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OBJECTIVE

Type 2 diabetes has been associated with high dementia risk. However, the links
to different dementia subtypes is unclear. We examined to what extent type 2
diabetes is associated with dementia subtypes and whether such associations dif-
fered by glycemic control.

RESEARCH DESIGN AND METHODS

We used data from the Swedish National Diabetes Register and included
378,299 patients with type 2 diabetes and 1,886,022 control subjects matched
for age, sex, and county randomly selected from the Swedish Total Population
Register. The outcomes were incidence of Alzheimer disease, vascular demen-
tia, and nonvascular dementia. The association of type 2 diabetes with
dementia was stratified by baseline glycated hemoglobin (HbA1c) in patients
with type 2 diabetes only. Cox regression was used to study the excess risk of
outcomes.

RESULTS

Over the follow-up (median 6.8 years), dementia developed in 11,508 (3.0%)
patients with type 2 diabetes and 52,244 (2.7%) control subjects. The stron-
gest association was observed for vascular dementia, with patients with type
2 diabetes compared with control subjects having a hazard ratio [HR] of 1.34
(95% CI 1.28, 1.41). The association of type 2 diabetes with nonvascular
dementia was more modest (HR 1.10 [95% CI 1.07, 1.13]). However, risk for
Alzheimer disease was lower in patients with type 2 diabetes than in control
subjects (HR 0.94 [95% CI 0.90, 0.99]). When the analyses were stratified by
circulating concentrations of HbA1c, a dose-response association was obs-
erved.

CONCLUSIONS

The association of type 2 diabetes with dementia differs by subtypes of demen-
tia. The strongest detrimental association is observed for vascular dementia.
Moreover, patients with type 2 diabetes with poor glycemic control have an
increased risk of developing vascular and nonvascular dementia.
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Although individuals with diabetes live
on average 5–10 years less than those
without the disease (1,2), current imp-
rovement in type 2 diabetes treatment
has resulted in an incremental increase
in the life expectancy of patients with
type 2 diabetes (3). This increase in life
expectancy means that people with
type 2 diabetes will also experience a
higher risk of developing other chronic
diseases that are strongly associated
with aging or metabolic abnormalities,
such as cognitive decline and dementia
(4). Recent estimates suggest that up to
one-third of all dementia cases may be
attributable to modifiable risk factors,
including type 2 diabetes, which acc-
ounts for 3.2% of all dementia cases (5).
Because diabetes prevalence rates are
on the rise, it is critical to improve our
understanding of the links between
type 2 diabetes and dementia and its
subtypes.
Evidence from prospective studies sug-

gests that dementia risk in individuals
with type 2 diabetes is 1.5–2.5 times
greater than age- and sex-matched indi-
viduals without type 2 diabetes (6–8). A
recent study conducted using nationwide
observational registry data in 784,434
Danes age >65 years reported that indi-
viduals with diabetes have a 13% higher
risk for Alzheimer disease, 98% higher
risk for vascular dementia, and 53% hig-
her risk for unspecified dementia com-
pared with those without type 2 diabetes
(6). Similarly, a large meta-analysis that
pooled data from 14 prospective studies
in 2.3 million participants reported that
individuals with type 2 diabetes have a
60% higher risk of all-cause dementia;
however, the risk was 2.3 times higher
for vascular dementia and �50% for non-
vascular dementia (8).
Although several studies have rep-

orted that individuals with type 2 diabe-
tes have a higher dementia risk (6–8),
limited evidence exists regarding how
much of the association between type 2
diabetes and dementia, especially sub-
types of dementia, could be explained
by nonmodifiable and modifiable con-
founding factors (6–8). There is also lim-
ited evidence on glycemic control and
the risk of dementia in people with type
2 diabetes (9,10). Moreover, we do not
know whether the contributions of these
underlying risk factors could differ by
dementia subtype. Therefore, we aimed
to investigate to what extent type 2 dia-

betes is associated with Alzheimer dis-
ease, vascular dementia, and nonvascu-
lar dementia incidence or whether these
associations differ by glycemic control
and to identify what modifiable and non-
modifiable risk factors may explain the
association between diabetes and dem-
entia subtypes.

RESEARCH DESIGN AND METHODS

This study used data from the Swedish
National Diabetes Register (NDR). The
NDR includes �90% of all patients aged
$18 years diagnosed with type 2 diabe-
tes in Sweden. Health care providers
report continuously directly to the NDR
or through electronic patient records
from routine clinical practice. For the
purposes of this report, we identified all
patients with type 2 diabetes on the
basis of previously validated criteria: 1)
patients aged $40 years at the time of
diagnosis and treated with insulin only;
2) regardless of age, patients treated
with diet only or oral hypoglycemic
agents combined with diet; and 3) reg-
ardless of age, patients treated with
insulin combined with oral hypoglyce-
mic agents. This definition of type 2 dia-
betes has been validated against the
clinician’s assessment of diabetes type,
which concurs in 96% of cases with no
temporal differences. For each patient
selected for this study, four population
comparator subjects without diabetes,
matched for age, sex, and county, were
randomly selected from the Swedish
Total Population Register. The study was
approved by the regional ethical review
board in Gothenburg, Sweden. All pat-
ients have given consent to inclusion in
the NDR. No individual consent was
required for inclusion in this study, acc-
ording to Swedish law.

Outcome Data in Patients and
Population Comparator Subjects
Patients and comparator subjects (here-
after referred to as control subjects) were
registered from 1 January 1998 to 31
December 2012 and followed until 31
December 2013, the event of interest,
or death. In brief, we used nationwide
health and administrative registers in
Sweden, including population registers
and Statistics Sweden (vital status, demo-
graphics, socioeconomic variables), and
patient registers (comorbidities, outcomes)
and prescription registers (study drugs,

comedications). Patients and control sub-
jects were linked to the Swedish National
Inpatient Register through their personal
identification number to obtain informa-
tion about coexisting health conditions,
such as stroke, myocardial infarction, coro-
nary heart diseases, heart failure, atrial
fibrillation, hypertension, chronic kidney
disease, cancer, gastric bypass, psychiatric
disorders, and dementia subtypes.

In Sweden, ICD-10 codes are used
to classify dementia, including vascular
dementia (F01), nonvascular dementia
(F00, F02, F03), and Alzheimer disease
(G30). In this study, the diagnosis of Alz-
heimer disease included both early-onset
and late-onset Alzheimer disease. The
Swedish National Inpatient Register was
used to retrieve dementia cases; this reg-
ister covers nationwide-level in-hospital
and hospital-based outpatient visits of all
inpatient admissions from 1987 onward.

The Longitudinal Database for Health
Insurance and Labor Market Studies pro-
vided information about socioeconomic
variables, marital status (divided into sin-
gle, married, divorced, and widowed),
education level (divided into compulsory
education, upper secondary, and techni-
cal or university), and country of birth
(Sweden and other). The cohort has also
been linked with the Swedish Prescribed
Drug Register, which includes informa-
tion from the entire Swedish population
since 1 July 2005.

Patient phenotype and metabolic data
were obtained from primary care units
or hospital outpatient diabetes clinics.
BMI was calculated as weight (kg)/height
(m2) from measurements taken by the
reporting unit (primary care units or hos-
pital outpatient diabetes clinics). Gly-
cated hemoglobin (HbA1c) was initially
measured as percent (Mono S method)
and converted into mmol/mol (Interna-
tional Federation of Clinical Chemistry).
Microalbuminuria was defined as two
positive tests from three samples taken
within 1 year, with an albumin-to-creati-
nine ratio of 3–30 mg/mmol (�30–300
mg/g) or urinary albumin excretion rate
of 20–200 mg/min (20–300 mg/L), and
macroalbuminuria as albumin-to-creati-
nine ratio >30 mg/mmol (>300 mg/g)
or urinary albumin excretion rate >200
mg/min (>300 mg/L). Triglycerides and
LDL, HDL, and total cholesterol were mea-
sured in mmol/L. Systolic blood pressure
was measured once or twice, and in
the latter case, the mean was reported.

diabetesjournals.org/care Celis-Morales and Associates 635

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/45/3/634/670860/dc210601.pdf by guest on 19 M
ay 2023



Smoking was self-reported by the patient
at the clinic assessment unit.

Statistical Analysis
Cohort characteristics are summarized
as the mean and SD for continuous vari-
ables and as frequency and percent for
categorical variables for patients with
type 2 diabetes matched control subjects.
Standardized mean differences were esti-
mated to compare the effect size differ-
ences between patients with type 2
diabetes and control subjects.

Incidence rates for dementia outcomes
(Alzheimer disease, vascular dementia,
and nonvascular dementia) were esti-
mated as the number of events per 1,000
person-years and presented with 95%
exact Poisson CIs. Cumulative incidence
plots were derived using attained age
(age at cohort entry) as the time scale
and censoring at the first of time of the
event or end of follow-up. The cumulative
incidence is estimated as 1 � the survival
function, which in turn is estimated based
on the cumulative hazard estimated using
a Nelson-Aalen estimator.

The association between type 2 dia-
betes (patients and matched control
subjects) and dementia outcomes was
investigated using Cox proportional haz-
ards regression models with attained
age as the time scale, and results are
reported as hazard ratios (HRs) and 95%
CIs. These analyses were adjusted for
sex, income, education, country of birth,
and prevalent cardiovascular disease
(CVD). Competing risk analyses were
conducted between all-cause death
and each of the dementia outcomes
fitted into the model separately. An
additional competing risk analyses was
conducted where all-cause death was
compared with the probability of having
Alzheimer disease, vascular dementia,
and nonvascular dementia when all four
were fitted together into the model. The
cumulative incidence plots using compet-
ing risk were derived using attained age
as the time scale.

To investigate whether the association
between type 2 diabetes and dementia
outcomes differ by glycemic control, we
conducted Cox proportional hazards reg-
ression analyses by categories of HbA1c
concentration (<53, 53–64, 65–75, 76–
86, and >86 mmol/mol). These analy-
ses were adjusted for sociodemographics
(sex, income, education, country of birth,

and marital status), BMI, smoking, meta-
bolic markers (blood pressure, lipid pro-
file, and renal and liver function markers),
medication, and existing comorbidities
(including prevalent CVD). A larger num-
ber of covariates were included in these
analyses because patients with type 2
diabetes go through a more detailed ass-
essment once diabetes has been diag-
nosed. Trend HRs for dementia outcomes
were estimated by 1-unit increments in
HbA1c.

To estimate the relative importance of
each of these risk factors when added to
a Cox proportional hazards regression
model, we used Heller R2 statistic with a
gradient boosting model with a propor-
tional hazard loss function shrinkage 5
0.01, where the number of trees is opti-
mized using fivefold cross validation. To
minimize reverse causation, a 3-year land-
mark analysis was conducted that invol-
ved the exclusion of all dementia cases
that occurred within the first 3 years
since the start of the follow-up. In addi-
tion, all subjects with prevalent dem-
entia at the index date were excluded
from the analyses.

All tests were two-tailed and conducted
at the 0.05 significance level. All analyses
were performed using R software.

RESULTS

For this study, 378,299 patients with
type 2 diabetes and 1,886,022 age- and
sex-matched control subjects were inc-
luded (Table 1). During the average fol-
low-up of 7.03 years (median 6.7 years),
dementia developed in 11,508 patients
with type 2 diabetes (2,320 Alzheimer
disease, 2,155 vascular dementia, and
7,033 nonvascular dementia) compared
with 52,244 control subjects (12,834
Alzheimer disease, 7,629 vascular demen-
tia, and 31,781 nonvascular dementia).

The cohort characteristics for type 2
diabetes and control are presented in
Table 1. In summary, the mean age for
both groups was 64 years, and 55%
were men. Patients with type 2 diabetes
had lower income and lower education
levels than control subjects. A higher
prevalence of hospital admissions for
CVDs, hypertension, cancer, and gastric
bypass was observed in patients with
type 2 diabetes compared with control
subjects. Cohort characteristics by HbA1c
level are presented in Supplementary
Table 1.

Compared with control subjects with-
out diabetes, patients with type 2 dia-
betes had a 34% higher risk for vascular
dementia (HR 1.34 [95% CI 1.28, 1.41])
and 10% higher risk of nonvascular
dementia (HR 1.10 [95% CI 1.07, 1.13])
independent of sex, income, education,
country of birth, and existing CVD (Table
2). The risk for Alzheimer disease was 6%
lower in patients with type 2 diabetes
than in control subjects (HR 0.94 [95% CI
0.90, 0.99]) (Table 2). When competing
risk analyses including Alzheimer disease,
vascular dementia, nonvascular dementia,
and all-cause mortality were performed
using a cumulative incidence plot, we
observed that patients with type 2 diabe-
tes died earlier than control subjects,
which reduced the probability of Alz-
heimer disease developing in patients
with type 2 diabetes compared with con-
trol subjects (Fig. 1).

The association between HbA1c con-
centration and risk of dementia and its
subtypes in patients with type 2 diabe-
tes are presented in Table 3. Although a
linear association was found between
HbA1c concentration and dementia risk,
the magnitude of the association dif-
fered by subtype of dementia. The stron-
gest association was observed for vascular
dementia; compared with patients with
HbA1c <53 mmol/mol, those with HbA1c
$87 mmol/mol had a 93% higher risk (HR
1.93 [95% CI 1.54, 2.43]). A slightly lower
risk was observed for nonvascular demen-
tia (HR 1.67 [95% CI 1.46, 1.91]) and Alz-
heimer disease (HR 1.35 [95% CI 1.04,
1.75]) between these patient subtypes
(Table 3). These associations were inde-
pendent of BMI, metabolic biomarkers,
education, country of birth, marital status,
and prevalent CVD. When the analyses
were conducted using a 3-year landmark
analysis, the magnitude of the associations
was slightly attenuated, but dose-response
was maintained for vascular and nonvascu-
lar dementia and disappeared for Alz-
heimer disease (Table 3). The accumulative
incidence of dementia subtypes by catego-
ries of HbA1c concentration are presented
in Supplementary Fig. 2.

Among patients with type 2 diabetes,
the modifiable and nonmodifiable risk
factors that accounted for most of the
association with dementia outcomes are
presented in Table 4. Age was the main
risk factor for dementia with a relative
influence of 74.5%, 81.7%, and 81.7% for
Alzheimer disease, nonvascular dementia,
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and vascular dementia, respectively. How-
ever, the relative influence of other risk
factors differed by dementia subtype. For
vascular dementia, the risk factors with
the greatest relative influence were dia-
stolic blood pressure (13.4%), systolic
blood pressure (7.8%), years with diabe-
tes (7.4%), existing CVD (5.7%), BMI
(5.0%), and glomerular filtration rate
(4.5%). Other factors such as HbA1c,
income, HDL cholesterol, LDL cholesterol,
macro- and microalbuminuria, smoking,

lipids medication, and education exp-
lained <2% each. For nonvascular
dementia, the top risk factors after
age (81.7%) were BMI (5.4%) and
years with diabetes (2.0%). Other fac-
tors such as blood pressure, glomeru-
lar filtration rate, CVD, HbA1c, and
sociodemographic factors explained
<2% each. For Alzheimer disease, age
(74.5%), BMI (13.7%), and systolic
blood pressure (4.9%) were the main
risk factors (Table 4).

CONCLUSIONS

The main findings provide evidence that
individuals with type 2 diabetes have a
higher risk of vascular and nonvascular
dementia, and the risk is greater for
vascular dementia than nonvascular
dementia. Risk of Alzheimer disease
was lower among patients with type 2
diabetes, which could be explained by
competing risk, as those with type 2
diabetes died earlier than their counter-
parts without type 2 diabetes, reducing

Table 1—Cohort characteristics

Variable Control Type 2 diabetes P SMD

Subjects, n 1,886,022 378,299

Sociodemographics

Age, years 64.07 (12.31) 64.13 (12.33) 0.016 0.004
Male sex 1,032,957 (54.8) 206,970 (54.7) 0.511 0.001
Income, hundreds of SEK 2,071.3 (4474.5) 1,767.8 (2538.5) <0.001 0.083
Education <0.001 0.223
Primary 635,087 (34.2) 153,559 (41.5)
Secondary 753,329 (40.5) 154,553 (41.7)
College/university 470,455 (25.3) 62,110 (16.8)

Marital status <0.001 0.046
Married 1,056,801 (63.7) 202,038 (61.5)
Separated 307,279 (18.5) 65,054 (19.8)
Single 295,243 (17.8) 61,396 (18.7)
Widowed 68 (0.0) 5 (0.0)

Health-related variables

Duration of diabetes, years NA 5.12 (6.79) NA NA
HbA1c NA 53.99 (14.86) NA NA
BMI, kg/m2 NA 30.00 (5.45) NA NA
Systolic blood pressure, mmHg NA 138.94 (17.75) NA NA
Diastolic blood pressure, mmHg NA 78.61 (9.88) NA NA
LDL cholesterol, mmol/L NA 2.95 (0.97) NA NA
HDL cholesterol, mmol/L NA 1.27 (0.39) NA NA
Triglycerides, mmol/L NA 1.93 (1.24) NA NA
GFR, mL/min/1.73 m2 NA 81.37 (25.13) NA NA
Macroalbuminuria NA 16,542 (6.6) NA NA
Microalbuminuria NA 33,014 (15.8) NA NA
Smoker NA 50,046 (16.8) NA NA

Prevalent health conditions

Coronary heart disease 149,682 (7.9) 62,111 (16.4) <0.001 0.262
Myocardial infarction 74,149 (3.9) 32,954 (8.7) <0.001 0.197
Stroke 66,749 (3.5) 22,936 (6.1) <0.001 0.118
Heart failure 47,693 (2.5) 22,228 (5.9) <0.001 0.167
Atrial fibrillation 81,953 (4.3) 26,674 (7.1) <0.001 0.117
Renal disease 2,240 (0.1) 803 (0.2) <0.001 0.023
Hypertension 294 (0.0) 4,599 (1.2) <0.001 0.154
Pre-index amputation 1,409 (0.1) 1,287 (0.3) <0.001 0.058
Cancer 124,429 (6.6) 27,326 (7.2) <0.001 0.025
Psychiatric disorders 36,179 (1.9) 12,169 (3.2) <0.001 0.082
Gastric bypass 587 (0.0) 310 (0.1) <0.001 0.021

Types of diabetes treatment NA NA

Diet only NA 145,694 (38.5)
Oral antidiabetic drug NA 166,173 (43.9)
Insulin NA 32,277 (8.5)
Insulin 1 oral antidiabetic drug NA 34,155 (9.0)

Data are mean (SD) for continuous variables and n (%) for categorical variables. Note that prevalent health condition data are based on percentage
with prior hospitalizations for specific conditions. GFR, glomerular filtration rate; NA, not available; SMD, standardized mean difference.
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the risk of developing Alzheimer dis-
ease. Our findings also provide evidence
that within individuals with type 2 dia-
betes, poor glycemic control is associ-
ated with an elevated risk of dementia
but only for vascular dementia and non-
vascular dementia; no clear associations
were identified for Alzheimer disease, as
the association was fully attenuated and
no longer significant when a 3-year land-
mark analysis was applied. Although sev-
eral underlying risk factors could explain
the higher risk of dementia observed in
patients with type 2 diabetes, we identi-
fied that the relative influence of these
factors differs by subtypes of dementia.
Years with diabetes, BMI, existing CVD,
and blood pressure were identified as
some of the key factors explaining the

association between type 2 diabetes and
dementia risk. These findings are of imp-
ortant public health relevance because
BMI and blood pressure are modifiable
risk factors, as is diabetes per se; there-
fore, identification of high-risk individuals
and tailored interventions or treatment
could attenuate the dementia risk attrib-
utable to type 2 diabetes.

Our findings partially corroborate pre-
vious evidence suggesting that type 2
diabetes is a risk factor for dementia
and that this risk differs by subtypes of
dementia (6–8). A large meta-analysis
that pooled data from 14 prospective
studies in 2.3 million participants and
>100,000 cases of dementia (8) rep-
orted that individuals with type 2 diabe-
tes have a 60% higher risk of all-cause

dementia and 40% risk for nonvascular
dementia for both men and women.
However, the risk of vascular dementia
in patients with type 2 diabetes was
19% higher in women than in men. Sim-
ilarly, another study conducted using
Danish nationwide observational regis-
try data (6) from 784,434 individuals
aged >65 years reported that those
with type 2 diabetes had a 13% higher
risk for Alzheimer disease, 53% higher
risk for unspecified dementia, and 98%
higher risk for vascular dementia than
those without diabetes (6). Although our
findings broadly agree with these stud-
ies, our risk estimate for vascular and
nonvascular dementia subtypes in pat-
ients with type 2 diabetes were slightly
lower perhaps because we better mat-
ched for age, sex, and area of residence.
In contrast to the study conducted using
the Danish register (6), we found an
inverse association between type 2 dia-
betes and Alzheimer disease. Evidence
regarding the association between diabe-
tes and Alzheimer disease is controver-
sial, with some studies reporting a hig-
her risk in patients with type 2 diabetes
and others reporting a lack of association
(11,12). Differences in the direction of
the association could be explained by
unmeasured confounding factors, as evi-
dence from Mendelian randomization
studies has reported no association bet-
ween diabetes and Alzheimer disease
(6,13). Our findings also suggest that the
lower risk of Alzheimer disease observed
in patients with type 2 diabetes could be
attributable to competing risk, as individ-
uals without type 2 diabetes live longer
than those with type 2 diabetes, which
makes them more likely to develop Alz-
heimer disease.

Table 2—Association between diabetes and risk of dementia subtypes

Outcome HR (95% CI) P Events Person-years Incidence rate (95% CI)

Alzheimer disease
Control 1.00 (Ref) 12,834 10,409,681 1.23 (1.21, 1.25)
Type 2 diabetes 0.94 (0.90, 0.99) 0.011 2,320 2,044,254 1.13 (1.09, 1.18)

Vascular dementia

Control 1.00 (Ref) 7,629 10,420,918 0.73 (0.72, 0.75)
Type 2 diabetes 1.34 (1.28, 1.41) <0.0001 2,155 2,044,675 1.05 (1.01, 1.10)

Nonvascular dementia

Control 1.00 (Ref) 31,781 10,382,823 3.06 (3.03, 3.09)
Type 2 diabetes 1.10 (1.07, 1.13) <0.0001 7,033 2,037,488 3.45 (3.37, 3.53)

HRs were adjusted for sex, income, education, country of birth, and prevalent CVD. Number of events, person-years, and incidence rate are
per 1,000 person-years with exact 95% Poisson CI. Ref, reference group.

Figure 1—Cumulative incidence using competing risk analysis between Alzheimer disease, vas-
cular dementia, and nonvascular dementia and all-cause mortality. Attained age was used as
the time scale. (s0), participants without any of the four outcomes fitted into the competing
risk analysis; T2DM, type 2 diabetes mellitus.
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Evidence regarding the role of glycemic
control on the association between type
2 diabetes and dementia risk is limited
and not fully understood (9,10). A study
conducted in two cohorts (Glostrup and
ADDITION [Anglo-Danish-Dutch Study of
Intensive Treatment In People with
Screen Detected Diabetes in Primary
Care] cohorts), which included >16,000
and 25,000 individuals, respectively, found
that HbA1c levels >48 mmol/mol were
associated with a higher risk of dementia
in the Glostrup cohort (HR 1.94 [95% CI
1.10, 3.44]), but no such association was
observed for the ADDITION cohort (HR
0.96 [95% CI 0.57, 1.61]) (14). Two previ-
ous studies found that HbA1c of >53
mmol/mol was associated with a higher
risk of dementia. In contrast, a diagnosis
of diabetes or self-reported diabetes was
not associated with dementia risk (15,16).
However, these studies only had 58 and
67 patients with dementia, respectively.
The major limitations of previous studies
have been not only their limited sample
size but also their lack of a dose-response
association analysis, which included a
higher number of groups on the basis of
HbA1c concentration. Our study provides,
therefore, novel evidence regarding a
dose-response association between
HbA1c concentration and dementia risk in

patients with type 2 diabetes. We
observed that compared with patients
with type 2 diabetes with better glyce-
mic control, those with levels >53
mmol/mol for HbA1c have a higher risk
of vascular and nonvascular dementia,
with risk increasing on average by 1.3%
and 0.9% per 1 mmol/mol higher
HbA1c, respectively.

Moreover, no previous studies have
explored what risk factors could partly
explain the high dementia risk observed
in individuals with type 2 diabetes.
Although age is the main factor behind
this association, other modifiable risk
factors could contribute to this excess
risk. However, the relative contribution
of these factors varies by subtype of
dementia. Blood pressure and BMI are
two of the main modifiable risk factors
that could be targeted in future inter-
ventions aiming to reduce the risk of
dementia in patients with type 2 diabe-
tes, with prevention of diabetes in peo-
ple at elevated risk also likely to be
beneficial. Our findings, therefore, have
important clinical implications. If 1 in
10–15 cases of dementia are attribut-
able to type 2 diabetes, diabetes pre-
vention and risk factor management
become potential targets for dementia
prevention (17). Although type 2

diabetes is considered a chronic disease,
results from the Diabetes Remission
Clinical Trial (DiRECT) provide strong evi-
dence for the potential of weight loss
on the remission of type 2 diabetes, at
least for a period of time (18). DiRECT
showed that almost one-half of partici-
pants achieved remission to a nondia-
betic state and came off antidiabetic
drugs after weight loss; therefore, rem-
ission of type 2 diabetes is a realistic
target for primary care (18) and could
help to lessen dementia risks.

There are several strengths of this
study: 1) the large sample of individuals
with type 2 diabetes in whom dementia
developed during the 7-year follow-up,
2) the prospective approach and capac-
ity to reflect usage in a real-world set-
ting, and 3) the register-based study
design, which provided detailed data on
dementia outcomes beyond all-cause
dementia, existing major comorbidities,
socioeconomic status, and laboratory-
measurable risk factors. However, some
limitations should be considered when
interpreting our findings. In an observa-
tional study, a possibility always exists
for residual confounding due to unmeas-
ured variables; for example, hereditary
factors and comorbidities such as psychi-
atric disease could influence both the

Table 3—Association between HbA1c concentration and risk of dementia subtypes in patients with type 2 diabetes

Outcome
HbA1c

(mmol/mol) HR (95% CI) P
Landmark HR
(95% CI)* P

Alzheimer disease #52 1.00 (Ref) 1.00 (Ref)
53–64 1.02 (0.92, 1.12) 0.741 1.09 (0.97, 1.23) 0.141
65–75 1.08 (0.94, 1.25) 0.293 1.07 (0.89, 1.28) 0.471
76–86 1.32 (1.06, 1.65) 0.013 1.38 (1.05, 1.81) 0.021
$87 1.35 (1.04, 1.75) 0.026 1.24 (0.86, 1.77) 0.249

Trend 1.004 (1.001, 1.008) 0.009 1.005 (1.001, 1.009) 0.008

Vascular dementia #52 1.00 (Ref) 1.00 (Ref)

53–64 1.18 (1.07, 1.31) 0.001 1.16 (1.02, 1.32) 0.022
65–75 1.40 (1.22, 1.61) <0.0001 1.46 (1.23, 1.73) <0.0001
76–86 1.75 (1.43, 2.14) <0.0001 1.76 (1.36, 2.27) <0.0001
$87 1.93 (1.54, 2.43) <0.0001 1.92 (1.41, 2.60) <0.0001

Trend 1.01 (1.01, 1.02) <0.0001 1.01 (1.01, 1.02) <0.0001

Nonvascular dementia #52 1.00 (Ref) 0.011 1.00 (Ref)

53–64 1.10 (1.04, 1.16) 0.0009 1.15 (1.07, 1.23) 0.0001
65–75 1.32 (1.22, 1.42) <0.0001 1.28 (1.17, 1.41) <0.0001
76–86 1.46 (1.30, 1.65) <0.0001 1.41 (1.21, 1.65) <0.0001
$87 1.67 (1.46, 1.91) <0.0001 1.61 (1.35, 1.93) <0.0001

Trend 1.009 (1.007, 1.011) <0.0001 1.009 (1.007, 1.011) <0.0001

The reference (Ref) group included patients with an HbA1c <53 mmol/mol. The analyses were adjusted for age, sex, marital status, income,
education, smoking, BMI, number of years with type 2 diabetes, diastolic and systolic blood pressure, LDL cholesterol, HDL cholesterol, trigly-
cerides, estimated glomerular filtration rate, macro- and microalbuminuria, medication for blood pressure, lipids, and prevalent CVD.
*Conducted using a 3-year landmark analysis. HR for trend was estimated per 1-unit (mmol/mol) increment in HbA1c.
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exposure and the outcome. Because of
the nature of the diabetes register, imp-
ortant confounding factors are not col-
lected or measured routinely in primary
care and hospital settings, such as physi-
cal activity, alcohol intake, and dietary
variables, which could also explain part
of the association between diabetes and
dementia risk. Although our analyses
were conducted using a 3-year landmark
analysis and excluded individuals with
dementia at the start of follow-up, we
cannot fully remove the effect of reverse
causation. Finally, we accept that the
ICD-10 code used for diagnosing demen-
tia is more limited than the DSM-IV crite-
ria because ICD-10 lacks information
on cognitive tests used and symp-
toms recorded.

Our study corroborates that type 2 dia-
betes is a risk factor for vascular demen-
tia; however, the lower risk of Alzheimer
disease observed in patients with type 2
diabetes may be attributable to compet-
ing risk, especially if these individuals do
not live long enough for this condition to
develop. Our findings extend limited evi-
dence that suggests that poor glycemic
control is associated with a higher risk of
dementia in a dose-response manner,

primarily vascular and nonvascular
dementia. We also provide novel evi-
dence regarding the underlying fac-
tors that may contribute to the
association between type 2 diabetes
and dementia risk, which could help
to inform future interventions aiming to
develop targeted interventions or treat-
ment for high-risk individuals. Consider-
ing that both type 2 diabetes and
dementia are linked chronic diseases
with a substantial personal and eco-
nomic burden worldwide, our findings
hold important public health relevance.
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