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Diabetic patients are at increased risk for stroke, but
little is known about the presence of other brain le-
sions. We studied the association of magnetic resonance
imaging–detected brain lesions to diabetes in 1,252 in-
dividuals aged 65–75 years who were randomly selected
from eight European population registries or defined
working populations. All scans were centrally read for
brain abnormalities, including infarcts, white matter
lesions, and atrophy. We used a three-point scale to rate
periventricular white matter lesions, and the volume of
subcortical lesions was calculated according to their num-
ber and size. Subjective grading of cortical atrophy by lobe
and summation of the lobar grades resulted in a total
cortical atrophy score. The mean of three linear measure-
ments of the ventricular diameter relative to the intra-
cranial cavity defined the severity of subcortical atrophy.
After adjustment for possible confounders, diabetes was
associated with cortical brain atrophy but not with any
focal brain lesions or subcortical atrophy. There was a
strong interaction of diabetes and hypertension, such
that the association between diabetes and cortical at-
rophy existed only in hypertensive but not in normoten-
sive participants. Cognitive and pathological data are
needed to determine the clinical significance of these
findings as well as to understand the mechanisms un-
derlying these associations. Diabetes 53:687–692, 2004

D
iabetes is a metabolic disorder that affects
many systems in the body. Nephropathy, reti-
nopathy, peripheral neuropathy, and cardiac
disease are major complications in the ad-

vanced stage of the disorder (1). Although it is known that
diabetic patients are at increased risk for stroke (2), little
is known about the risk for other brain pathology, such as
that associated with neurodegeneration or small vessel
disease. Previous radiological studies of patients with
diabetes were based on highly selective groups of individ-
uals referred to computed tomography or magnetic reso-
nance imaging (MRI) neuroimaging (3–17). Only a few
population-based studies assessed the association of dia-
betes—as one of many cardiovascular disease (CVD) risk
factors—to only one specific type of brain lesion (18–22).
The reported results are inconsistent. Only 6 (5,6,8,11,16,
20) of 19 investigations (3–22) found diabetes to be a risk
factor for small vessel disease–related brain abnormali-
ties, including white matter lesions or lacunes. Three
studies found associations with cerebral atrophy (3,7,21).
Interactive effects between diabetes and other major vas-
cular risk factors, particularly arterial hypertension, have
been implicated for the development of diabetes-related
complications (23). The importance of such interactions
for the development of brain abnormalities in diabetic
patients is unclear. We hypothesized that diabetes is
associated with a variety of focal and diffuse cerebral
abnormalities and that there exist interactive effects be-
tween diabetes and other major vascular risk factors on
the occurrence of brain lesions.

We evaluated this hypothesis in the setting of Cardio-
vascular Determinants of Dementia (CASCADE), a large-
scale multicenter collaborative study in Europe with the
objective of evaluating the long- and short-term effects of
CVD risk factors on brain morphology.

RESEARCH DESIGN AND METHODS

The study design and 10 cohorts included in CASCADE have been described
in detail elsewhere (24–34). Briefly, we included ongoing community-based
studies with the following characteristics: 1) data were available on cardio-
vascular risk factors and disease collected �5 years before the MRI assess-
ment; and 2) the cohort had been followed since inception, and data on vital
status were available.

Five of the cohorts (27–31) were developed as World Health Organization–
Monitoring Trends and Determinants in Cardiovascular Disease (WHO-
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Epidemiology and Biostatistics, Rome, Italy.

R.F. is currently affiliated with the Department of Epidemiology, Biostatis-
tics and Occupational Health, McGill University, Montreal, Quebec, Canada.

Address correspondence and reprint requests to Dr. Reinhold Schmidt,
Department of Neurology, Medical University Graz, Auenbruggerplatz 22,
A-8036 Graz, Austria. E-mail: reinhold.schmidt@uni-graz.at.

Received for publication 24 July 2003 and accepted in revised form
4 December 2003.

CASCADE, Cardiovascular Determinants of Dementia; CVD, cardiovascular
disease; MONICA, Monitoring Trends and Determinants in Cardiovascular
Disease; MRI, magnetic resonance imaging; WHO, World Health Organization;
WML, white matter lesion.

© 2004 by the American Diabetes Association.

DIABETES, VOL. 53, MARCH 2004 687



MONICA) projects (35) or used procedures suggested in the MONICA
protocol. Furthermore, all studies originally drew their samples randomly
from population registries or a defined working population. Participants for
CASCADE were randomly selected from the baseline cohort within strata of
those who were aged between 65 and 75 years at the CASCADE visit. All
cohorts included subjects in the complete age range, except for the U.K.
cohort (31), which included subjects 65–68 years of age.

Men and women were equally represented in the total sample. Excluded
from the CASCADE sample before, or after, recruitment were subjects with a
known clinical diagnosis of dementia or with Mini Mental Status Examination
scores �15 and those with contraindications for the MRI. Data collection for
CASCADE took place between 1996 and 1998 and consisted of a clinical
interview, blood pressure measurement with a standard random-zero sphyg-
momanometer, routine laboratory assessment, MRI, and cognitive function
testing. Informed consent was obtained at each center in accordance with
guidelines from local institutional review boards. All of the individuals who
took part in the exam were mobile and competent to understand the nature of
their participation.
Study cohort. The entire CASCADE cohort comprises 1,805 individuals. The
current study included the 1,252 CASCADE participants who had a physician’s
diagnosis of diabetes status, information on treatment for diabetes, and
measured fasting or nonfasting glucose levels. This information was not
available in the Augsburg WHO-MONICA (27) and the Epidemiological Pre-
vention study of Zoetermeer (EPOZ) samples (34), comprising 194 and 267
participants, respectively. These samples were not considered for the current
CASCADE analysis. The same applied for 13, 6, 52, and 21 attendees of the
Rotterdam scan study (25), the Epidemiology of Vascular Aging (EVA) study
(26), the POL-MONICA Krakow study (29), and the Whitehall II study (31), in
which fasting or nonfasting glucose levels were not available. The diabetes
cohort was not different from the entire CASCADE sample in terms of age,
distribution of sex, and frequency of CVD risk factors.
Risk factor definitions. Diagnosis of prevalent diabetes was based on the
1997 recommendations of the Expert Committee on the Diagnosis and
Classification of Diabetes Mellitus (36). It was defined as a history of diabetes
confirmed by the treating physician or as treatment for diabetes, a fasting
glucose level �126 mg/dl, or a nonfasting glucose level �200 mg/dl. A total of
114 individuals had diabetes according to this definition. In 92 subjects the
diagnosis relied on the presence of two or more of the diagnostic features.
Diabetes diagnosis was based solely on a fasting glucose level �126 mg/dl in
21 subjects, and in one study participant, it relied solely on a nonfasting
glucose level �200 mg/dl. Treatment was dichotomized into no treatment or
diet only, and the use of oral antidiabetic medications or insulin. A separate
analysis for insulin-dependent diabetes was precluded by the small size of this
group. According to the American Diabetes Association’s clinical practice
recommendations (www.diabetes.org/uedocuments/overview.pdf), glycemic
control at the time of glucose measurement in the treated diabetic patients of
the study was in the normal range (�110 mg/dl fasting or �120 mg/dl
nonfasting plasma glucose levels) in 7 (12.5%) patients, in the goal range
(90–130 fasting or 110–150 nonfasting plasma glucose) in 13 (23.2%) patients,
and in the range where additional action is suggested (�90 or �150 mg/dl
fasting or �110 or �180 mg/dl nonfasting glucose) in 31 (55.4%) patients. In
five (8.9%) subjects, the glucose values were below those requiring additional
action but above the goal range.

In the current study, the group of treated diabetic patients included all
patients who had been given a pharmacological treatment for diabetes,
irrespective of the achieved level of glycemic control. Hypertension was
defined as a history of hypertension with or without treatment or systolic
blood pressure �160 mmHg or diastolic blood pressure �95 mmHg. Among
the 559 hypertensive study participants, diagnosis of hypertension was based
on history alone in 20 (3.6%) subjects, whereas treatment or elevated blood
pressure values were the sole diagnostic feature in 45 (8.1%) and 32 (5.7%)
subjects, respectively. In all other cases, the diagnosis of hypertension relied
on combinations of the diagnostic criteria.

Coronary heart disease was coded to be present if the study participant
reported symptoms of angina pectoris, or was treated for angina or had a
history of myocardial infarction, PTCA, or coronary bypass surgery before the
entry into the study. Smoking status was assessed by questionnaire, and
subjects were defined as never, current, or former smokers. Total cholesterol
was determined by using commercially available kits. BMI was calculated as
body weight in kilograms divided by the square of height in meters (kg/m2).
MRI

MR acquisition. All scans were made with a 1.0- or 1.5-tesla machine. The
core MRI protocol included proton density and T2-weighted as well as
T1-weighted sequences with 20 axial slices that were 5- or 6-mm thick with an
interslice gap of 1 or 1.2 mm, respectively. The same mobile MRI machine
(Siemens 1.0 tesla) was sent to five study sites (Spain, Italy, Poland, Sweden,

and the U.K.) and parked centrally for 1 week. Other centers (Germany and
the Netherlands) acquired the images on a 1.5-tesla machine using the core
MRI protocol. Subsequent to the start of CASCADE, two other centers with
already-collected scans were included (France and Austria); those scans were
obtained with protocols comparable to the one used in CASCADE.
MRI reading protocol. Hard copies of the scans were evaluated at the core
radiology center (Department of Radiology, Daniel Den Hoed Cancer Center,
Rotterdam, the Netherlands). The evaluation protocol was based on semi-
quantitative scales with known inter- and intrarater reliability (25,37). All MRI
scans were read for periventricular and subcortical white matter lesions,
infarcts, and cortical as well as subcortical atrophy. White matter lesions were
focal signal hyperintensities on proton density and T2-weighted scans, which
were not seen or exhibited only faint hypointensity on T1-weighted images.
Periventricular white matter lesions were abnormalities directly abutting the
lateral ventricle. They were graded on a severity scale (0–3) at the frontal and
occipital horns and the body of the lateral ventricle, with the total periven-
tricular white matter lesion score being the sum of these three scores.
Subcortical white matter lesions were hyperintense foci separated from the
lateral ventricle. They were graded by size (small, medium, and large) and
number. The total volume of subcortical white matter lesions was assessed by
multiplying each lesion by a size-dependent constant (0.0042 for small lesions,
0.114 for medium lesions, and 0.95 for large lesions) and by subsequent
summation of the results (25). Infarcts were focal abnormalities with clearly
defined borders, and they were isointense to cerebrospinal fluid on all
sequences with a diameter �3 mm. Cortical atrophy was qualitatively as-
sessed by a semiquantitative scale (0–3) applied to each lobe and to the
sylvian fissure. The sum of the lobar scores represented the total cortical
atrophy score (range 0–15). Subcortical atrophy was defined as the average of
ventricular indexes relative to the width of the brain measured at the level of
frontal horns, occipital horns, and caudate nuclei. The extent of white matter
abnormalities and atrophy was considered to be severe if it belonged to the
upper quintile of the distribution.

One neuroradiologist trained three raters, who scored hard copies of the
images. One rater (reading A) scored the scans from all of the studies except
those from the Netherlands. The reader was blinded to center. The scans from
the Netherlands were read by the two other raters (reading B). Intrarater
reliability for the atrophy reading ranged from a � value of 0.95 (frontal lobe)
to a � value of 0.67 (temporal lobe). There was no significant intrarater
difference in the quantitative measure of white matter lesion load. Interrater �
values between reading A and B ranged from 0.35 for the occipital lobe to 0.72
for the frontal lobe and sylvian fissure; there were no significant differences in
mean white matter lesion load between reading A and B.
Statistical analysis. We used the Statistical Package of Social Sciences
(PC�, version 10.0.0; SPSS, Chicago, IL) for data analysis. Comparisons of
categorical variables between nondiabetic patients and diabetic patients were
performed using �2 test. Assumptions of a normal distribution for continuous
variables were tested by nonparametric Kolmogorov-Smirnov statistics. Nor-
mally distributed continuous variables were compared by Student’s t test, and
the Mann-Whitney U test was used for comparison of non-normally distributed
variables, including the highly skewed total periventricular white matter
lesion score and the total volume of subcortical white matter lesions. Before
data pooling we assessed the separate studies for heterogeneity by formal
testing of the study � diabetes interaction on each outcome variable. The data
were pooled because there was no evidence of heterogeneity.

To examine the independent associations of diabetes to the various types
of morphologic brain changes, we performed multiple linear regression anal-
ysis. We adjusted for sociodemographics and for CVD risk factors, including
hypertension, coronary heart disease, smoking status, BMI, and total choles-
terol. Logistic regression analyses, with adjustment for the same covariates,
were performed for dichotomized MRI variables infarcts, severe periventricu-
lar and severe subcortical white matter lesions (WMLs), and severe cortical
and subcortical atrophy.

Possible interactions between diabetes and hypertension, diabetes and
coronary heart disease, and diabetes and ever smoking were assessed by
stratification. If stratification suggested a possible interaction, the respective
interaction terms were tested in the multiple linear regression models.

RESULTS

The descriptives and frequencies of CVD risk factors of the
CASCADE cohorts are shown in Table 1. Of the 114 study
participants with diabetes, 58 (50.9%) subjects had no
treatment or only dietary treatment, 47 (42.0%) received
oral antidiabetic medications, and 9 (0.7%) received insu-
lin. As can be seen from Table 2, diabetic patients were
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more commonly men, had a higher frequency of hyperten-
sion and coronary heart disease, and had a higher BMI.
The univariate comparison of MRI findings demonstrated
more extensive cortical atrophy and a higher ventricle-
to-brain ratio in diabetic patients than in nondiabetic
patients. There were no significant between-group dif-
ferences for focal brain abnormalities, including periven-
tricular, subcortical WML, and infarcts (Table 3). After
adjustment for sex, age, study, education, and the CVD
risk factors hypertension, coronary heart disease, smoking
status, BMI, and total cholesterol, a nonsignificant trend
toward more pronounced cortical atrophy in diabetic
patients was seen (� � 0.44, 95% CI 	0.04 to 0.92, P �
0.07). For severe cortical atrophy, the relative risk in
diabetic patients remained significantly increased when
compared with nondiabetic patients (odds ratio [OR] 1.73,
95% CI 1.06–2.81). Diabetes was not significantly associ-
ated with any other brain lesions.

Stratification of the data by hypertension, coronary
heart disease, and ever smoking revealed a strong interac-
tion between diabetes and hypertension for the extent of
cortical brain atrophy. Figure 1 demonstrates the multiple
linear regression results on the association between dia-
betes and cortical atrophy in normotensive and hyperten-
sive subjects for each substudy and for the entire cohort.
A direct relationship between diabetes and cortical atro-
phy was only seen in the patients who were hypertensive.
There was no significant association with cortical atrophy
in diabetic patients with normal blood pressure. The pos-
itive relationship between diabetes and cortical atrophy in
hypertensive diabetic patients was consistently observed
in all CASCADE cohorts. It reached statistical significance
for the entire cohort after adjustment for all covariates
(� � 0.99, 95% CI 0.37–1.62, P � 0.002). The OR (95% CI)
for severe cortical atrophy in normotensive diabetic pa-
tients was 1.25 (0.64–2.45), whereas in hypertensive dia-
betic patients, it was 2.34 (1.42–3.86). Hypertension in the
absence of diabetes was not significantly related to corti-
cal atrophy (� � 0.19, 95% CI 	0.11 to 0.49, P � 0.21).
Table 4 shows the effect of the interaction between
diabetes and hypertension on cortical atrophy. The first
model included the interaction term total diabetes �
hypertension, in addition to all sociodemographic factors
and CVD risk factors. The second model included the
interactions no diabetes � hypertension, untreated diabe-
tes � hypertension, and treated diabetes � hypertension.

Only the interactions total diabetes � hypertension and
untreated diabetes � hypertension were significant.

DISCUSSION

These cross-sectional data from a pooled large communi-
ty-based sample demonstrated a direct relationship be-
tween diabetes and cortical brain atrophy. The association
between diabetes and cortical atrophy was independent of
potential confounders. We observed a strong interaction
between diabetes and hypertension, such that the pres-
ence of both diseases resulted in a substantially greater
risk for cortical brain atrophy. Neither diabetes nor hyper-
tension were significantly related to cortical atrophy in the
absence of the other risk factor, underscoring the impor-
tance of the combination of the two risk factors for the
occurrence of this MRI finding. The interaction with
hypertension was seen in untreated but not in treated
diabetic patients. Diabetes was not associated with any
type of focal ischemic brain lesions, including abnormali-
ties caused by small vessel disease. Possibly, these cohorts
did not include individuals with the most severe stages of
diabetes or with severe sequelae of brain infarcts because
they are less likely to attend a health survey. Nonetheless,
many previous MRI studies focusing on brain changes
caused by small vessel disease presented similar results
(3,4,6,9,11–15,18,19). A lack of association between diabe-

TABLE 1
Description of the study cohorts

Site n

Sex
(% male)

Age
(mean years)

Education
(mean years) Diabetes

Hyper-
tension

(%)
CHD
(%)

Ever
smoker

(%)
BMI

(mean)
Cholesterol

(mean mmol/l)

Austria 169 53.8 67.9 11.1 10.7 39.6 34.3 43.8 26.8 6.0
France 186 39.2 68.4 10.7 7.0 38.2 11.8 41.9 25.9 6.3
Italy 167 44.9 69.8 4.5 9.6 46.1 13.8 37.7 28.6 6.1
The Netherlands 220 51.8 70.1 9.3 4.5 45.5 21.4 72.3 26.3 6.7
Poland 102 56.9 70.5 7.4 17.6 74.5 36.3 42.2 28.4 5.4
Spain 110 53.6 70.1 5.9 19.1 38.2 12.7 50.0 28.1 5.9
Sweden 139 47.5 68.6 9.1 7.9 60.4 15.1 48.9 26.7 6.8
U.K. 159 74.8 66.3 12.0 4.4 26.4 8.8 51.6 24.7 6.7
Total 1,252 52.3 68.9 9.0 9.1 44.6 18.8 49.7 26.8 6.3

CHD, coronary heart disease.

TABLE 2
Demographics and risk factors in nondiabetic and diabetic
subjects

Factor
Nondiabetic

subjects
Diabetic
subjects P value

n 1,138 114 —
Sex (% male) 51.3 62.3 0.03*
Age (years) 68.8 
 3.2 69.3 
 3.0 0.08†
Education (years) 9.0 
 4.2 8.5 
 4.7 0.34†
Hypertension (%) 43.1 60.5 �0.0001*
Coronary heart disease (%) 17.4 33.3 �0.0001*
Smoking status (%)

Never 51.3 44.6
Former 36.6 42.9
Current 12.1 12.5 0.37*

BMI (kg/m2) 26.7 
 3.9 28.1 
 3.8 �0.0001†
Total cholesterol (mmol/l) 6.3 
 1.2 6.3 
 1.4 0.59†

*�2 test; †Mann-Whitney U test.
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tes and small vessel disease–related cerebral lesions has
also been observed in other previous population-based
MRI studies (18,19). These studies included individuals
who on average were older than our cohort.

Our investigation has several strengths. With 1,252 par-
ticipants, including 114 diabetic patients, it is among the
largest community-based MRI investigations. It includes
samples from several parts of Europe, CVD risk factor
assessment was similar in all centers, and all MRI scans
were read centrally to homogenize scan interpretation.
Also, results were consistent across cohorts.

A weakness of the study is that fluid-attenuated inver-
sion-recovery sequences, which are more sensitive to
white matter abnormalities than standard T2-weighted
spin-echo pulse sequences, were not performed because
they were still in an investigational state when CASCADE
was initiated. Other limitations of the study are the lack of
data on diabetes-related factors that might be involved in
the evolution of brain abnormalities, such as the duration
and complications of diabetes or the frequency of hypo- or
hyperglycemic events. Although our results suggest that
diabetes treatment affects the interaction between diabe-
tes and hypertension, additional data on the duration and
quality of diabetes and hypertension therapy are needed to
better interpret this finding.

This epidemiological study cannot determine the mech-
anism(s) by which diabetes leads to cortical atrophy. The
association could be causal or could result from shared

risk factors, including a common genetic susceptibility for
both diabetes (38) and degenerative brain disease. Lunetta
et al. (7) suggested that episodes of hypoglycemia, glyco-
metabolic dysequilibrium, or alterations of the blood-brain
barrier may be responsible for brain atrophy in young
insulin-dependent diabetic patients. It is also possible that
atrophy is only a consequence of a status of dehydration of
the brain in patients with diabetes. Another presumed
mechanism is neurodegeneration with increased produc-
tion of advanced glycation end products (38–40). Epitopes
of these products have been detected in very early stages
of Alzheimer’s disease and are thought to promote the
formation of plaques and tangles (38–40). Recently, a
postmortem analysis of the Honolulu-Asia Aging study
demonstrated a 3-fold increased number of hippocampal
neuritic plaques and a 3.5-fold higher count of cortical
neurofibrillary tangles in participants with type 2 diabetes
and an ε4 allele of the apolipoprotein E gene compared
with those with neither risk factor (38).

Promotion of Alzheimer pathology, which has also been
reported for hypertension (41), could be one pathway in
the development of cortical brain atrophy in which diabe-
tes and hypertension exert interactive effects, as seen in
the current investigation. Another could be alteration of
the blood-brain barrier. Both risk factors are known to
cause blood-brain barrier disturbances by reduction in
the density of capillaries and by thickening of the basal
membrane, which can lead to cerebral hypoxia with

FIG. 1. Results from linear regression analysis. The
figure shows diabetes and cortical atrophy in CAS-
CADE subcohorts and in the entire CASCADE cohort
stratified by the absence and presence of hyperten-
sion. The black rectangles represent �-coefficients
adjusted for age, sex, years of education, smoking
status, coronary heart disease, BMI, and cholesterol
level. 95% CIs are denoted by lines.

TABLE 3
Magnetic resonance imaging findings in nondiabetic and diabetic subjects

MRI finding Nondiabetic subjects Diabetic subjects P value

n 1,138 114
Focal lesions

Total periventricular WML-score 2.0 (1.0–3.0) 2.0 (1.0–4.0) 0.10*
Severe periventricular WML (%) 18.7 25.4 0.08†
Total volume of subcortical WML 0.16 (0.02–1.07) 0.31 (0.02–1.79) 0.18*
Severe subcortical WML (%) 25.7 29.8 0.35†
Presence of infarcts (%) 7.2 9.6 0.34†

Measures of brain atrophy
Total cortical atrophy-score 7.2 
 3.0 8.2 
 3.2 0.001*
Severe cortical atrophy (%) 22.6 35.1 0.003†
Subcortical atrophy

Ventricle-to-brain ratio 0.32 
 0.04 0.33 
 0.04 0.03*
Severe subcortical atrophy (%) 23.8 29.8 0.16†

Data are median (interquartile range) or means 
 SE, unless otherwise noted. *Mann-Whitney U test, †�2 test. Severe abnormalities were
considered if the extent of changes belonged to the upper quintile of the distribution.
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subsequent brain atrophy (42– 44). Importantly, the Fra-
mingham study also described a strong interaction
between non–insulin-dependent diabetes and high blood
pressure as a risk factor for poor cognitive performance
in the elderly (45). Although these data suggest a link
between diabetes and hypertension with degenerative
processes, it is important to realize that brain atrophy as
seen in the current study cannot a priori be considered
an equivalent of cerebral degeneration. To evaluate the
causative mechanisms of this finding, studies on the
clinical consequences and pathological substrates of
cortical atrophy in patients with diabetes and coexisting
hypertension are needed.
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L, Alpérovitch A, Tzourio C: Longitudinal study of blood pressure and
white matter hyperintensities: the EVA MRI cohort. Neurology 56:921–926,
2001

27. Hense HW, Stieber J, Filipiak B, Keil U: Five-year changes in population

blood pressure and hypertension prevalence: results from the Monica
Augsburg Germany 1984/85 and 1989/90. Ann Epidemiol 3:410–416, 1993

28. Giampaoli S, Poce A, Sciarra F, Lo Noce Dima C, Minoprio A, Santaquilani
P, Caiola De P, Sanctis Volpe A, Menditto A, Menotti A, Urbinati GC:
Change in cardiovascular risk factors during a 10-year community inter-
vention program. Acta Cardiol 5:411–422, 1997

29. Pajak A: Job and blood lipids: findings of POL-MONICA Krakow Study.
Acta Cardiol 4:343–345, 1994

30. Rodes A, Sans S, Balana LL, Paluzie G, Aguilera R, Balaguer-Vintro I:
Recruitment methods and differences in early, late and non-respondents in
the first MONICA-CATALONIA population survey. Rev Epidemiol Sante

Pub 38:447–454, 1990
31. Marmot MG, Davey Smith G, Stansfeld SA, Patel C, North F, Head J, White

I, Brunner EJ, Feeney A: Health inequalities among British Civil Servants:
the Whitehall II study. Lancet 337:1387–1393, 1991

32. Schmidt R, Lechner H, Fazekas F, Niederkorn K, Reinhart B, Grieshofer P,
Horner S, Offenbacher H, Koch M, Eber B, Schumacher M, Kapeller P,
Freidl W, Dusek T: Assessment of cerebrovascular risk profiles in healthy
persons: definition of research goals and the Austrian Stroke Prevention
Study. Neuroepidemiol 13:308–313, 1994

33. Nilsson L-G, Bachman L, Erngrund K, Nyberg L, Adolfsson R, Bucht G,
Karlsson S, Widing M, Winblad B: The Betula prospective cohort study:
memory, health, and aging. Aging Neuropsych Cogn 4:1–32, 1997

34. Valkenburg HA, Hofman A, Klein F, Groustra FN: An epidemiological study
of risk indicators for cardiovascular diseases (EPOZ). I. Blood pressure,
serum cholesterol level, Quetelet-index and smoking habits in an open
population aged 5 years and older. Ned Tijdschr Geneeskd 124:183–189,
1980

35. Tunstall-Pedoe H, for the WHO-MONICA Project Principal Investigators:
The World Health Organization Monica Project (monitoring trends and
determinants in cardiovascular disease): a major international collabora-
tion. J Clin Epidemiol 41:105–114, 1988

36. Expert Committee on the Diagnosis and Classification of Diabetes Melli-
tus: Report of the Expert Committee on the Diagnosis and Classification of
Diabetes Mellitus. Diabetes Care 20:1183–1197, 1997

37. Scheltens P, Pasquier F, Weerts JG, Barkhof F, Leys D: Qualitative
assessment of cerebral atrophy on MRI: inter- and intra-observer repro-
ducibility in dementia and normal aging. Eur Neurol 37:95–99, 1997

38. 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 51:1256–1262, 2002

39. Smith MA, Sayre LM, Vitek MP, Monnier VM, Perry G: Early Aging and
Alzheimer’s (Letter). Nature 374: 316, 1995

40. Smith MA, Sayre LM, Perry G: Diabetes mellitus and Alzheimer’s disease:
glycation as a biochemical link. Diabetologia 39: 247, 1996

41. Petrovitch H, White LR, Izmirilian G, Ross, Davis DG, Hardman J, Foley DJ,
Launer LJ: Midlife blood pressure and neuritic plaques, neurofibrillary
tangles, and brain weight at death: the HAAS: Honululu-Asia Aging Study.
Neurobiol Aging 21:57–62, 2000

42. Jakobsen J, Sidenius P, Gundersen HJ, Osterby R: Quantitative changes of
cerebral neocortical structure in insulin-treated long-term diabetic rats.
Diabetes 36:597–601, 1987

43. Knudsen GM, Jakobsen J, Juhler M, Paulson OB: Decreased blood-brain
barrier permeability to sodium in early experimental diabetes. Diabetes

35:1371–1373, 1986
44. Skoog I, Wallin A, Fredman P, Hesse C, Aevarsson O, Karlsson I, Gottfries

CG, Blennow K: A population study on blood brain barrier function in
85-year-olds: relation to Alzheimer’s disease and vascular dementia. Neu-

rology 50:966–971, 1998
45. Elias PK, Elias MF, D’Agostino RB, Cupples LA, Wilson PW, Silbershatz H,

Wolf PA: NIDDM and blood pressure as risk factors for poor cognitive
performance: the Framingham Study. Diabetes Care 20:1388–1395, 1997

BRAIN LESIONS IN DIABETES

692 DIABETES, VOL. 53, MARCH 2004


