Acta Diabetologica (2021) 58:859-867
https://doi.org/10.1007/500592-021-01685-y

ORIGINAL ARTICLE q

Check for
updates

Vascular complications of diabetes: natural history and corresponding
risks of dementia in a national cohort of adults with diabetes

Po-Yin Chang’ - I.-T.ing Wang? - Chern-En Chiang®* - Chen-Huan Chen®® - Wan-Yu Yeh? - Victor W. Henderson?® -
Yi-Wen Tsai? - Hao-Min Cheng®’-°

Received: 11 November 2020 / Accepted: 2 February 2021/ Published online: 23 February 2021
© Springer-Verlag Italia S.r.l., part of Springer Nature 2021

Abstract

Aims This study aimed to determine the trajectory of diabetic vascular diseases and to investigate the association between
vascular diseases and dementia.

Methods We included adults aged > 50 years with newly diagnosed type 2 diabetes (n=173,118) from 2001 to 2005 who
were followed-up until December 31, 2013 in the Taiwan’s National Health Insurance Research Database. Multivariable
Cox regression models were constructed to estimate hazard ratios (HRs) and confidence limits (CLs) for all-cause dementia
in relation to the number, types, and occurrence patterns of vascular disease.

Results Within 1 year of diabetes diagnosis, 26.3% of adults developed their first vascular disease. During the 1,864,279
person-years of follow-up, 17,426 adults had all-cause dementia, corresponding to an incidence of 97.9 cases/10,000 person-
years in 127,718 adults with at least one vascular disease and 67.5 cases/10,000 person-years in 45,400 adults without vas-
cular diseases. Across all age groups, adults who subsequently developed a vascular disease in two one-year windows since
diabetes diagnosis had the highest incidence of all-cause dementia. In comparison with adults without vascular diseases,
HR for all-cause dementia was 1.99 (CL: 1.92-2.07) for those with one vascular disease only; 2.04 (CL: 1.98-2.13) for two
or more vascular diseases; 3.56 (CL: 3.44-3.70) for stroke only; and 2.06 (CL: 1.99-2.14) for neuropathy alone. Similar
associations were also observed with a smaller magnitude for adults with nephropathy, retinopathy, cardiovascular disease,
or peripheral arterial disease.

Conclusions Patients with diabetes-related complications, particularly stroke and neuropathy, and those with rapidly devel-
oped vascular diseases appeared to have a high risk of dementia.

Keywords Cardiovascular disease - Cerebrovascular disease - Dementia - Diabetes - Nephropathy - Neuropathy -
Retinopathy - Stroke - Vascular complication
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Introduction

Type 2 diabetes affects approximately one in three adults
worldwide [1]. Adults with type 2 diabetes, even those
with prediabetes or early-stage diabetes, have an increased
risk of vascular diseases [2-4]. Approximately, 15% of
adults with newly diagnosed diabetes may develop micro-
vascular complications within five years [2], and more
than 80% of older adults with type 2 diabetes die of coro-
nary heart disease (CHD) or stroke [5]. The risk of cardio-
vascular disease is especially high among those adults who
present multiple microvascular complications [6].

Dementia is commonly observed among diabetic adults
who have cerebrovascular disease, CHD, severe hypogly-
cemic events, end-organ complications, or a high diabetes
severity score [7—11]. It has been reported that adults with
type 2 diabetes have an up to 2.5-fold increased risk of
dementia, including both Alzheimer’s disease (AD) and
vascular dementia, compared to those without diabetes
[12, 13]. Chronic inflammation, hyperglycemia, insulin
resistance, and vascular damages are some of the pro-
posed mechanisms that may explain the increased risk of
dementia in diabetes populations [9-11, 14-17]. Brain
images and cognitive function studies of adults with dia-
betic retinopathy or nephropathy support the association
between microangiopathy and dementia [18-22]. However,
the evidence on the role of vascular complications among
diabetic patients on the development or progression of
dementia is limited [9-11].

The clinical course of type 2 diabetes and diabetic com-
plications has changed greatly in the last two decades [23,
24]. However, the natural history of diabetic vascular com-
plications and their associations with dementia in Asian
populations remain unclear, considering that the incidence
of dementia in diabetic adults in some Asian countries is
three- to sevenfold lower than that in Asians with diabetes
in the USA [7, 25-28]. The present study used a longitudinal
cohort of adults with newly diagnosed type 2 diabetes to
identify the natural course and trajectory of microvascular
and macrovascular diseases. Information about dementia in
terms of numbers, types, and occurrence patterns of vascular
diseases from 2000 to 2013 was assessed using the Taiwan-
ese National Health Insurance Research Database (NHIRD).

Materials and methods
Data source
Taiwan initiated its universal National Health Insurance

program in March 1995. This social insurance program
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requires mandatory enrollment for all Taiwanese citizens,
covering 99.9% of its population in 2014, and it provides
access to emergency visit services, hospice care, inpatient
and outpatient care, dental care, and prescription drugs
[29]. The NHIRD has been collecting all data related to
medical claims, including disease diagnoses, procedures,
and prescription filling in the records of inpatient, outpa-
tient, and emergency visits since 2000 for research pur-
poses. This research was approved by the Institutional
Review Board of National Yang-Ming University, Taiwan
(YM104104E).

Study design

We established a base cohort that included 90% of all adults,
aged > 50 years, who had newly diagnosed type 2 diabetes
(n=238,025) from 2001 to 2005 in the NHIRD (eFig. 1).
Newly diagnosed type 2 diabetes was defined as having
had at least three diagnosis codes of type 2 diabetes (Inter-
national Classification of Diseases, Ninth Revision, Clinical
Modification [ICD-9-CM] codes 250. X 0 and 250. X 2; eTa-
ble 1) within one year in the inpatient or outpatient records
and having had at least one fill of prescription for oral anti-
diabetic drugs within one year of the diabetes diagnosis date.
Diabetes diagnosis date was defined as the date of the first
type 2 diabetes diagnosis.

From the base cohort, we formed a study cohort of
173,118 adults, aged > 50 years, with newly diagnosed
diabetes and without a history of dementia or vascular dis-
eases. We excluded 2,776 adults with dementia diagnosis
and 62,131 adults who developed vascular diseases within
one year prior to the diabetes diagnosis date (eFig. 1).

Diabetic vascular diseases

Diabetes-related microvascular and macrovascular dis-
eases were identified using the ICD-9-CM diagnosis and/
or procedure codes in the records of inpatient, outpatient,
or emergency department visits (eTable 1) [23, 24]. Micro-
vascular diseases included nephropathy, retinopathy, and
neuropathy. Meanwhile, macrovascular diseases included
CHD, stroke, and peripheral artery diseases (PADs). Vas-
cular disease was identified using one of the following four
criteria: having (1) one occurrence of an inpatient primary
diagnosis, (2) two occurrences of an outpatient diagnosis,
(3) two occurrences of an inpatient secondary diagnosis,
or (4) one inpatient diagnosis and one outpatient secondary
diagnosis. The date of the first encounter with a diagnosis for
the first, second, and third vascular disease was considered
as the diagnosis date of the first, second, and third vascular
disease, respectively.
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Incident all-cause dementia

Incident dementia was identified using ICD-9-CM codes that
appeared at least once in the inpatient records or at least
three times in the outpatient records (eTable 1) [7]. The date
of the first dementia diagnosis was considered as the event
date. The dementia subtypes included vascular dementia,
AD, and other dementia types (senile dementia or uncom-
plicated presenile dementia, senile dementia with delusional
or depressive features, and senile dementia with delirium).

Follow-up and index date

Follow-up started from the index date to the earliest date
of a dementia event, a new vascular disease, or death, or on
December 31, 2013 (Fig. 1). The index date for adults with
diabetes who developed a vascular disease was the diagnosis
date of the vascular disease. The index date for adults with
diabetes but without vascular diseases was the date of diabe-
tes diagnosis plus an imputed duration so that the duration of
diabetes from the index date would be comparable between
adults with and without vascular diseases (Fig. 1).

Comorbidities and use of medications
Comorbidities, such as hypertension, hyperlipidemia, hypo-

glycemia, arrhythmia, and depression without a concurrent
diagnosis of bipolar disorder, were identified using the

Index date

v

ICD-9-CM codes in the inpatient and outpatient records
(eTable 1). The use of medication was defined as cumula-
tive prescription > 90 days in the outpatient and pharmacy
administrative records. The medications included anti-dia-
betic drugs (metformin, sulfonylurea, thiazolidinedione, and
insulin), anti-hypertensive drugs (angiotensin-converting
enzyme inhibitors, angiotensin II receptor blockers, beta
blockers, calcium channel blockers, and diuretics), lipid-
lowering agents (statins, fibrates, and niacin), anti-depres-
sants, and anti-platelet agents. Comorbidities and use of
medication were identified from the date of diabetes diag-
nosis to the index date.

Statistical analysis

We described the occurrence patterns of vascular diseases
and calculated the cumulative prevalence. Chi-square tests
were performed to assess the differences in baseline char-
acteristics at index date between diabetic adults with and
without vascular diseases.

We calculated the incidence rates of all-cause demen-
tia and its subtype across the number and type of vascular
diseases. Multivariable Cox proportional-hazards models
were used to estimate hazard ratios (HRs) for the incident
all-cause dementia in relation to the number and type of
vascular diseases. The reference group was diabetic adults
without vascular diseases. The models were adjusted for
age, sex, comorbidities, use of medications, and number of
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without vascular diseases (the reference group) was imputed from
those with vascular diseases who had a similar distribution of age,
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metabolic and hypoglycemic events during follow-up. These
covariates were either potential confounders or dementia risk
factors. We repeated all the aforementioned steps 100 times
and obtained the median HR. We used the 1st and the 99th
percentiles of HRs as confidence limits (CLs).

In the secondary analyses, we repeated all the analyses for
the subtypes of dementia. Stroke is significantly correlated
to vascular dementia [17]. Therefore, we also performed
analyses that excluded adults with stroke.

We conducted sensitivity analyses using a matched
cohort and multivariable Cox proportional-hazards regres-
sion analyses. We compared the risk of dementia in adults
with and without vascular diseases and matched them by age
(1 year), sex, and duration of diabetes (+ 6 months) at the
diagnosis date of vascular disease.

Results
Baseline characteristics

At the index date, the mean age of the study cohort was
67 years. By December 31, 2013, 73.8% (n=127,718) of
the adults had at least one diabetic vascular disease. Among
them, 29.1% presented with macrovascular diseases and
27.8% with microvascular diseases (Table 1). Within the
five years of diabetes diagnosis, 22% of the cohort members
developed CHD and 11-16% developed microvascular dis-
eases (eFig. 2). Adults with diabetic vascular diseases were
more likely to have comorbidities and receive anti-diabetic
drugs (63.1% vs 37.7%) or anti-hypertensive drugs (42.7%
vs 22.4%) than those without vascular diseases (all P val-
ues <0.05, Table 1).

Occurrence patterns of diabetic vascular diseases

Within one year of the diabetes diagnosis, 26.3% of adults
developed their first vascular disease, and within one year of
the first vascular disease, 22.8% of those subsequently devel-
oped a second vascular disease (Fig. 2). Longer the duration
from the diabetes diagnosis to the first vascular disease, less
likely was the second vascular disease within one year of the
first one. These occurrence patterns were observed across all
types of vascular diseases (eFig. 3). Of those adults with a
history of vascular diseases at the time of diabetes diagnosis,
more than 30% developed a new microvascular disease and
over 40% had a new macrovascular disease (eFig. 4).

Dementia incidence across occurrence patterns
of diabetic vascular diseases

During the 1,864,279 person-years of follow-up, all-cause
dementia occurred in 14,536 of the 127,718 (11.4%) adults

@ Springer

with at least one vascular disease and 2890 of the 45,400
(6.3%) adults without, corresponding to incidence of 97.9
and 67.5 cases per 10,000 person-years, respectively (eTa-
ble 2). Across the age groups of diabetes diagnosis except for
those aged 76 years or older, incidence of all-cause dementia
was highest for adults who developed two vascular diseases
within two one-year windows (Fig. 3).

Risk of all-cause dementia in terms of diabetic
vascular disease

The risk of all-cause dementia in adults with diabetes was
greater in those with vascular diseases than those without
(Table 2), with an adjusted HR of 1.99 (CL: 1.92-2.07)
for those with only one vascular disease and 2.04 (CL:
1.98-2.13) for two or more vascular diseases. Across all
types of vascular complications, the risk of all-cause demen-
tia was the highest in adults with one stroke only (adjusted
HR: 3.56, CL: 3.44-3.70), followed by those with one neu-
ropathy only (adjusted HR: 2.06, CL: 1.99-2.14).

Secondary and Sensitivity Analyses

Diabetic vascular diseases were associated with an increased
risk of AD and vascular dementia, except for adults with
CHD (Table 2). Adults with CHD and those without vas-
cular diseases had a similar risk of AD. Analyses excluding
adults with stroke showed that HRs for all-cause dementia,
AD, and vascular dementia were greater in those with only
microvascular diseases than in those with only macrovascu-
lar diseases (Table 2). Sensitivity analyses from the matched
cohort study yielded consistent results as the initial analyses
(eTable 3).

Discussion

In this cohort of adults 50 years or older with type 2 diabe-
tes, approximately three-quarters (73.8%) of the study popu-
lation developed a vascular disease, and approximately 10%
had an all-cause dementia during the follow-up. The risk of
all-cause dementia was elevated in those with even one dia-
betic vascular disease. The risk appeared to be particularly
high for adults who developed multiple vascular diseases in
a fast-occurring pattern, and those with stroke or neuropathy.
This study has identified potential dementia high-risk sub-
groups in the diabetes population and underlined the impact
of progression rate and types of vascular complications on
the risk of dementia.

Several lines of evidence support the conception that
diabetic vascular diseases lead to an increased risk of
dementia. Diabetic vascular diseases and dementia have
similar pathophysiologic risk factors, such as variability
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Table 1 Study population of

Baseline characteristics® Total new T2D (N=173,118)
adults aged 50 years or older
who were newly diagnosed with No vascular dis-  Vascular disease
type 2 diabetes ease (n=45,400)
One or more One (n=53,119)  Two (n=37,878)
(n=127,718)

N (%) or mean (+sd)

Age 67 (£9.0) 67 (+8.7) 67 (+9.0) 62 (+8.7)

Men 23,950 (52.8) 66,188 (51.8) 27,133 (51.1) 19,307 (51.0)

Cumulative number of vascular disease

0 45,400 (100)

1 53,119 (41.6) 53,119 (100)

2 37,878 (29.7) 37,878 (100)

3 21,351 (16.7)

4+ 15,370 (12.0)

Cumulative number of microvascular disease

0 45,400 (100) 37,227 (29.1) 27,566 (51.9) 8,272 (21.8)

1 57,788 (45.2) 25,553 (48.1) 21,154 (55.9)

2 25,541 (20.0) 8,452 (22.3)

3 7,162 (5.6)

Cumulative number of macrovascular disease

0 45,400 (100) 35,543 (27.8) 25,553 (48.1) 8,452 (22.3)

1 60,467 (47.3) 27,566 (51.9) 21,154 (55.9)

2 24,906 (19.5) 8,272 (21.8)

3 6,802 (5.3)

Cumulative prevalence of vascular disease”

Nephropathy 40,401 (23.3)

Retinopathy 48,712 (28.1)

Neuropathy 41,243 (23.8)

CHD 56,942 (32.9)

PAD 35,214 (20.3)

Stroke 38,529 (22.3)

Comorbid condition®

Hypertension 11,154 (24.6) 60,139 (47.1) 26,254 (49.4) 17,357 (45.8)

Hyperlipidemia 9,032 (19.9) 46,601 (36.5) 20,817 (39.2) 354 (28.2)

Hypoglycemia 146 (0.3) 945 (0.7) 428 (0.8) 5(0.4)

Arrhythmia 738 (1.6) 3,887 (3.0) 1,743 (3.3) 1,150 (3.0)

Depression? 565 (0.3) 2,982 (2.3) 1306 (2.5) 845 (2.2)

Years of diabetes 2.78 (+3.0) 3.08 (£3.2) 2.8 (+2.8) 4.07 (£3.4)

Medication use (> 90 days)*

Any anti-diabetic drugs 17,106 (37.7) 80,605 (63.1) 28,213 (53.1) 23,384 (61.7)
Metformin 9,334 (20.6) 49,755 (39.0) 18,035 (34.0) 14,356 (37.9)
Sulfonylurea 12,190 (26.9) 61,039 (47.8) 20,986 (39.5) 17,846 (47.1)
Thiazolidinedione 1,008 (2.2) 7,276 (5.7) 2,677 (5.0) 2,082 (5.5)
Insulin 149 (0.3) 1,912 (1.5) 597 (1.1) 504 (1.3)

Anti-hypertensive drugs 10,154 (22.4) 54,568 (42.7) 19,089 (35.9) 15,621 (41.2)
ACEI 2,336 (5.1) 13,104 (10.3) 4,491 (8.5) 3,872 (10.2)
ARB 2,491 (5.5) 16,615 (13.0) 6,143 (11.6) 4,509 (11.9)
Beta blockers 2,976 (6.6) 16,178 (12.7) 5,597 (10.5) 4,660 (12.3)
Calcium channel blockers 4,547 (10.0) 26,372 (20.6) 9,282 (17.5) 7,438 (19.6)
Diuretics 2,475 (5.5) 15,197 (11.9) 5,205 (9.8) 4,264 (11.3)

Lipid-lowering agents 4,669 (10.3) 24,518 (19.2) 8,673 (16.3) 6,995 (18.5)
Statin 2,952 (6.5) 16,484 (12.9) 6,097 (11.5) 4,583 (12.1)
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Table 1 (continued) Baseline characteristics®

Total new T2D (N=173,118)

No vascular dis-
ease (n=45,400)

Vascular disease

One or more One (n=53,119)  Two (n=37,878)

(n=127,718)
Fibrates 949 (2.1) 4,972 (3.9) 1,694 (3.2) 1,481 (3.9)
Niacin 541 (1.2) 2,209 (1.7) 544 (1.0) 705 (1.9)
Anti-depressants 388 (0.9) 2,193 (1.7) 178 (0.3) 619 (1.6)
Anti-coagulants 48 (0.1) 379 (0.3) <10 101 (0.3)
Anti-platelet agents 6,591 (14.5) 45,974 (36.0) 18,878 (35.5) 17,846 (47.1)

ACEI angiotensin-converting enzyme inhibitors; ARB angiotensin II receptor blockers

“During the index date

PPrevalence at the end of follow-up; not mutually exclusive

“From the type 2 diabetes diagnosis date to the index date

dExcluding bipolar disorder diagnosis

Fig.2 Trajectory of the first

Occurrence of the first and second vascular diseases (VasD) since T2D diagnosis

and second vascular disease %
occurrence after the diagnosis Q 40
of diabetes 8 Hlst m2nd ®m3rd m4th m5th m6th m7th m8th mOthyr
g 35
2 30
Q
£ 25 228
g 190 186
E 20 £ . 18.1 17.3 17.0 17.8 17.3 57
5 15
5 10.29 1 12 62 .15 6 -89 =
5 10 [
g ‘ 16
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26.3% 9.6% 7.6% 6.2% 5.2% 4.5% 3.9% 3.6% 6.8%

in glycemic status, insulin resistance, cardiometabolic risk
factors, inflammation, and oxidative stress [10, 14-16].
Observational studies, including those examining brain
magnetic resonance imaging and cognitive function, also
supported the hypothesis that vascular diseases are on the
causal pathway of diabetes and dementia [7, 9-11, 17-22].
These studies have shown that older adults with diabetes
who present with stroke, diabetic retinal disease, kidney
disease, diabetic foot, CHD, or PAD had an increased risk
of AD or vascular dementia [9-11] and a greater decline
in future cognitive function, as well as brain structure and
function [18-22]. In addition, this study and the study by
Chiu and colleagues [7] suggested that a fast progressing
rate of diabetes or diabetic vascular diseases accelerates
or indicates the occurrence of dementia in adults with dia-
betes. Alternative explanation is that diabetic vascular dis-
eases are only indicators of the underlying factors, such as
poor cerebral circulation or inflammation, which increase
the risk of dementia.

@ Springer

Time of the first VasD occurrence since T2D diagnosis

In the literature, three cohort studies published to date
supported a moderate, up to two-fold increase in risk of
dementia associated with vascular diseases and diabetic
complications [9-11]. These studies, included mostly white
adults, assessed prevalent vascular diseases at one time-
point and did not investigate the component, combination,
or progression of diabetic vascular diseases. Moreover, these
studies did not perform separate analyses in adults without
stroke; therefore, results in the literature may be subject to
residual confounding related to the history of stroke.

Based on the findings of this study, it can be hypothesized
that diabetes-related dementia can be classified into two
major types: one related to macrovascular complications,
primarily resulting from stroke, and the other associated
with microvascular complications or small vessel diseases
that often manifest as neuropathy. The fact that the risk of
all-cause dementia with neuropathy ranked second to stroke
among all vascular diseases underlies the role of microvas-
cular complications in dementia. When we excluded adults
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Fig. 3 Incidence of all-cause dementia according to the occurrence patterns of vascular disease (VasD) across the age groups at the time of dia-

betes diagnosis. *Two VasDs occurred in two one-year windows since the diagnosis of diabetes

Table 2 Hazard ratio (HR)
and confidence limits (CL) for
all-cause dementia, Alzheimer’s

Vascular disease

Vascular diseases (vs no vascular disease) Adjusted HR (CL)*"

All-cause dementia Alzheimer’s disease Vascular dementia

disease, and vascular dementia .
One or more vascular diseases

2.02 (1.95, 2.10)
1.50 (1.46, 1.56)
1.65 (1.60, 1.72)
1.69 (1.64, 1.76)
2.30 (2.23, 2.40)
1.38 (1.34, 1.44)
1.99 (1.92, 2.07)

3.56 (3.44, 3.70)

Excluding stroke
Microvascular diseases only
Excluding stroke
Macrovascular diseases only
Excluding stroke
One vascular disease only
Stroke only

Neuropathy only 2.06 (1.99, 2.14)
Nephropathy only 1.46 (1.42, 1.52)
Retinopathy only 1.38 (1.34, 1.43)
CHD only 1.36 (1.31, 1.41)
PAD only 1.33 (1.29, 1.39)

Two or more vascular diseases 2.04 (1.98, 2.13)

1.58 (1.45, 1.74)
1.23 (1.12, 1.35)
1.38(1.27, 1.52)
1.40 (1.28, 1.54)
1.62 (1.48, 1.78)
1.05 (0.96, 1.16)
1.50 (1.37, 1.64)
2.47 (2.24,2.70)
1.53 (1.40, 1.68)
1.32 (1.19, 1.46)
1.29 (1.17, 1.42)
1.03 (0.93, 1.13)
1.11 (1.01, 1.22)
1.65 (1.51, 1.81)

4.58 (4.13, 5.05)
1.83 (1.65, 2.02)
2.02 (1.82,2.23)
2.00 (1.79, 2.20)
5.46 (4.93, 6.03)
1.31 (1.18, 1.45)
3.70 (3.34, 4.09)

12.07 (10.90, 13.

2.54(2.29,2.81)
1.70 (1.53, 1.86)
1.51 (1.36, 1.67)
1.17 (1.06, 1.30)
1.63 (1.47, 1.80)
5.31 (4.78, 5.85)

36)

CHD coronary heart disease; PAD peripheral artery disease

with history of stroke, we observed that the strength of asso-
ciations with microvascular complications was greater than
macrovascular complications. This increases the credibility
of the findings related to microvascular complications.

*Models adjusted for age, sex, duration of diabetes (imputed for the comparison groups), comorbidities
(hyperlipidemia, hypertension, hypoglycemia, arrhythmia, and depression), use of medications (anti-dia-
betic drugs, anti-hypertensive drugs, lipid-lowering agents, anti-depressants, and anti-platelet agents), and
number of metabolic and hypoglycemic events during follow-up

"We repeated the imputation and Cox regression analyses 100 times and obtained the median HR. Confi-
dence limits (CLs) referred to the 1st and the 99th percentiles of these 100 h

In this study, the cumulative prevalence of microvascular
diseases ranged from 11% to 16% within five years of the
diabetes diagnosis. This is comparable with the Diabetes
Prevention Program Outcome Study [2], where nearly 15%
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of the multi-racial population developed a microvascular dis-
ease within five years of the diabetes diagnosis. Moreover, in
this study we found that already 26% of adults had vascular
diseases when first diagnosed with diabetes and that 12-20%
of the adults with newly diagnosed diabetes developed a new
CHD, PAD, or stroke in five years. These findings support the
belief that vascular and nerve damages most likely occur in
prediabetes and during the early stage of diabetes [2—4]. This
emphasizes that early screening for macrovascular diseases in
adults with newly diagnosed diabetes is critical to successful
long-term diabetes disease management.

Strengths and limitations

Our study had several limitations in terms of using claims
data. First, dementia was identified based on diagnosis codes,
and the results for dementia subtypes should be interpreted
with caution as dementia diagnoses and classifications are still
evolving [30] and AD may be misclassified as vascular demen-
tia in adults with diabetes, stroke, or CHD. Second, the actual
time of disease occurrence cannot be identified, as in virtually
all observational studies. Our study might have underestimated
the incidence rates of dementia because we cannot identify
adults with mild dementia who did not receive health care.
Third, data about smoking status, alcohol use, HbAlc level,
family history of dementia, years of education, and economic
status were not available. Lack of adjustment for these con-
founding factors may have led to biased HR estimates toward
or away from the null association. Fourth, results from this
study may not be generalizable to other racial/ethnic groups
or different healthcare systems. Finally, the occurrence of
neuropathies is common, but not all neuropathies in type 2
diabetes are attributed to diabetes or microvascular disease.
This study also had some strengths. First, a conservative
algorithm was used to identify diabetic vascular diseases in
a cohort that included 90% of all adults aged > 50 years with
type 2 diabetes in Taiwan. The proportion of patients who
were lost to follow-up was low. Second, the confounding
effect of history of stroke was eliminated in this study. In
contrast, the previous studies have not excluded the influence
of stroke [7, 9-11, 28, 31]. Third, we reduced immortal-
time bias and confounding bias by considering the duration
between diabetes diagnosis and vascular disease diagnosis
and by conducting multivariable regression analyses. In
addition, the results of the original analyses and the sensi-
tivity analyses of the matched cohorts were consistent.

Conclusion
In adults with newly diagnosed type 2 diabetes, vascular dis-

eases became prevalent within five years of diabetes diagnosis
and the risk of dementia appeared to be the greatest for patients

@ Springer

who rapidly developed diabetes-related complications. Inter-
vention strategies for dementia prevention, including screen-
ing tests and risk factor modifications, should target high-risk
subgroups of the diabetes populations, including those with
multiple vascular diseases, stroke, or neuropathy. Delaying the
onset and progression of vascular diseases may also prevent
the development of dementia.
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