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Diabetes mellitus and risk of dementia in
the Kungsholmen project
A 6-year follow-up study
W.L. Xu, MD; C.X. Qiu, MD, PhD; Å. Wahlin, MD, PhD; B. Winblad, MD, PhD; and L. Fratiglioni, MD, PhD

Abstract—Background: Research on diabetes mellitus as a risk factor for dementia and its main subtypes has produced
conflicting results. The authors investigated the relationship between diabetes mellitus and risk of dementia, Alzheimer
disease (AD), and vascular dementia (VaD). Methods: A dementia-free cohort of 1,301 community dwellers aged 75 years
and older in Stockholm, Sweden, was longitudinally examined twice over 6 years to detect dementia cases (Diagnostic and
Statistical Manual of Mental Disorders–III-R diagnostic criteria). Cox proportional hazards models were used to analyze
the data with adjustment for several potential confounders. Results: During the 5,584 person-years of follow-up, 350
subjects developed dementia, including 260 AD and 49 VaD cases. Diabetes mellitus was associated with hazard ratios
(HR) of 1.5 (95% CI 1.0 to 2.1, p ⫽ 0.04) for dementia, 2.6 (95% CI 1.2 to 6.1) for VaD, and 1.3 (95% CI 0.9 to 2.1) for AD.
Patients who were treated with oral antidiabetic medications had HRs of 1.7 (95% CI 1.0 to 2.8, p ⫽ 0.04) for dementia
and 3.6 (95% CI 1.3 to 9.5) for VaD. There were significant interactions of diabetes with severe systolic hypertension
(ⱖ180 mm Hg) on dementia and its main subtypes, and of diabetes with heart disease on VaD. Conclusions: Diabetes
mellitus increases the risk of dementia, and VaD in particular, in very old people. The risk for dementia and VaD is
especially high when diabetes mellitus occurs together with severe systolic hypertension or heart disease.
NEUROLOGY 2004;63:1181–1186

Dementia and diabetes mellitus are both highly
prevalent disorders among the elderly.1,2 Crosssectional3,4 and prospective5-7 studies provide substantial evidence that diabetes is associated with
cognitive impairment involving both memory and executive functions. With regard to dementia, some diabetic complications and comorbidities are
implicated as risk factors for dementia and Alzheimer disease (AD). In addition, an association between diabetes and increased risk of dementia has
been found in both cross-sectional8-10 and prospective
studies.11-13 It remains unclear whether the risk effect of diabetes is specific to AD or vascular dementia
(VaD). A number of cross-sectional studies indicate
that diabetes mellitus is associated with dementia
and VaD,10,14 but not with AD.15,16 An autopsy study
found no significant difference in Alzheimer-type pathology between diabetic and nondiabetic subjects.17
Longitudinal data from the Rotterdam study show
that diabetes is associated with an increased risk of
AD, especially for subjects with insulin treatment.12
Several other longitudinal studies also reveal that
diabetes increases the risk of AD.11,13,18 By contrast, a
population-based prospective study in Sweden and
the Canadian Study of Health and Aging (CSHA)
demonstrate that diabetes is associated with VaD

independent of other vascular diseases, but not with
AD.19,20
Diabetes mellitus is a major risk factor for cerebrovascular disease, a disorder that significantly increases the risk of dementia.21 It is likely that a part
of the association between diabetes and dementia is
mediated by cerebrovascular disease. A multiethnic
community cohort study found that diabetes increased the risk of stroke-related dementia.22 However, other cross-sectional and longitudinal studies
also show that the associations between diabetes and
cognitive impairment and dementia persist even after adjusting for stroke.3,8 Several studies concerning
the role of diabetes in poststroke dementia have produced conflicting results.23 In addition, few studies
indicate that APOE-⑀4 allele may interact with diabetes to affect the development of cognitive impairment and dementia.13,24
Cross-sectional data from a random sample within
the Kungsholmen project show that diabetes is related to cognitive impairment.25,26 Using the 6-year
follow-up data from the same project, the present
study aims to investigate the association between
diabetes and risk of dementia, to examine whether
diabetes is differentially related to subtypes of dementia, and to explore whether the diabetesdementia association is mediated through vascular
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factors. In addition, the joint effects of diabetes and
hypertension, heart disease, stroke, or APOE-⑀4 allele on dementia were also assessed.
Methods. Study population. The Kungsholmen Project is a
community-based, longitudinal study on aging and dementia as
described in detail elsewhere.27,28 In brief, the initial population of
the project covered all registered inhabitants who were 75 years
and older in October 1987 and were living in the Kungsholmen
district of Stockholm, Sweden. By a two-phase design, 1,473 of the
1,810 baseline participants were diagnosed as being free of dementia (1987 to 1989). Of them, 172 subjects refused to participate in the first follow-up examination (1991 to 1993) or had
moved before the examination. Therefore, the study population for
the current analysis consisted of 1,301 baseline non-demented
subjects. Of these individuals, 987 received a full dementia
workup at first follow-up, which included a structured interview
by nurses, a comprehensive clinical examination by physicians,
and neuropsychological assessments by psychologists. Among the
788 subjects who remained free of dementia at first follow-up, 44
refused to undertake the second follow-up examination (1994 to
1996), and 568 persons underwent the examination following the
same procedure as used at first follow-up. Medical records and
death certificates were available for all individuals who died during the first (n ⫽ 314) or second (n ⫽ 176) follow-up period. The
Ethics Committee of the Karolinska Institutet approved all phases
of the project.
Baseline data collection. Information on medical history at
baseline was derived from the computerized inpatient register
system, which encompassed all hospitals in Stockholm since 1969.
The International Classification of Diseases, eighth revision
(ICD-8) was used to define the diseases and medical conditions in
this register system. Data on medical drug use were collected for
the 2 weeks preceding the baseline survey. Both prescription and
non-prescription drug use were inquired about, and if possible, the
drug containers and prescriptions were inspected to verify this
information. Drug use was coded and classified according to the
Anatomic Therapeutic Chemical (ATC) classification system.29
Blood samples were taken at baseline, and blood glucose level was
measured using a glucose oxidase procedure.26 Data on blood glucose were available for 95.9% (n ⫽ 1,248) of the subjects. Diabetes
mellitus at baseline was considered to be present if the subject
was registered with diabetes (ICD-8 code 250), or the subject was
taking antidiabetic drugs (hypoglycemic medications or insulin
injection, ATC code A10), or the blood glucose level was higher
than 11 mmol/L.30
Data on demographics (age, sex, and education) were collected
from the subjects at baseline interview according to standardized
protocols.27,28 Educational levels were measured by the maximum
years of formal schooling and dichotomized into ⬍8 years and ⱖ8
years according to a previous study.31 Body mass index (BMI) was
calculated as weight (kg) divided by height (m) squared. Arterial
blood pressure was measured by trained nurses with sphygmomanometer. Blood pressure reading at baseline was missing for 31
persons. Genomic DNA was extracted from peripheral blood samples that were taken at baseline, and a standard PCR was used
for APOE genotyping.32 Data on APOE genotype were available for
75.7% (n ⫽ 985) of the study participants.
Other vascular disorders at baseline were identified through
the impatient register system, which included heart disease
(ICD-8 codes 410 to 414, 427, and 428) and stroke (ICD-8 codes
430 to 438). Antihypertensive drugs were defined as all medicines
potentially used for lowering blood pressure (ATC codes C02, C03,
and C07).
Diagnosis of dementia, AD, and vascular dementia. The incident cases were all subjects who developed dementia over the two
follow-up periods. The Diagnostic and Statistical Manual of Mental Disorders, revised third edition (DSM-III-R) criteria33 were
used to define dementia with a three-step diagnostic procedure,
i.e., two examining physicians independently made a preliminary
diagnosis and a third opinion was asked for in case of disagreement.34 The cases fulfilling the DSM-III-R criteria were denominated “clinically definite dementia,” in contrast with a category of
“questionable dementia,” which was used when there was evident
memory impairment but dysfunction of a second cognitive ability
was questionable. In this analysis, we treated both groups as
1182

dementia. The diagnosis of AD required gradual onset, progressive deterioration, and lack of any other specific causes of dementia. The diagnosis of VaD required abrupt onset, stepwise
deterioration, history of stroke, or focal deficits. Hachinski’s ischemic scale35 was used to support the differential diagnosis between
AD and VaD. The diagnosis of dementia subtype was made clinically, without using the neuroimaging or pathologic data. Our
diagnostic criteria for AD and VaD were equivalent to probable
AD according to the National Institute of Neurological and Communicative Disorders and Stroke–Alzheimer’s Disease and Related Disorders Association criteria36 and to possible VaD
according to National Institute of Neurological Disorders and
Stroke–Association Internationale pour la Recherche en
l’Enseignement en Neurosciences criteria.37 For the deceased subjects, the diagnosis of dementia and subtypes was made by two
physicians through reviewing the medical records and death certificates. Details of the clinical examination and diagnostic procedure have already been reported elsewhere.28
Data analyses. The statistical differences were examined
with t-test for means and chi-square test for proportions. The
incidence rate was calculated as the number of events divided by
person-years of follow-up.28 Cox proportional hazards models were
used to estimate the hazard ratios (HR) and 95% CI of dementia,
AD, and VaD diagnosed during the two follow-up periods in relation to diabetes and blood glucose level determined at baseline.
Similar analyses were conducted separately for the use of antidiabetic medications. The joint effect between two factors (e.g., factors A and B) was assessed by dividing subjects into four
categories of those with neither of them (reference), with A but
without B, without A but with B, and with both A and B. The
statistical interaction was examined by including the two independent variables and their cross-product term in the same model.
We considered age (in years), sex, education, stroke, heart disease,
BMI (in kg/m2), systolic pressure (in mm Hg), diastolic pressure
(in mm Hg), and antihypertensive drug use as covariates in all
multivariate analyses. APOE genotypes were grouped as having
any ⑀4 allele vs no ⑀4 allele. All types of dementia combined, AD,
and VaD were used as separate outcomes in all Cox regression
analyses.

Results. At baseline, 114 (8.8%) of the 1,301 participants
were identified as having diabetes mellitus. Of them, 42
(36.8%) used oral medications, and 6 (5.3%) were treated
with insulin.
During the 5,584 person-years of follow-up (median, 4.7;
range, 0.01 to 8.3 years; the minimum follow-up period
was due to death), 350 subjects developed dementia, including 260 AD (74.3%) and 49 VaD (14.0%) cases. Table 1
shows the baseline characteristics of the study population
by diabetes status. There was no significant difference in
the distribution of age, sex, APOE-⑀4 allele, or stroke between the two groups. However, a higher proportion of a
lower level of education, use of antihypertensive drugs,
and heart disease was seen among diabetic individuals
than those without the disease. The relation of diabetes
mellitus to high BMI, high systolic pressure, and low diastolic pressure was significant or marginally significant.
Diabetes mellitus and all types of dementia, AD, and
VaD. As shown in table 2, diabetes mellitus was significantly related to an increased risk for all dementias and
VaD, even when a number of potential confounders including some vascular disorders were taken into account. In a
separate analysis, diabetic patients who used oral antidiabetic medications were at substantial risk for all dementias and VaD. The relation of insulin treatment to
dementia was not separately analyzed, because very few
subjects were treated with insulin in our population (n ⫽
6, two dementia cases).
A higher blood glucose level (⬎11 mmol/L) was specifically related to an increased risk of VaD. When the blood
glucose level was entered as a continuous variable, the
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Table 1 Baseline characteristics of the initial dementia-free
cohort of the Kungsholmen Project by diabetes mellitus status
(n ⫽ 1,301)
Diabetes mellitus
No, n ⫽ 1,187 Yes, n ⫽ 114 p Value

Characteristic
Age, y, mean (SD)

81.5 (5.0)

81.4 (4.8)

0.94

Female sex, %

75.1

74.6

0.91

Educational level ⱖ8
years, %

42.0

33.3

0.07

Body mass index, kg/m2,
mean (SD)

23.5 (3.6)

24.1 (3.4)

0.06

Any APOE-⑀4 allele,* %

22.2

15.8

0.28

SBP,† mm Hg, mean
(SD)

155.1 (21.4)

159.5 (24.2)

0.04

DBP,† mm Hg, mean
(SD)

81.2 (10.9)

79.1 (9.6)

0.05

Antihypertensive drug
use, %

43.2

64.0

6.7

10.5

0.13

14.5

29.8

⬍0.001

Stroke, %
Heart disease, %

⬍0.001

* Data on APOE genotypes were missing for 316 subjects, including 25.6% of subjects with diabetes mellitus and 24.2% of those
without the disease.
† Information on blood pressure was missing for 31 subjects, including 3.5% of subjects with diabetes mellitus and 2.3% without the disease.
SBP ⫽ systolic blood pressure; DBP ⫽ diastolic BP.

adjusted HR per 1-mmol/L increment was 1.3 (95% CI 1.1
to 1.5) for VaD.
Combined effect of diabetes with severe systolic hypertension, heart disease, or APOE-⑀4. Table 3 shows the combined effect of diabetes with either severe systolic
hypertension (ⱖ180 mm Hg) or heart disease or APOE-⑀4.
Diabetes mellitus in combination with severe systolic hypertension significantly increased the risk of dementia,

AD, and VaD. The adjusted HRs related to the interaction
term of severe systolic hypertension-by-diabetes were 3.0
(95% CI 1.4 to 6.4) for dementia, 2.6 (95% CI 1.0 to 6.8, p ⫽
0.05) for AD, and 11.3 (95% CI 1.5 to 88.3) for VaD. Diabetes and heart disease had a synergistic effect on the risk of
VaD. The adjusted HR of VaD related to the term of heart
disease-by-diabetes was 7.8 (95% CI 1.1 to 62.6). There
was no statistical interaction of diabetes with APOE-⑀4 on
the risk of AD (HR 1.0, 95% CI 0.3 to 2.9).
We also examined the combined effect of diabetes and
stroke on dementia. Compared to subjects with neither
diabetes nor stroke, the adjusted HRs of dementia were 1.2
(95% CI 0.8 to 1.8) for subjects with only diabetes, 1.6 (95%
CI 1.2 to 2.2) for those with only stroke, and 2.6 (95% CI
1.3 to 5.0) for those with both diabetes and stroke. No
statistical interaction of diabetes with stroke on the risk of
dementia was present (HR 1.0, 95% CI 0.5 to 2.3).
In the supplementary analyses, similar results were obtained using only the second follow-up data (i.e., the
dementia-free cohort that was identified at the first
follow-up examination, n ⫽ 744, 126 dementia cases, 96
AD cases). Further, we repeated the analysis by leaving
out the 53 subjects of those without blood glucose information, which produced the results that were much the same
as those from the initial analysis. Finally, exclusion of
those with “questionable dementia” from the analysis did
not substantially alter the initial results (data not shown).

Discussion. In this community-based longitudinal
study of persons aged 75 years and older, we found
that 1) diabetes mellitus increased the risk of dementia, and VaD in particular, independent of other
vascular factors; 2) there was no association between
diabetes and risk of AD in the absence of APOE-⑀4
allele or severe systolic hypertension (i.e., ⱖ180 mm
Hg); and 3) there were synergistic effects of diabetes
and severe systolic hypertension on the risk of dementia and its main subtypes, and of diabetes and
heart disease on VaD.
Previous prospective studies show that diabetes is

Table 2 Crude incidence rates (IR, per 1,000 person-years) and basic- and multi-adjusted HRs (95% CIs) of all types of dementia,
Alzheimer disease, and vascular dementia by baseline diabetes mellitus, use of oral antidiabetic medications, and blood glucose level
All types of dementia

Characteristic

No.

IR

Basic-adjusted
HR (95% CI)*

Multi-adjusted
HR (95% CI)†

Alzheimer disease

No.

IR

Basic-adjusted
HR (95% CI)*

Vascular dementia

Multi-adjusted
HR (95% CI)†

No.

IR

Basic-adjusted
HR (95% CI)*

Multi-adjusted
HR (95% CI)†

Diabetes mellitus
No

313

60.6

1.0 (Ref.)

1.0 (Ref.)

237

47.8

1.0 (Ref.)

1.0 (Ref.)

42

9.5

1.0 (Ref.)

1.0 (Ref.)

Yes

37

88.9

1.5 (1.1–2.1)

1.5 (1.0–2.1)‡

23

61.2

1.3 (0.8–1.9)

1.3 (0.9–2.1)

7

21.7

2.2 (1.1–5.0)

2.6 (1.2–6.1)

17

97.4

1.7 (1.1–2.7)

1.7 (1.0–2.8)‡

9

60.7

1.2 (0.6–2.3)

1.4 (0.7–2.7)

5

34.1

3.3 (1.3–8.5)

3.6 (1.3–9.5)

ⱕ11 mmol/L

323

61.4

1.0 (Ref.)

1.0 (Ref.)

245

48.6

1.0 (Ref.)

1.0 (Ref.)

1.0 (Ref.)

1.0 (Ref.)

⬎11 mmol/L

13

93.0

1.5 (0.9–2.6)

1.6 (0.9–2.8)

7

53.4

1.1 (0.5–2.2)

1.2 (0.5–2.5)

4.4 (1.7–11.1)

7.4 (2.8–20.2)

Oral medication
Blood glucose§

41

9.2

5

44.5

* The hazard ratios (HRs) and 95% CIs were estimated after adjustment for age, sex, and education.
† The HRs and 95% CIs were estimated after adjustment for age, sex, education, heart disease, stroke, systolic blood pressure, diastolic blood pressure, antihypertensive drug use, and body mass index. The mean values of 155 mm Hg for systolic blood pressure and 81 mm Hg for diastolic blood pressure
were used for the 31 subjects with missing blood pressure readings.
‡ p ⫽ 0.04.
§ Information on blood glucose was missing for 53 subjects, including five subjects with diabetes and 48 without diabetes.
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Table 3 Adjusted hazard ratios and 95% CIs of all types of dementia, Alzheimer disease, and vascular dementia for the combined effect
of diabetes mellitus and high systolic blood pressure (SBP), heart disease, or APOE-⑀4 allele
All types of dementia
Exposure status
Diabetes

No.

HR (95% CI)*

Alzheimer disease
No.

HR (95% CI)*

Vascular dementia
No.

HR (95% CI)*

33

1.0 (Ref.)

SBP,† mm Hg

No

⬍180

252

Yes

⬍180

21

1.1 (0.7–1.7)

16

1.1 (0.7–1.9)

4

1.2 (0.4–4.0)

No

ⱖ180

53

0.9 (0.7–1.2)

42

1.0 (0.7–1.3)

5

0.7 (0.3–1.7)

Yes

ⱖ180

13

2.8 (1.5–4.9)

6

2.8 (1.3–6.1)

2

9.2 (2.0–41.9)

Diabetes

Heart disease

No

No

265

Yes

No

28

No

Yes

Yes

Yes

Diabetes

APOE-⑀4†

No

1.0 (Ref.)

1.0 (Ref.)

191

208

1.0 (Ref.)

1.0 (Ref.)

36

1.0 (Ref.)

1.5 (0.9–2.2)

19

1.5 (0.9–2.4)

3

1.6 (0.5–5.2)

48

1.2 (0.9–1.7)

29

1.0 (0.7–1.5)

6

1.0 (0.4–2.6)

9

1.6 (0.8–3.1)

4

1.1 (0.4–2.9)

4

6.3 (2.1–19.1)

No

157

1.0 (Ref.)

122

1.0 (Ref.)

17

1.0 (Ref.)

Yes

No

23

1.3 (0.9–2.1)

12

1.0 (0.5–1.8)

8

6.5 (2.5–17.2)

No

Yes

85

1.6 (1.2–2.1)

67

1.7 (1.2–2.3)

10

1.6 (0.6–3.2)

Yes

Yes

7

2.0 (0.9–4.3)

5

2.4 (1.1–6.1)

0

0.0 (0.0–0.0)

* The HRs and 95% CIs were estimated after adjustment for age, sex, education, body mass index, diastolic blood pressure, antihypertensive drug use, and stroke, and if applicable, for heart disease, SBP, and APOE-⑀4 status.
† The numbers of subjects with missing values were 31 for blood pressure reading (3.5% of subjects with diabetes mellitus and 2.3%
without the disease) and 316 for APOE genotypes (20.0% of subjects with diabetes mellitus and 24.2% of those without the disease).

associated with an elevated risk of dementia and
VaD.11-13,19,20 The relation between diabetes and dementia could be explained through vascular damages
and nonvascular effects of diabetes. Diabetes is notorious for micro- and macrovascular complications,
and is a well-established risk factor for cardiac and
cerebrovascular diseases. VaD is characterized by
small and large brain infarcts usually associated
with vascular changes. Therefore, an increased risk
of VaD resulting from diabetes can be expected. Despite this, there are indications that the effect of
diabetes on dementia is not, or at least not entirely,
mediated through vascular factors. Also, diabetic patients without clinical cerebrovascular disease were
found to perform more poorly on cognitive tests than
healthy controls.38 In the CSHA, diabetes was associated with vascular cognitive impairment after adjusting for stroke, hypertension, and heart disease.20
Diabetes may not only increase the burden of cerebrovascular disease through vascular damages but
chronic hyperglycemia may exacerbate the existing
cerebral ischemia through the increased anaerobic
metabolism and acidotoxicity as well.23 Our results
indicated independent associations between diabetes
mellitus and the risk of dementia and VaD. Further,
a higher level of blood glucose was found to be associated with an increased risk for VaD, independently
of other vascular diseases, suggesting that nonvascular pathways may be involved in the development of
dementia. However, some vascular confounding effect caused by factors such as white matter lesions
1184

and silent brain infarcts might still be present even
with these adjustments.39 Neuroimaging or autopsyverified studies are imperative to better understand
the possible mechanisms of diabetes in AD and dementia. In addition, we found that oral medication
users had a greater risk for developing dementia and
VaD, probably because use of medications may reflect the severity of the disease.
We failed to find a relevant association between
diabetes mellitus and AD risk, which is in agreement
with the findings from the Swedish twins study,19
the Canadian study,20 the multiethnic cohort study
in the United States,22 and the Hisayama study,40
but in disagreement with other studies.11-13,18 Several
reasons for this discrepancy can be considered. First,
the age of the population in our study (ⱖ75 years) as
well as in the twins study (ⱖ80 years) is much older
than that of the Rotterdam study (ⱖ55 years)12 and
the Rochester study (ⱖ45 years).11 The risk effect of
diabetes on AD may be diminished in the very old
due to, for example, selective survival. Second, the
cohort of the Honolulu-Asia Aging Study (HAAS)
consisted of Japanese-American men, and the Rochester study detected an association between diabetes
and AD only in men. The fact that 76% of our population was women may explain why we did not find
such an association. Third, the potential bias of an
over-representation of mixed dementia or VaD cases
in AD group was pointed out in both the Rotterdam
and the Rochester studies. Finally, the finding of a
diabetes–AD association in the Cambridge study was
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based on a nested case-control design with only 18
AD cases.18
In the analysis of the combined effect between
diabetes and vascular disorders on dementia, we
found that subjects with both diabetes and severe
systolic hypertension had a higher risk for developing dementia, AD, and VaD. This is in line with a
recent study in which a strong interaction between
diabetes and hypertension on cortical atrophy was
reported.41 Diabetes mellitus may also interact with
either heart disease or stroke to greatly increase the
risk of VaD and dementia. These results are in favor
of the notion that a combination of multiple approaches such as lifestyle changes and use of appropriate drug regimens is of importance in the
prevention of not only cardiovascular disease but
also dementia.42,43
The APOE-⑀4 is a well-established genetic risk
factor for AD. A population-based cohort study
showed that APOE-⑀4 allele in combination with diabetes substantially increased the risk of cognitive
decline.24 The HAAS indicated a synergistic effect of
diabetes and APOE-⑀4 on the risk of AD, suggesting
that APOE-⑀4 could modify the effect of diabetes on
AD.13 We found that among non-carriers of APOE-⑀4
allele, diabetes mellitus was not related to the risk of
AD, while in the ⑀4 allele carriers diabetes tended to
be related to a higher risk of AD. However, we were
not able to verify the modifying effect of APOE-⑀4
allele because of too few demented subjects with diabetes among the APOE-⑀4 allele carriers.
The strengths of the present study are the
community-based design, the relatively long-term
follow-up period, and the adjustment for multiple
potential confounders. However, our study has limitations. First, the study population consisted of individuals with a minimum age of 75 years at entry. As
mortality risk is elevated in patients with diabetes
mellitus,44 the patients with most severe diabetes
might have died before reaching this age. Consequently, the association between diabetes mellitus
and dementia and its subtypes might have been underestimated in a very old population. Thus, our
findings may not be generalizable to the younger
population. Second, we were not able to separate
type I and type II diabetes. However, old adults
mostly have type II diabetes, and patients with type
I diabetes could not survive up to this old age.25
Third, the diabetes diagnosis was not accurate as in
a clinical setting, although we tried to define the
disease through a combination of information
sources. This non-differential misclassification will
generally lead to an underestimation of a given diabetes– dementia association. Finally, the diagnosis of
dementia and its subtypes was made clinically. However, the clinical assessment for dementia was comprehensive and precise in our project.34 Even if
neuroimaging is available, these data may help to
find vascular lesions, but cannot determine whether
these lesions are causative, as coexistence of AD
pathologic changes and vascular lesions in the brain

is fairly common in very old people45 and it is often
difficult to determine which contributes more to the
development of the disease.
Acknowledgment
The authors thank all members in the Kungsholmen Project study
group for their cooperation in data collection and management.

References
1. Fratiglioni L, Rocca WA. Epidemiology of dementia. In: Boller F, Cappa
S, eds. Handbook of neuropsychology: aging and dementia, 2nd edition.
Amsterdam: Elsevier Science B.V., 2001;193–214.
2. Zimmet P, Shaw J, Alberti KG. Preventing type 2 diabetes and the
dysmetabolic syndrome in the real world: a realistic view. Diabet Med
2003;20:693–702.
3. van Boxtel MP, Buntinx F, Houx PJ, Metsemakers JF, Knottnerus A,
Jolles J. The relation between morbidity and cognitive performance in a
normal aging population. J Gerontol A Biol Sci Med Sci 1998;53:M147–
M154.
4. Bruce DG, Casey GP, Grange V, Clarnette RC, Almeida OP, Foster JK.
Cognitive impairment, physical disability and depressive symptoms in
older diabetic patients: the Fremantle Cognition in Diabetes Study.
Diabetes Res Clin Pract 2003;61:59 – 67.
5. Gregg EW, Yaffe K, Cauley JA, et al. Is diabetes associated with cognitive impairment and cognitive decline among older women? Arch Intern
Med 2000;160:174 –180.
6. Fontonne A, Berr C, Ducimetiere P, Alperovitch A. Changes in cognitive
abilities over a 4-year period are unfavorably affected in elderly diabetic
subjects: results of the Epidemiology of Vascular Aging Study. Diabetes
Care 2001;24:366 –370.
7. Wu JH, Haan MN, Liang J, Ghosh D, Gonzalez HM, Herman WH.
Impact of diabetes on cognitive function among older Latinos: a
population-based cohort study. J Clin Epidemiol 2003;56:686 – 693.
8. Ott A, Stolk RP, Hofman A, van Harskamp F, Grobbee DE, Breteler
MMB. Association of diabetes mellitus and dementia: the Rotterdam
Study. Diabetologia 1996;39:1392–1397.
9. Boston PF, Dennis MS, Jagger C. Factors associated with vascular
dementia in an elderly community population. Int J Geriatr Psychiatry
1999;14:761–766.
10. Haan MN, Mungas DM, Gonzalez HM, Ortiz TA, Acharya A, Jagust
WJ. Prevalence of dementia in older Latinos: the influence of type 2
diabetes mellitus, stroke and genetic factors. J Am Geriatr Soc 2003;51:
169 –177.
11. Leibson CL, Rocca WA, Hanson VA, et al. Risk of dementia among
persons with diabetes mellitus: a population-based cohort study. Am J
Epidemiol 1997;145:301–308.
12. Ott A, Stolk RP, van Harskamp F, Pols HAP, Hofman A, Breteler
MMB. Diabetes mellitus and the risk of dementia: the Rotterdam
Study. Neurology 1999;53:1937–1942.
13. Peila R, Rodriguez BL, Launer LJ. Type 2 diabetes, APOE gene, and
the risk for dementia and related pathologies: the Honolulu-Asia aging
study. Diabetes 2002;51:1256 –1262.
14. Nielson KA, Nolan JH, Berchtold NC, Sandman CA, Mulnard RA, Cotman CW. Apolipoprotein-E genotyping of diabetic dementia patients.
J Am Geriatr Soc 1996;44:897–904.
15. Bucht G, Adolfsson R, Lithner F, Winblad B. Changes in blood glucose
and insulin secretion in patients with senile dementia of Alzheimer
type. Acta Med Scand 1983;213:387–392.
16. Broe GA, Henderson AS, Greasey H, et al. A case-control study of
Alzheimer’s disease in Australia. Neurology 1990;40:1698 –1707.
17. Heitner J, Dickson D. Diabetics do not have increased Alzheimer-type
pathology compared with age-matched control subjects: a retrospective
postmortem immunocytochemical and histofluorescent study. Neurology 1997;49:1306 –1311.
18. Brayne C, Gill C, Huppert FA, et al. Vascular risk and incident dementia: results from a cohort study of the very old. Dement Geriatr Cogn
Disord 1998;9:175–180.
19. Hassing LB, Johansson B, Nilsson SE, et al. Diabetes mellitus is a risk
factor for vascular dementia, but not for Alzheimer’s disease: a
population-based study of the oldest old. Int Psychogeriatr 2002;14:
239 –248.
20. Macknight C, Rockwood K, Awalt E, Mcdowell L. Diabetes mellitus and
the risk of dementia, Alzheimer’s disease and vascular cognitive impairment in the Canadian Study of Health and Aging. Dement Geriatr
Cogn Disord 2002;14:77– 83.
21. Zhu L, Fratiglioni L, Guo Z, Agüero-Torres H, Winblad B, Viitanen M.
Association of stroke with dementia, cognitive impairment, and functional disability in the very old: a population-based study. Stroke 1998;
29:2094 –2099.
22. Luchsinger JA, Tang MX, Stern Y, Shea S, Mayeux R. Diabetes mellitus and risk of Alzheimer’s disease and dementia with stroke in a
multiethnic cohort. Am J Epidemiol 2001;154:635– 641.
October (1 of 2) 2004 NEUROLOGY 63 1185

Downloaded from www.neurology.org by guest on July 29, 2006

23. Stewart R, Liolitsa D. Type 2 diabetes mellitus, cognitive impairment
and dementia. Diabetes Med 1999;16:93–112.
24. Haan MN, Shemanski L, Jagust WJ, Manolio TA, Kuller L. The role of
APOE ⑀4 in modulating effects of other risk factors for cognitive decline
in elderly persons. JAMA 1999;282:40 – 46.
25. Wahlin Å, Nilsson E, Fastbom J. Cognitive performance in very old
diabetic persons: the impact of semantic structure, preclinical dementia, and impending death. Neuropsychology 2002;16:208 –216.
26. Nilsson E, Fastbom J, Wahlin Å. Cognitive functioning in a populationbased sample of very old non-demented and non-depressed persons: the
impact of diabetes. Arch Gerontol Geriatr 2002;35:95–105.
27. Fratiglioni L, Viitanen M, Bäckman L, Sandman P-O, Winblad B. Occurrence of dementia in advanced age: the study design of the Kungsholmen Project. Neuroepidemiology 1992;11(suppl 1):29 –36.
28. Fratiglioni L, Viitanen M, von Strauss E, Tontodnati V, Herlitz A,
Winblad B. Very old women at highest risk of dementia and Alzheimer’s disease: incidence data from the Kungsholmen Project, Stockholm. Neurology 1997;48:132–138.
29. Nordic Council on Medicines. Guidelines for ATC classification. NLN
Publication No. 16. Uppsala, Sweden: Nordic Council on Medicines,
1985.
30. World Health Organization. Technical report series 727: Diabetes mellitus. Geneva: World Health Organization, 1995.
31. Qiu CX, Bäckman L, Winblad B, Agüero-Torres H, Fratiglioni L. The
influence of education on clinically diagnosed dementia: incidence and
mortality data from the Kungsholmen Project. Arch Neurol 2001;58:
2034 –2039.
32. Basun H, Corder EH, Guo Z, et al. Apolipoprotein E polymorphism and
stroke in a population sample aged 75 years or more. Stroke 1996;27:
1310 –1315.
33. American Psychiatric Association. Diagnostic and statistical manual of
mental disorders, third edition–revised. Washington, DC: American
Psychiatric Association, 1987.
34. Fratiglioni L, Grut M, Forsell Y, Viitanen M, Winblad B. Clinical diagnosis of Alzheimer’s disease and other dementias in a population survey: agreement and causes of disagreement in applying Diagnostic and

35.
36.

37.
38.
39.
40.
41.
42.
43.
44.
45.

Statistical Manual of Mental Disorders, revised third edition, criteria.
Arch Neurol 1992;49:927–932.
Hachinski VC, Iliff LD, Zilhka E, et al. Cerebral blood flow in dementia.
Arch Neurol 1975;32:632– 637.
McKhann G, Drachman D, Folstein M, Katzman R, Price D, Stadlan
EM. Clinical diagnosis of Alzheimer’s disease: report of the NINCDSADRDA Work Group under the auspices of Department of Health and
Human Service Task Force on Alzheimer’s Disease. Neurology 1984;34:
939 –944.
Roman GC, Tatemichi TK, Erkinjuntti T, et al. Vascular dementia:
diagnostic criteria for research studies. Report of the NINDS-AIREN
International Workshop. Neurology 1993;43:250 –260.
Reaven GM, Thompson LW, Nahum D, Haskins E. Relationship between hyperglycemia and cognitive function in older NIDDM patients.
Diabetes Care 1990;13:16 –21.
Vermeer SE, Prins ND, den Heijer T, Hofman A, Koudstaal PJ,
Breteler MM. Silent brain infarcts and the risk of dementia and cognitive decline. N Engl J Med 2003;348:1215–1222.
Yoshitake T, Kiyohara Y, Kato I, et al. Incidence and risk factors of
vascular dementia and Alzheimer’s disease in a defined elderly Japanese population: the Hisayama Study. Neurology 1995;45:1161–1168.
Schmidt R, Launer LJ, Nilsson LG, et al. Magnetic resonance imaging
of the brain in diabetes: the Cardiovascular Determinants of Dementia
(CASCADE) Study. Diabetes 2004;53:687– 692.
Knowler WC, Barrett-Connor E, Fowler SE, et al. Reduction in the
incidence of type 2 diabetes with lifestyle intervention or metformin.
N Engl J Med 2002;346:393– 403.
Wald NJ, Law MR. A strategy to reduce cardiovascular disease by more
than 80%. BMJ 2003;326:1419 –1423.
Berger B, Stenstrom G, Sundkvist G. Incidence, prevalence, and mortality of diabetes in a large population: a report from the Skaraborg
Diabetes Registry. Diabetes Care 1999;22:773–778.
Neuropathology Group of the Medical Research Council Cognitive
Function and Ageing Study (MRC CFAS). Pathological correlates of
late-onset dementia in a multicentre, community-based population in
England and Wales. Lancet 2001;357:169 –175.

CREATIVE EXPRESSION AWARD
The $2000 AAN Award for Creative Expression of Human Values in Neurology recognizes an outstanding poem, short
story, or piece of creative nonfiction. For information, visit www.aan.com and click on Awards and Fellowships.

1186

NEUROLOGY 63 October (1 of 2) 2004

Downloaded from www.neurology.org by guest on July 29, 2006

Diabetes mellitus and risk of dementia in the Kungsholmen project: A 6-year
follow-up study
W. L. Xu, C. X. Qiu, Å. Wahlin, B. Winblad and L. Fratiglioni
Neurology 2004;63;1181-1186
This information is current as of July 29, 2006
Updated Information
& Services

including high-resolution figures, can be found at:
http://www.neurology.org/cgi/content/full/63/7/1181

Related Articles

A related article has been published:
http://www.neurology.org/cgi/content/full/63/7/1146

Subspecialty Collections

This article, along with others on similar topics, appears in the
following collection(s):
Endocrine
http://www.neurology.org/cgi/collection/endocrine All
Cerebrovascular disease/Stroke
http://www.neurology.org/cgi/collection/all_cerebrovascular_disea
se_stroke All Cognitive Disorders/Dementia
http://www.neurology.org/cgi/collection/all_cognitive_disorders_d
ementia Alzheimer's disease
http://www.neurology.org/cgi/collection/alzheimers_disease
Vascular dementia
http://www.neurology.org/cgi/collection/vascular_dementia

Permissions & Licensing

Information about reproducing this article in parts (figures, tables)
or in its entirety can be found online at:
http://www.neurology.org/misc/Permissions.shtml

Reprints

Information about ordering reprints can be found online:
http://www.neurology.org/misc/reprints.shtml

Downloaded from www.neurology.org by guest on July 29, 2006

