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IMPORTANCE Trends in type 2 diabetes show an increase in prevalence along with younger
age of onset. While vascular complications of early-onset type 2 diabetes are known,
the associations with dementia remains unclear.

OBJECTIVE To determine whether younger age at diabetes onset is more strongly associated
with incidence of dementia.

DESIGN, SETTING, AND PARTICIPANTS Population-based study in the UK, the Whitehall II
prospective cohort study, established in 1985-1988, with clinical examinations in 1991-1993,
1997-1999, 2002-2004, 2007-2009, 2012-2013, and 2015-2016, and linkage to electronic
health records until March 2019. The date of final follow-up was March 31, 2019.

EXPOSURES Type 2 diabetes, defined as a fasting blood glucose level greater than or equal to
126 mg/dL at clinical examination, physician-diagnosed type 2 diabetes, use of diabetes
medication, or hospital record of diabetes between 1985 and 2019.

MAIN OUTCOMES AND MEASURES Incident dementia ascertained through linkage to electronic
health records.

RESULTS Among 10 095 participants (67.3% men; aged 35-55 years in 1985-1988), a total of
1710 cases of diabetes and 639 cases of dementia were recorded over a median follow-up of
31.7 years. Dementia rates per 1000 person-years were 8.9 in participants without diabetes
at age 70 years, and rates were 10.0 per 1000 person-years for participants with diabetes
onset up to 5 years earlier, 13.0 for 6 to 10 years earlier, and 18.3 for more than 10 years
earlier. In multivariable-adjusted analyses, compared with participants without diabetes at
age 70, the hazard ratio (HR) of dementia in participants with diabetes onset more than 10
years earlier was 2.12 (95% CI, 1.50-3.00), 1.49 (95% CI, 0.95-2.32) for diabetes onset 6 to 10
years earlier, and 1.11 (95% CI, 0.70-1.76) for diabetes onset 5 years earlier or less; linear trend
test (P < .001) indicated a graded association between age at onset of type 2 diabetes and
dementia. At age 70, every 5-year younger age at onset of type 2 diabetes was significantly
associated with an HR of dementia of 1.24 (95% CI, 1.06-1.46) in analyses adjusted for
sociodemographic factors, health behaviors, and health-related measures.

CONCLUSIONS AND RELEVANCE In this longitudinal cohort study with a median follow-up of
31.7 years, younger age at onset of diabetes was significantly associated with higher risk
of subsequent dementia.
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T he prevalence of type 2 diabetes has risen due to
population aging, increasing obesity, physical inactiv-
ity, and energy-dense diets.1 More than 90% of indi-

viduals with diabetes have type 2 diabetes, and among
these individuals, there is considerable potential for disease
management to reduce risk of subsequent health complica-
tions. Diabetes is associated with higher risk of cardiovascu-
lar morbidity and mortality,2 along with mortality from non-
vascular conditions.3

While the role of type 2 diabetes for cardiovascular out-
comes is established, its importance for neurocognitive
outcomes remains uncertain. Large-scale, multicohort meta-
analyses published in 2012,4 2016,5 2017,6 and 20197,8 have
shown the risk ratio of the association between diabetes and
dementia to be between 1.43 and 1.62.4-8 The primary limita-
tion of these studies was not being able to examine the im-
portance of age at diabetes onset for dementia, particularly as
younger age at type 2 diabetes onset is known to be impor-
tant for mortality and cardiovascular outcomes.9-11 The most
recent review of 12 modifiable risk factors for dementia care-
fully separated risk factors in early- (<45 years), mid- (45-65
years), and late-life (>65 years) age groups; diabetes was judged
to be a risk factor only in late life, associated with a population-
attributable fraction of 1.1%.12

Given evidence of younger age at onset of diabetes,13 the
primary objective of this study was to examine the associa-
tion between age at onset of diabetes and incident dementia
using data spanning midlife to old age.

Methods
Study Population
The Whitehall II study is an ongoing cohort study estab-
lished in 1985-1988 among 10 308 persons (6895 men and
3413 women, aged 35-55 years) employed in London-based
government departments.14 Written informed consent from
participants and research ethics approvals were renewed at
each contact; the most recent approval was from the Uni-
versity College London Hospital Committee on the Ethics of
Human Research (reference number 85/0938). The age, sex,
and race distribution in the study reflects that in the target
population; for race, it also reflects the UK population distri-
bution in the 1980s. Since baseline, follow-up clinical
examinations have taken place approximately every 4 to 5
years (1991-1993, 1997-1999, 2002-2004, 2007-2009,
2012-2013, and 2015-2016) with each wave taking 2 years to
complete, with ongoing data collection at the 2020-2021
wave. In addition to data collection within the study,
data over the follow-up were available using linkage to elec-
tronic health records of the UK National Health Service
(NHS) for all but 10 of the 10 308 participants recruited to
the study (eFigure 1 in the Supplement). The NHS provides
most of the health care in the UK, including inpatient
and outpatient care, and record linkage is undertaken using
a unique NHS identifier held by all UK residents. Data from
linked records were updated on an annual basis until
March 31, 2019.

Primary Exposure
Type 2 Diabetes
At 7 clinical assessments between 1985 and 2016, venous
blood samples were taken in the morning after at least 8
hours of fasting or at least 5 hours fasting after a light, fat-free
breakfast; fasting glucose was measured using the glucose-
oxidase method.15 At the clinical examination, data were also
collected on self-reported physician-diagnosed type 2 diabe-
tes and prescription of diabetes medication (insulin or oral
glucose-lowering drugs) in the period between 2 clinical
assessments. In addition, data on hospital-based consulta-
tions for type 2 diabetes were available via linkage to the
national Hospital Episode Statistics (HES) database over
the entire follow-up on all participants, irrespective of their
participation in study clinical assessments. Type 2 diabetes
was defined using measures of fasting glucose (126 mg/dL
[to convert to mmol/L, multiply by 0.0555]) at the clinical
examination, use of diabetes medication, reported physician-
diagnosed diabetes, or record of diabetes in the HES database
(International Classification of Diseases, Tenth Revision
[ICD-10] code E11).

Secondary Exposures
Three exposures were assessed in participants free of type 2
diabetes: the Finnish Diabetes Risk Score (FINDRISC), fasting
glucose, and prediabetes.

The FINDRISC16 was used to calculate the risk of diabetes
based on the original scoring method (eTable 1 in the Supple-
ment), which included age, family history of diabetes, fruit and
vegetable consumption, physical activity, medication for high
blood pressure, personal history of high blood glucose (clini-
cal examination), body mass index (BMI; calculated as weight
in kilograms divided by height in meters squared), and mea-
sured waist circumference. The FINDRISC ranges from 0 to 26
(higher scores reflect higher risk of diabetes when the score is
used as a continuous variable, as in these analyses).

In addition to continuous measures of fasting glucose, pre-
diabetes was defined according to the American Diabetes As-
sociation criteria (fasting glucose between 100-125 mg/dL) and
in additional analysis using World Health Organization crite-
ria (110-125 mg/dL).

Outcome
Dementia cases were ascertained by linkage to 3 national reg-
isters (the HES database, the Mental Health Services Data Set,

Key Points
Question What is the association between age at onset of type 2
diabetes and subsequent risk of dementia?

Findings In this prospective cohort study of 10 095 participants,
younger age at onset of type 2 diabetes was significantly
associated with higher risk for incident dementia; at age 70, the
hazard ratio for every 5-year earlier age at type 2 diabetes onset
was 1.24.

Meaning Younger age at diabetes onset was associated with
higher risk of subsequent dementia.
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and the Office for National Statistics Mortality Register) until
March 31, 2019, using the unique NHS identification number.
All-cause dementia was identified based on ICD-10 codes
(F00-F03, F05.1, G30, and G31). The sensitivity of dementia
was 78% and the specificity was 92% using HES data.17 The sen-
sitivity in our study is likely to be further improved due to use
of the Mental Health Services Data Set, a national database that
contains information on dementia for persons in contact with
mental health services in hospitals, outpatient clinics, and the
community.18 Cause-specific mortality data were drawn from
the NHS national mortality register. Date of dementia was set
at the first record of dementia diagnosis using all 3 databases.

Covariates
Sociodemographic
Variables included age, sex, race (assessed by questionnaire
using the response categories White, South Asian, Black, Other),
and education (≤partial secondary school, high school di-
ploma, ≥university).

Health Behaviors
Variables included smoking (never smoker, current smoker, for-
mer smoker), alcohol consumption (none in the previous week,
1-14 units/week, >14 units/week; 1 unit reflects 10 mL [8 g] of
pure alcohol), time spent in moderate and vigorous physical
activity, and frequency of fruit and vegetable consumption (less
than daily, once daily, ≥2 times/day).

Health-Related Variables
These variables included hypertension (systolic/diastolic
blood pressure ≥140/90 mm Hg or use of antihypertensive
medication), BMI (<25, 25-29.9, and ≥30), use of antidepres-
sants and cardiovascular disease (CVD) medication (diuretics,
β-blockers, RAAS inhibitors, calcium channel blockers
or other antihypertensives, lipid-modifying drugs, nitrates,
and antiplatelets).

Apolipoprotein E (APOE) genotyping DNA was extracted
from whole blood samples and examined on a 7900HT ana-
lyzer (Applied Biosystems).

Cardiovascular Disease
Variables included coronary heart disease (CHD), heart fail-
ure, and stroke. CHD was identified by 12-lead resting electro-
cardiogram recording coded using the Minnesota system and
linkage to the HES database (ICD-10 codes I20-I25). Heart fail-
ure (ICD-10 code I50) and stroke (ICD-10 codes I60-I64) were
determined using linkage to the HES database.

Statistical Analysis
Data on exposure (diabetes, prediabetes, fasting glucose, and
FINDRISC) at ages 55, 60, 65, and 70 years were extracted using
the total span of the study (eFigure 1 in the Supplement). The
analyses were undertaken using Cox regression when the out-
come was incidence of dementia; prevalent dementia at the
start of follow-up was excluded in all the analyses. Partici-
pants were censored at the date of record of dementia, death,
or March 31, 2019, whichever came first. Participants who died
over the follow-up were censored at date of death to account

for competing risk of death using cause-specific hazard
models.19,20 Proportional hazards assumption was verified by
plotting Schoenfeld residuals. Analyses were first adjusted for
age, sex, race, education, and birth cohort in 5-year groups
(model 1) to account for confounding due sociodemographic
characteristics. The analyses were then additionally adjusted
for health behaviors (model 2), and in the final model also for
CVD, hypertension, BMI, use of antidepressants, and use of CVD
medication (model 3).

Association of Type 2 Diabetes With Incident Dementia
This association was examined according to age at type 2 dia-
betes onset (at 55, 60, 65, and 70 years) with the reference
group at each age being participants free of type 2 diabetes at
that specific age. At age 55, this implied comparing those with
type 2 diabetes at that point or earlier with those free of type
2 diabetes at 55 years and treating diabetes cases after age 55
as nondiabetes cases. Besides diabetes status at ages 55, 60,
65, and 70, we also examined diabetes as a time-varying mea-
sure. Subsequent analyses at ages 60, 65, and 70 years in-
volved use of 5-year age bands for the onset of type 2 diabe-
tes. For example, at age 70 years the group defined as having
no type 2 diabetes at age 70 was compared with a group diag-
nosed with type 2 diabetes at 5 or fewer years earlier, 6-10 years
earlier, and more than 10 years earlier. A test for trend using
diabetes categories as a linear variable was used to examine
whether the magnitude of associations of type 2 diabetes with
dementia was higher with younger age at diabetes onset. In
addition, using diabetes status at age 70, the association be-
tween every 5-year younger age at diabetes onset and inci-
dent dementia was estimated.

FINDRISC, Fasting Glucose, and Prediabetes in Participants Without
Type 2 Diabetes
The shape of the association between continuous measures of
FINDRISC, at ages 55, 60, 65, and 70 years and subsequent de-
mentia was plotted using restricted cubic splines with Harrell
knots,21 using the command mkspline in Stata. In the absence
of nonlinearity (P = .61 at age 55, P = .16 at age 60, P = .26 at
age 65, P = .56 at age 70), we examined the association of a
5-point higher FINDRISC score and subsequent dementia using
Cox regression.

For analysis of prediabetes, 3 groups were defined: nor-
moglycemic (<100 mg/dL), prediabetes (100-125 mg/dL), and
type 2 diabetes. Cox regression was used to examine associa-
tions with dementia using the normoglycemic group as the ref-
erence standard. These analyses were repeated using the World
Health Organization threshold to define prediabetes (110-125
mg/dL). The association of fasting glucose levels as a continu-
ous measure between 90 and 126 mg/dL at a mean (SD) age of
60 (4) years and dementia was examined using restricted cu-
bic splines21 with 4 knots. As there was no evidence of non-
linearity (P value for nonlinearity, .82), the hazard ratio (HR)
for 18 mg/dL-higher fasting glucose was estimated.

Type 2 Diabetes, CVD Comorbidity, and Dementia
The risk of dementia among participants with type 2 diabetes
without CVD was compared with participants who had type 2
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diabetes and CVD comorbidity (CHD, heart failure, and stroke).
Participants were followed up from the date at type 2 diabe-
tes diagnosis with cardiovascular comorbidity (individually,
2 of 3, or all 3) as time-varying covariates.

Additional Analysis
First, in an alternative approach to take competing risk of mor-
tality into account, the Fine and Gray subdistribution hazard
models19,20 were used in analysis of the association between
age at diabetes onset and dementia. Second, we examined
whether the association of type 2 diabetes, treated as a time-
varying measure, and incidence of dementia was similar in
APOE ε4 allele carriers and non-carriers by introducing an in-
teraction term between type 2 diabetes and APOE genotype
(coded as no vs ≥1 APOE ε4 allele).

Because of the potential for type 1 error due to multiple
comparisons, findings for secondary analyses should be in-
terpreted as exploratory. Two-sided P values were used with
an α = .05 threshold for statistical significance. All analyses
were undertaken using STATA version 15.1 (StataCorp).

Results
A total of 10 308 persons were recruited to the study in 1985,
the numbers in analyses and exclusions are shown in eFig-
ure 1 in the Supplement. Characteristics of 10 095 partici-
pants in the analyses are presented in Table 1. The numbers
of participants who were categorized as Black, South Asian,
and other were small and were combined in the analyses. Be-
tween 1985 and 2019, 639 (6.3%) participants were diag-
nosed with dementia; these individuals were more likely to
have chronic conditions over the follow-up period and to have
a worse cardiovascular risk profile at age 60 (Table 1).

Over the follow-up, 1710 participants (16.9%) developed
diabetes, among whom 153 (8.9%) were subsequently diag-
nosed with dementia. Cumulative hazards of dementia as a
function of diabetes status at ages 55, 60, 65, and 70 years are
shown in eFigure 2 in the Supplement. At age 55, the demen-
tia rate per 1000 person-years was 3.14 in participants with-
out diabetes and 5.06 in participants with diabetes; the cor-
responding fully adjusted HR was 2.14 (95% CI, 1.44-3.17;
eTable 2 in the Supplement). At age 70, the corresponding de-
mentia rate was 8.85 per 1000 person-years in participants
without diabetes and 13.88 in participants with diabetes (HR,
1.58 [95% CI, 1.22-2.03]). As 48.3% (826 of 1710) of diabetes
cases occurred after 70 years of age, all diabetes cases were ana-
lyzed by treating diabetes and covariates as time-varying mea-
sures. In these analyses, the fully adjusted HR for dementia
was 1.40 (95% CI, 1.15-1.70), and the dementia rates were 1.76
per 1000 person-years in participants without diabetes and 6.25
in participants with diabetes.

Table 2 shows results of age at onset of diabetes. At ages
60, 65, and 70 years, earlier age at diabetes onset was more
strongly associated with dementia, as shown by the test for lin-
ear trend (all P < .001). In fully adjusted analyses compared
with participants without diabetes at age 65 (dementia rate,
5.70/1000 person-years), diabetes onset from 0 to 5 years ear-

lier was significantly associated with subsequent dementia (HR,
1.53 [95% CI, 1.03-2.29]; dementia rate, 8.63/1000 person-
years), as well as diabetes onset 6 to 10 years earlier (HR, 2.03
[95% CI, 1.48-2.79]; dementia rate, 10.51/1000 person-years).
When diabetes status at age 70 was considered, the HR of de-
mentia in participants with diabetes onset more than 10 years
earlier was 2.12 (95% CI, 1.50-3.00 [dementia rate, 18.30/
1000 person-years]), in participants with diabetes onset 6 to
10 years earlier the HR was 1.49 (95% CI, 0.95-2.32 [dementia
rate, 12.99/1000 person-years]), and in participants with dia-
betes onset 0 to 5 years earlier the HR was 1.11 (95% CI, 0.70-
1.76 [dementia rate, 10.00/1000 person-years]). At age 70, every
5-year younger age at onset of type 2 diabetes was signifi-
cantly associated with an HR of dementia of 1.24 (95% CI, 1.06-
1.46) in fully adjusted analyses.

Those with younger-onset diabetes were younger at on-
set of dementia (eTable 3 in the Supplement). For example,
when diabetes status was examined at age 65, the mean (SD)
age of dementia diagnosis was 77.5 (5.3) years in participants
without diabetes, 76.7 (5.5) years in participants with diabe-
tes onset between 61 and 65 years, and 75.8 (5.5) years in par-
ticipants with diabetes onset at 60 years of age or younger
(P for linear trend, .02).

In additional analyses, Fine and Gray subdistribution haz-
ard yielded results similar to that in the main analyses (eTable 4
in the Supplement). In the subsample with data on APOE geno-
type (6069 of 10 095), the fully adjusted HR for the associa-
tion of diabetes with the incidence of dementia (eTable 5 in
the Supplement) in APOE ε4 carriers was 1.34 (95% CI, 0.89-
2.00; model 3) and in noncarriers, the HR was 1.39 (95% CI,
0.99-1.96; model 3) with no significant difference in associa-
tions in these 2 groups (P for interaction, .21; model 3).

The association between FINDRISC, adjusted for sociode-
mographic covariates, and incidence of dementia is shown in
the Figure. The HR for every 5-point higher FINDRISC at ages
55, 60, 65, and 70 years did not show significant associations
with dementia. Prediabetes was not significantly associated
with dementia, irrespective of the age at which prediabetes was
assessed (Table 3). Use of the World Health Organization thresh-
old to define prediabetes (110-125 mg/dL) did not alter find-
ings (eTable 6 in the Supplement). Further analysis of con-
tinuous measure of fasting blood glucose at mean (SD) age of
60 (4 years) in the 90 to 126 mg/dL range showed an HR of in-
cident dementia of 1.31 (95% CI, 1.02-1.68) for 18 mg/dL higher
fasting glucose (eFigure 3 in the Supplement). The analyses on
prediabetes, fasting glucose, and FINDRISC were based on
smaller numbers due to use of data from the clinical exami-
nations, but the association between diabetes and incidence
of dementia in this population (Table 3) was similar to that in
the total population (Table 2).

The analyses on cardiovascular comorbidity (CHD, heart
failure, and stroke) in participants with diabetes (N = 1710) are
shown in Table 4. Compared with diabetes alone (75 demen-
tia cases in 992 persons; dementia rate, 5.18/1000 person-
years), diabetes accompanied by stroke was significantly as-
sociated with higher risk of dementia (9 dementia cases in 58
persons; dementia rate, 24.32/1000 person-years; HR, 2.17
[95% CI, 1.05-4.48]). The HR was 4.99 (95% CI, 2.19-11.37) in
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the presence of all 3 conditions (7 dementia cases in 22 per-
sons; dementia rate, 77.77/1000 person-years), although these
analyses were based on small numbers.

Discussion
In this longitudinal study, younger age at onset of diabetes was
significantly associated with a higher HR of dementia. Data
spanning 35 to 75 years for age of diabetes onset showed ev-
ery 5-year earlier onset of diabetes was significantly associ-
ated with higher hazard of dementia. Late-onset diabetes was
not significantly associated with subsequent dementia. Other
key findings include the lack of a robust association of demen-
tia with preclinical diabetes (prediabetes or fasting glucose) or
the FINDRISC in participants without diabetes, irrespective of
age at assessment. In addition, in individuals with diabetes,
stroke comorbidity was associated with additional increased
risk of dementia. Taken together, these findings highlight the
importance of age at onset of diabetes and cardiovascular co-
morbidity in persons with diabetes for risk of dementia.

Meta-analyses of the association between type 2 diabetes
and dementia reported a risk ratio between 1.43 and 1.62.4-8

These estimates are in line with results in the present study
of a hazard ratio of 1.52 (model 1 in eTable 2 in the Supple-
ment) when all diabetes cases were considered in the analy-
ses, including those occurring after 70 years of age. The popu-
lation-attributable fraction of 1.1% for diabetes in the recent
Lancet Commission was based on a risk ratio of 1.5 and preva-
lence of diabetes at 6.4%.12 Both the risk ratio and the preva-
lence of type 2 diabetes may not be generalizable. The HR of
dementia for diabetes onset at or before age 60 in the present
study was 1.99 in fully adjusted analyses. The global preva-
lence of diabetes is estimated at 15% at ages 55 to 59 years and
at 20% or greater starting from age 65.22 In the UK, preva-
lence was 19.3% in 2014/2015.23 The results of the present study
suggest that a population-attributable fraction of 1.1% in the
study by Livingston and colleagues12 is likely to be an under-
estimate, particularly in settings where the prevalence of early
onset type 2 diabetes is high.

To date, studies that explicitly consider age at diabetes on-
set or diabetes duration remain scarce, primarily because stud-
ies on dementia recruit participants older than 65 years and
age at diabetes onset is not known with precision or not taken
into consideration. One exception is the Swedish Twin Regis-
try study in which record of diabetes before 65 years (OR, 2.41
[95% CI 1.05-5.51]) but not after 65 years (OR, 0.68 [95% CI,
0.30-1.53]) was associated with higher risk of dementia.24 Re-
sults from the US ARIC study, based on persons aged 66 to 90
years at start of follow-up, suggest longer diabetes duration to
be associated with higher risk of dementia only in the young-
est age tertile.25 Longer duration of diabetes has also been as-
sociated with faster cognitive decline.26,27 Careful analysis of
age of diabetes onset in the present study, along with explicit
examination of duration of diabetes, showed a graded asso-
ciation between age at onset of diabetes and dementia risk.

Results from previous studies on prediabetes and demen-
tia are inconsistent; a meta-analysis found associations with

Table 1. Characteristics of Participants According to Dementia Status
at the End of the Follow-up, March 2019

Participant characteristics
at the end of follow-upa

Dementia status, No. (%)b

Dementia (n=639)
No dementia
(n=9456)

Men 374 (58.5) 6424 (67.9)

Women 265 (41.5) 3032 (32.1)

Age, mean (SD), y 76.8 (6.0) 74.6 (7.2)

Education

≤Partial secondary school 378 (59.2) 4398 (46.5)

High school diploma 135 (21.1) 2550 (27.0)

≥University degree 126 (19.7) 2508 (26.5)

Racec

White 547 (85.6) 8546 (90.4)

South Asian 47 (7.4) 524 (5.5)

Black 41 (6.4) 315 (3.3)

Other 4 (0.6) 71 (0.8)

Health conditions

Coronary heart disease 170 (26.6) 1920 (20.3)

Diabetes 153 (23.9) 1557 (16.5)

Heart failure 56 (8.8) 520 (5.5)

Stroke 57 (8.9) 373 (3.9)

Risk factors in participants at age 60, No. (%)d

(n=633) (n=9127)

Hypertension 256 (40.4) 3069 (33.6)

Body mass indexe

<25 273 (43.1) 3910 (42.8)

25-29.9 251 (39.7) 3782 (41.4)

≥30 109 (17.2) 1435 (15.7)

Smoking

Never 303 (47.9) 4301 (47.2)

Former 234 (37.0) 3688 (40.4)

Current 96 (15.2) 1138 (12.5)

Moderate and vigorous
physical activity,
mean (SD), h/wk

3.4 (4.0) 3.6 (3.7)

Alcohol consumption,
units/wk

0 192 (30.3) 1772 (19.4)

1-14 307 (48.5) 4857 (53.2)

>14 134 (21.2) 2498 (27.4)

Fruit and vegetable
consumption/d

<1 229 (36.2) 2778 (30.4)

1 261 (41.2) 3334 (36.5)

>1 143 (22.6) 3015 (33.0)

Cardiovascular disease
medication

172 (27.2) 2275 (24.9)

Use of antidepressants 23 (3.6) 285 (3.1)

a Median (interquartile range) overall follow-up was 31.7 (31.1-32.6) years; for
participants with dementia, it was 27.6 (24.6-30.2) years, and for participants
without dementia, it was 31.8 (31.2-32.7) years at end of follow-up.

b Values are reported as No. (%) unless otherwise indicated.
c Assessed by questionnaire using the response categories shown in the table.

Due to small numbers, values for Black, South Asian, and Other race/ethnicity
groups were combined in analyses.

d Data on risk factors at age 60 not shown for 335 participants; 6 were excluded
due to dementia diagnosis before age 60 and 329 died before age 60.

e Calculated as weight in kilograms divided by height in meters squared.
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incident dementia (RR, 1.18 [95% CI, 1.02-1.36]) but not cog-
nitive impairment (RR, 0.96 [95% CI, 0.85-1.09]).8 Another
study on fasting glucose in adults older than 65 years without
diabetes found higher average rather than fasting glucose lev-
els within the preceding 5 years to be related to a higher risk
of dementia (HR, 1.18 [95% CI, 1.04-1.33]) at 115 mg/dL com-
pared with 99 mg/dL.28 The present study did not show ro-
bust evidence of an association between prediabetes and de-
mentia. It is possible that fasting glucose within the normal
range does not adversely affect brain function. Fasting blood

glucose in those without diabetes has been shown to be only
modestly associated with risk of vascular disease.2 A certain
threshold of high glucose levels may be necessary for hyper-
glycemia-induced brain injury.29

As diabetes is associated with higher risk for a wide range
of vascular diseases,2 it is important to consider whether vas-
cular comorbidity is associated with onset of dementia in those
with diabetes. The Swedish National Study on Aging30 exam-
ined the risk of dementia in participants with diabetes and any
cardiovascular comorbidity compared with nondiabetic

Table 2. Association Between Type 2 Diabetes and Incidence of Dementia and According to Age at Diabetes Onseta

No diabetes
Diabetes onset
≤5 y earlier

Diabetes onset
6-10 y earlier

Diabetes onset
>10 y earlierb

P value
for linear
trendb

5-y younger age
at onsetb,c

At age 55 y

Follow-up, median (IQR), y 19.6 (15.6-25.1)

Dementia cases/total cases, No.d 611/9621 27/316

Rate/1000 person-years 3.14 5.06

Model, HR (95% CI)e

1 1 [Reference] 2.33 (1.58-3.45)

2 1 [Reference] 2.25 (1.52-3.34)

3 1 [Reference] 2.14 (1.44-3.17)

At age 60 y

Follow-up, median (IQR), y 14.8 (10.8-20.2)

Dementia cases/total cases, No.d 585/9217 21/239 27/304

Rate/1000 person-years 4.07 6.52 7.14

Model, HR (95% CI)e

1 1 [Reference] 2.01 (1.29-3.13) 2.45 (1.65-3.62) NA <.001 NA

2 1 [Reference] 2.02 (1.30-3.14) 2.34 (1.58-3.48) NA <.001 NA

3 1 [Reference] 1.77 (1.13-2.77) 2.19 (1.48-3.26) NA <.001 NA

At age 65 y

Follow-up, median (IQR), y 10.1 (6.1-15.4)

Dementia cases/total cases, No.d 543/8673 26/305 46/505

Rate/1000 person-years 5.70 8.63 10.51

Model, HR (95% CI)e

1 1 [Reference] 1.72 (1.16-2.55) 2.32 (1.70-3.16) NA <.001 NA

2 1 [Reference] 1.61 (1.09-2.40) 2.21 (1.62-3.02) NA <.001 NA

3 1 [Reference] 1.53 (1.03-2.29) 2.03 (1.48-2.79) NA <.001 NA

At age 70 y

Follow-up, median (IQR), y 6.7 (3.0-11.4)

Dementia cases/total cases, No.d 463/6900 20/284 21/232 38/368 542/7784

Rate/1000 person-years 8.86 10.00 12.99 18.30 9.35

Model, HR (95% CI)e

1 1 [Reference] 1.21 (0.77-1.90) 1.61 (1.04-2.50) 2.32 (1.65-3.26) <.001 1.25 (1.06-1.47)

2 1 [Reference] 1.20 (0.76-1.88) 1.50 (0.97-2.34) 2.22 (1.58-3.13) <.001 1.24 (1.05-1.46)

3 1 [Reference] 1.11 (0.70-1.76) 1.49 (0.95-2.32) 2.12 (1.50-3.00) <.001 1.24 (1.06-1.46)

Abbreviations: CVD, cardiovascular disease; HR, hazard ratio; IQR, interquartile
range; NA, not applicable.
a Diabetes defined as fasting blood glucose of at least 126 mg/dL (to convert to

mmol/L, multiply by 0.0555), physician-diagnosed diabetes, use of
antidiabetic medication, or hospital record of diabetes.

b Cells marked as NA were not included in these analyses due to lack of
sufficient data in these categories.

c Indicates values at age 70 years, using data on diabetes over the study period,
and the association between every 5-year younger age at diabetes onset and
incidence of dementia.

d Differences in the number of cases and noncases across age groups are due to
death, dementia onset, or participants not reaching the target age at the end
of follow-up (March 2019), flowchart in eFigure 1 in the Supplement.

e Model 1 indicates that analysis was adjusted for age, sex, race, education, and
birth cohort (5-year groups). Model 2 indicates model 1 adjustment plus
adjustment for health-related behaviors (smoking, alcohol consumption,
physical activity, and diet). Model 3 indicates model 2 adjustment plus
adjustment for CVD (coronary heart disease, heart failure, or stroke),
hypertension, body mass index, use of antidepressants, and use of CVD drugs.
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participants and found that the higher risk among those with
diabetes could not be attributed to cardiovascular comorbid-
ity on its own. This finding led to use of an analysis strategy
in the present study that allowed the examination of risk for 1
or more cardiovascular comorbidities in participants with dia-
betes. Stroke combined with diabetes was associated with a
higher risk of dementia, and the highest risk of dementia was
seen in those with stroke, CHD, and heart failure. These re-
sults highlight the need to address cardiovascular comorbid-
ity in individuals with diabetes.

The precise mechanisms underlying the association be-
tween type 2 diabetes and dementia remain unclear. Further,

studies do not always show a consistent association between
diabetes and hallmarks of Alzheimer disease, such as amyloid
and tau pathology.31 Although the histopathological, molecu-
lar, and biochemical abnormalities in Alzheimer disease are well
characterized, a unified framework that links these features is
lacking. There are several possible explanations for the asso-
ciation between type 2 diabetes and dementia. One hypoth-
esis is that brain metabolic dysfunction is the primary driver of
Alzheimer disease,32 highlighting the role of decreased trans-
port of insulin through the blood-brain barrier, impairments in
insulin signaling, and consequently decreased cerebral glu-
cose utilization.33,34 Insulin resistance is a key feature of diabetes

Figure. Association of Finnish Diabetes Risk Score at Ages 55, 60, 65, and 70 Years With Incidence of Dementia
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Analyses were adjusted for age, sex, race, education, and birth cohort (5-year
groups). The gray shading indicates the 95% CI. All figures were produced using
restricted cubic spline (4 knots) and the untransformed Finnish Diabetes Risk
Score (FINDRISC; score range, 0-26 [age, 0-4 points; family history of diabetes,
0-5 points; vegetable and fruit intake, 0-2 points; physical activity, 0-2 points;
medical treatment of hypertension, 0-2 points; history of high blood glucose,
0-5 points; body mass index, 0-3 points; and waist circumference, 0-4 points]).

A rating score between 0 and 14 points indicates a low to moderate risk of
diabetes, 15 to 20 points indicates a high risk of diabetes, and greater than 20
points indicates a very high risk of diabetes. The hazard ratio (HR) estimates are
for a 5-point higher FINDRISC score (for age 55 y: HR, 1.16 [95% CI, 0.99-1.35];
for age 60 y: HR, 1.08 [95% CI, 0.93-1.25]; for age 65 y: HR, 0.95 [95% CI,
0.82-1.11]; and for age 70 y: HR, 0.96 [95% CI, 0.82-1.14].
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but also dementia, as suggested by the widespread distribu-
tion of insulin receptors in the brain.34 This assumes that sys-
temic and brain insulin resistance are linked, a hypothesis sup-
ported by a recent cross-sectional study on middle-aged adults
that reported insulin resistance to be associated with lower re-

gional cerebral glucose metabolism, determined using fluoro-
deoxyglucose positron emission tomography (FDG-PET).35 Im-
paired peripheral insulin action leads to hyperglycemia, which
may affect dementia risk due to glucose neurotoxicity, vascu-
lar injury, and accumulation of advanced glycation end

Table 3. Association of Fasting Glucose–Based Prediabetes and Diabetes With Risk of Dementiaa

No diabetes Prediabetes Diabetes
At age 55 yb

Follow-up, median (IQR), y 20.7 (15.6-25.8)

Dementia cases/total cases, No.c 276/5175 77/1363 30/318

Rate/1000 person-years 2.72 2.89 5.45

Model, HR (95% CI)d

1 1 [Reference] 1.04 (0.81-1.35) 2.16 (1.46-3.18)

2 1 [Reference] 1.03 (0.80-1.34) 2.13 (1.44-3.14)

3 1 [Reference] 0.99 (0.76-1.28) 2.01 (1.36-2.97)

At age 60 yb

Follow-up, median (IQR), y 15.6 (10.7-21.0)

Dementia cases/total cases, No.c 309/5137 91/1352 42/450

Rate/1000 person-years 3.75 4.15 7.06

Model, HR (95% CI)d

1 1 [Reference] 1.10 (0.87-1.39) 2.36 (1.69-3.30)

2 1 [Reference] 1.08 (0.86-1.37) 2.34 (1.67-3.27)

3 1 [Reference] 1.05 (0.83-1.34) 2.14 (1.52-3.01)

At age 65 yb

Follow-up, median (IQR), y 10.6 (6.5-15.8)

Dementia cases/total cases, No.c 277/4525 78/1166 46/586

Rate/1000 person-years 5.33 6.05 7.97

Model, HR (95% CI)d

1 1 [Reference] 1.28 (0.99-1.65) 1.74 (1.26-2.41)

2 1 [Reference] 1.27 (0.99-1.64) 1.65 (1.19-2.29)

3 1 [Reference] 1.28 (0.98-1.65) 1.60 (1.15-2.23)

At age 70 yb

Follow-up, median (IQR), y 6.5 (3.5-10.9)

Dementia cases/total cases, No.c 199/3607 66/983 47/620

Rate/1000 person-years 7.16 8.09 10.80

Model, HR (95% CI)d

1 1 [Reference] 1.06 (0.80-1.40) 1.55 (1.11-2.15)

2 1 [Reference] 1.07 (0.81-1.42) 1.47 (1.05-2.05)

3 1 [Reference] 1.09 (0.82-1.45) 1.47 (1.04-2.06)

Abbreviations: CVD, cardiovascular
disease; HR, hazard ratio;
IQR, interquartile range.
a Prediabetes is defined as (per the

American Diabetes Association)
fasting blood glucose between
100 mg/dL and 125 mg/dL (to
convert to mmol/L, multiply by
0.0555).

b A 5-year range was allowed around
the target age to improve numbers
in analyses.

c Differences in the number of cases
and noncases across age groups are
due to death, dementia onset, or
participants not reaching the target
age at the end of follow-up (March
2019), flowchart in eFigure 1 in the
Supplement.

d Model 1 indicates that analysis was
adjusted for age, sex, race,
education, and birth cohort (5-year
groups). Model 2 indicates model 1
adjustment plus adjustment for
health-related behaviors (smoking,
alcohol consumption, physical
activity, and diet). Model 3 indicates
model 2 adjustment plus
adjustment for CVD (coronary heart
disease, heart failure, or stroke),
hypertension, body mass index,
use of antidepressants, and use of
CVD drugs.

Table 4. Role of Cardiovascular Comorbidities in the Association Between Diabetes (N = 1710) and Incidence of Dementiaa

Diabetes
without stroke,
CHD, or heart failure

Diabetes
and CHD

Diabetes
and heart failure

Diabetes
and stroke

Diabetes
and 2 of stroke,
CHD, or heart failure

Diabetes
with stroke, CHD,
and heart failure

Dementia cases/total cases, No. 75/992 37/435 5/50 9/58 20/153 7/22

Rate/1000 person-years 5.18 8.03 22.01 24.32 23.18 77.77

Model, hazard ratio (95% CI)b

1 1 [Reference] 0.94 (0.63-1.40) 1.57 (0.63-3.92) 2.07 (1.02-4.22) 1.92 (1.16-3.18) 5.36 (2.41-11.90)

2 1 [Reference] 0.92 (0.62-1.38) 1.57 (0.63-3.95) 1.99 (0.97-4.08) 1.82 (1.10-3.03) 5.08 (2.26-11.41)

3 1 [Reference] 0.96 (0.64-1.44) 1.74 (0.68-4.42) 2.17 (1.05-4.48) 1.98 (1.18-3.33) 4.99 (2.19-11.37)

Abbreviations: CHD, coronary heart disease; CVD, cardiovascular disease;
HR, hazard ratio.
a All cardiovascular conditions (stroke, CHD, and heart failure) and covariates

are entered as time-varying variables in these analyses.
b Model 1 indicates that analysis was adjusted for age, sex, race, education, and

birth cohort (5-year groups). Model 2 indicates model 1 adjustment plus
adjustment for health-related behaviors (smoking, alcohol consumption,
physical activity, and diet). Model 3 indicates model 2 adjustment plus
adjustment for hypertension, body mass index, use of antidepressants, and
use of CVD drugs.
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products.29 Another hypothesis highlights the role of micro-
vascular dysfunction, which leads to inflammatory and im-
mune responses, oxidative stress, increased blood-brain per-
meability, and altered blood flow regulation.36 In addition,
episodes of hypoglycemia,37 particularly in relation to type 2 dia-
betes treatment using insulin,38 are more likely to occur in lon-
ger duration diabetes thereby increasing risk of dementia. The
pathophysiological changes in dementia unfold over a long pe-
riod and how diabetes in early and midlife contributes to these
processes needs further research.

The strengths of this study include precise measures of dia-
betes from midlife to old age and the long follow-up for demen-
tia. Ascertainment of dementia in all participants rather than
those who continue to participate in the study was possible due
to linkage to electronic health records and is likely to yield re-
sults that are less affected by selection bias. Undiagnosed dia-
betes, estimated to be 50% globally and between 20% and 35%
in Europe,22 was unlikely to be a concern in the present study
due to repeated clinical examinations. Furthermore, the avail-
ability of a range of covariates via repeated clinical examina-
tions allowed minimization of bias due to confounders.

Limitations
This study has several limitations. First, the inability to distin-
guish dementia subtypes precluded estimation of the associa-
tion of diabetes with Alzheimer disease and major subtypes of
dementia such as vascular dementia. Second, participants in lon-
gitudinal studies tend to be healthier than the general popula-
tion; in the present study, rates of diabetes (16.5%) and demen-
tia (6.3%) were lower than the general UK population. While

representative studies are necessary for estimating prevalence
and incidence of disease, this is not the case when the aim of
the analysis is to examine the association between an expo-
sure and an outcome,39,40 as shown by the association be-
tween diabetes (time-varying exposure) and dementia in the
present study (being in the range of previous findings from
meta-analyses). Third, data on glycated hemoglobin, a more
stable marker of diabetes status, were available only in the later
study waves and could not be used for diabetes diagnosis.
Fourth, dementia ascertainment was based on linkage to elec-
tronic health records rather than an in-person screening.
This method is likely to miss milder cases of dementia, but it
has the advantage of allowing analysis on everyone recruited
to the study rather than only those who continue to partici-
pate over the course of the study. Electronic health records used
in this study contain information on both health and social care,
and have national coverage precluding major bias in estima-
tion of the association between type 2 diabetes and dementia.
Fifth, the age of participants at the end of the follow-up (69-89
years) implies that younger participants have not yet reached
an age when dementia is more prevalent. Continuing fol-
low-up in the study will allow further examination of the im-
portance of age at onset of type 2 diabetes for dementia.

Conclusions
In this longitudinal cohort study with a median follow-up of
31.7 years, younger age at onset of diabetes was significantly
associated with higher risk of subsequent dementia.
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data managers, administrative assistants, and data
entry staff, who make the study possible.
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