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Background: Few prospective studies have assessed dia-
betes mellitus as a risk factor for incident Alzheimer dis-
ease (AD) and decline in cognitive function.

Objective: To evaluate the association of diabetes melli-
tus with risk of AD and change in different cognitive sys-
tems.

Design: Longitudinal cohort study.

Participants: For up to 9 years, 824 older (those �55
years) Catholic nuns, priests, and brothers underwent de-
tailed annual clinical evaluations.

Main Outcome Measures: Clinically diagnosed AD
and change in global and specific measures of cognitive
function.

Results: Diabetes mellitus was present in 127 (15.4%)
of the participants. During a mean of 5.5 years of obser-

vation, 151 persons developed AD. In a proportional
hazards model adjusted for age, sex, and educational
level, those with diabetes mellitus had a 65% increase in
the risk of developing AD compared with those without
diabetes mellitus (hazard ratio, 1.65; 95% confidence
interval, 1.10-2.47). In random effects models, diabetes
mellitus was associated with lower levels of global cog-
nition, episodic memory, semantic memory, working
memory, and visuospatial ability at baseline. Diabetes
mellitus was associated with a 44% greater rate of
decline in perceptual speed (P=.02), but not in other
cognitive systems.

Conclusions: Diabetes mellitus may be associated with
an increased risk of developing AD and may affect cog-
nitive systems differentially.
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D IABETES MELLITUS IS A

common condition in
older people, affecting
about 20% of persons
older than 65 years.1 In

cross-sectional studies,2-4 diabetes melli-
tus has been associated with various ad-
verse health effects, including cognitive im-
pairment. The association of diabetes
mellitus with impaired cognitive func-
tion suggests that diabetes mellitus may
contribute to Alzheimer disease (AD).
However, few prospective studies have ex-
amined the association between diabetes
mellitus and incident AD, and their re-
sults have been inconsistent, with some
studies5,6 finding that persons with diabe-
tes mellitus are at increased risk for AD and
others7,8 not finding this association.

Some studies9-12 have examined the
relation of diabetes mellitus to change in
cognitive function, usually as assessed by
a global measure of cognitive function or
by a select number of individual cogni-
tive tests. However, little is known about
diabetes mellitus and change in different
cognitive systems. Such information might
provide clues about the basis of the asso-

ciation of diabetes mellitus with AD, as has
been the case for other factors associated
with the risk of dementia or AD.13-15

We used data from the Religious Or-
ders Study, an ongoing longitudinal study
of aging and AD in older (those �55 years)
Catholic nuns, priests, and brothers, to ex-
amine the relation of diabetes mellitus to
incident AD and to change in different cog-
nitive abilities. For a mean of 5.5 years, per-
sons underwent annual evaluations, which
included the clinical classification of AD
and detailed testing of cognitive func-
tion, from which preestablished mea-
sures of specific cognitive domains were
derived. We tested the hypotheses that dia-
betes mellitus was associated with an in-
creased risk of AD and with more rapid
cognitive decline in longitudinal analy-
ses adjusted for selected variables.

METHODS

SUBJECTS

All participants were older Catholic nuns,
priests, or brothers who agreed to annual clini-
cal evaluations and brain donation at death. Par-
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ticipants were from more than 40 groups across the United States.
All participants signed an informed consent and an anatomi-
cal gift act donating their brains to Rush investigators at death.
The study was approved by the Institutional Review Board of
Rush University Medical Center.

Of the 990 persons enrolled in the Religious Orders Study
between January 1, 1994, and July 31, 2003, 911 (92.0%) were
eligible for this investigation; 79 (8.0%) had dementia at base-
line and were excluded from all analyses. Of the 911 partici-
pants without dementia, 23 died before the first follow-up evalu-
ation and 41 enrolled in the previous year and had not yet
reached the scheduled date of their first follow-up evaluation.
This left 847 persons eligible for follow-up; 824 (97.3%) com-
pleted at least 1 follow-up. Analyses are based on this group of
patients, who underwent a mean of 5.5 clinical evaluations
(range, 2-10 evaluations). Missing data have reflected reloca-
tion, withdrawal from all or part of the study, and incapacity
or unwillingness to complete selected evaluation procedures.

CLINICAL EVALUATION

At baseline, each participant underwent a uniform structured
clinical evaluation that followed the procedures recom-
mended by the Consortium to Establish a Registry for Alzhei-
mer’s Disease.16 The evaluation included a medical history, a
neurologic examination, neuropsychological performance test-
ing, and a review of a brain scan when available. All prescrip-
tion and over-the-counter medication names and dosages were
recorded after direct inspection of medication containers. A
board-certified neuropsychologist (R.S.W.) reviewed the cog-
nitive performance test results. Participants were evaluated in
person by a neurologist (Z.A. or D.A.B.) or a geriatrician with
expertise in the evaluation of older persons with and without
dementia. Based on this evaluation, persons were classified with
respect to AD, stroke, and other common conditions with the
potential to impact cognitive function. Details of the evalua-
tions have been previously described.15,17 The diagnosis of de-
mentia and AD followed the recommendations of the joint work-
ing group of the National Institute of Neurological and
Communicative Disorders and Stroke and the Alzheimer’s Dis-
ease and Related Disorders Association.18 The diagnosis of clini-
cal stroke was based on review of the medical history, neuro-
logic examination results, and neuroimaging data (brain
computed tomography and/or magnetic resonance imaging
scans) when available, as previously described.15 Follow-up
evaluations were identical in all essential details to the base-
line evaluation, and were performed annually by examiners
blinded to previously collected data.

Diabetes mellitus was considered present if the participant
was taking a medication to treat diabetes mellitus, reported a his-
tory of diagnosis of diabetes mellitus, or both. To increase the ac-
curacy and stability of the identification of this chronic condi-
tion, we used diabetes mellitus identified at any evaluation for
the primary analyses. All analyses were repeated with diabetes
mellitus only identified at the baseline evaluation.

NEUROPSYCHOLOGICAL PERFORMANCE TESTING

Cognitive function tests were selected to assess a broad range
of cognitive abilities commonly affected by aging and AD and
other dementias, as previously reported.17,19,20 The Mini-Mental
State Examination was used to describe the cohort, but was
not used in analyses. Five cognitive systems, which may be dif-
ferentially related to risk factors for disease, were assessed
using selected neuropsychological tests. Seven tests assessed
episodic memory: Word List Memory, Word List Recall, and
Word List Recognition from the procedures established by the
Consortium to Establish a Registry for Alzheimer’s Disease21;

immediate and delayed recall of story A from the logical
memory subtest of the Wechsler Memory Scale–Revised; and
immediate and delayed recall of the East Boston Story. Four
tests assessed semantic memory: Verbal Fluency and Boston
Naming from the Consortium to Establish a Registry for Alz-
heimer’s Disease, subsets of items from the Extended Range
Vocabulary Test, and the National Adult Reading Test. There
were 4 tests of working memory: the Digit Span subtests for-
ward and backward of the Wechsler Memory Scale–Revised,
Digit ordering, and Alpha span. Two tests were used to assess
perceptual speed: the oral version of the Symbol Digit Modali-
ties Test and Number Comparison. Finally, there were 2 tests
of visuospatial ability: items from Judgment of Line Orienta-
tion and Standard Progressive Matrices. Details regarding the
administration of each of these tests have been previously
reported.19 Data were collected on laptop computers with
forms programmed in a Pascal-based entry program (Blaise;
Central Bureau of Statistics, Voorburg, the Netherlands), and
scored using SAS statistical software.22 Crude change per year
of individual raw scores was determined by computing the
mean difference of the scores between each pair of adjacent
annual visits. If one or more annual scores were missing fol-
lowed by a valid result, we multiplied the difference by the
number of years between scores.

Summary measures of each cognitive ability were con-
structed for use in analyses rather than individual test scores
to minimize floor and ceiling effects and other sources of mea-
surement error. We used previously established summary mea-
sures17,19,20,23 of episodic memory, semantic memory, working
memory, perceptual speed, and visuospatial ability and a sum-
mary measure of global cognitive function. Each summary mea-
sure was constructed by converting the raw scores from the in-
dividual tests to z scores, using the mean and standard deviation
from the baseline evaluation of all participants, and averaging
the z scores. The summary measure of global cognitive func-
tion was based on 19 tests. Valid summary measures required
valid scores on at least half of the component tests. Several stud-
ies24-26 characterizing cognitive function using this approach in
this and other cohorts have been previously reported.

STATISTICAL ANALYSIS

All analyses adjusted for age, sex, and educational level. Cox
proportional hazards models were used to estimate the risk of
AD among persons with diabetes mellitus compared with those
without diabetes mellitus.27

Random effects models were used to test the effects of dia-
betes mellitus on baseline level of function and annual rate of
change (fixed effects) while adjusting for person-specific paths
of cognitive change with random effects. In this growth curve
approach, each individual’s path is assumed to follow the mean
path of the group, except for random effects that cause the ini-
tial level of function (ie, intercept) to be higher or lower and
the rate of change (ie, slope) to be faster or slower.

We constructed separate random effects models for each
of the 5 cognitive domain scores and for the global cognitive
score. Each model included terms for time (in years since base-
line), the presence of diabetes mellitus, and their interaction.
The term for time indicates the mean annual change in cogni-
tion for those without diabetes mellitus. The term for diabetes
mellitus denotes the mean difference in baseline cognition be-
tween those with diabetes mellitus and those without it. The
interaction term indicates the mean additional annual change
in cognition associated with having diabetes mellitus.

Model assumptions were examined graphically and ana-
lytically, and were adequately met.

Analyses were performed using SAS statistical software,22

and plots were made with (S-Plus).
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RESULTS

Of the 824 participants included in these analyses, diabe-
tes mellitus was present in 127 (15.4%) sometime during
the study period; 91 (11.0%) had diabetes mellitus at base-
line. Of the 127 persons with diabetes mellitus, 85 (66.9%)
were taking medication for the treatment of diabetes melli-
tus: 15 persons were taking insulin but no oral hypogly-
cemic agent, 55 were taking an oral hypoglycemic agent
but not insulin, and 15 were taking both. Overall, there were
more men in the group with diabetes mellitus (Table 1).

DIABETES MELLITUS AND RISK OF AD

During the follow-up evaluations, 151 persons devel-
oped AD, of whom 31 had diabetes mellitus. In a pro-
portional hazards model adjusted for age, sex, and edu-
cational level, there was a 65% increase in the risk of
developing AD in those with diabetes mellitus com-
pared with those without diabetes mellitus (hazard ra-
tio, 1.65; 95% confidence interval, 1.10-2.47). The cu-
mulative hazard of AD over time, adjusted for age, sex,
and educational level, is shown graphically in Figure 1
for typical participants with and without diabetes melli-
tus. Similar results were found in analyses with diabetes
mellitus identified at baseline only (hazard ratio, 1.53;
95% confidence interval, 0.96-2.45).

We performed additional analyses of variables with
the potential to confound or modify the association be-
tween diabetes mellitus and incident AD. Because stroke
is associated with diabetes mellitus and dementia, we re-
peated the analysis with a term added for stroke. Of the
824 participants, 132 (16.0%) experienced 1 or more
strokes (at the baseline or follow-up evaluation). The as-
sociation of diabetes mellitus with AD was not substan-
tially changed after adjusting for stroke (hazard ratio, 1.58;
95% confidence interval, 1.05-2.38). In a subsequent
model, we found no evidence for an interaction be-
tween diabetes mellitus and stroke (P=.68).

DIABETES MELLITUS AND RATE
OF COGNITIVE DECLINE

Table 2 shows the mean and standard deviation of the
baseline scores and of the crude change per year in scores
of individual cognitive test results, according to the pres-
ence or absence of diabetes mellitus. To examine the re-
lation of diabetes mellitus to cognitive decline, we used
a global measure of cognition, based on individual tests
in Table 2, and constructed a random effects model con-
trolling for age, sex, and educational level. Compared with
persons without diabetes mellitus, persons with diabe-
tes mellitus had lower baseline scores but did not de-
cline significantly faster (P=.06) (Table 2). A similar re-
sult was found in analyses in which diabetes mellitus was
identified solely at the baseline evaluation.

Because cognitive function is a multidimensional pro-
cess and diabetes mellitus may affect some cognitive sys-
tems but not others, we next examined the relation of
diabetes mellitus to baseline level and change of 5 spe-
cific cognitive domains in separate random effects mod-
els, controlling for age, sex, and educational level.

Persons with diabetes mellitus had lower baseline
scores on measures of episodic memory, semantic
memory, working memory, and visuospatial ability
(Table 2). However, diabetes mellitus was only associ-
ated with a more rapid rate of decline in perceptual
speed. In persons without diabetes mellitus, perceptual
speed declined a mean of 0.08 unit per year (Table 3),
whereas it declined an additional 0.03 unit per year in
persons with diabetes mellitus, an increase of about
44%. This effect of diabetes mellitus on decline in per-
ceptual speed, adjusted for age, sex, and educational
level, is illustrated in Figure 2. Similar results were
found in models with diabetes mellitus identified at
basel ine only (variable est imate for diabetes
mellitus� time for perceptual speed=−0.03 [P=.08] vs
−0.03 [P = .02] when diabetes mellitus was defined
based on all time points).

We conducted additional sets of analyses to evalu-
ate whether stroke either confounded or modified the ob-
served association of diabetes mellitus with decline in per-
ceptual speed. Stroke slightly attenuated the relationship
between diabetes mellitus and decline in perceptual speed
(variable estimate for diabetes mellitus� time for per-
ceptual speed, controlling for stroke=−0.03 [P=.05]).
There was an interaction between stroke and diabetes
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Figure 1. Cumulative hazard of Alzheimer disease (AD) among persons with
diabetes mellitus compared with those without diabetes mellitus.

Table 1. Characteristics of the 824 Participants,
According to the Presence or Absence of Diabetes Mellitus*

Characteristic

Diabetes Mellitus

Present
(n = 127)

Absent
(n = 697)

Age at baseline, y 74.4 (6.1) 75.2 (7.1)
Male sex, No. (%) 57 (44.9) 200 (28.7)
Education, y 18.0 (3.3) 18.1 (3.4)
MMSE score at baseline 28.3 (1.7) 28.5 (1.7)

Abbreviation: MMSE, Mini-Mental State Examination.
*Data are given as mean (SD) unless otherwise indicated.
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mellitus at baseline on level of perceptual speed (vari-
able estimate=0.35 [P=.05]), but there was no evidence
that presence of stroke modified the impact of diabetes
mellitus on rate of decline.

COMMENT

In a cohort of more than 800 older persons, we found that
diabetes mellitus sometime in the study was associated with
an increased risk of developing AD during a mean of 5.5
years of observation. The risk of incident AD was 65% higher
in those with diabetes mellitus than in those without it.

Overall, results were similar in analyses restricted to dia-
betes mellitus identified at baseline only, although the con-
fidence interval included 1. These results suggest that dia-
betes mellitus is related to risk of AD in old age.

These findings are consistent with the results of 2
large longitudinal cohort studies.5,6 In one study,5 dia-
betes mellitus doubled the risk of AD during 2 years of
follow-up in a sample of more than 6000 older persons
from a defined cohort. The other study,6 using data from
about 2500 Japanese American men, found a similar re-
sult: diabetes mellitus approximately doubled the risk of
AD. In contrast, 2 other longitudinal studies7,8 did not

Table 2. Baseline and Crude Change per Year in Cognitive Test Scores of Persons With and Without Diabetes Mellitus*

Cognitive System Cognitive Test

Baseline Crude Change/y†

Persons With
Diabetes Mellitus

Persons Without
Diabetes Mellitus

Persons With
Diabetes Mellitus

Persons Without
Diabetes Mellitus

Episodic memory Word List Memory 17.5 (3.5) 18.3 (4.1) 0 (1.8) 0.1 (1.6)
Word List Recall 5.4 (1.8) 5.8 (2.1) −0.1 (0.7) 0 (0.8)
Word List Recognition 9.6 (0.8) 9.7 (0.8) −0.1 (0.5) −0.1 (0.5)
Logical Memory Ia 11.6 (3.7) 12.1 (3.9) 0 (1.4) 0.2 (1.5)
Logical Memory IIa 9.8 (4.4) 10.3 (4.2) 0.1 (1.4) 0.3 (1.3)
Immediate story recall 9.5 (2.0) 9.7 (1.7) −0.1 (0.8) −0.1 (0.8)
Delayed story recall 9.2 (2.0) 9.3 (2.0) −0.2 (0.9) −0.2 (1.0)

Semantic memory Verbal Fluency 33.5 (9.8) 35.1 (8.8) −1.0 (2.5) −0.6 (2.7)
Boston Naming Test 13.6 (1.3) 13.7 (1.4) −0.1 (0.6) −0.1 (0.5)
Extended Range Vocabulary Test 10.3 (3.5) 10.7 (3.4) −0.1 (1.0) −0.2 (1.1)
National Adult Reading Test 13.4 (3.8) 13.5 (4.2) 0.1 (0.9) 0.1 (1.0)

Working memory Digit Span forward 7.9 (1.8) 8.4 (2.0) −0.1 (0.6) −0.1 (0.7)
Digit Span backward 5.8 (1.8) 6.4 (2.1) −0.1 (0.6) 0 (0.8)
Digit ordering 6.8 (2.5) 7.0 (2.7) −0.1 (0.8) 0 (0.8)
Alpha span 5.0 (1.5) 5.1 (1.7) −0.2 (0.5) −0.1 (0.7)

Visuospatial ability Judgment of Line Orientation 9.7 (3.4) 10.1 (3.1) −0.2 (0.9) −0.1 (1.1)
Standard Progressive Matrices 9.6 (3.3) 10.5 (3.4) 0 (1.0) 0 (1.2)

Perceptual speed Symbol Digit Modalities Test 39.5 (9.7) 40.4 (10.8) −1.1 (3.7) −0.8 (3.0)
Number Comparison 25.6 (6.1) 25.4 (7.3) −0.9 (2.6) −0.4 (2.1)

*Data are given as mean (SD) test scores.
†The mean difference between scores from adjacent annual examinations.

Table 3. Random Effects Models Examining the Relation of Diabetes Mellitus to Baseline Level of and to Annual Rate of Change
in Cognitive Function*

Cognitive System Model Terms Estimate SE P Value

Global cognitive function Time −0.03 0.01 �.001
Diabetes mellitus −0.16 0.04 �.001
Diabetes mellitus � time −0.02 0.01 .06

Episodic memory Time −0.03 0.01 .001
Diabetes mellitus −0.16 0.05 .003
Diabetes mellitus � time −0.02 0.02 .26

Semantic memory Time −0.05 0.01 �.001
Diabetes mellitus −0.14 0.06 .01
Diabetes mellitus � time −0.01 0.01 .43

Working memory Time −0.03 0.01 �.001
Diabetes mellitus −0.18 0.06 .001
Diabetes mellitus � time −0.01 0.01 .30

Visuospatial ability Time −0.02 0.01 �.001
Diabetes mellitus −0.21 0.06 .001
Diabetes mellitus � time −0.02 0.01 .08

Perceptual speed Time −0.08 0.01 �.001
Diabetes mellitus −0.08 0.07 .28
Diabetes mellitus � time −0.03 0.02 .02

*Analyses were adjusted for the effects of age, sex, educational level, and time interactions with age, sex, and educational level.
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demonstrate a significant association between diabetes
mellitus and incident AD, but in both, the results were
in the direction of increased risk.

Some,9-11 but not all,12 previous studies found that
diabetes mellitus was related to change in cognitive func-
tion. One factor that may contribute to variability from
study to study is that diabetes mellitus may be related to
decline in some cognitive systems but not others. A novel
feature of this study is that we assessed the relation of
diabetes mellitus to decline in different domains of cog-
nitive function that have previously been shown to be
affected by some risk factors but not others.13-15 Al-
though diabetes mellitus was related to level of global cog-
nition and multiple cognitive domains at baseline, we
found that diabetes mellitus was only related to decline
in perceptual speed. The one study12 that did not find a
relation between diabetes mellitus and cognitive de-
cline did not include a measure of perceptual speed.

Because diabetes mellitus is a chronic condition that
is often present before a diagnosis is made or treatments
are recommended, we used diabetes mellitus identified
at any evaluation as the primary predictor. Further-
more, with more persons in the diabetes mellitus group,
this approach increases the power to detect an associa-
tion between diabetes mellitus and the outcome vari-
ables of interest. Indeed, the association of diabetes melli-
tus at baseline with incident AD did not reach significance,
but the estimates were similar to those found in the analy-
ses with diabetes mellitus identified at any evaluation.

The basis of the association between diabetes melli-
tus and AD is uncertain. Diabetes mellitus is a well-
established risk factor for stroke. In a previous study,15

cerebral infarctions were preferentially associated with
a measure of perceptual speed. This raises the possibil-
ity that cerebral infarctions mediate the association of dia-
betes mellitus with AD. Although we controlled for clini-
cal evidence of stroke in the present analyses, the
possibility that cerebral infarction accounts, in part, for
the association of diabetes mellitus with clinical AD can-
not be excluded, because many people with cerebral in-
farcts do not experience a clinical stroke.15 The partial
attenuation of the effect of diabetes mellitus on decline
in perceptual speed and the interaction between diabe-
tes mellitus and stroke on level of perceptual speed also
support the possibility that an infarction is likely to me-
diate some of the association between diabetes mellitus
and AD. Large studies with pathological or brain imag-
ing (eg, magnetic resonance imaging) data are needed to
investigate this issue further.

Although diabetes mellitus is not known to be re-
lated to the pathological features of AD,28 recent data raise
the possibility of a more direct relation between diabetes
mellitus and AD. For example, insulin has been reported
to be related to memory function in patients with AD29,30

and to plasma amyloid level.31 In genetic linkage stud-
ies,32,33 a locus on chromosome 10 that is near the insulin-
degrading enzyme gene has been linked to late-onset AD.
In cell-culture experiments, the insulin-degrading en-
zyme has been shown to degrade amyloid �,34,35 and, more
recently, researchers36 found that the insulin-degrading en-
zyme regulates amyloid � in vivo. Insulin has also been
hypothesized to regulate � phosphorylation.37,38 Finally,

other potential mechanisms include the production of ad-
vanced glycation end products39 or alterations of oxida-
tive stress pathways, calcium homeostasis, and hippocam-
pal synaptic plasticity.40 Further studies will be needed to
investigate these and other possibilities.

The strengths of this study include the availability
of a mean of 5.5 years of follow-up data with annual struc-
tured evaluations, which may have enhanced our ability
to model change in cognitive function. Also, this longi-
tudinal study benefits from a high follow-up rate, which
minimizes selective attrition effects. Furthermore, we stud-
ied incident AD and change in cognitive function, using
previously established composite measures of global cog-
nitive function and 5 cognitive systems as independent
outcomes. Finally, the homogeneity of the population may
be considered a strength of the study, by controlling for
the effects of potentially confounding variables, such as
educational level, occupation, and lifestyle.

This study also has several limitations. Although the
homogeneity of the study group may be a strength, it will
be important to replicate our findings, particularly of the
association of diabetes mellitus with change in cogni-
tive function, in a diverse cohort that is more represen-
tative of the general population. Another limitation of our
study concerns the identification of persons with diabe-
tes mellitus. Diabetes mellitus was identified using medi-
cation data and/or self-report, but not serological data.
However, analyses of data on inspection of all medica-
tions and on self-report suggested that self-report was a
reliable means of assessing diabetes mellitus.

In summary, these findings suggest that diabetes
mellitus is associated with AD and decline in cognitive
function in older persons.

Accepted for publication December 12, 2003.
Authorcontributions: Study concept and design (Drs

Arvanitakis, Wilson, Evans, and Bennett); acquisition of
data (DrsArvanitakis,Wilson,Evans, andBennett); analy-
sis and interpretation of data (Drs Arvanitakis, Bienias,
Wilson, and Bennett); drafting of the manuscript (Drs
Arvanitakis and Wilson); critical revision of the manuscript
for important intellectualcontent(DrsBienias,Wilson,Evans,

0.5

–0.5

0.0

–1.0

30 6 9
Time, y

Pe
rc

ep
tu

al
 S

pe
ed

Persons With Diabetes Mellitus
Persons Without Diabetes Mellitus

Figure 2. Predicted 9-year paths of change in perceptual speed in typical
participants with and without diabetes mellitus.

(REPRINTED) ARCH NEUROL / VOL 61, MAY 2004 WWW.ARCHNEUROL.COM
665

©2004 American Medical Association. All rights reserved.



andBennett);statisticalexpertise(DrBienias);obtainedfund-
ing (Drs Wilson, Evans, and Bennett); administrative, tech-
nical,andmaterial support(DrsArvanitakis,Wilson,Evans,
and Bennett); study supervision (Drs Arvanitakis and
Bennett).

This study was supported by grants P30 AG10161 and
R01 AG15819 from the National Institute on Aging, Na-
tional Institutes of Health, Bethesda, Md.

We thank Julie Bach, MSW, Religious Orders Study co-
ordinator; George Dombrowski, MS, Greg Klein, Woojeong
Bang, MS, and Wenqing Fan, MS, analytic programmers; and
the faculty and staff of the Rush Alzheimer’s Disease Center
and the Rush Institute for Healthy Aging, Rush University
Medical Center, Chicago, Ill. We also thank the hundreds of
nuns, priests, and brothers from the following groups par-
ticipating in the Religious Orders Study: archdiocesan priests
of Chicago, Dubuque, Iowa, and Milwaukee, Wis; Benedic-
tine monks of Lisle, Ill, Collegeville, Minn, and St Meinrad,
Ind; Benedictine Sisters of Erie, Erie, Pa; Benedictine Sisters
of the Sacred Heart, Lisle; Capuchins, Appleton, Wis; Chris-
tian Brothers, Chicago and Memphis, Tenn; Diocesan Priests
of Gary, Gary, Ind; Dominicans, River Forest, Ill; Felician
Sisters, Chicago; Franciscan Handmaids of Mary, New York,
NY; Franciscans, Chicago; Holy Spirit Missionary Sisters,
Techny, Ill; Maryknolls, Los Altos, Calif, and Ossining, NY;
Norbertines, DePere, Wis; Oblate Sisters of Providence, Bal-
timore, Md; Passionists, Chicago; Presentation Sisters, BVM,
Dubuque; Servites, Chicago; Sinsinawa Dominican Sisters,
Chicago and Sinsinawa, Wis; Sisters of Charity, BVM, Chi-
cago and Dubuque; Sisters of the Holy Family, New Or-
leans, La; Sisters of the Holy Family of Nazareth, Des Plaines,
Ill; Sisters of Mercy of the Americas, Chicago, Aurora, Ill, and
Erie; Sisters of St Benedict, St Cloud, Minn, and St Joseph,
Minn; Sisters of St Casimir, Chicago; Sisters of St Francis of
Mary Immaculate, Joliet, Ill; Sisters of St Joseph of La-
Grange, LaGrange Park, Ill; Society of Divine Word, Techny;
Trappists, Gethsemani, Ky, and Peosta, Iowa; and Wheaton
Franciscan Sisters, Wheaton, Ill.

Corresponding author and reprints: Zoe Arvanitakis,
MD, Rush Alzheimer’s Disease Center, Rush University Medi-
cal Center, Armour Academic Center, 600 S Paulina St, Suite
1020E, Chicago, IL 60612.

REFERENCES

1. National Institute of Diabetes and Digestive and Kidney Diseases. National Dia-
betes Statistics Fact Sheet: General Information and National Estimates on Dia-
betes in the United States, 2000. Bethesda, Md: US Dept of Health and Human
Services, National Institutes of Health; 2002.

2. Desmond DW, Tatemichi TK, Paik M, Stern Y. Risk factors for cerebrovascular
disease as correlates of cognitive function in a stroke-free cohort. Arch Neurol.
1993;50:162-166.

3. Croxson SC, Jagger C. Diabetes and cognitive impairment: a community-based
study of elderly subjects. Age Ageing. 1995;24:421-424.

4. Grodstein F, Chen J, Wilson RS, Manson JE, Nurses’ Health Study. Type 2 dia-
betes and cognitive function in community-dwelling elderly women. Diabetes Care.
2001;24:1060-1065.

5. Ott A, Stolk RP, van Harskamp F, Pols HA, Hofman A, Breteler MM. Diabetes
mellitus and the risk of dementia: the Rotterdam Study. Neurology. 1999;53:
1937-1942.

6. Peila R, Rodriguez BL, Launer LJ. Type 2 diabetes, APOE gene, and the risk for
dementia and related pathologies. Diabetes. 2002;51:1256-1262.

7. 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.

8. MacKnight C, Rockwood K, Awalt E, McDowell I. Diabetes mellitus and the risk

of dementia, Alzheimer’s disease and vascular cognitive impairment in the Ca-
nadian Study of Health and Aging. Dement Geriatr Cogn Disord. 2002;14:77-83.

9. Gregg EW, Yaffe K, Cauley JA, et al, Study of Osteoporotic Fractures Research
Group. Is diabetes associated with cognitive impairment and cognitive decline
among older women? Arch Intern Med. 2000;160:174-180.

10. Fontbonne A, Berr C, Ducimetiere P, Alperovitch A. Changes in cognitive abili-
ties 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.

11. Knopman D, Boland LL, Mosley T, et al. Cardiovascular risk factors and cogni-
tive decline in middle-aged adults. Neurology. 2001;56:42-48.

12. Robertson-Tchabo EA, Arenberg D, Tobin JD, Plotz JB. A longitudinal study of
cognitive performance in noninsulin dependent (type II) diabetic men. Exp Ger-
ontol. 1986;21:459-467.

13. Wilson RS, Schneider JA, Barnes LL, et al. The apolipoprotein E �4 allele and
decline in different cognitive systems during a 6-year period. Arch Neurol. 2002;
59:1154-1160.

14. Wilson RS, Barnes LL, Mendes de Leon CF, et al. Depressive symptoms, cog-
nitive decline, and risk of AD in older persons. Neurology. 2002;59:364-370.

15. Schneider JA, Wilson RS, Cochran EJ, et al. Relation of cerebral infarctions to de-
mentia and cognitive function in older persons. Neurology. 2003;60:1082-1088.

16. Morris JC, Heyman A, Mohs RC, et al. The Consortium to Establish a Registry
for Alzheimer’s Disease (CERAD), part I. Neurology. 1989;39:1159-1165.

17. Bennett DA, Wilson RS, Schneider JA, et al. Natural history of mild cognitive im-
pairment in older persons. Neurology. 2002;59:198-205.

18. McKhann G, Drachman D, Folstein M, Katzman R, Price D, Stadlan EM. Clinical
diagnosis of Alzheimer’s disease. Neurology. 1984;34:939-944.

19. Wilson RS, Beckett LA, Barnes LL, et al. Individual differences in rates of change
in cognitive abilities of older persons. Psychol Aging. 2002;17:179-193.

20. Wilson RS, Mendes de Leon CF, Barnes LL, et al. Participation in cognitively stimu-
lating activities and risk of incident Alzheimer disease. JAMA. 2002;287:742-748.

21. Welsh KA, Butters N, Mohs RC, et al. The Consortium to Establish a Registry for
Alzheimer’s Disease (CERAD), part V. Neurology. 1994;44:609-614.

22. SAS Institute Inc. SAS/STAT User’s Guide, Version 8: Software Manual. Cary,
NC: SAS Institute Inc; 2000.

23. Bennett DA, Wilson RS, Schneider JA, et al. Apolipoprotein E �4 allele, AD pa-
thology, and the clinical expression of Alzheimer’s disease. Neurology. 2003;60:
246-252.

24. Wilson RS, Bennett DA, Beckett LA, et al. Cognitive activity in older persons from
a geographically defined population. J Gerontol B Psychol Sci Soc Sci. 1999;54:
P155-P160.

25. Hebert LE, Wilson RS, Gilley DW, et al. Decline of language among women and men
with Alzheimer’s disease. J Gerontol B Psychol Sci Soc Sci. 2000;55:P354-P360.

26. Wilson RS, Beckett LA, Bennett DA, Albert MS, Evans DA. Change in cognitive
function in older persons from a community population: relation to age and Alz-
heimer disease. Arch Neurol. 1999;56:1274-1279.

27. Cox DR. Regression models and life tables (with discussion). J R Stat Soc B.
1972;34:187-220.

28. Heitner J, Dickson D. Diabetics do not have increased Alzheimer-type pathology com-
pared with age-matched control subjects. Neurology. 1997;49:1306-1311.

29. Craft S, Asthana S, Newcomer JW, et al. Enhancement of memory in Alzheimer
disease with insulin and somatostatin, but not glucose. Arch Gen Psychiatry. 1999;
56:1135-1140.

30. Craft S, Peskind E, Schwartz MW, Schellenberg GD, Raskind M, Porte D Jr. Cere-
brospinal fluid and plasma insulin levels in Alzheimer’s disease: relationship to se-
verity of dementia and apolipoprotein E genotype. Neurology. 1998;50:164-168.

31. Boyt AA, Taddei TK, Hallmayer J, et al. The effect of insulin and glucose on the
plasma concentration of Alzheimer’s amyloid precursor protein. Neuroscience.
2000;95:727-734.

32. Bertram L, Blacker D, Mullin K, et al. Evidence for genetic linkage of Alzheimer’s
disease to chromosome 10q. Science. 2000;290:2302-2303.

33. Ertekin-Taner N, Graff-Radford N, Younkin LH, et al. Linkage of plasma A�42 to
a quantitative locus on chromosome 10 in late-onset Alzheimer’s disease pedi-
grees. Science. 2000;290:2303-2304.

34. Chesneau V, Vekrellis K, Rosner MR, Selkoe DJ. Purified recombinant insulin-
degrading enzyme degrades amyloid �-protein but does not promote its oligo-
merization. Biochem J. 2000;351(pt 2):509-516.

35. Vekrellis K, Ye Z, Qiu WQ, et al. Neurons regulate extracellular levels of amyloid
�-protein via proteolysis by insulin-degrading enzyme. J Neurosci. 2000;20:
1657-1665.

36. Farris W, Mansourian S, Chang Y, et al. Insulin-degrading enzyme regulates the
levels of insulin, amyloid �-protein, and the �-amyloid precursor protein intra-
cellular domain in vivo. Proc Natl Acad Sci U S A. 2003;100:4162-4167.

37. Hong M, Lee VM. Insulin and insulin-like growth factor-1 regulate tau phos-
phorylation in cultured human neurons. J Biol Chem. 1997;272:19547-19553.

38. Lesort M, Johnson GV. Insulin-like growth factor-1 and insulin mediate tran-
sient site-selective increases in tau phosphorylation in primary cortical neu-
rons. Neuroscience. 2000;99:305-316.

39. Sasaki N, Fukatsu R, Tsuzuki K, et al. Advanced glycation end products in Alz-
heimer’s disease and other neurodegenerative diseases. Am J Pathol. 1998;153:
1149-1155.

40. Biessels GJ, van der Heide LP, Kamal A, Bleys RL, Gispen WH. Ageing and dia-
betes: implications for brain function. Eur J Pharmacol. 2002;441:1-14.

(REPRINTED) ARCH NEUROL / VOL 61, MAY 2004 WWW.ARCHNEUROL.COM
666

©2004 American Medical Association. All rights reserved.


