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Dementia Risk in People With Type 1 Diabetes and Associated
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dementia subtypes (95%Cl)  (1.13-1.15) (1.23-1.97) (1.03-1.18) (0.55-0.79) (1.02-1.13) (1.91-3.67)

Conclusion

Risk of all-cause dementia and dementia subtypes is higher in individuals with type 1 diabetes compared to matched control
individuals.

ARTICLE HIGHLIGHTS

® Why did we undertake this study?
As the lifespan of individuals with type 1 diabetes continues to improve, more individuals are prone to age-related conditions, including dementia.
However, the relationship between diabetes and dementia is incompletely understood.

® What is the specific question we wanted to answer?
What is the risk of dementia, including subtypes Alzheimer disease, vascular dementia, and non-Alzheimer—nonvascular dementia, and associated
risk factors in individuals with type 1 diabetes compared with matched control individuals?

® What did we find?
Individuals with type 1 diabetes had a twofold higher risk of all-cause dementia compared with matched control individuals. The risk was higher for
all dementia subtypes.

® What are the implications of our findings?
Our findings highlight the need for a greater recognition of the risk of dementia in type 1 diabetes.
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OBJECTIVE

Life expectancy of individuals with type 1 diabetes has increased, extending ex-
posure to age-related conditions including dementia. Although earlier studies
have linked type 1 diabetes with higher dementia risk, the relationships with de-
mentia subtypes and associated risk factors are incompletely understood.

RESEARCH DESIGN AND METHODS

In this cohort study, 43,440 individuals with type 1 diabetes from the Swedish Na-
tional Diabetes Register and 217,109 age-, sex-, and county-matched control indi-
viduals from the Swedish Total Population Register were included. Cox regression
was used to study the relation between type 1 diabetes and risk of all-cause de-
mentia and dementia subtypes (Alzheimer disease, vascular dementia, and non-
Alzheimer—nonvascular dementia). We also examined the relationship between
various risk factors and risk of all-cause dementia in type 1 diabetes.

RESULTS

After a median follow-up time of 14.3 (7.9-20.0) years, dementia was recorded in
530 (1.2%) individuals with type 1 diabetes and 1,867 (0.9%) age-, sex-, and
county-matched control individuals (mean baseline age 33.0 [14.0] years). Com-
pared with control individuals, individuals with type 1 diabetes had a higher risk
of all-cause dementia (hazard ratio [HR] 2.02 [95% CI 1.83-2.23], Alzheimer dis-
ease (HR 1.38 [95% CI 1.13-1.69]), vascular dementia (HR 3.73 [95% CI 3.07-4.52])
and non-Alzheimer-nonvascular dementia (HR 1.87 [95% Cl 1.63-2.15]). Risk factors
related to dementia risk in type 1 diabetes beyond age were lower education level,
being single, higher systolic blood pressure, higher HbA,, history of stroke or tran-
sient ischemic attack, history of cardiovascular disease, and longer diabetes duration.

CONCLUSIONS

The risk of all-cause dementia and dementia subtypes is higher in individuals
with type 1 diabetes compared with matched control individuals.

The lifespan of individuals with type 1 diabetes has increased over the past 30 years,
at least partly due to improvements in glucose-lowering therapies (1). Older peo-
ple (>65 years) now comprise a large and growing proportion of the population
with type 1 diabetes (2,3). Worldwide, type 1 diabetes prevalence in individuals
aged >65 years increased by 180% (1.3 million to 3.7 million) between 1990 and
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2019 (2). As the lifespan continues to
improve, more individuals with type 1 di-
abetes are at risk for chronic diseases
linked to aging, notably dementia (4).

Type 1 diabetes is associated with an
increased risk of structural brain abnor-
malities relative to age-matched control
individuals without diabetes, including
higher white matter hyperintensity vol-
ume, lower total brain parenchyma volume
(i.e, atrophy) and lacunar infarcts (5-7),
and accelerated cognitive decline with ag-
ing (8,9). Structural brain abnormalities and
cognitive impairment (i.e., lower cognitive
performance, but with largely preserved
daily functioning) are important risk factors
of dementia (10). Dementia is characterized
by a significant lower cognitive perfor-
mance affecting multiple cognitive do-
mains and severe enough to interfere with
daily functioning (10). However, the rela-
tionship between type 1 diabetes and risk
of dementia is incompletely understood.

Previous studies suggest that all-cause
dementia risk is higher in individuals with
type 1 diabetes compared with control
individuals (4,11-14). However, evidence
regarding dementia subtypes Alzheimer
disease and vascular dementia in type 1
diabetes has been inconsistent; two stud-
ies (4,12) reported a higher risk for both
Alzheimer disease and vascular dementia,
while other studies reported no statistically
significant associations for one or both
subtypes (11,13). Most previous studies
investigating the relationship between
type 1 diabetes and risk of dementia had
a relatively low number of incident de-
mentia cases (n < 115) (11,12,14), a rel-
atively short follow-up duration (mean
<10 years) (13,14), or only data on hos-
pitalization codes for diabetes (4). In ad-
dition, previous research has primarily
focused on risk factors related to struc-
tural brain abnormalities or cognitive im-
pairment in type 1 diabetes (8-10,15,16),
with limited data on risk factors for de-
mentia (10,16,17), or only focused on
type 2 diabetes (18-20). This highlights
the need for comprehensive analyses of
dementia risk and associated risk factors
in this population.

The aim of this study was to evaluate
the risk of all-cause dementia and demen-
tia subtypes (Alzheimer disease, vascular
dementia, and non-Alzheimer—nonvascular
dementia) in individuals with type 1
diabetes compared with individuals with-
out diabetes (matched for age, sex, and
county) using large nationwide data from

the Swedish National Diabetes Register
(NDR). We also evaluated the relationship
between various risk factors and demen-
tia risk in type 1 diabetes.

RESEARCH DESIGN AND METHODS

Data Source and Study Population
The Swedish NDR has been described
previously (21). The Swedish NDR collects
information on diabetes status, risk fac-
tors, medication use, and complications
of adults with diabetes since 1996 (21).
For this analysis, adults (>18 years) with
type 1 diabetes were selected with at
least one entry in Swedish NDR between
1 January 1996 and 31 December 2019.
Type 1 diabetes was defined by treat-
ment with insulin only and an onset age
of diabetes <30 years. This definition has
been validated as accurate in 97% of
cases (22). We matched each individual
with type 1 diabetes in the Swedish NDR
with five random individuals without dia-
betes with the same age at the time of
diabetes onset, sex, and county from the
general population derived from the
Swedish Total Population Register. We ex-
cluded individuals with preexisting demen-
tia. Swedish NDR was approved by the
regional ethical review board in Gothen-
burg, Sweden. All participants provided
written informed consent for enrollment
in the Swedish NDR.

Baseline Characteristics

Baseline characteristics from individuals
with type 1 diabetes were collected in
the first year after the first entry in the
Swedish NDR. Socioeconomic variables
for both individuals with type 1 diabetes
and their matched control individuals were
derived from the Swedish Total Population
Register by Statistics Sweden at baseline.
Individual income was stratified into an-
nual quartiles. Marital status was defined
as single, married or registered partners,
and separated or widowed. Education
was categorized as low (<9 years of edu-
cation), intermediate (9-12 years of
education), and high (>12 years of ed-
ucation). Cardiovascular disease (CVD) in-
cluded coronary artery disease (ICD-10
codes 120-125), stroke (160-169), transient
ischemic attack (TIA) (G45), and periph-
eral artery disease (170171, excluding
170.9, 171.0, 171.1, and 171.2). History of
diabetic ketoacidosis was defined using
ICD-10 codes E.10.1, E.10.10, and E.10.11.
Information on CVD and history of diabetic
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ketoacidosis were derived from the Swed-
ish National Patient Register at baseline
(23). Presence of albuminuria was ascer-
tained by a minimum of two positive re-
sults out of three urine samples within 1
year. Albuminuria was defined as an albu-
min-to-creatinine ratio of >3 mg/mmol
(~30 mg/g) or a urinary albumin clearance
of >20 pg/min (~20 mg/L). Retinopathy
was defined as simplex, nonproliferative,
or proliferative retinopathy (24).

Potential Risk Factors for Dementia
in Type 1 Diabetes

Potential risk factors for dementia were
evaluated in individuals with type 1 dia-
betes only. These risk factors were se-
lected based on prior studies investigating
structural brain abnormalities (11,25-27),
cognitive impairment (9,15,26), or demen-
tia (10,16-20) in individuals with type 1 di-
abetes or type 2 diabetes. Risk factors
included were age, sex, diabetes duration,
history of CVD, history of stroke or TIA,
history of diabetic ketoacidosis, history of
severe hypoglycemia (defined as a hypo-
glycemic event with an insult or requiring
others to recover in the past 12 months),
HbA,. level, systolic and diastolic blood
pressure, BMI, LDL cholesterol level, cur-
rent smoking, presence of albuminuria,
and presence of retinopathy. No data on
history of neuropathy were available in this
study. To assess the relationship between
risk factors at guideline-recommended tar-
gets and all-cause dementia risk, we evalu-
ated the following guideline-recommended
risk factors (at target): HbA;. (cutoff value
<53 mmol/mol), blood pressure (cutoff value
<130 mmHg for systolic and <80 mmHg
for diastolic blood pressure), BMI (cutoff
value >20 and <25 kg/mz), current smok-
ing (nonsmoker), and albuminuria (no pres-
ence of albuminuria) (28,29).

Outcomes

The primary outcome of this study was
all-cause dementia derived from the
Swedish National Patient Register (23).
This register contains comprehensive hospi-
tal admission data as well as information
about visits to specialized outpatient care.
It was started in 1987 with full coverage of
inpatient data, but outpatient data were
not included initially and have become
complete during the present millennium.
All-cause dementia was defined as a com-
bination of Alzheimer disease, vascular
dementia, or non-Alzheimer—nonvascular
dementia. ICD-10 codes for all-cause

G202 JaquianoN 9z uo 1senb Aq Jpd-€//0GZOP/96|8€8/888 /1 L/8F/Pd-loilEe/e1e0/610"S|euIN0lSaladelp//:dny WOl papeojumod



1890 Risk of Dementia in People With Type 1 Diabetes
|

dementia were F00, G30, FO1, FO2, and
FO3. Secondary outcomes were the demen-
tia subtypes Alzheimer disease (ICD-10 co-
des FOO and G30), vascular dementia (FO1),
and non-Alzheimer—non vascular dementia
(FO2 and F03). The assessment of all-cause
dementia was validated as accurate in 81%
of cases (30). If an individual had multiple
dementia subtypes recorded, the first sub-
type was used in the analysis. Follow-up
for dementia outcome data started from
1997 and lasted until 31 December 2020.
Information on all-cause death was derived
from the Swedish Cause of Death Register
(31). No data were available on death due
to dementia.

Statistical Analysis

Demographics and comorbidities were
summarized as means and SD for con-
tinuous variables and as frequency and
percentage for categorical variables. First,
we estimated age- and sex-standardized
incidence rates for all-cause dementia (pri-
mary outcome) and dementia subtypes
(secondary outcome) in individuals with
type 1 diabetes and matched control indi-
viduals, using the total study population
as reference, as the number of events per
1,000 person-years with 95% exact Pois-
son Cl. Next, we used Cox regression to
estimate hazard ratios (HRs) and 95% Cls
to estimate the association between type 1
diabetes and incident all-cause dementia,
with time in study as the time scale.
Time in study was calculated from base-
line until incident all-cause dementia,
death, or 31 December 2020, whichever
came first (30). The first model was a
crude model, the second model was ad-
justed for age and sex, and the third
model was adjusted for age, sex, marital
status, and education. The proportional
hazards assumption was assessed by vi-
sual inspection of Schoenfeld residuals
plots and was met. We evaluated inter-
actions with baseline age and sex, and
we repeated the analysis in subgroups
according to baseline age (<45 years,
45-65 years, and >65 years) and sex
(32). Furthermore, to minimize reverse
causation due to the preclinical phase
of dementia potentially affecting risk
factors, we repeated the analysis by ex-
cluding individuals who had developed
dementia or were censored within the
first 5 years or 10 years of follow-up. We
also repeated the analysis by excluding
control individuals who developed type 2

diabetes during follow-up (19). In addi-
tion, we repeated the analysis accounting
for death as a competing risk using a
Fine and Gray model adjusted for age,
sex, marital status, and education. Next,
we evaluated the association between
potential risk factors and all-cause demen-
tia among individuals with type 1 diabetes
with use of Cox regression. The first model
was unadjusted, the second model was
adjusted for age and sex, and the third
model was adjusted for age, sex, marital
status, and education. We repeated this
analysis for the third model by excluding
the first 10 years of follow-up. We also
repeated the analysis with all-cause de-
mentia and death as a competing risk.
For continuous variables, we modeled
the association using Cox models with re-
stricted cubic splines. All continuous varia-
bles showed a linear association between
the risk factor and all-cause dementia. In
addition, we estimated the relative influ-
ence of potential risk factors by using
Heller R* statistic and a gradient boosting
model. The model’s tree structure was opti-
mized with a proportional hazard loss func-
tion of 0.01 and fivefold cross-validation.
This approach quantifies the proportion
of survival time explained by each risk
factor with values from 0 to 1, with
higher values indicating stronger influ-
ence (32). We also did an analysis to eval-
uate the association between modifiable
risk factors at guideline-recommended
target and all-cause dementia. We mod-
eled this association using a Cox model
adjusted for age, sex, marital status, and
education. Last, we repeated the risk fac-
tor analysis with the fully adjusted model
(age, sex, marital status, and education)
for dementia subtypes as an outcome.

Missing data were imputed using multi-
ple imputation using the multivariate
imputation by chained equations (MICE)
package. In total, 60 data sets were im-
puted to ensure convergence. Results
were pooled into one overall result us-
ing Rubin rules. A list of the variables
used for the imputation procedure is
provided in Supplementary Table 1.

All analyses were performed in RStudio
software, version 4.4.1.

RESULTS

Study Population

For this study, 43,440 individuals with
type 1 diabetes and 217,109 age-, sex-,
and county-matched control individuals
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were included (Supplementary Fig. 1). The
baseline characteristics of individuals
with type 1 diabetes and their matched
control individuals stratified by the out-
come all-cause dementia are presented in
Table 1. The mean baseline age of the in-
dividuals with type 1 diabetes was 33.0
(14.0) years, 19,240 individuals (44%) were
female, and most individuals were born in
Sweden. The mean age at diabetes diagno-
sis was 14.0 (7.6) years, and mean diabetes
duration at baseline was 18.1 (14.1) years.
The baseline characteristics of individuals
in the nonimputed set including the per-
centage of missing values are given in
Supplementary Table 2. Most variables
had a missingness of 29% or lower. In
addition, the characteristics of the in-
dividuals with complete data and indi-
viduals for whom data were missing
for at least one risk factor are shown
in Supplementary Table 3.

Risk of Dementia

During the median follow-up time of
14.3 (7.9-20.0) years, dementia was re-
corded in 530 individuals with type 1 di-
abetes (1.2%) (0.26% Alzheimer disease,
0.37% vascular dementia, and 0.58%
non-Alzheimer—nonvascular dementia) and
in 1,867 matched control individuals (0.9%)
(0.27% Alzheimer disease, 0.14% vascular
dementia, and 0.45% non-Alzheimer—
nonvascular dementia) (Fig. 1). The median
age of detecting all-cause dementia was
71.1 years in individuals with type 1 diabe-
tes and 75.9 years in matched control indi-
viduals. Table 2 shows the age- and sex-
standardized incidence rates and adjusted
HRs for incident all-cause dementia and de-
mentia subtypes. Compared with matched
control individuals, individuals with type 1
diabetes had a 102% higher risk of all-cause
dementia (HR 2.02 [95% Cl 1.83-2.23)), a
38% higher risk of Alzheimer disease (HR
1.38 [95% CI 1.13-1.69]), a 273% higher
risk of vascular dementia (HR 3.73 [95% ClI
3.07-4.52]), and an 87% higher risk of non-
Alzheimer—nonvascular dementia (HR 1.87
[95% Cl 1.63-2.15]) (Table 2). Stratified
analysis according to baseline age showed
that the relative risk of all-cause dementia
in individuals with type 1 diabetes com-
pared with matched control individuals was
highest among individuals aged 45 years or
younger at baseline (HR 3.42 [95% CI
2.41-4.85]) and lower for individuals aged
4565 years at baseline (HR 2.38 [95% CI
2.09-2.70]) or aged 65 years or older at
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Table 1—Baseline characteristics of the individuals with type 1 diabetes and matched control individuals on all-cause dementia

outcome

Characteristics

Type 1 diabetes

Matched control individuals

Dementia, no Dementia, yes

Dementia, no Dementia, yes

n
Sex (female), n (%)
Age (years)

Marital status, n (%)
Married
Separated or widowed
Single

Education, n (%)
<9 years
9-12 years
>12 years

Income quartiles, n (%)
First quartile
Second quartile
Third quartile
Fourth quartile

Region of birth
Sweden
Europe other than Sweden
Rest of the world

History of CVD, n (%)

History of stroke or TIA, n (%)
History of diabetic ketoacidosis, n (%)
History of severe hypoglycemia, n (%)
Diabetes duration (years)

Current smoking, n (%)

BMI (kg/m?)

Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Retinopathy, n (%)

Albuminuria, n (%)

eGFR (mL/min per 1.73 m?)

HbA;. (mmol/mol)

LDL cholesterol (mmol/L)

Insulin pump use, n (%)

Use of blood pressure—lowering medication, n (%)

42,910 530
18,994 (44) 246 (46)
33.0 (14) 58.5 (12)
10,913 (25) 319 (60)
2,752 (6.4) 91 (17)
29,245 (68) 120 (23)
7,660 (18) 228 (43)
24,519 (57) 220 (42)
10,731 (25) 82 (16)
18,709 (44) 133 (25)
10,518 (25) 185 (35)
7,812 (18) 116 (22)
5,871 (14) 96 (18)
39,445 (92) 500 (94)
1,878 (3.7) 25 (4.7)
1,587 (4.4) 5 (0.9)
1,104 (2.6) 98 (19)
483 (1.1) 41 (7.7)
4,484 (10) 11 (2.1)
835 (6.0) 3 (19)
17.9 (14) 41.0 (13)
6,189 (14) 71 (13)
24.8 (4.1) 24.9 (4.1)
124 (16) 142 (19)
73 (9) 74 (10)
6,354 (15) 66 (12)
8,048 (19) 207 (39)
98 (30) 73 (28)
65 (17) 66 (14)
2.6 (0.8) 2.9 (0.9)
6,460 (15) 44 (8.3)
7,425 (17) 243 (46)

215,242 1,867
95,245 (44) 925 (50)
32.8 (14) 63.1 (10)
55,455 (26) 1,242 (67)
14,051 (6.5) 367 (20)
145,736 (68) 258 (14)
54,934 (25) 812 (44)
110,016 (51) 745 (40)
50,292 (23) 310 (17)
97,143 (45) 385 (21)
45,387 (21) 657 (35)
38,016 (18) 402 (22)
34.696 (16) 243 (23)
183,243 (85) 1,640 (88)
14,880 (6.9) 182 (9.7)
17,119 (8.0) 45 (2.4)
1,763 (0.8) 91 (4.1)
732 (0.3) 44 (2.4)
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA

Continuous data presented as mean (SD), and categorical data presented as n (%). Severe hypoglycemia denotes hypoglycemic event with an
insult or requiring others to recover in the past 12 months. NA, not available.

baseline (HR 1.34 [95% ClI 1.13-1.60])
(P value for interaction with age was
<0.05). The risk of all-cause dementia did
not differ between females (HR 1.94 [95%
Cl 1.69-2.24]) and males (HR 2.09 [95% CI
1.83-2.40]) (P value for interaction with
sex was 0.57) (Supplementary Figs. 2 and
3). Results remained consistent when we
repeated the analysis after excluding the
first 5 years and 10 years of follow-up, and

when we excluded matched control indi-
viduals who developed diabetes during
follow-up (Supplementary Tables 4-6).
When death was considered as a compet-
ing risk, the Fine and Gray analysis also
showed an increased hazard of all-cause
dementia in individuals with type 1 diabe-
tes compared with matched control indi-
viduals, consistent with the main analysis
(Supplementary Table 7).

Risk Factors and Risk of All-Cause
Dementia in Type 1 Diabetes

Table 3 shows the adjusted HRs for the
relationship between individual risk fac-
tors and incident all-cause dementia in
individuals with type 1 diabetes. On the
basis of the fully adjusted model, higher
age, history of CVD, history of stroke or
TIA, longer diabetes duration, single sta-
tus, higher systolic blood pressure, and
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Age- and Sex-Adjusted Dementia—Free Survival

1.000

0.975

0.950

Adjusted survival probability

0.925

0.900

5 10
Follow-up time (years)

Number at risk

Type 1 Diabetes 43,440
Matched Control

35,981 27,486

15 20

18,845 9,586

Figure 1—Survival curve of all-cause dementia in individuals with type 1 diabetes and matched control individuals. Blue line indicates individuals
with type 1 diabetes, and red line indicates age-, sex-, and county-matched control individuals. Follow-up time is used as the time scale.

higher HbA;. were statistically signifi-
cantly associated with a higher risk of
incident all-cause dementia. Higher edu-
cation level was associated with a lower
all-cause dementia risk. Results remained
consistent when the analysis was repeated
when accounting for death as a competing
risk, and when excluding the first 10 years of
follow-up (Supplementary Tables 8 and 9).
Supplementary Fig. 4 shows the relative in-
fluence of risk factors on the relationship

between dementia and type 1 diabetes.
The risk factors with the apparent greatest
influence were age, education, marital sta-
tus, systolic blood pressure, and HbA;.
(Supplementary Fig. 4). The model with all
risk factors included and the analysis
on risk factors and dementia subtypes
are given in Supplementary Tables 10
and 11, and the analysis on guideline-
recommended target levels is given in
Supplementary Fig. 5.

CONCLUSIONS

Our analysis of Swedish nationwide reg-
istry data, including 43,440 individuals
with type 1 diabetes and 217,109 matched
control individuals, showed that individ-
uals with type 1 diabetes had a two
times higher risk of all-cause dementia in
comparison with matched control individ-
uals. Median age of detecting dementia
was 4.8 years earlier in individuals with
type 1 diabetes compared with matched

Table 2—Risk of all-cause dementia and dementia subtypes Alzheimer disease, vascular dementia, and non-Alzheimer—
nonvascular dementia in individuals with type 1 diabetes and matched control individuals

Incidence rate

Standardized

Events
(n/Not)

per 1,000 person—years1

(95% ClI)

incidence ratio
(95% Cl)

Hazard ratio
(95% C1)?

All-cause dementia
Type 1 diabetes
Matched control

Alzheimer disease
Type 1 diabetes
Matched control

Vascular dementia

Type 1 diabetes
Matched control

Non-Alzheimer—nonvascular

dementia
Type 1 diabetes
Matched control

530/43,440
1,867/217,109

114/43,440
582/217,109

163/43,440
301/217,109

253/43,440
984/217,109

1.08 (0.95-1.21)
0.68 (0.58-0.79)

0.23 (0.17-0.29)
0.20 (0.15-0.26)

0.30 (0.24-0.38)
0.11 (0.08-0.16)

0.55 (0.46-0.64)
0.37 (0.30-0.45)

1.59 (1.46-1.73)
Reference

1.15 (0.95-1.38)
Reference

2.73 (2.32-3.18)
Reference

1.49 (1.31-1.68)
Reference

2.02 (1.83-2.23)
Reference

1.38 (1.13-1.69)
Reference

3.73 (3.07-4.52)
Reference

1.87 (1.63-2.15)
Reference

lIncidence rates standardized for age and sex. Total follow-up included 566,999 person-years in individuals with type 1 diabetes and

2,978,296 person-years in the matched control individuals. 2Cox model adjusted for age, sex, marital status, and education.

G202 JaquianoN 9z uo 1senb Aq Jpd-€//0GZOP/96|8€8/888 /1 L/8F/Pd-loilEe/e1e0/610"S|euIN0lSaladelp//:dny WOl papeojumod


https://doi.org/10.2337/figshare.29562029
https://doi.org/10.2337/figshare.29562029
https://doi.org/10.2337/figshare.29562029
https://doi.org/10.2337/figshare.29562029
https://doi.org/10.2337/figshare.29562029
https://doi.org/10.2337/figshare.29562029
https://doi.org/10.2337/figshare.29562029

diabetesjournals.org/care

Jancev and Associates

1893

Table 3—Hazard ratios of risk factors for incident all-cause dementia in individuals with type 1 diabetes

Model 1 Model 2 Model 3
Risk factor HR (95% CI) P value HR (95% CI) P value HR (95% ClI) P value
Age (1 year) 1.14 (1.13-1.15) <0.001 1.14 (1.13-1.15) <0.001 1.14 (1.13-1.15) <0.001
Sex, female 1.04 (0.87-1.23) 0.68 0.91 (0.77-1.09) 031 0.91 (0.77-1.08) 0.29
Education, higher education 0.34 (0.28-0.41) <0.001 0.65 (0.54-0.78) <0.001 0.66 (0.55-0.79) <0.001
Marital status, single 0.20 (0.16-0.25) <0.001 1.60 (1.26-2.03) <0.001 1.56 (1.23-1.97) <0.001
Diabetes duration (1 year) 1.11 (1.10-1.12) <0.001 1.01 (1.00-1.02) 0.12 1.01 (1.00-1.02) 0.11
History of CVD, yes 8.35 (6.69-10.42) <0.001 1.51 (1.20-1.91) <0.001 1.51 (1.20-1.91) <0.001
History of stroke or TIA, yes 11.61 (8.42-16.00) <0.001 2.68 (1.93-3.71) <0.001 2.65 (1.91-3.67) <0.001
History of diabetic ketoacidosis, yes 0.34 (0.19-0.63) <0.001 1.94 (1.06-3.54) 0.03 1.82 (0.99-3.33) 0.05
History of severe hypoglycemia, yes 0.89 (0.28-2.77) 0.84 1.02 (0.33-3.20) 0.97 1.10 (0.35-3.45) 0.87
Current smoking, yes 0.97 (0.76-1.26) 0.84 1.29 (1.00-1.67) 0.05 1.20 (0.93-1.56) 0.17
Systolic blood pressure (10 mmHg) 1.53 (1.48-1.59) <0.001 1.08 (1.03-1.13) <0.001 1.07 (1.02-1.13) 0.01
Diastolic blood pressure (10 mmHg) 0.99 (0.90-1.10) 0.89 0.97 (0.88-1.07) 0.58 0.96 (0.87-1.06) 0.45
HbA;. (10 mmol/mol) 1.02 (0.97-1.08) 0.48 1.12 (1.04-1.19) <0.001 1.10 (1.03-1.18) 0.01
BMI (1 kg/m?) 1.00 (0.98-1.03) 0.79 0.98 (0.96-1.00) 0.10 0.97 (0.95-1.00) 0.04
LDL cholesterol (1 mmol/L) 1.28 (1.10-1.49) <0.001 1.14 (0.98-1.33) 0.09 1.13 (0.97-1.32) 0.11
Albuminuria, yes 2.10 (1.74-2.54) <0.001 1.10 (0.91-1.33) 0.34 1.07 (0.89-1.30) 0.47
Retinopathy, yes 1.51 (1.16-1.97) 0.003 0.81 (0.62-1.06) 0.13 0.81 (0.62-1.06) 0.13

Cox model 1 was unadjusted; model 2 was adjusted for age and sex; model 3 was adjusted for age, sex, marital status, and education. How-
ever, when one of these variables (e.g., age) was itself the risk factor of interest, it was excluded from the list of covariates in that specific
model. For education, lower level of education served as the reference category, with HRs showing risk relative to lower education. For mari-
tal status, being married was the reference category, with HRs showing risk relative to being married.

control individuals. The risk was higher
for each dementia subtype, including
Alzheimer disease, vascular dementia, and
non-Alzheimer—nonvascular dementia, with
the highest risk for the vascular dementia
subtype. The risk factors that were associ-
ated with incident all-cause dementia in
type 1 diabetes were higher age, lower ed-
ucation level, single status, longer diabetes
duration, history of CVD, history of stroke
or TIA, higher systolic blood pressure, and
higher HbA,.. Of these factors, higher age,
lower education level, single status, higher
systolic blood pressure, and higher HbA;.
had the apparent greatest influence on de-
mentia risk. Taken together, these findings
highlight dementia as an important comor-
bidity of type 1 diabetes.

This article provides the clearest evi-
dence to date that type 1 diabetes in-
creases the risk of all-cause dementia
and its major subtypes and identifies
potentially modifiable risk factors that
may help to mitigate this risk. Our re-
sults are in line with, and extend, previ-
ous findings from smaller studies. Most
studies found a higher all-cause dementia

risk in individuals with type 1 diabetes
compared with those without diabetes
and reported HRs between 1.6 and 3.0,
although data on dementia subtypes
have been inconsistent (4,11-14). Some
studies (4,12) found a statistically significant
higher risk of Alzheimer disease and vascu-
lar dementia in individuals with type 1 dia-
betes, while other studies (11,13) only
found a higher risk of vascular dementia.
These inconsistent findings may be due to
the smaller number of dementia subtype
cases in some studies and variable
outcome definitions and ascertainment
strategies of dementia across the stud-
ies. We did not find any differences in
dementia risk regarding sex. However,
consistent with a previous study, we
found that the relative risk of dementia
related to type 1 diabetes was highest
among younger individuals. A previous
study (4) that used national administrative
record-linked statistical data on hospital
care and mortality in England found that,
in people admitted to hospital with type 1
diabetes aged 30-39 years, the relative risk
of dementia was 7.10 (95% Cl 4.65-10.6),

which reduced to 4.40 (95% Cl 3.55-5.40)
in those aged 4049 years at admission,
and further reduced with increasing age
to 1.16 (95% Cl 1.11-1.20) in those aged
80 years or over at admission. Possible ex-
planations of this difference are a lower
background rate of dementia in the youn-
ger age-group and healthy survival bias.
This warrants further research.

The precise mechanisms underlying
the association between type 1 diabetes
and dementia remain unclear. Several
potential mechanisms have been sug-
gested, including acute and chronic hy-
perglycemia leading to macrovascular
disease, microvascular dysfunction, in-
flammation, and accumulation of ad-
vanced glycation end products in the
central nervous system (8,10,33). These
mechanisms may contribute to neurode-
generation and vascular damage in the
brain, notably with longer diabetes duration
(and thus greater exposure to aggregated
hyperglycemia and its vascular impacts),
eventually leading to increased risks for vas-
cular dementia first and foremost and less
so for other dementia subtypes. Further

G202 JaquianoN 9z uo 1senb Aq Jpd-€//0GZOP/96|8€8/888 /1 L/8F/Pd-loilEe/e1e0/610"S|euIN0lSaladelp//:dny WOl papeojumod



1894 Risk of Dementia in People With Type 1 Diabetes
|

study is needed to better understand these
mechanisms. However, it is notable that
type 2 diabetes was also associated with
greater risk of dementia in this same co-
hort, and especially vascular dementia (19).
This association makes sense since both
types of diabetes accelerate vascular
disease systemically, including stroke, and
so would be predicted to increase vascu-
lar dementia in particular (10).

We identified several potentially modi-
fiable risk factors related to dementia risk
in type 1 diabetes, including low educa-
tion level, being single, history of CVD, his-
tory of stroke or TIA, higher systolic blood
pressure, and higher HbA,.. Being single
as compared with married status has been
identified as a risk factor for dementia
(34). This may be due to different social
engagement in married and single people,
which may contribute to building cognitive
reserve and reducing dementia risk in
married people. Of the identified risk fac-
tors, higher systolic blood pressure and
higher HbA;. had the apparent greatest
influence on dementia risk (beyond age,
education level, and marital status). A link
between higher HbA,. exposure and higher
risk of dementia in type 1 diabetes has
been demonstrated previously (17). Our
findings suggest that prevention of CVD in
individuals with type 1 diabetes may help
protect against dementia. However, meet-
ing clinical recommended targets for risk
factors at baseline was not statistically sig-
nificantly associated with a lower dementia
risk. This might suggest that different clini-
cal targets are needed for dementia risk re-
duction or that risk factor targets over
time may better inform dementia risk. This
requires further study.

We did not find an association be-
tween severe hypoglycemia and risk of
dementia. This is in contrast with a pre-
vious study that did demonstrate an in-
creased risk related to hypoglycemia
(16). The results of the two studies are
difficult to compare because of differ-
ences in included study populations; for
example, the current study included
younger individuals (mean baseline age
33 years vs. 56 years in the previous study)
who reported a relatively low number of
severe hypoglycemia events (1.9% com-
pared with 14% in the previous study). In
addition, history of diabetic ketoacidosis at
baseline was borderline not statistically sig-
nificant. The current study may have had
insufficient power to detect a statistically
significant effect, and this issue requires

further study. However, in previous stud-
ies, severe hypoglycemia (9), retinopathy
(8=10), recurrent diabetic ketoacidosis
(15), and albuminuria (9,10) have been
associated with cognitive impairment. This
issue therefore warrants further research.

Strengths of this study include the
prospective nationwide cohort design,
the large sample, access to extensive
clinical laboratory and medical records,
and prospective ascertainment of cases
of dementia with widely used research
criteria. Several limitations should be
acknowledged. Because of the nature of
the diabetes register, data on some po-
tentially important confounding factors
were not available, including physical
activity, presence of polyneuropathy, al-
cohol intake, diet, health care utiliza-
tion, and number of people with college
or advanced education degrees. ICD-10
code—based dementia definitions do not
contain any information about cognitive
tests and symptoms, possibly leading to
underdiagnosis, which might be, in part,
reflected by the accuracy of the dementia
diagnosis in a previous validation study
(30). This may have led to an underesti-
mation of the relation between diabetes
and dementia. ICD-10 codes might offer
limited capability to reliably differentiate
between dementia subtypes, because, in
clinical practice, subtypes often coexist.
Also, there were no data on biomarkers
such as p-amyloid and tau protein levels
to support an Alzheimer disease diagnosis
(35). Although most individuals with de-
mentia will eventually receive an ICD-10
code dementia diagnosis, we may have
missed more early-stage dementia cases.
In addition, some dementia diagnoses
may have been attributed to brain trauma
or other insults that are not neurodegen-
erative in nature. Most variables in the
analysis had no or a maximum of 29%
missing data, with the exception of LDL
cholesterol, which had a higher proportion
of missing data (53%). This may have in-
troduced some level of uncertainty (36).
Furthermore, our analyses were restricted
to baseline data only, to maintain consis-
tency across individuals and reduce model
complexity. However, evidence from long-
term studies, such as the Epidemiology of
Diabetes Interventions and Complications
(EDIC) study (9), suggests that cumulative
or lifetime exposure to risk factors is more
strongly associated with cognitive decline.
Therefore, our findings may underesti-
mate the true associations between long-

Diabetes Care Volume 48, November 2025

term risk factor exposure and dementia
risk. Incorporating time-dependent covari-
ates may provide deeper insights into dy-
namic risk trajectories, but such analyses
were beyond the scope of the current
study and warrant investigation in future
research. Last, our study population con-
sisted predominantly of individuals born
in Sweden, potentially limiting generaliz-
ability of our findings to other geographic
regions and ethnic backgrounds.

In conclusion, this study showed that
individuals with type 1 diabetes have a
twofold higher risk for all-cause demen-
tia compared with matched control indi-
viduals. The risk was the highest for the
vascular dementia subtype.
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