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Abstract—Cardiovascular risk factors often cluster into a metabolic syndrome that may increase the risk of dementia. The

objective of the present study was to assess the long-term association between clustered metabolic cardiovascular ris
factors measured at middle age and the risk of dementia in old age. This prospective cohort study of cardiovascular
disease was started in 1965 and was extended to a study of dementia in 1991. The subjects were Japanese-American m

with an average age of 52t4.7 (mear:SD) years at baseline. Dementia was diagnosed in 215 men, according to
international criteria, and was based on a clinical examination, neuropsychological testing, and an informant interview.
The z scores were calculated for 7 risk factors (random postload glucose, diastolic and systolic blood pressures, body
mass index, subscapular skinfold thickness, random triglycerides, and total cholesterol). The relative risk (RR [95% CIl])
of dementia (subtypes) per 1 SD increase in the sum of #wres was assessed after adjustment for age, education,
occupation, alcohol consumption, cigarette smoking, and years of childhood lived in Japarscbine sum was higher

in demented subjects than in nondemented subjects, indicating a higher risk factor burden (0.74—e08)s
respectively;?=0.008). Per SD increase in tlzescore sum, the risk of dementia was increased by 5% (RR 1.05, 95%

Cl 1.02 to 1.09). The-score sum was specifically associated with vascular dementia (RR 1.11, 95% CI 1.05 to 1.18)
but not with Alzheimer’s disease (RR 1.00, 95% CI 0.94 to 1.05). Clustering of metabolic cardiovascular risk factors
increases the risk of dementia (mainly, dementia of vascular origiAjterioscler Thromb Vasc Bial
2000;20:2255-2260.)
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Researchers have long noted a clustering of cardiovascularshould be measured long before the clinical onset of demen-
risk factors, termed syndrome X or the metabolic car- tia. Most studies investigating the relation of metabolic
diovascular syndromes Factors commonly included in this ~ cardiovascular risk factors to AD have been cross-section-
syndrome are hypertension' Obesity, dys||p|dem|a, and g|u_ al.°-18Most prOSpective studies on the association of individ-
cose intolerancé:s Development of these risk factors is U@l metabolic risk factors with the risk of AD have been based
thought to reflect a common underlying pathology. The ©N & relatively short follow-up timé&.18 Furthermore, most
syndrome leads to an increased risk of diabetes and Cardio_studies on the risk factors for VaD focus on clinical stroke
vascular disease® Both these clinical conditions have been and hypertens_loﬁ.'l'o our knowledge, th_ere are no stud!es on
linked to an increased risk of vascular dementia (\i2nd the relationship between the clustering of metabolic risk

L factors and the risk of dementia with a long follow-up.
Alzheimer’s disease (AD)gthe 2 most common subtypes of

q i in the elderly. Theref h boli A The Honolulu-Asia Aging Study (HAAS) gave us the
ementia in the elderly. Therefore, the metabolic cardiovas- 04 nity to examine the long-term association between the

cular syndrome may be a subclinical condition that also metapolic cardiovascular syndrome at middle age and the risk
increases the risk of dementia. of dementia in late age. The HAAS is based on a cohort of
The clinical states of AD and VaD are characterized by japanese-American men followed since 1965. Previously, we
hypometabolic features, such as low blood pressure, bodyreported that AD and VaD were associated with high blood
mass index (BMI), and glucose levels. Therefore, to investi- pressure® and that VaD was associated with diabetes, 1-hour
gate the association of these risk factors with dementia, they postprandial glucose levels, and coronary heart dis®¥&se.
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Methods A diagnosis of diabetes was based on a subject's report of a

The cohort was started as the Honolulu Heart Program (1965 to physician’s diagnosis of diabetes, the use of oral diabetic medication
1971) on cardiovascular disedsand was followed up as a part of O insulin, or, at examination 1V, on the basis of a glucose tolerance
the HAAS (1991 to present) involving the diseases of old%gde test.

original cohort included 8006 Japanese-American men who were )

born between 1900 and 1919 and were living on the island of Oahu, Dementia Assessment

Hawaii, in 1965. Metabolic cardiovascular risk factors were assessed Case finding for dementia followed a 3-stage procedure, described in
at baseline when the men were aged 45 to 68 years. Screening fordetail elsewherés Briefly, all men were administered the 100-point
dementia took place in 1991 to 1993, when the men ranged in age Cognitive Abilities Screening Instrument (CASI) at phasé Those
from 71 to 93 years. Of the 4678 men who were still alive at that with a CASI score<74 (sensitivity for dementia according to the
time, 3734 (80%) participated in the dementia case-finding effort. Diagnostic and Statistical Manual of Mental Disordgexition 3,

The study was approved by an institutional review committee, and revised [DSM-III-R] was 80%, and the specificity was 91%), and all

informed consent was obtained from the study participants. men aged=85 years were invited back for phase Il. In addition, a
o ] random subsample of respondents was selected for phase Il by using
Definition of Variables cell-sampling fractions proportional to the probability of dementia.

Cardiovascular metabolic risk factors were measured at baseline The phase Il examination included a second CASI, a neurological
(1965) and included the following: BMI (in kilograms per square €xamination, and tests of hearing and vision. An informant was given
meter), subscapular skinfold thickness (in millimeters), diastolic and the Informant Questionnaire on Cognitive Decline in the Elderly
systolic blood pressure (in millimeters of mercury), random postioad (IQCODE) to assess changes in cognition, autonomy, and behavior
glucose (in milligrams per deciliter), random triglycerides (in milli-  over the past 10 yeaf$All individuals with consistently low CASI
grams per deciliter), and total cholesterol (in milligrams per decili- scores, those with an IQCODE score ©f3.6, and a stratified
ter)24 BMI was calculated as weight (in kilograms), measured with random sample of the remaining phase Il participants were invited
subjects in light clothing and without shoes, divided by height (in back for phase IlI, in which dementia was diagnosed by a neurologist
meters) squared. Subscapular skinfold thickness, an estimate ofaccording to DSM-III-R criteri&® Probable and possible AD was
central obesity, was measured to the nearest millimeter with Lange diagnosed according to the National Institute of Neurological and
calipers. Systolic and diastolic blood pressures were measured with Communicative Disorders and Stroke—Alzheimer's Disease and Related
a standard sphygmomanometer and a standard cuff on the left arm ofDisorders Association (NINCDS-ADRDA) criter#g,and VaD was
a seated subject. The mean of 3 measurements was used in theliagnosed according to criteria proposed by the California Alzheimer's
analysis. Blood was collected with the patient in a nonfasting state 1 Disease and Treatment Cent&ré\pproximately 86% of all cases had
hour after a 50-g glucose load and was frozesr 20°C for shipment CT imaging to carefully exclude vascular lesions contributing to the
to the Public Health Service, Heart Disease Control Program dementia in AD cases. Of the 507 subjects selected for the full 3-step
Laboratory, San Francisco, Calif. Serum total cholesterol, triglycer- procedure, 426 (84%) completed it. Two hundred twenty-six persons
ides, and serum glucose levels were measured by using Auto-Ana-received a diagnosis of dementia.
lyzer method$® The nonfasting 1-hour post-50-g load glucose test  For these analyses, subtypes of dementia were classified as
reflects glucose tolerance stetisand is comparable to levels  follows: AD designated as the sole or principal cause and no
observed after the now standard 2-hour post-75-g loadtest. contributing cerebrovascular disease; AD with contributing cerebro-
Confounding variables that were taken into account included age, vascular disease (CVD); VaD as the sole or principal cause without
years of education, occupation, alcohol consumption, cigarette any apparent AD component; and other dementias attributed to

smoking, years of childhood lived in Japan, and antihypertensive parkinson’s disease, progressive supranuclear palsy, subdural hema-
medication. We also examined whether the apolipopratéiallele toma, trauma, and vitamin,Bdeficiency.

and smoking modified the association. ApoE is a marker of genetic
susceptibility and may modify the association between atherosclero- Statistical Analysis
sis and dementi&.Self-reported alcohol consumption was catego-
rized into<1 drink per week<1 drink per day,<2 drinks per day,
and=2 drinks per day. Cigarette smoking from examination | to Il
was coded as never smokers at both exams, former smokers at bot
exams, quitters at examination lll, and those who continued to smoke
at both exams. Apolipoproteia genotyping was performed at the

Complete information on dementia and risk factors was available for
3555 men, including 82 cases of AD, 73 cases of VaD, 32 cases of
rﬁD with CVD, and 28 cases of other dementia. Baseline character-
Istics between demented and nondemented subjects were compared
with the Kruskal-Wallis test for nonnormally distributed variables.

Joseph and Kathleen Bryan Alzheimer's Disease Research @enter Differences between partjcipants and nonparticipants at follow-up
with restriction isotyping by use of a polymerase chain reaction Were compared by adjusting for age by ANCOVA. _
protocol described by Hixson and VernirSubjects who were Because we were interested in examining the effect of risk factor
either heterozygous or homozygous for ekallele were grouped clusters, we converted all risk factors into the same unit, Zsscore.
together; those without ae# allele (apoE33, apoE23, and apoE22) The z score ranks individuals according to their place in a normal

served as the reference group. Subjects with apoE28Z) were distribution of values. The scores ranged frors—4 SDs to 4 SDs,
excluded from these analyses, because this is a combination ofWith @mean of 0. A subject withzscore of 0.5 has a blood pressure
potentially protective 2) and adverseed) alleles. that is 0.5 SDs higher than the mean of a normalized distribution. To

Variables thought to mediate the association between metabolic Normalize the distributions, serum triglycerides and glucose levels
cardiovascular risk factors and dementia were stroke, coronary heartWere logarithmically transformed before thecore was calculated.
disease, subclinical atherosclerosis, and diatsefed history of For each individual, the sum of thescores of all 7 factors (ie,
stroke was ascertained by continuous surveillance of hospital dis- fandom postload glucose, systolic and diastolic blood pressures,
charge records, death certificates, local obituary notices, and Medical BMI, subscapular skinfold thickness, total cholesterol, and triglyc-
Examiner’s cases on the island of O&8UA history of coronary erides) was calculated as a summary measure of metabolic risk factor
heart disease was ascertained on the basis of the surveillance data, dgurden® This zscore sum gives equal weights to all factors. The
well as ECG and questionnaire data collected at all 4 examinations. Z-score sum was shown to yield a measure of the insulin resistance
The ankle to brachial index measured at the fourth examination was syndrome similar to one derived with a principal components
used as a proxy for subclinical atheroscler8si® The brachial analysis®® Principal components analysis generates a component, ie,
blood pressure was measured twice at the right arm, and the anklea new linear variable, that explains as much of the variance of all the
blood pressure was measured twice at the right and the left sides withmeasured risk factors as possible. By use of the continesasre
patients in the supine position by use of a Doppler stethoscope sum, the dementia risk across the complete range of risk factor levels
attached to a standard sphygmomanometer. The mean of the 2can be examined. The method assumes a linear relation of the risk
measurements was taken, and the lowest value of the ankle tofactors to the outcome. We checked for a nonlinear relationship
brachial index was taken when the right and left side differed. between any of the risk factors and dementia by categorizing them
Thereafter, the ankle to brachial index was categorized into quartiles. into quintiles and also by adding the risk factor as a quadratic term
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Adjusted RR for Dementia According to 1-SD

Increase in Metabolic Cardiovascular Risk Factors: The HAAS

Metabolic Cardiovascular Syndrome and Dementia

SD RR 95% Cl
BMI 2.9 kg/m? 1.21 1.05-1.40
Subscapular skinfold thickness 6.5 mm 1.21 1.06-1.40
Diastolic blood pressure 11.0 mm Hg 1.05 0.91-1.21
Systolic blood pressure 18.5 mm Hg 1.07 0.94-1.22
Serum triglycerides™ 181.2 mg/dL 1.26 1.09-1.45
Serum total cholesterol 35.5 mg/dL 1.10 0.95-1.26
Serum postload glucose* 48.2 mg/dL 1.07 0.93-1.23

RR was adjusted for age and education.
*Logarithmically transformed before conversion to z scores.

to the model; this revealed that the associations between the risk
factors and dementia were linear.

The age- and education-adjustegcore sum across dementia
subtypes was estimated by ANCOVA. We used multiple logistic
regression to estimate the odds ratios and 95% Cls for the relation of
the individual z scores and the overaltscore sum to dementia
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were older at baseline (57.4 versus 52.4 ye+3).001), had
fewer years of education (9.1 versus 10.6 yeRrs0.001),

had a higher systolic blood pressuif@=0.002), and had a
higher postload glucose levaP£0.05).

After adjustment for age and education, an increase of 1
SD of the following risk factors increased the risk of dementia
25 years later: BMI, skinfold thickness, and triglyceride
levels (Table 1). None of these individual risk factors was
associated with AD (results not shown). All of the metabolic
cardiovascular risk factors, except cholesterol and triglycer-
ide levels, were positively and significantly associated with
VaD. Compared with men with no risk factors, men with 1
elevated risk factor had no increased risk of dementia (RR
0.91, 95% CI 0.62 to 1.32), whereas men wit2 elevated
risk factors had a 56% increased risk of dementia (95% CI
1.12to0 2.18). The risk of VaD in this group was even stronger
(RR 2.97, 95% CI 1.70 to 5.18).

The z-score sum of all 7 risk factors, as a measure of
metabolic risk factor burden, ranged from12.8 to 13.4
(higher levels indicate a higher burden). There were 4.4% of

(subtypes). Under the rare disease assumption, the odds ratio can b&h® men with az-score sum>7, which means that all their

considered an estimation of the relative risk (RR). Adjustments were
made for confounders. In addition, mediating variables were in-
cluded in the models. Finally, we stratified the analyses according to

the apoE genotype, smoking (ever versus never), and diabetes

mellitus type 2. Analyses were conducted with the Statistical
Analysis System (version 6.099.

Results

Not included in our analyses were subjects who participated
at baseline in 1965 but who had died before 19943828),
subjects who refused participation in 1991=@37), or
subjects who had missing data for the present analyses
(n=186). Compared with those included in the analysis, those
excluded were older at baseline (55.8 versus 52.7 years,
P<0.001), and after adjustment for age, they had higher
systolic and diastolic blood pressureB<(0.001), higher
glucose levels F<0.001), and higher triglyceride levels
(P<0.001) at baseline.

The meart SD age of the participants was 52.4.7 years
at baseline and 7724.6 years at follow-up. At follow-up,
11% had a history of stroke. Thirty-five percent of the men
had diabetes at 1 of the 4 exams. Forty-two percent of the
population had no elevated risk factors SD higher than
average), 29% had 1 elevated risk factor, and 30% had
elevated risk factors. Men who were demented at follow-up

risk factors were, on average, 1 SD higher than the sample
mean. The proportion of men with ascore sum>7 was
higher in demented men than in nondemented men (8.8%
versus 4.1%,P=0.001). The age- and education-adjusted
z-score sum was-0.06 (95% CI1—0.20 to 0.08) for nonde-
mented subjects and 0.74 (95% CI 0.17 to 1.30) for subjects
with dementia P=0.008, Table 2). Men with VaD had the
highestz-score sum (1.68, 95% CI 0.73 to 2.68<0.001
versus nondemented men).

Per increase of 1 unit in the-score sum, the risk of
dementia was increased by 5% (95% CI 1.02 to 1.09, Table
3). Per increase of 1 SD in thescore sum, the risk was
highest for vaD (RR 1.11, 95% CI 1.05 to 1.18) and
intermediate for mixed and other dementias; there was no
increased risk for AD (RR 1.00, 95% CI 0.94 to 1.05). If, for
example, all 7 risk factors would increase at least 1 SD, the
risk of dementia would be increased by 42% (RR 1.42, 95%
Cl 1.11 to 1.82), and the risk of VaD would be increased by
>2-fold (RR 2.10, 95% CI 1.40 to 3.16). Additional adjust-
ment for occupation, alcohol consumption, cigarette smoking,
blood pressure medication, and years of childhood lived in

Japan did not appreciably alter the estimates. Investigating

quartiles of thez-score sum showed a gradual and significant
increase in the risk of dementia (RRs were 1.24, 1.28, and

TABLE 2. Adjusted z-Score Sum of Metabolic Cardiovascular Risk Factors According to

Dementia (Subtypes) at Follow-Up: The HAAS

Dementia
AD With
None All Vascular CVD AD Other
n 3340 215 73 32 82 28
Adjusted mean* —0.06 0.74 1.68 0.67 -0.15 0.63
95% Cls —0.20-0.08  0.17-1.30  0.73-2.63  —0.75-2.10 —1.04-0.75 —0.88-2.14
Pt 0.008 <0.001 0.32 0.83 0.38

Sum of z-scores included BMI, subscapular skinfold thickn
serum triglycerides, cholesterol, and postload glucose.

*Adjusted for age and years of education.

1P for difference with nondemented group.

ess, diastolic blood pressure, systolic blood pressure,
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TABLE 3. RR (95% Cl) for Dementia. (Subtypes) According to 1-Unit Increase in z-Score Sum of Metabolic

Cardiovascular Syndrome: The HAAS

Dementia

Vascular AD With CVD AD Other

None All (n=215) (n=73) (n=32) (n=82) (n=28)
Adjustments* 1.0 1.06 (1.02-1.10) 1.11(1.04-1.18)  1.06 (0.97-1.15)  1.00 (0.94-1.06)  1.06 (0.95-1.17)

Plus adjustment for intermediates

History of stroke 1.0 1.04 (1.00-1.08)  1.09 (1.01-1.15)  1.04 (0.96-1.14)  1.00 (0.94-1.05)  1.04 (0.95-1.13)
History of CHD 1.0 1.05(1.01-1.09)  1.10(1.04-1.17)  1.03(0.94-1.13)  1.00(0.95-1.06)  1.04 (0.95-1.14)
ABI 1.0 1.03(0.99-1.07)  1.08(1.01-1.15)  1.03(0.94-1.13)  0.99 (0.94-1.06)  1.00 (0.90-1.11)

Metabolic Cardiovascular Syndrome includes BMI, subscapular skinfold thickness, diastolic blood pressure, systolic blood pressure, serum
triglycerides, cholesterol, and postload glucose. CHD indicates coronary heart disease; ABI, ankle-brachial index.

*Adjusted for age and years of education.

1.60 for quartiles 2, 3, and 4 versus quartile 1, respectively; In addition, it is a large study, which enabled us to examine
P for trend=0.03). Smoking history or the presence of the the relationship of subtypes of dementia and to investigate
apolipoproteine4 allele did not modify the reported associa- whether diabetes, smoking, or the apolipoprotednallele
tions. Among subjects without type 2 diabetes, the associa- modified the associations of interest. Furthermore, a very
tion between the syndrome and VaD, but not all dementias, high percentage of cases had neuroimaging, which allowed us
appeared to be stronger than among those with diabetes (forto separate out cases with AD and concomitant contributing
nondiabetics, RR 1.16, 95% CI 1.07 to 1.26; for diabetics, RR CVD.
1.06, 95% CI 0.97 to 1.19 for interaction=0.10). The calculation of & score allowed us to combine data
with different units. The analyses of the individual risk
Discussion factors suggested that some, such as body weight, body fat
The cardiovascular metabolic syndrome (syndrome X) has distribution, and triglycerides, were more strongly related
long been recognized as a clustering of risk factors that leadsto the risk for all dementia than were other factors.
to an increased risk of diabetes and cardiovascular disease. However, because these risk factors are interrelated and
In this prospective population-based study among Japaneseare thought to exert a synergistic effect on the risk of
American men, we found that a higher cardiovascular meta- cardiovascular disease and diabetes, we were interested in
bolic risk factor burden in middle age increased the risk of the relationship between the clustering of these risk factors
dementia 25 years later. The metabolic cardiovascular syn-and dementia. Most previous studies of the risk factors for
drome particularly increased the risk of VaD, not AD. VaD focus on stroke and hypertensidrRecent studies
Associations were independent of age, education, occupationhave identified other risk factors, including diabetes mel-

smoking, and alcohol consumption.

Limitations of the present study must be taken into
account when interpreting these findings. At the time of
the diagnosis of dementia, the men were relatively old.
Therefore, selective participation, most of which was due
to death, may have influenced our findings. Men who did
not participate at the fourth examination were older and
less healthy at baseline in 1965 than those who did
participate. Possibly, subjects with a clustering of meta-
bolic risk factors and susceptibility to dementia were more
likely to die or to refuse to participate. In this case, the

litus,” atrial fibrillation*° triglyceride levelst3 a high
saturated fat intaké! and LDL cholesterol level$? From

the present study, we see that the clustering of traditional
metabolic cardiovascular risk factors contributes to the risk
of VaD. There was no association of the metabolic
syndrome with AD, and there was a moderately increased
risk in cases of AD with CVD. The results of other studies
on the association of cardiovascular risk factors with AD
have been inconsistent, with some showing a positive
associatior?,12.18.19 some showing no associatiéfls.21
and some showing an inverse associatid#:17 Discrep-

observed association may underestimate the real associaancies may depend on the duration of follow-up or the
tion. Furthermore, risk factors ascertained at the baseline proportion of mixed AD with CVD cases included in the
examination may have changed during the 25 years of AD group. It is also possible that genetic or other envi-

follow-up, which could ultimately modify the risk of

ronmental factors not taken into account in these studies

dementia. Furthermore, insulin resistance is viewed as ancan account for differences. Furthermore, the HAAS does

underlying cause for the clustering of risk factérs.
However, fasting insulin, a surrogate measure of insulin

resistance, was not measured at baseline. When we in-
cluded fasting insulin levels measured at the fourth exam-

ination in the z-score sum, the results did not change
appreciably.

not include women, whose risk patterns for AD may differ
from those of mert?

Additional studies are needed to determine whether the
results can be extrapolated to other ethnic groups or to
women. Social, environmental, and genetic factors may be
different in this population of Japanese-American men.

The present study has a number of strengths. It had a longAlthough the prevalence of AD in this cohort was similar

duration of follow-up (25 years). Therefore, it is not likely
that risk factor levels were affected by subclinical dementia.

to the prevalence in US and European studies, the preva-
lence of VaD was substantially higher, as is the case in
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other Japanese populatiotssHowever, the clustering of
these risk factors among ethnic groups shows striking
similarities, despite the difference in prevalence of the ,,
individual risk factors? In addition, a relationship between

the cardiovascular metabolic syndrome and cardiovascular

disease has been observed in western populations as well>

as in this population.

Cardiovascular disease and subclinical atherosclerosis didis.

not strongly mediate the association between the metabolic

cardiovascular syndrome and (vascular) dementia. Perhapst’-

these are not good measures of atherosclerosis in the brain.
Alternatively, the cardiovascular metabolic syndrome may
influence dementia by mechanisms other than atherosclerosis.

In subjects with diabetes type 2, the association between the'®:

syndrome and VaD was lower than in those without diabetes,

suggesting that part of the influence of the syndrome on VaD 19.

is mediated through diabetes.

In conclusion, we found that the clustering of metabolic
risk factors at middle age increased the risk of late-age
dementia and, in particular, of VaD. Modification of meta-
bolic risk factors at middle age may reduce not only the risk
of cardiovascular disease but also the most prevalent neuro-
degenerative disease of old age, dementia.

22.
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