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CME Cardiovascular risk factors and
cognitive decline in middle-aged adults

D. Knopman, MD; L.L. Boland, MPH; T. Mosley, PhD; G. Howard, DrPH; D. Liao, MD, PhD;
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Atherosclerosis Risk in Communities (ARIC) Study Investigators

Article abstract—Objective: To perform serial neuropsychological assessments to detect vascular risk factors for cogni-
tive decline in the Atherosclerosis Risk in Communities cohort, a large biracial, multisite, longitudinal investigation of
initially middle-aged individuals. Methods: The authors administered cognitive assessments to 10,963 individuals (8,729
white individuals and 2,234 black individuals) on two occasions separated by 6 years. Subjects ranged in age at the first
assessment from 47 to 70 years. The cognitive assessments included the delayed word recall (DWR) test, a 10-word
delayed free recall task in which the learning phase included sentence generation with the study words, the digit symbol
subtest (DSS) of the Wechsler Adult Intelligence Scale–Revised and the first-letter word fluency (WF) test using letters F,
A, and S. Results: In multivariate analyses (controlling for demographic factors), the presence of diabetes at baseline was
associated with greater decline in scores on both the DSS and WF (p , 0.05), and the presence of hypertension at baseline
was associated with greater decline on the DSS alone (p , 0.05). The association of diabetes with cognitive decline
persisted when analysis was restricted to the 47- to 57-year-old subgroup. Smoking status, carotid intima–media wall
thickness, and hyperlipidemia at baseline were not associated with change in cognitive test scores. Conclusions: Hyper-
tension and diabetes mellitus were positively associated with cognitive decline over 6 years in this late middle-aged
population. Interventions aimed at hypertension or diabetes that begin before age 60 might lessen the burden of cognitive
impairment in later life.
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Vascular risk factors are typically thought to pro-
duce deleterious effects on brain function via overt
strokes. However, it is more likely that the burden of
brain lesions due to cerebrovascular disease actually
accumulates subclinically over years or decades.
Cross-sectional data in elderly demented individuals

have shown that various cardiovascular risk factors
are associated with a higher risk of dementia.1 How
early these risk factors may begin to exert their in-
fluence is not well understood. Several studies have
noted that blood pressure during middle age is asso-
ciated with later cognitive dysfunction.2-8 None of
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these studies measured cognition in mid life, how-
ever, so the temporal relationship between hyperten-
sion and cognitive impairment has not been clear.

Studies have also shown clear relationships be-
tween diabetes mellitus, cognitive decline, and de-
mentia (usually vascular dementia). The largest
associations have been seen in studies with case-
control designs9,10 of clinically referred patients.
Population-based studies have usually,2,11,12 but not
always,13 shown an association of diabetes with cog-
nitive decline in the elderly. In studies of prevalent
dementia, there is a consistent link between AD14,15

and diabetes, as well as vascular dementia14,16,17 and
diabetes.

The Atherosclerosis Risk in Communities (ARIC)
study was initiated in 1987 as a multiethnic, multi-
center investigation of vascular disease and its con-
sequences.18 At the second visit, a cognitive battery
was administered to participants. Cross-sectional re-
sults of the first (visit 2) cognitive battery have been
published previously.19 At the fourth ARIC visit 6
years later, the cognitive battery was repeated. The
purpose of this report is to describe the relationships
between baseline cardiovascular risk factors and
change in cognitive function over the 6-year interval.

Methods. The initial enrollment in ARIC has been de-
scribed previously.18 Briefly, 15,792 men and women, ini-
tially aged 45 to 64, were recruited between 1987 and
1989. The cohort was created using probability samples,
employing population-wide lists (mainly drivers’ licenses)
or area sampling from four locales. The four sites were
Forsyth County, NC; Jackson, MS; suburban Minneapolis,
MN; and Washington County, MD. Only black individuals
were sampled in Jackson, MS. Approximately 13% of the
Forsyth County sample was black. In the other two sites,
subjects were virtually all white. The cohort underwent a
comprehensive clinical examination from 1987 to 1989.
The response rate was 46% in Jackson, MS, and approxi-
mately 65% in the other three communities. Informed con-
sent was obtained at the initial visit. The cohort has been
re-examined every 3 years since the initial visit. The study
was approved by the institutional review boards of each site.

At the second visit (in 1990 to 1992), conducted 3 years
after the initial enrollment visit, 14,348 individuals in the
ARIC cohort underwent a cognitive evaluation. For most of
the current analysis, 300 of these subjects were excluded
because they gave a history of stroke or TIA. This visit
(“visit 2” in the overall ARIC study) constitutes the base-
line visit for the current report. At visit 4, the follow-up
visit for this report 6 years later, 10,963 (76%) of the indi-
viduals in the ARIC cohort were retested.

Subjects ranged in age at the first assessment from 47
to 70 years. Among the retested individuals, there were
8,729 white subjects and 2,234 black subjects. Women (n 5
6,126) were more numerous than men (n 5 4,837). Educa-
tional attainment varied widely, with 6% of subjects with
,9th-grade education, 45% with 9 to 12 years of education,
9% with postsecondary vocational education, and 39% with
at least some college.

Cognitive testing. The cognitive assessments and the
baseline performance have been presented in detail.19 The

battery included the delayed word recall (DWR) test, the
digit symbol subtest (DSS) of the Wechsler Adult Intelli-
gence Scale–Revised (WAIS-R) and the first-letter word
fluency (WF) test. The tests were administered by trained
interviewers in a standardized order during one session in
a quiet room. Interviewer performance was monitored by
tape recording, and a sample of the testing sessions were
reviewed to confirm that there were no systematic differ-
ences between the different interviewers who administered
the tests. The same test versions were used at both visits.

The DWR20 is a test of verbal learning and recent mem-
ory that requires the participant to recall 10 common
nouns following a 5-minute interval. In order to produce
elaborative processing during the encoding stage of learn-
ing, individuals were required to construct sentences incor-
porating the words presented. During the delay interval,
the digit symbol substitution test was given. After 5 min-
utes, free recall of the words was sought.

The DSS of the WAIS-R21 is a paper-and-pencil task
requiring timed translation of numbers to symbols using a
key given at the top of the test page. The test was scored
as the number of correct translations completed within 90
seconds.

The WF test22 required the participant to generate as
many words as possible, but not proper names or places,
beginning with a particular letter of the alphabet within
60 seconds. Three separate 1-minute trial periods were
used for the each of the letters F, A, and S.

Risk factor assessments. The pertinent patient status
and cardiovascular risk states were defined as follows, and
are described in greater detail elsewhere.18 All of these
health status measures were assessed at ARIC visit 2, and
interim events between visits 2 and 4 were identified.

Hypertension was considered to be present at visit 2 if
systolic blood pressure (BP) was $140 mm Hg, if diastolic
BP was $90 mm Hg, or if antihypertensive medications
were being used. Systolic and diastolic BP were measured
three times using a random zero sphygmomanometer in
the right arm of seated participants. The mean of the last
two measurements was used in all analyses.

Prevalent diabetes mellitus was defined as a fasting
glucose of $126 mg/dL, nonfasting glucose of $200mg/dL,
a self-reported history of diabetes, or treatment for diabe-
tes. Participants were asked to fast for 12 hours before the
clinic visit. Blood was drawn from the antecubital vein of
seated participants. Serum glucose was assessed by the
hexokinase method.

Hyperlipidemia was defined as a low-density lipopro-
tein (LDL) cholesterol of $140 mg/dL or the use of
cholesterol-lowering agents. Plasma lipids and lipoproteins
were determined by enzymatic methods in a laboratory
standardized by the Centers for Disease Control. LDL cho-
lesterol was estimated by the Friedewald equation.

All participants were asked to bring to each ARIC clinic
visit all prescription and nonprescription medications
taken in the previous 2 weeks. Non-steroidal anti-
inflammatory drug (NSAID) use was determined by query-
ing subjects for all prescription and nonprescription
medication use at visit 2. Although it was possible to code
aspirin separately, aspirin is included among the NSAID
in these analyses. We coded a subject as taking a CNS-
relevant medication if they were receiving antipsychotics,
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antidepressants, anxiolytics, narcotic analgesics, anticon-
vulsants, or antineoplastic agents.

Carotid wall intima–media thickness (IMT) was deter-
mined by high resolution B-mode ultrasound, as previously
described.23 IMT was measured at three sites bilaterally,
and an overall average of the mean IMT of the six arterial
segments was calculated. The mean IMT used in analysis
was further adjusted for reader differences and time
trends. For the purposes of the analyses, carotid IMT was
divided into tertiles: ,0.65 mm, 0.65 to 0.76 mm, and
.0.76 mm.

Prevalent stroke was defined as those strokes that were
self-reported by subjects at the second ARIC visit.

Incident stroke was defined as a stroke meeting ARIC
criteria, as verified by an ARIC clinician through review of
medical records.24,25 To date, the identification and valida-
tion of incident strokes is complete only from baseline
through December 31, 1996. Because the testing cycle for
the follow-up cognitive assessments occurred over the
3-year period of January 1996 to January 1999, some inci-
dent strokes have not been enumerated. Because adjust-
ment for incident stroke would be only partial, subjects
with incident stroke were excluded from multivariate anal-
yses. We chose to include in this report data on subjects
with incident stroke for descriptive purposes and because
their data illuminates other aspects of the analysis.

Statistical methods. Change scores for cognitive tests
were calculated as visit 4 minus visit 2 values for each
individual. Mean change scores were tabulated by age
level. Change scores were computed for strata of each pu-
tative vascular risk factor19 using linear regression to con-
trol for age, gender, race-center, educational level, site,
and CNS-relevant medications. We performed the analyses
both with and without adjusting for the visit 2 perfor-
mance. Because the adjustment for the visit 2 scores had
virtually no effect on the outcomes, we report only the

analyses without the adjustment. Additional analyses com-
puted change scores for strata of each putative risk factor
broken down by race, but still controlling for age, gender,
center, educational level, site, and CNS-relevant medica-
tions. Medication use was determined from visit 2 only.
Age was treated as a continuous variable in risk-factor
analyses. The SAS statistical package (SAS Institute,
Cary, NC) was used for these analyses.

Results. The mean duration of follow-up was 6.0 (SD
0.3) years with a range of 3.6 to 8.8 years. Mean change
scores over the follow-up interval for the DWR, DSS, and
WF tests are given in table 1. Each mean score declined,
but declines were relatively small—equivalent to 0.1 SD
for DWR, 0.2 SD for DSS, and 0.05 SD for WF. Scores
declined more in older than younger participants.

Table 1 Changes over 6 years in cognitive tests, the
Atherosclerosis Risk in Communities cohort (unadjusted data)

Cognitive test/
age group at visit 2 n Visit 2*

Visit 42
visit 2

change†

Delayed Word Recall, no. of
words recalled

All ages 10,963 6.73 (1.5) 20.15 (0.01)

47–57 y 6,060 6.94 (1.4) 20.09 (0.02)

58–70 y 4,903 6.47 (1.5) 20.23 (0.23)

Digit Symbol Substitution test,
no. of symbols completed

All ages 10,913 46.39 (13.4) 22.60 (0.07)

47–57 y 6,043 48.62 (13.5) 22.19 (0.09)

58–70 y 4,870 43.63 (12.7) 23.12 (0.09)

Word Fluency test, no. of
words generated

All ages 10,937 34.16 (12.2) 20.57 (0.08)

47–57 y 6,054 34.83 (12.2) 20.37 (0.10)

58–70 y 4,883 33.34 (12.1) 20.81 (0.11)

* Values are mean (SD).
† Values are mean (SE).

Table 2 Adjusted mean change in cognitive function tests by level
of cardiovascular risk factors in the Atherosclerosis Risk in
Communities cohort

CVD risk factor n DWR DSS WF

Hyperlipidemia*

No 6,077 20.14 22.49 20.55

Yes 4,533 20.14 22.60 20.47

Smoking

Never 4,547 20.12 22.52 20.59

Former 4,171 20.16 22.55 20.43

Current 2,076 20.15 22.62 20.58

Diabetes

No 9,428 20.13 22.44 20.43

Yes 1,329 20.21 23.35† 21.14†

Carotid IMT thickness‡

Tertile

I 3,685 20.15 22.49 20.40

II 3,456 20.15 22.50 20.59

III 3,278 20.12 22.75 20.57

Hypertension§

No 7,301 20.14 22.43 20.46

Yes 3,466 20.15 22.82§ 20.68

Nonsteroidal anti-
inflammatory drug
use

No 8,508 20.15 22.51 20.48

Yes 2,291 20.12 22.71 20.69

Subjects with incident stroke were excluded. The analyses were
adjusted for age, gender, race-center, education level, and use of
CNS medications at visit 2.

* Low-density lipoprotein cholesterol $140 mg/dL or use of
cholesterol-lowering medication.

† p , 0.05.
‡ Carotid intimal-media thickness (IMT): tertile I 5 ,0.65 mm;

tertile II 5 0.65–0.76 mm; tertile III 5 .0.76 mm.
§ Systolic blood pressure $ 140 or diastolic blood pressure $ 90

mm Hg or use of antihypertensive medication.

CVD 5 cardiovascular disease; DWR 5 Delayed Word Recall test;
DSS 5 Digit Symbol Substitution test; WF 5 Word Fluency test.
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Baseline diabetes and hypertension were associated
with greater declines in scores on either DSS or WF (table
2). Participants with diabetes had a greater decline by 0.9
symbols on the DSS and 0.7 words on WF than nondiabetic
subjects. Compared to nonhypertensive subjects, hyperten-
sive subjects had a 0.4 greater symbol decline on the DSS.
The following baseline risk factors were not associated
with declines on any of the cognitive tests: carotid wall
IMT, smoking, NSAID use, and hyperlipidemia.

There were 83 incident strokes in the cohort. Mean
scores declined four to ninefold more in subjects with inci-
dent stroke in the follow-up interval compared with sub-
jects with no incident stroke (p , 0.05, data not shown).
On average, participants who had incident stroke declined
0.9 more words on the DWR, 6.7 more symbols on the DSS,
and 4.3 more words on the WF versus participants who did
not have incident stroke. History of stroke at baseline (vis-
it 2) was not associated with cognitive decline over the
follow-up period (data not shown).

We also performed analyses using the systolic blood pres-
sure cut points used by Glynn et al.,5 and did not find a
U-shaped association with cognitive function on any of the
three tests in our cohort. In fact, for the DSS and WF, the
group with the lowest systolic BP (,130 mm Hg) had the
least cognitive decline.

Interaction terms between age and diabetes and hyper-
tension in the basic multivariate analyses showed that the
hypertension association with DSS test change score dif-
fered by age (p , 0.05). In order to better define the rela-

tionship between cognitive decline and age, we stratified
the cohort into those ,58 years of age and those $58 years
of age (table 3). Diabetes mellitus was a risk factor for
cognitive decline even in the younger age group on both
DSS and WF. Hypertension proved to be a risk factor only
in older participants.

In analyses broken down by age (,58 or $58 years) and
race, the associations between diabetes and DSS and WF
change scores were significant (p , 0.05) in the older black
subjects, as well as in both the younger and older white
subgroups, and similar in magnitude to the values shown
in table 3 for the entire group. In the younger black sub-
group, the diabetes–cognitive change score associations
were in the same directions and nearly the same magni-
tude as observed for the entire cohort, but did not reach
significance. For hypertension and cognitive test scores,
there were no significant associations among black partic-
ipants, regardless of age. However, in the older black sub-
jects, the association between hypertension and change
scores on the DSS was of the same magnitude as shown in
table 3 for the entire cohort. The association between
change in scores on the DSS and hypertension was signifi-
cant (p , 0.05) in the older white subjects. Among older

Table 3 Adjusted mean change in cognitive function by level of
cardiovascular risk factors, stratified by age at visit 2 in the
Atherosclerosis Risk in Communities cohort

CVD risk factor n DWR DSS WF

Age ,58 y

Diabetes

No 5,339 20.08 22.07 20.24

Yes 629 20.12 22.82* 20.98*

Hypertension†

No 4,359 20.08 22.15 20.30

Yes 1,624 20.10 22.15 20.45

Age $58 y

Diabetes

No 4,089 20.20 22.90 20.67

Yes 700 20.32 23.94* 21.35*

Hypertension†

No 2,942 20.22 22.75 20.66

Yes 1,842 20.21 23.54* 20.94

Subjects with incident stroke were excluded. The analyses were
adjusted for age, gender, race-center, education level, and use of
CNS medications at visit 2.

* p , 0.05.
† Systolic blood pressure $ 140 or diastolic blood pressure $ 90

mm Hg or use of antihypertensive medication.

CVD 5 cardiovascular disease; DWR 5 Delayed Word Recall
test; DSS 5 Digit Symbol Substitution test; WF 5 Word Fluency
test.

Table 4 Comparison of visit 2 characteristics of participants in
the Atherosclerosis Risk in Communities Study who returned for
visit 4 and those who did not return

Characteristic

Cognitive
change data

available
(n 5 10,882)

Cognitive
change data
not available
(n 5 3,166) p Value*

Male sex, % 44.0 45.9 0.055

Black, % 20.2 39.7 ,0.001

Age, y, mean 6 SD 56.8 6 5.7 57.6 6 5.8 ,0.0001

BMI, kg/m2, mean 6 SD 27.9 6 5.2 28.4 6 6.0 ,0.0001

Smoking, %

Current 19.3 32.4

Former 38.6 35.2 ,0.001

Never 42.1 32.5

Education, %

,9th grade 6.2 16.5

9–12 grade 45.4 48.1 ,0.001

Vocational school 8.9 7.4

College 1 39.5 28.0

Diabetes, % 12.4 22.8 ,0.001

Hypertensive, % 32.4 45.9 ,0.001

Incident stroke, % 0.8 0.4 0.055

Visit 2 DWR score,
mean 6 SD

6.7 6 1.5 6.2 6 1.7 ,0.0001

Visit 2 DSS score, mean
6 SD

46.4 6 13.3 38.8 6 15.4 ,0.0001

Visit 2 WF score, mean
6 SD

34.2 6 12.2 29.8 6 13.0 ,0.0001

* p Value for test of significant difference in means (t-test) or
proportions (x2).

BMI 5 body mass index; DWR 5 Delayed Word Recall; DSS 5
Digit Span Substitution; WF 5 Word Fluency.
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black subjects, current smokers (compared to former smok-
ers but not never smokers) and those in tertile III of ca-
rotid intimal thickness (compared to tertile II but not
tertile I) had greater decline on the DSS. There were no
other race-specific associations with other risk factors.

We compared subjects who returned to visit 4 to those
who did not (table 4). There were substantial differences
demographically and, in terms of risk factors and baseline
cognitive status, the latter was worse in those who did not
return.

Discussion. We have documented that decline in
cognitive function in a middle-aged and young-
elderly cohort was greater in participants with hy-
pertension, diabetes mellitus, or incident stroke. The
performance decrements associated with hyperten-
sion and diabetes that we observed were small and
probably not clinically significant to the participants.
However, from a pathogenetic perspective, our obser-
vations offer evidence for the initiation of cognitive
impairment associated with diabetes and hyperten-
sion. We believe that our cohort is the youngest to
date in which neuropsychological decline associated
with cardiovascular risk factors has been docu-
mented using a longitudinal design. A very recent
study that enrolled 59- to 71-year-old subjects also
found an association between hypertension and cog-
nitive decline over a 4-year observation period.8 Sim-
ilar associations between cardiovascular risk factors
and cognitive decline have been observed in older
populations, particularly in the Cardiovascular
Health Study,2 the Honolulu Heart Study,4,16 the
Rotterdam Study,26 the Framingham Heart Study,11

and the Goteborg Longitudinal Study.27

In the baseline assessment of the individuals in
the ARIC cohort, cardiovascular risk factors were
also associated with lower cognition.19,28 Longitudinal
studies such as the current one provide stronger evi-
dence than cross-sectional studies for the existence
of linkage between cardiovascular risk factors and
cognitive decline.

Of our three cognitive tests, change on the DSS
was most strongly associated with risk factors. Be-
cause it is a timed test, it may be more sensitive to
subcortical vascular lesions in the striatum and in
cortico-cortical and cortico-subcortical pathways. The
association of hypertension and diabetes mellitus
with the decline on the DSS is notably similar to that
observed in the Cardiovascular Health Study.2 Our
data extend the observations in the Cardiovascular
Health Study of older patients to a younger age
group. The association between diabetes mellitus
and change on the WF task in our study also ex-
pands upon the generality of the relationship be-
tween diabetes and cognition by showing the
association between diabetes and another mental
agility task.

Almost all studies that have examined the associ-
ation of hypertension with declining cognition have
found a positive association between the two. The
negative study by Prince et al.7,29 may be explained

by the absence of nonhypertensive subjects in the
study sample. Several studies with older subjects5,30

found a U-shaped association of blood pressure with
subsequent cognitive change scores in population-
based cohorts. We failed to find a negative associa-
tion of low blood pressure and cognition. Two
studies5,30 used different cognitive screening tools
(neither study used timed tests) than we did. In the
older age range of the other two studies,5,30 lower
blood pressure might be more likely to be due to a
pathologic process, whereas in our young patients,
low blood pressure may be part of the normal range
of variation.

Three studies in older subjects3,4,6 have found that
mid-life hypertension was associated with dimin-
ished cognitive performance in later life. Our study
measured blood pressure at nearly as young an age
as that performed in the Honolulu Heart Study4 or
the Framingham Heart Study,3 but not as young as a
study of twins by Carmelli et al.6 Our study design
enabled us to detect an association with cognitive
decline at a younger age than these three other
studies.

Studies of diabetes mellitus and cognition have
shown some inconsistency. Case-control studies9,10

from clinical samples have shown cognitive impair-
ment in diabetic subjects compared to controls. Some
groups found no associations either with cross-
sectionally measured cognition13 or with a diagnosis
of dementia,16 whereas other population studies re-
ported diabetes to be an independent risk factor for
either cognitive impairment11,12 or dementia.14,15,17

Only two other studies have measured cognitive
function longitudinally in diabetics. One showed an
association similar to ours,2 while the other, based
on volunteers in the Baltimore Longitudinal Study,31

showed no evidence for greater cognitive decline in
diabetics.

The effect of incident stroke on cognitive decline
was substantial and reflected in the cognitive tests.
The number of incident strokes in our cohort was
small and not complete, however. Several other lon-
gitudinal studies have shown that incident stroke is
a risk factor for cognitive decline and dementia.32-37

Clinicopathologic studies have shown that patients
with AD and infarcts are more demented than pa-
tients with only Alzheimer pathology.38,39

The lack of an association of carotid artery IMT
with change in cognition is notable because carotid
artery IMT was correlated with baseline DSS perfor-
mance in the ARIC cohort19 and is a risk factor for
stroke.40,41 A longitudinal study such as this one
helps to identify conditions—cognitive impairment
and carotid artery disease—that may have common
mediators, but may not be causally related
themselves.

Our memory test, the DWR, showed negligible
changes over 6 years in the study population as a
whole. It was surprising to us that change in the
DWR was not associated with diabetes or hyperten-
sion. Glynn et al.5 also failed to show a consistent
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association of hypertension with longitudinal cogni-
tive change on their six-item memory test. Perhaps
the DWR and the memory test used by Glynn et al.5
lack sufficient sensitivity. Conversely, ARIC subjects
who had strokes in the interval between visits 2 and
4 experienced decline on the DWR in addition to the
other two tests. Perhaps the effects of diabetes and
hypertension are somewhat distinct from that of in-
farction, per se, in terms of the anatomic locus of the
brain injury.

Among ARIC participants, race had a relatively
minor impact on associations between risk factors
and cognition. Because sample sizes were lower in
race-specific analyses, we were not able to detect
associations of small magnitude, but the associations
with diabetes and hypertension that were seen in the
combined cohort were quite similar across racial
groups.

The mechanism by which hypertension and diabe-
tes mellitus cause impaired cognition was not ad-
dressed in the current study, but one candidate other
than overt cerebral infarction might be demyelina-
tion or microinfarction in the cerebral white matter.
In both the ARIC study42 and Cardiovascular Health
Study cross-sectional data,43 white matter lesions by
MRI and hypertension were correlated. Further-
more, white matter changes have been correlated
with poorer cognitive performance in twin studies44

and population-based studies.37,45 A report of the re-
lationships between brain MRI findings and cogni-
tion assessed at visit 3 in ARIC is currently being
prepared. Silent cerebral infarctions are another
mechanism by which hypertension produces brain
injury. In a subset of the ARIC cohort, hypertension
was associated with an increased risk for silent cere-
bral infarcts.46 The associations of risk factors, brain
lesions, and cognition is complex, however. In one
study,46 cigarette smoking had the most powerful as-
sociation with silent cerebral infarcts; in the current
study, cigarette smoking had no associations with
cognitive change.

Strengths of this study include its population-
based, ethnically diverse cohort, its very large sam-
ple size, and its longitudinal nature. The limitations
of this study are few. Longitudinal studies have
much attrition, and as we have shown (table 4),
ARIC participants who dropped out or died were
more impaired than those who returned for follow-
up. The attrition of more impaired individuals may
have lessened our ability to show associations be-
tween cognitive decline and risk factors. Our cogni-
tive battery was limited. It is possible that other
measures of abstract reasoning, executive function,
visuospatial function, or language could have re-
vealed a different pattern of associations with cardio-
vascular risk factors. In addition, our analyses
involved testing of associations of multiple risk fac-
tors, raising the possibility of type I errors.

Our longitudinal observations show that diabetes
and hypertension were associated with erosion of
cognitive function, as early as late middle age. We

hypothesize that the interaction of vascular risk fac-
tor–induced cognitive decline and the rising proba-
bility of Alzheimer pathology in the 7th and 8th
decades of life increases the probability of dementia.
Interventions aimed at hypertension or diabetes that
begin before age 60 years might lessen the burden of
cognitive impairment in later life. Although not all
studies that have examined the effects of treatment
of hypertension on dementia have been positive,47

some encouraging findings have been reported.48
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