those with LOD compared with those with YOD;
conversely, for hearing impairment, the association was signifi-
cantly lower for those with LOD compared with those with
YOD (eTable 9 in Supplement 1).

Figure 2. Risk Factors Associated With Incident Young-Onset Dementia in the Fully Adjusted Model

P value

0.4 61 2
Hazard ratio (95% CI)

Factor
Hazard ratio
(95% CI)

<.001Education level 0.63 (0.48-0.81)

.31Middle socioeconomic status 1.26 (0.85-1.88)

.009Low socioeconomic status 1.82 (1.19-2.77)

.091 Apolipoprotein ε4 allele 1.27 (0.97-1.65)

.0472 Apolipoprotein ε4 alleles 1.87 (1.01-3.44)

.04Moderate alcohol use 0.72 (0.52-1.00)

.007Heavy alcohol use 0.64 (0.46-0.90)

.005Alcohol use disorder 2.39 (1.37-4.15)

.003Social isolation 1.53 (1.18-1.98)

.002Handgrip strength 0.58 (0.52-0.88)

.001Hearing impairment 1.56 (1.22-2.01)

.02Orthostatic hypotension 4.20 (1.30-13.62)

.005Stroke 2.07 (1.26-3.41)

.01Diabetes 1.65 (1.15-2.36)

.02Heart disease 1.61 (1.10-2.36)

<.001Depression 3.25 (2.08-5.09)

.59Vitamin D of 10-20 ng/mL 1.10 (0.82-1.47)

.006Vitamin D <10 ng/mL 1.59 (1.15-2.18)

.03C-reactive protein >1 mg/dL 1.54 (1.03-2.30)

0.6 4

Table 3. Risk Factor Analyses (continued)

Risk factor

HR (95% CI)a

Model 1 Model 2 Model 3 Model 4 Model 8
Psychiatric factors

Depression 5.25 (3.63-7.59) 4.60 (3.15-6.72) NA NA 3.25 (2.08-5.09)

Anxiety 0.66 (0.44-0.98) 0.80 (0.52-1.21) NA NA NA

Benzodiazepine use 4.22 (1.35-13.16) 2.57 (0.64-10.34) NA NA NA

Delirium 18.83 (2.64-134.44) 9.80 (1.34-71.71) NA NA NA

Sleep problems

Sometimes 0.79 (0.62-0.99) 0.86 (0.62-1.18) NA NA NA

Usually 1.12 (0.87-1.43) 1.16 (0.85-1.60) NA NA NA

Other factors

Traumatic brain injury NA NA NA NA NA

Rheumatoid arthritis 2.20 (0.55-8.84) NA NA NA NA

Thyroid dysfunction NA NA NA NA NA

Hearing impairment 1.55 (1.26-1.90) 1.58 (1.29-1.93) NA NA 1.56 (1.22-2.01)

Handgrip strength 0.62 (0.51-0.76) 0.58 (0.48-0.71) NA NA 0.58 (0.52-0.88)

Abbreviations: APOE, apolipoprotein E; BMI, body mass index (calculated as
weight in kilograms divided by height in meters squared); NA, not applicable;
YOD, young-onset dementia.

SI conversion factor: To convert vitamin D to nmol/L, multiply by 2.496;
C-reactive protein to mg/L, multiply by 10.
a Model 1 adjusted for sex and APOE status. Model 2 within-domain analysis

adjusted for sex and APOE status. Model 3 adjusted for sociodemographic and
lifestyle domain. Model 4 adjusted for model 3 and environmental factors.
Model 8 adjusted for model 4, blood markers, cardiovascular disease, and
psychiatric factors and other variables.

b Deprivation was measured using the Townsend deprivation index.
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Discussion

We investigated the association of 39 risk factors with the in-
cidence of YOD. We identified 15 factors robustly associated
with YOD. Higher formal education, lower physical frailty
(handgrip strength), and alcohol use (relative to abstinence)
were associated with lower incidence of YOD, whereas hav-
ing 2 APOE ε4 alleles, lower socioeconomic status, high CRP
levels, orthostatic hypotension, stroke, diabetes, heart dis-
ease, depression, hearing impairment, vitamin D deficiency,
alcohol use disorder, and social isolation were associated with
an increased risk.

Two previous case-control studies15,16 and 1 retrospec-
tive cohort study17 have investigated multiple risk factors for
YOD, with Nordström et al17 including the most factors (18).
Similar to our results, stroke, depression, and alcohol use dis-
order were found to be associated with incident YOD. Addi-
tionally, they found height, hypertension, dementia in the
father, overall cognitive function, other drug use disorder, and
neuroleptic use were associated with YOD. In contrast to our
results, the study found an association for hypertension but
no association for socioeconomic status (yearly income). In our
study, the association of hypertension with YOD became
nonsignificant when socioeconomic status was added to the
model, suggesting confounding. The difference could be at-
tributed to our use of the Townsend deprivation index for so-
cioeconomic status, as opposed to yearly income in the study
by Nordström et al.17 In addition, their study was conducted
in men only, yet this might not explain the differences ob-
served since our interaction analysis did not suggest that these
associations differ across sex.

In the present study, moderate to heavy alcohol use was
associated with a lower incidence of YOD. For moderate alco-
hol use, this may be due to the healthy drinker effect, in which
people who drink are healthier, while abstainers are more likely
to not consume alcohol because of poor health or use of
medication.18 Our results showed alcohol use disorder is as-
sociated with higher risk of YOD, which aligns with results from
previous studies,17,18 although in our sensitivity analysis in-
vestigating reverse causation, the association ceased to be
significant, indicating that impeding YOD might also cause
alcohol use disorder due to excessive drinking. Our findings
regarding heavy alcohol use are complex and should be inter-
preted with caution.

We found diabetes, stroke, heart disease, and depression
were associated with increased YOD incidence. These results
are supported by previous smaller studies.17,19 In future stud-
ies, the difference of effect of recent depression (maybe a pro-
dromal dementia symptom) and depression more than 5 years
before diagnosis could be addressed. Interestingly, we found
a significant interaction between sex and diabetes. One pos-
sible explanation might be that men with diabetes have more
microvascular complications than women, which may lead to
small-vessel disease and dementia.20

For socioeconomic status, conflicting results have been
reported,17,21 but measures and criteria of socioeconomic sta-
tus differ across studies. We used the Townsend deprivation

index, a widely used indicator for socioeconomic status. It is
based on area-level scores and is highly correlated with depri-
vation measures at the individual level,22 indicating this
index is useful for measuring socioeconomic status.

Our study identified several risk factors for YOD that have
not, to our knowledge, been studied or reported before, namely
social isolation, orthostatic hypotension, vitamin D defi-
ciency, and high CRP levels. Studies indicate social isolation
is a risk factor for LOD,23 and it was endorsed by the Lancet
Commission on Dementia Prevention, Intervention and Care.7

Social isolation is linked to depression, but depression did not
mediate the association of social isolation with YOD in our
analyses, suggesting that both directly contribute to demen-
tia risk. It has been suggested that social isolation is a socio-
behavioral proxy for cognitive reserve, a theory explaining
individual differences in cognitive functioning in the light of
similar neuropathological burden.24

Orthostatic hypotension was indicated as a risk factor for
LOD in a recent umbrella review,25 possibly through recur-
rent transient cerebral hypoperfusion leading to cerebral
hypoxia,26 ultimately leading to dementia. Additionally, or-
thostatic hypotension may also be an early sign of Parkinson
dementia or Lewy body dementia, sometimes occurring years
or decades before diagnosis,27 explaining the reverse causal-
ity we found in our sensitivity analysis.

We found both vitamin D deficiency and high CRP levels
were associated with increased risk of YOD. It has been sug-
gested that vitamin D acts as a neurosteroid that protects
against neurodegenerative processes.28 Notably, CRP was
only significantly associated with YOD when vitamin D was
included in the model. Furthermore, CRP levels are signifi-
cantly higher in women, and higher CRP levels are believed to
be a risk factor for cardiovascular complications.29 These in
turn could then increase the risk of dementia. Interestingly,
CRP ceased to be significant in our additional analyses, sug-
gesting reverse causation. Further investigation is warranted
to understand the underlying mechanisms.

Several notable differences exist among known risk fac-
tors for LOD and the risk factors for YOD found in this study.
Only a limited number of lifestyle-related factors (alcohol use,
vitamin D deficiency, and social isolation) were significantly
associated with the risk of YOD, while more lifestyle factors
have been reported in LOD.7,8 In our analyses, physical activ-
ity, diet, and smoking ceased to be statistically significant when
either sociodemographic or other lifestyle factors were added
to the analyses, suggesting confounding. Also, our analyses
showed having cardiovascular diseases was a risk factor for
YOD. Lifestyle factors may thus indirectly be associated with
risk of YOD. However, the direct association of lifestyle fac-
tors with YOD may indeed be lower compared with LOD
since people are still relatively young, and the relative effects
of lifestyle factors may have had less time to contribute to the
underlying dementia-related pathologies.

Finally, we included APOE status as a risk factor for YOD.
APOE carries the largest genetic risk for sporadic LOD and there-
fore was included in our study on YOD. While APOE is not the
only genetic factor in YOD, it still increases the risk of typical
Alzheimer dementia in young persons.6
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Strengths and Limitations
The strengths of this study include the large population-
based sample size of the UK Biobank cohort, which allowed
us to study the incidence of YOD prospectively, and the com-
prehensive number of risk factors from different domains. The
data were analyzed in a manual stepwise-forward manner,
using different domains of factors. This diminished the risk of
overadjustment and allowed for careful distinction between
mediators from confounders.12

Several limitations should also be considered. The study
is observational and does not attempt to infer causality. How-
ever, we have tried to assess potential risk of reverse causal-
ity, although dementia pathology may start years or decades
before the onset of clinical symptoms, so some of the asso-
ciations we found may still be first symptoms of YOD rather
than risk factors for YOD. Moreover, some factors may also
directly reflect the underlying dementia etiology, for
instance, dementia due to stroke. Next, several factors were
based on self-reported data, which might be a source of
response bias. In prospective studies, such bias is likely non-
differential and, thus, likely affected participants who devel-
oped YOD and those who did not equally, leading to dilution
of the strength of associations. There may also be factors that
were not considered in this study that may have driven or
confounded the associations found in our analyses.
Examples may be family history of dementia, drug use disor-
der other than alcohol, or neuroleptic use, which have
previously been found to be associated with YOD,16 which
were unavailable for analysis in the current sample. For some
factors, there were few exposed cases, leading to a decreased
power to detect associations and wider confidence intervals
(eg, orthostatic hypotension). Additionally, we did not

statistically correct for multiple comparison, giving the
chance of a type I error. Future research should validate our
findings, preferably with more exposed cases to increase reli-
ability of the results. Also, not all cases of YOD may have
been captured by the hospital or death records. The inci-
dence rates of YOD from our study were lower than the inci-
dence rates observed in a 2022 meta-analysis.30 Conse-
quently, this may have led to outcome misclassification and
dilution of associations by including cases in the nondemen-
tia group. The UK Biobank is also overrepresented by healthy
and White persons, making the results of this study not gen-
eralizable to other racial and ethnic groups. Our analyses
only focused on all-cause dementia, but since YOD is caused
by a broad range of subtypes, it is possible that different fac-
tors are associated with different subtypes of dementia.
Therefore, future studies should aim to identify factors that
are associated with specific subtypes of dementia.

Conclusions
Our study identified 15 lifestyle and health-related factors that
were associated with YOD incidence in this study. Most fac-
tors are potentially modifiable and overlap with known risk and
protective factors for LOD. With external validation of our
results, more risk factors for YOD could be incorporated in
the prevention strategy communicated from the Lancet
Commission.8 While further exploration of these risk factors
is necessary to identify potential underlying mechanisms,
addressing these modifiable factors may prove effective in
mitigating the risk of developing YOD and can be readily
integrated in current dementia prevention initiatives.
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