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Article abstract—Objective: To evaluate the impact of midlife elevated serum cholesterol levels and blood pressure on
the subsequent development of mild cognitive impairment (MCI) and to investigate the prevalence of MCI in elderly
Finnish population, applying the MCI criteria devised by the Mayo Clinic Alzheimer’s Disease Research Center. Back-
ground: MCI has been considered as a predictor of AD. Vascular risk factors may be important in the development of
cognitive impairment and AD. However, the role of vascular risk factors in MCI and the prevalence of MCI still remain
virtually unknown. Methods: Subjects were derived from random, population-based samples previously studied in surveys
carried out in 1972, 1977, 1982, and 1987. After an average follow-up of 21 years, 1,449 subjects aged 65 to 79 years were
reexamined in 1998. Results: Eighty-two subjects, 6.1% of the population (average age, 72 years) met the criteria for MCI.
Midlife elevated serum cholesterol level (=6.5 mmol/L) was a significant risk factor for MCI (OR, 1.9; 95% CI, 1.2 to 3.0,
adjusted for age and body mass index); the effect of systolic blood pressure approached significance. Conclusion: Data

point to a role for midlife vascular risk factors in the development of MCI in late life.
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Researchers into aging-related cognitive disorders
are increasingly interested in mild cognitive impair-
ment (MCI), particularly as a means of identifying
early AD. An annual conversion rate of 10% to 12%
to AD in subjects with MCI has been proposed, in
contrast to a conversion rate of 1% to 2% in the
normal elderly population.! Past attempts to describe
MCI have been primarily clinic-based, and so far
there are few studies from representative general
populations; thus, the epidemiology of MCI remains
largely unknown. Large, longitudinal studies are
needed to investigate the prevalence of and risk fac-
tors for MCI.

There is some evidence that vascular factors may
be important in the development of cognitive impair-
ment. Several cross-sectional studies have investi-
gated the relationship between blood pressure (BP),
cholesterol, and late-life cognitive function.?* How-
ever, the results obtained from these studies remain
somewhat controversial. Furthermore, a conceptual
limitation of cross-sectional studies is that they can-
not readily determine causality. Some longitudinal
studies have pointed to a relationship between ele-
vated BP and development of AD later in life.*¢ Re-
cently, some longitudinal studies investigated the
relationship between midlife BP and late-life cogni-

tive function in nondemented subjects. These studies
have described an association between elevated sys-
tolic BP (SBP) (the Honolulu-Asia Aging Study?), el-
evated diastolic BP (DBP) (the Uppsala Study®), both
elevated SBP and DBP (the Framingham Study®), or
hypertension in general (National Heart, Lung, and
Blood Institute Twin Study') at midlife and im-
paired cognitive performance in late life. In these
studies, cognitive impairment was defined by a vari-
ety of neuropsychological tests instead of being based
on clinical or diagnostic concepts. On the other hand,
a recent longitudinal population-based study indi-
cated a complex relationship between elevated BP
and cognitive decline, with the results varying ac-
cording to which test was used to measure cognition,
and reflecting a rather minor association between
BP and cognition. Two longitudinal studies have
suggested a relationship between elevated midlife
cholesterol levels and AD,%'? but there do not appear
to be any longitudinal studies examining the rela-
tionship between midlife serum cholesterol levels
and late-life cognitive impairment.

Thus, results from published studies as to the as-
sociation between vascular risk factors and cognitive
impairment remain inconclusive. Furthermore, no
study has investigated the relationship between
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Baseline surveys
random sample

n=2 000
I
Screening phase Non-participants 551
(phase 1) - refused 434
n = 1449 (72.5 %) - refused due to poor health 101
I - nursing home resident 7
- died 3
MMSE <24 - not contacted 6
n=280
" Not evaluated 40
Clinical phase - refused 33
(phase 2) - refused due to poor health 5
n= 2 40 - died 2
Cognitively Cognitively Possible
normal impaired dementia
n=101 n=61 n=78
1169 21 57
v h 4
Not demented MCI Dementia
(= controls) n=282 n=57
n=1270 (6.1 %) (4.0 %)

Figure. Formation of the study population. MCI = mild
cognitive impairment; MMSE = Mini-Mental State
Examination.

midlife vascular risk factors and late-life MCI. Be-
cause MCI is considered to be an intermediate state
between normal cognition in the aged and AD, it
would be of interest to investigate whether the pro-
posed risk factors for AD are also associated with
MCI. Assuming that neurodegenerative processes
begin at midlife,' it would also be important to ana-
lyze the effect of putative midlife risk factors as po-
tential targets for prevention of MCI, and ultimately,
perhaps AD.

In the present study, the prevalence of MCI was
evaluated at the population level, applying the MCI
criteria suggested by Mayo Clinic Alzheimer’s Dis-
ease Research Center (MCADRC).'*%* The impact of
midlife elevated cholesterol levels and BP on the subse-
quent development of MCI was analyzed, as well as
vascular and other characteristics associated with
MCI, both at prospective and cross-sectional levels.

Subjects and methods. Subjects. The study subjects
were derived from large, population-based random sam-
ples studied within the framework of the North Karelia
Project and the FINMONICA (Finnish Multinational Mon-
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itoring of Trends and Determinants in Cardiovascular Dis-
ease) study during 1972, 1977, 1982, and 1987.'¢ Those
individuals still alive, aged 65 to 79 at the end of 1997 and
living in two geographically defined areas in or close to the
towns of Kuopio and Joensuu (n = 2,293), were the target
of this study. From these subjects, a random sample of
2,000 persons was invited to undergo reexamination dur-
ing 1998. Altogether, 1,449 subjects (72.5%) were reexam-
ined (figure). The study was approved by the local ethics
committee, and written informed consent was obtained
from all participants.

Methods. Midlife visit. The survey methods used
during the midlife visit were carefully standardized and
complied with international recommendations. They also
followed the World Health Organization MONICA protocol
in 1982 and 1987, and were comparable with methods used
in 1972 and 1977. The protocol is described in more detail
elsewhere.’® In brief, the survey included a self-
administered questionnaire on health behavior, health sta-
tus, and medical history. Subjects were queried about
cerebrovascular and cardiovascular events and conditions
diagnosed by physicians. Nurses specially trained for the
survey checked the questionnaires to ensure that they
were fully completed. Height, weight, and BP were mea-
sured. Body mass index (BMI) was calculated as weight (in
kilograms) divided by height squared (in meters). Casual
SBP and DBP were measured from the right arm of the
subjects after they had been seated for 5 minutes. A ve-
nous blood specimen was taken to determine serum choles-
terol. Serum total cholesterol was determined from frozen
serum samples using the heparinmangan precipitation
(Liebermann—Burchard) method in 1972 and 1977, and
from fresh serum samples using an enzymatic cholesterol
oxidase/p-aminophenazone (CHOD-PAP) method (Monotest,
Boehringer, Mannheim, Germany) in 1982 and 1987. The
enzymatic assay method gave 2.4% lower values than the
Liebermann—Burchard method. Cholesterol values from
the 1972 and 1977 surveys were thus corrected accord-
ingly. All cholesterol determinations were made in the
same central laboratory and the laboratory data were stan-
dardized against national and international reference lab-
oratory values.

Reexamination in 1998. During the reexamination,
the survey methods followed the standards of the previous
surveys in all aspects. Moreover, the cognitive functions
(phase 1; see figure) were screened using the Mini-Mental
State Examination (MMSE).!” Subjects scoring =24 in the
MMSE (n = 280) were invited to participate in the clinical
phase (phase 2) to assess the possibility of MCI. Ulti-
mately, 240 of these subjects (86%) took part in the clinical
phase, which consisted of taking of medical history, thor-
ough neurologic and cardiovascular examinations per-
formed by the physician (M.K.), and a detailed
neuropsychological evaluation conducted by the neuropsy-
chologist (E.-L.H.) that included the Buschke Selective Re-
minding Test,'® the Logical Memory Test from the
Wechsler Memory Scale—Revised,’ the Boston Naming
Test,?° the Vocabulary subtest of the Wechsler Adult Intel-
ligence Scale,?! the Verbal Fluency Test,?? the Copy a Cube
Test,?? the Clock Setting Test,?® the Block Design subtest of
the Wechsler Adult Intelligence Scale,?’ the Wisconsin
Card Sorting Test using Nelson’s version,?* and the Trail
Making Test.?> The severity of cognitive decline was




Table 1 Sociodemographic and clinical characteristics of subjects
with and without MCI

Subjects with Subjects without

Characteristic MCI, n = 82 MCI, n = 1270 p Value
Men/women, % 32.9/67.1 38.3/61.7 0.35
Follow-up 21.1(+4.8) 20.9 (£5.0) 0.75
time, y
Age, y
Midlife 51.7 (+5.8) 50.1 (£6.0) 0.02
Late life 72.8 (x4.1) 71.0 (£3.9) <0.001
Education, y 6.8 (+2.04) 8.8 (+3.5) <0.001
MMSE score 22.6 (+0.4) 26.3 (x1.9) <0.001
BMI, kg/m?
Midlife 27.1(+3.6) 26.5 (£3.7) 0.13
Late life 28.7 (+6.2) 27.7 (x4.1) 0.17
SBP, mmHg
Midlife 148.4 (+23.2) 143.6 (=19.6) 0.07
Late life 151.5 (£22.2) 151.5 (£23.5) 0.98
DBP, mmHg
Midlife 90.2 (+14.8) 89.6 (x11.3) 0.83
Late life 80.0 (+10.8) 80.5 (+11.2) 0.72
Cholesterol,
mmol/L
Midlife 7.2(%£1.2) 6.7 (x1.2) <0.001
Late life 5.9 (+1.2) 5.8 (+=1.0) 0.67

Values are mean (+SD), and student’s #-test was used unless
otherwise indicated.

* Values are percentages, and x? test was used.

BMI = body mass index; DBP = diastolic blood pressure; MCI =
mild cognitive impairment; MMSE = Mini-Mental State Exami-
nation; SBP = systolic blood pressure.

graded by the study physician according to the Clinical
Dementia Rating scale.?®

A review board consisting of the study physician, the
study neuropsychologist, and a senior neurologist (M.H.)
ascertained the preliminary diagnosis based on all avail-
able information. Subjects with possible dementia were
invited to the differential diagnostic phase (phase 3),
which included MRI, CSF analysis, EKG, chest radio-
graph, and blood tests. All data accumulated from the
screening and clinical phases were carefully reanalyzed by
the review board before the final diagnosis was estab-
lished. The diagnosis of dementia was based on the criteria
of the Diagnostic and Statistical Manual of Mental Disor-
ders, 4th ed. (DSM-IV)?" and the diagnosis of AD on the
National Institute of Neurologic and Communicative Dis-
orders and Stroke and Alzheimer’s Disease and Related
Disorders Association (NINCDS-ADRDA) criteria.?® A total
of 57 subjects (4%) were diagnosed as having dementia, 48
of whom had AD.

The diagnostic criteria proposed by the MCADRC were
used for diagnosing MCI.'*'> These include 1) memory
complaint by patient, family, or physician; 2) normal activ-
ities of daily living; 3) normal global cognitive function; 4)
objective impairment of memory or in one other area of

cognitive function as evidenced by scores >1.5 SD below
the age-appropriate mean; 5) Clinical Dementia Rating
score of 0.5; and 6) absence of dementia. As provided for by
the MCADRC criteria, the cut-off point 1.5 SD below the
norm in the neuropsychological tests was used as a guide-
line in the clinical assessment of cognitive performance.
Thus, both psychometric and clinical aspects were taken
into account in the ultimate diagnosis of MCI as suggested
by the MCADRC criteria.'*'® The participants who had
neither dementia nor MCI formed the control group.

Statistical analyses. To analyze the differences be-
tween subjects with MCI and control subjects, demented
subjects were excluded from the analyses, and Student’s
t-test and x? test were used as appropriate. Midlife serum
cholesterol values were classified into high (=6.5 mmol/L)
and normal (<6.5 mmol/L). Midlife BP values were classi-
fied into three categories: normal (SBP <140 mmHg; DBP
<90 mmHg), borderline (SBP 140 to 159 mmHg; DBP 90
to 94 mmHg), and high (SBP =160 mmHg; DBP =95
mmHg). The association between midlife cholesterol and
BP with subsequent MCI was investigated with multiple
logistic regression analyses using normal cholesterol and
BP as the reference category. SBP and DBP were analyzed
separately. As cholesterol and BP are influenced by age
and BMI, further analyses were done controlling for age
and BMI (model 2).

Participants were further divided into three risk groups
according to midlife SBP and serum cholesterol: 1) low risk
(SBP <160 mmHg and cholesterol <6.5 mmol/L), 2) single
risk factor (either SBP =160 mmHg or cholesterol =6.5
mmol/L), or 3) combined risk (SBP =160 mmHg and cho-
lesterol =6.5 mmol/L). To investigate the combined effect
of midlife hypertension and hypercholesterolemia on the
development of MCI, the combined risk group was com-
pared with both the low-risk and the single-risk-factor
groups. Multiple logistic regression analyses were used to
calculate OR with 95% CI.

To investigate the distribution of midlife cardiovascular
characteristics among demented individuals, those with
MCI, and the control subjects, the demented subjects were
included in the analyses, and x? test was used. The Man-
tel-Haenszel x? test was used as a measure of linear asso-
ciation between these factors. The level of significance was
p < 0.05 in all analyses.

Results. Sociodemographic and clinical characteristics.
Eighty-two subjects (6.1%) were diagnosed as having MCI.
The proportion of women (62.1%) was equal to that in the
general population in this age group in the study area (64%),
and there was no significant difference between subjects with
MCI and control subjects in gender (table 1). Mean follow-up
time was 21 years (range, 11 to 26) and was 21 years or more
for 73% of subjects (26 years for 35%; 21 years for 38%; 16
years for 16%; and 11 years for 11%). Subjects with MCI
were significantly older and had a lower degree of formal
education than control subjects (see table 1). At midlife, sub-
jects with MCI had significantly higher serum total choles-
terol and a trend toward higher SBP than control subjects,
but at late life there was no difference in these values. Sub-
jects with MCI had wider distribution (SD *= 23.2) in SBP
values at midlife than control subjects (SD + 19.6) (Levene’s
test for equality of variances: F = 5.4, p = 0.02). There was
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Table 2 Association of midlife blood pressure and cholesterol levels with MCI later in life

% Subjects with

Odds ratio (95% CI)

% Subjects without

Characteristic MCI, n = 82 MCI, n = 1270 Model 1 Model 2
Cholesterol

<6.5 mmol/L (normal) 31.7 47.6 1.0 1.0

=6.5 mmol/L (high) 68.3 52.4 2.0 (1.2-3.2) 1.9 (1.2-3.0)
Systolic blood pressure

<140 mmHg (normal) 43.9 44.9 1.0 1.0

140-159 mmHg (borderline) 29.3 36.2 0.8 (0.5-1.4) 0.8 (0.4-1.3)

=160 mmHg (high) 26.8 18.9 1.5 (0.8-2.5) 1.2 (0.7-2.2)
Diastolic blood pressure

<90 mmHg (normal) 50.0 52.2 1.0 1.0

90-94 mmHg (borderline) 19.5 21.5 0.9 (0.5-1.7) 0.9 (0.5-1.7)

=95 mmHg (high) 30.5 26.3 1.2 (0.7-2.0) 1.1(0.7-1.9)
Risk groups*

Low 22.0 40.3 1.0 1.0

Single risk factor 61.0 48.0 2.3 (1.3-4.0) 2.2(1.3-3.9)

Combined risk 17.1 11.7 2.7 (1.3-5.5) 2.3(1.1-4.8)

Multiple logistic regression analysis was used.

Model 1 gives univariate odds ratios of mild cognitive impairment (MCI), model 2 includes adjusting for age and body mass index.

* Low indicates systolic blood pressure <160 mmHg and cholesterol <6.5 mmol/L; single risk factor, systolic blood pressure =160
mmHg or cholesterol =6.5 mmol/L; combined, systolic blood pressure =160 mmHg and cholesterol =6.5 mmol/L.

no difference in DBP or BMI between subjects with MCI and
control subjects at midlife or late life.

If memory tests were used as the only neuropsychologi-
cal criteria for the diagnosis of MCI, six subjects would
have been excluded, leaving 76 (5.6%) in the MCI group.
The characteristics and risk factors of these 76 subjects did
not differ from the original MCI group. The six subjects
who did not fulfill the 1.5 SD cut-off in the memory tests
had, however, somewhat milder memory impairment.

Cholesterol, blood pressure, and risk of MCI. Elevated
serum cholesterol (=6.5 mmol/L) at midlife was a signifi-
cant risk factor for MCI in late life (table 2). There was a
trend toward high SBP (=160 mmHg) at midlife in sub-
jects with MCI (26.8%) compared with control subjects
(18.9%). However, the risk of developing MCI was not sig-
nificantly higher among subjects with high SBP than that
in individuals with normal SBP at midlife (see table 2).
Borderline elevated SBP (140 to 159 mmHg) and elevated
DBP at midlife had no effect on the risk of MCI. Subjects
with combined risk factors (both SBP =160 mmHg and
total cholesterol level =6.5 mmol/L) at midlife had a signif-
icantly higher risk of MCI than the low-risk group, but
there was no difference in MCI risk between the combined-
risk-factor group and the single-risk-factor group. Adjust-
ment for age and BMI (model 2) did not alter these results
(see table 2). Because subjects with MCI had a lower de-
gree of formal education, all analyses were replicated in-
cluding education in the multiple logistic regression.
Adjustment for education, as well as smoking and alcohol
consumption (data not shown), did not change the results.

Medical history and MCI. History of angina pectoris,
myocardial infarction, and cerebrovascular symptoms (al-
most invariably expressed as TIA) were used as the clini-
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cal indicators of cardiovascular and cerebrovascular
disease. The prevalence of angina pectoris, myocardial in-
farction, and cerebrovascular symptoms tended to be
higher in subjects with MCI than in control subjects, but
the differences between the groups were not significant
either at midlife or later in life (table 3). However, subjects
with MCI had more often been given a diagnosis of hyper-
tension (information obtained from self-administered ques-
tionnaire) at midlife than control subjects, although there
was no difference in antihypertensive drug treatment be-
tween the groups. At the time of the original midlife inves-
tigations, cholesterol-lowering drug treatment was not
available or its use was exceptional and rare. At the late-
life visit, there was no difference between the groups ei-
ther in the prevalence of hypertension or the use of
antihypertensive or cholesterol-lowering drugs. There was
no significant difference in smoking or history of diabetes
mellitus at midlife or later in life. At midlife there was no
difference in alcohol consumption between the groups, but
later in life the control subjects reported consuming more
alcohol than did subjects with MCI.

MCI diagnosis with exclusion of health problems. In
the further analyses, we excluded those individuals with
health problems that could have had a direct impact on
cognitive function. Information about these health prob-
lems was obtained during the clinical phase, which in-
cluded taking medical history and performing clinical
examinations, and hospital records were also used to check
the information. Ultimately, three subjects with brain is-
chemia, two with cerebral hemorrhage, one with PD, four
with depression, two with other psychiatric illnesses, three
with chronic abuse of alcohol, and three with serious sys-
temic illness were excluded, leaving a total of 64 (4.8%)



Table 3 Relationship of medical history and vascular
characteristics to MCI

% Subjects % Control
with MCI, subjects,

Characteristic n = 82 n =1270  p Value
Angina pectoris

Midlife 6.3 3.8 0.24

Late life 22.5 20.0 0.58
Myocardial infarction

Midlife 3.8 24 0.39

Late life 20.3 13.7 0.18
Cerebrovascular symptoms

Midlife 3.8 1.2 0.16

Late life 9.2 6.5 0.35
Hypertension

Midlife 43.2 31.6 0.03

Late life 40.5 35.6 0.38
Antihypertensive drug

treatment

Midlife 12.2 14.5 0.57

Late life 39.0 35.9 0.57
Cholesterol lowering drug

treatment

Late life 20.3 15.1 0.25
Diabetes mellitus

Midlife 1.4 1.1 0.21

Late life 8.9 6.3 0.84
Smoking

Midlife 35.4 43.2 0.17

Late life 36.6 36.8 1.00
Alcohol use

Midlife 62.5 71.1 0.61

Late life 52.5 72.5 <0.001

x> Test was used.

Information is obtained from detailed questionnaires concerning
medical history and medical conditions and events diagnosed by
a physician. Midlife and late life indicate the visit when the
questionnaire was answered.

MCI = mild cognitive impairment.

participants who met the criteria for diagnosis of MCI. The
relationship between midlife cholesterol and BP and MCI
after exclusion of these other health problems yielded vir-
tually the same results (data not shown) as the overall
analysis. However, the association between MCI and the
combined risk factors (model 2: OR, 2.5; 95% CI, 1.1 to 5.9)
and also a single risk factor (model 2: OR, 2.5; 95% CI, 1.3
to 4.7) were slightly stronger in this exclusionary analysis
than in the overall analysis.

Cardiovascular characteristics among demented, mildly
impaired, and control subjects. Table 4 presents midlife
cardiovascular characteristics among the demented, MCI,
and control groups. The distribution of cholesterol, SBP,
and risk factor categories differed significantly between
the three groups: demented subjects most often had high

cholesterol, high SBP, and combined risks at midlife and
the control subjects most seldom had these characteristics.
At midlife, subjects with MCI had cholesterol levels and
SBP that were higher than those who remained cognitively
normal but lower than those who developed dementia.
Thus, subjects with MCI had a risk-factor profile that was
intermediate between the demented persons and the con-
trol subjects, with a significant linear trend over the three
categories (see table 4). A positive history for myocardial
infarction and cerebrovascular symptoms was highest
among demented subjects, second highest among subjects
with MCI, and lowest among control subjects (p < 0.001
for linear trend).

Nonparticipants. Comparison of participants with
nonparticipants in the late-life visit showed that partici-
pants were younger (50 = 6 versus 51 * 6 years; p =
0.007), more educated (8.4 = 3.5 versus 5.4 = 1.8 years; p
< 0.001), and had lower BMI (26.6 = 3.7 versus 27.2 = 4.5
kg/m?; p = 0.002). They did not differ significantly in gen-
der, smoking, alcohol consumption, use of antihypertensive
medication, or prevalence of angina pectoris, myocardial
infarction, cerebrovascular symptoms, or diabetes mellitus
at midlife (results not shown). At midlife, nonparticipants
had had higher SBP (150 *+ 22 versus 144 = 20 mmHg; p
< 0.001), DBP (92 *+ 11 versus 89 = 11 mmHg; p < 0.001),
and serum total cholesterol (7.0 = 1.3 versus 6.7 = 1.2
mmol/L; p < 0.001) compared with those attending the
late-life visit.

Discussion. By applying the MCADRC criteria, we
found a 6.1% prevalence of MCI in subjects aged 65
to 79 years in this population-based study. After ex-
clusion of other health problems that may have had
a direct impact on cognitive function, the prevalence
of MCI was 4.8%. Importantly, high serum choles-
terol levels at midlife were found to increase the risk
of MCI. Furthermore, subjects with MCI tended to
have higher SBP at midlife than control subjects,
and the distribution of SBP values was also wider
among MCI than control subjects, but ultimately
high midlife SBP only approached significance as a
risk for MCI. Of subjects with MCI, 61% had had
either elevated serum cholesterol or high SBP at
midlife. Our previous study of subjects in the same
area found that both elevated SBP and high choles-
terol at midlife increased the risk of AD.® Although
the midlife cholesterol levels and SBP of the subjects
with MCI were higher than the control subjects, they
were less abnormal than values in those individuals
who developed dementia. Thus, with respect to these
midlife vascular risk factors, subjects with MCI ap-
pear to be distinct from (and intermediate between)
subjects with dementia and cognitively normal
individuals.

Our study setting (a population-based, longitudi-
nal study with a large cohort of subjects), the rela-
tively high response-rate, and our three-phase study
protocol to diagnose MCI and dementia increase the
credibility of these findings. However, there are sev-
eral reasons why the present results may underesti-
mate the true prevalence of MCI in this population.
We subjected only subjects scoring =24 on the
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Table 4 Midlife cardiovascular characteristics among demented, MCI, and control subjects

% Demented

% Subjects with

% Control Test for linear

Characteristic subjects, n =57 MCI, n = 82 subjects, n = 1270 p Value trendf
Cholesterol =6.5 mmol/L (high) 73.7 68.3 52.4 <0.001 <0.001
Systolic blood pressure
<140 mmHg (normal) 22.8 43.9 44.9 0.003 <0.001
140-159 mmHg (borderline) 43.9 29.3 36.2
=160 mmHg (high) 33.3 26.8 18.9
Risk groups*
Low 22.8 22.0 40.3 <0.001 <0.001
Single risk factor 474 61.0 48.0
Combined risk 29.8 17.1 11.7

x2 Test was used.

* Low indicates systolic blood pressure <160 mmHg and cholesterol <6.5 mmol/L; single risk factor, systolic blood pressure =160
mmHg or cholesterol =6.5 mmol/L; combined, systolic blood pressure =160 mmHg and cholesterol =6.5 mmol/L.

1 p Value for between-group difference.

MCI = mild cognitive impairment.

MMSE to a full diagnostic evaluation. It is likely
that some instances of MCI may have escaped detec-
tion at this threshold. It is also probable that, be-
cause of selection bias, our study participants had
lower rates of MCI than the full population including
nonparticipants.?® In this context, it is noteworthy
that nonparticipants had higher prevalence of both
systolic hypertension and hypercholesterolemia than
participants at midlife follow-up.

The MCADRC criteria for MCI excluded those
subjects with health problems that may have an im-
pact on cognitive function. However, to investigate
significant health-related contributors to the diagno-
sis of MCI at the population level, we included also
subjects with some health problems in the main
analysis. There was no significant difference in the
prevalence of cardiovascular or cerebrovascular dis-
eases between subjects with MCI and control sub-
jects. Importantly, exclusion of other health
problems did not diminish the association between
midlife high cholesterol and late-life MCI and the
tendency between midlife high SBP and late-life
MCI, but rather strengthened the effect of these risk
factors. If the group of subjects with MCI remaining
after exclusion of other health problems is thought to
represent the real, more homogenous group predic-
tive for AD, these findings provide further support
for the view that hypercholesterolemia earlier in life
predicts the development of cognitive impairment.
The role of high SBP remains controversial, but the
results of this and our recent study suggest that high
SBP is also associated with the development of cog-
nitive impairment. Even though midlife BP values
did not differ significantly between the subjects with
MCI and control subjects, the former more often re-
ported a diagnosis of hypertension at midlife, sup-
porting the association between these conditions.

The precise mechanisms by which vascular risk
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factors are related to cognitive impairment or AD
remain unknown at the moment. Hypercholesterol-
emia and hypertension are thought to increase the
risk of cognitive impairment and dementia by induc-
ing atherosclerosis and impairing blood flow, but
they may also directly affect neurodegeneration rele-
vant to AD.3%3! The possible biologic mechanisms
whereby elevated serum cholesterol may cause cog-
nitive decline are of interest. Longstanding hyper-
cholesterolemia may lead to intima thickening and
weakening of endothelial functions in cerebrovascu-
lar arterioles and capillaries and these changes may
impair brain metabolism.?? Cholesterol has also been
shown to have an effect in cell culture on metabolism
of the amyloid precursor protein.?* Furthermore, de-
pletion of intraneuronal cholesterol has been re-
ported to inhibit B-amyloid production in vitro3
indicating that increased cholesterol levels could accel-
erate the production of B-amyloid, the accumulation of
B-amyloid plaques, and the development of AD.

The dose-response relationship between elevated
cholesterol and SBP at midlife and severity of cogni-
tive decline in late life deserves some discussion. We
observed that subjects diagnosed with MCI appeared
to be distinct from and intermediate between sub-
jects with dementia and cognitively normal subjects
with respect to midlife cholesterol and SBP values.
At midlife, subjects with MCI had cholesterol and
SBP levels that were higher than those of control
subjects but lower than those who developed demen-
tia. This graded association relationship may indi-
cate a causal relationship between elevated
cholesterol and SBP and the severity of cognitive
impairment.

As the proportion of elderly in the population in-
creases, AD will become an enormous public health
problem. Interventions that might delay disease on-
set, even if only modestly, would have huge benefits



from the public health point of view.?> The observed
relationship between high midlife cholesterol and
late-life MCI and the tendency between high midlife
SBP and late-life MCI may have implications for
prevention of MCI and AD, because both hypercho-
lesterolemia and hypertension are amenable to non-
pharmacologic and pharmacologic treatments. Our
findings that midlife cardiovascular risk factors can
influence the development of MCI need to be con-
firmed in other epidemiologic studies.
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