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Abstract

Background—Several studies support a role for cardiovascular risk factors in cognitive aging. The
metabolic syndrome, a constellation of cardiovascular risk factors, is common in elderly people. A
growing but conflicting body of literature suggests that the metabolic syndrome may be associated
with cognitive impairment.

Objective—To investigate the association between the metabolic syndrome, and its components,
and incident cognitive impairment in older women.

Design—We prospectively determined if the metabolic syndrome and its components were
associated with a 4-year risk of developing cognitive impairment (dementia, mild cognitive
impairment or low global cognitive test score).

Setting—The study was conducted at 180 clinical centers in 25 countries.

Participants—A total of 4895 older women (mean age, 66.2 years) with osteoporosis who were
part of an ancillary study to determine clinically relevant cognitive impairment were included in this
study. These women were free of baseline cognitive impairment and had metabolic syndrome
component measures.

Main Outcome Measures—-Clinically significant cognitive impairment was defined to include
women with clinically adjudicated dementia or MCI and women who had a Short Blessed test score
greater than 6 (consistent with impairment), but whose cases were not clinically adjudicated. Logistic
regression analysis was used to examine the association between presence of the metabolic syndrome
and development of clinically significant cognitive impairment.

Results—A total of 497 women (10.2%) had the metabolic syndrome, and of these, 36 (7.2%)
developed cognitive impairment compared with 181 women (of 4398, 4.1%) without the syndrome
(age-adjusted odds ratio, 1.66; 95% confidence interval, 1.14-2.41). The mean (SD) number of
metabolic syndrome components for all women was 1.0 (1.1); 518 women (10.6%) were obese, 895
(18.3%) had hypertriglyceridemia, 1200 (24.5%) had low high-density lipoprotein cholesterol levels,
1944 (39.7%) had high blood pressure, and 381 (7.8%) had high fasting blood glucose levels. There
was a 23.0% age-adjusted increase in the risk of developing cognitive impairment (odds ratio, 1.23,
95% confidence interval, 1.09-1.39), per unit increase in the number of components. Further
multivariable adjustment somewhat reduced the effect.
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Conclusion—We found an association between the metabolic syndrome and the number of
components and risk of developing cognitive impairment in older women. Additional studies are
needed to determine if screening and close management of these at-risk elderly women would
diminish the incidence of cognitive impairment.
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Introduction

The lifetime risk of dementia is 33% for women and 20% for men, and lifetime risks for milder
forms of cognitive impairment are even higher.1 During the next 50 years, the incidence and
prevalence of Alzheimer disease (AD) and other forms of dementia are expected to double in
people aged 75 to 85 years, and to quadruple in those older than 85 years, highlighting the
importance of prevention.2 Cardiovascular disease risk modification is a promising avenue for
preventive strategies. It is widely accepted that cardiovascular risk factors play a role in the
development of AD and vascular dementia. Hypertension,3v 4 hyperlipidemia,5‘7 obesity,6!
8 diabetes mellitus® 10 and impaired glucose tolerancel0: 11 have all been shown to be related
to cognitive decline and risk of dementia.

A collection of cardiovascular disease risk factors comprise the metabolic syndrome,
specifically, abdominal obesity, hypertriglyceridemia, low high-density lipoprotein cholesterol
(HDL-C) level, high blood pressure, and hyperglyceridemia.12 In the United States, the
estimated rate of the metabolic syndrome in adults aged 60 to 70 years is 43.5%.13 With this
high rate of metabolic syndrome, even a modest association with cognitive impairment could
have large public health implications. Early identification of people with the metabolic
syndrome and subsequent treatment of their symptoms could modify or prevent the
development of cognitive impairment.

In recent years, although several studies have investigated the association between the
metabolic syndrome and the risk of AD or other forms of cognitive impairment,l‘l‘19 the role
of the metabolic syndrome on the rate of cognitive decline remains controversial.16: 20 Several
studies have reported increases in the risk of developing cognitive impairment that range from
2 to 7 times19 17 among those with the metabolic syndrome, yet other studies have failed to
find an increased risk.14 Thus, the association between the metabolic syndrome and the risk
of cognitive impairment still remains unclear, especially among older women. This group is
of particular importance because previous research has suggested that women were more likely
to develop the metabolic syndrome, and women with the metabolic syndrome have increased
odds of developing AD, whereas men with the metabolic syndrome may not.16, 17

In the present study, we sought to examine the association in older women between the
metabolic syndrome and the risk of developing cognitive impairment. A secondary objective
was to assess if each component of the metabolic syndrome and if each unit increase in the
number of syndrome components led to an increased risk of cognitive impairment. The
Multiple Outcomes of Raloxifene Evaluation (MORE) study offers a unique setting to examine
this association because the cases of dementia and mild cognitive impairment were
systematically adjudicated. Furthermore, the information to determine the presence of the
metabolic syndrome was gathered at baseline, and data for potential confounding factors were
carefully collected on all participants.
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Methods

Study Participants

The MORE trial enrolled 7705 postmenopausal women with osteoporosis to examine the effect
of raloxifene hydrochloride on the risk of vertebral fractures.21 The study was conducted at
180 clinical centers in 25 countries, where participants were randomly assigned by site to
receive raloxifene hydrochloride (60 or 120 mg/d), or an identical placebo. Details of the study
design, study flow, and main results have been reported.21 The human studies review board
at each site approved the protocol; all women gave written informed consent. There were 5386
women who were part of an ancillary study to determine clinically relevant cognitive
impairment. Of these, 5297 had data on the presence of the metabolic syndrome at baseline.
A total of 402 women (7.6%) with potential cognitive impairment at baseline as measured by
a Short Blessed Test score higher than 6 were excluded, leaving 4895 women in our analytic
subset.

At study onset, information was collected on age, ethnicity, educational level, smoking, health
conditions (based on self report or medication use), prior postmenopausal estrogen use,
measured height and weight, and calculated body mass index (BMI; calculated as weight in
kilograms divided by height in meters squared). Participants completed the 15-item Geriatric
Depression Scale, with a score of 6 symptoms or more indicating depression, as previously
described.22 Systolic and diastolic blood pressure was measured with standard procedures at
baseline. A fasting blood draw was obtained for study participants; measurements included
blood glucose and lipid levels. All biochemical assessments were performed at a central
laboratory by Covance Central Laboratory Services (Indianapolis, Indiana).

The Metabolic Syndrome

Presence of the metabolic syndrome at baseline was determined using the National Cholesterol
Education Program Third Adult Treatment Panel guidelines.12 Guidelines suggest the
metabolic syndrome exists if a person has 3 or more of the following criteria: (1) abdominal
obesity (we used BMI > 30 because waist circumference was not measured in the MORE
study); (2) hypertriglyceridemia (triglycerides level > 150 mg/dL [to convert to millimoles per
liter, multiply by 0.0113]); (3) low HDL-C level (HDL-C level <50 mg/dL [to convert to
millimoles per liter, multiply by 0.0259]); (4) hypertension (systolic blood pressure >130
mmHg and diastolic blood pressure >85 mmHg or currently taking an antihypertensive
medication); and (5) high fasting glucose level (fasting glucose level >110 mg/dL [to convert
to millimoles per liter, multiply by 0.0555] or taking antidiabetic medication).

Ascertainment of Cognitive Impairment and Dementia

A complete description of the MORE dementia ancillary study has been reported.23 In brief,
the Short Blessed Test 24 was used as a screen for dementia and was administered at baseline
and annually, along with a battery of cognitive tests (Trails A and B, Word List Memory and
Recall, Word Fluency). After 3 to 4 years of follow-up, women with the worst 10% of the Short
Blessed Test scores (by test-taking site) or those with clinical symptoms of cognitive
impairment were referred for a clinical dementia evaluation. This evaluation consisted of a
standard clinical evaluation by a physician expert in dementia and included interviews with
the participant and his or her caregiver, a physical and neurologic examination, and the
application of standard cognitive and functional scales.23 Participants with evidence of
dementia based on this evaluation were referred for brain computed tomography or magnetic
resonance imaging and laboratory tests to diagnose dementia (fluorescent treponemal antibody,
vitamin B12, serum folate, and thyroid-stimulating hormone). All brain scans were read by a
central neuroradiologist at the University of California, San Francisco.
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The clinical dementia evaluation results were presented to a dementia adjudication committee
along with scores from all cognitive tests. Two committee members independently judged
cognitive status as cognitively normal, mild cognitive impairment,25 AD (in accordance with
National Institute of Neurological and Communicative Disorders and Stroke/Alzheimer's
Disease and Related Disorders Association criteria26), vascular dementia, or other type of
dementia. We defined clinically significant cognitive impairment to include women with
adjudicated dementia or mild cognitive impairment. There were 63 women who had a Short
Blessed Test score greater than 6 consistent with impairment 27 put did not complete the
dementia adjudication. These 63 women were also categorized as having cognitive impairment.
Mean (SD) length of follow-up to cognitive impairment was 4.0 (0.2) years.

Statistical Analyses

Results

Differences in baseline characteristics for the presence or absence of the metabolic syndrome
were assessed using t-, Wilcoxon rank sum, chi-square, and Fisher's exact tests as appropriate.
We then examined the association between the presence of the metabolic syndrome and the
development of clinically significant cognitive impairment by using logistic models. In all
4895 women, we also determined the independent association of each of the 5 components of
the metabolic syndrome and cognitive impairment, and whether an association existed between
each unit increase in the number of syndrome components and cognitive impairment.
Multivariable models included treatment, age, race, and those covariables that were associated
with both metabolic syndrome and development of cognitive impairment at the p=0.050 level
(eg, educational level or depression; myocardial infarction was not associated with cognitive
impairment). All statistical analyses were performed using a commercially available software
program (SAS statistical software, version 9.1: SAS Institute Inc, Cary, North Carolina).

The mean (SD) age of women in our study was 66.2 (6.9) years. The mean (SD) number of
metabolic syndrome components was 1.0 (1.1); 518 women (10.6%) had a BMI of 30 or higher,
895 (18.3%) had hypertriglyceridemia, 1200 (24.5%) had a low HDL-C level, 1944 (39.7%)
had high blood pressure or were taking antihypertensive medications, and 381 (7.8%) had high
fasting blood glucose or were taking antidiabetic medications. A total of 497 women (10.2%)
met the criteria for having the metabolic syndrome, of whom 222 (44.7%) had obesity, 384
(77.3%) had hypertriglyceridemia, 425 (85.5%) had a low HDL-C, 425 (85.5%) had high blood
pressure or were taking antihypertensive medications, and 180 (36.2%) had a high fasting blood
glucose level or were taking antidiabetic medications. Women with the metabolic syndrome
tended to be older, to be less educated, and had higher rates of depression and a history of
myocardial infarction (Table 1).

During the 4 years of follow-up, 217 women (4.4%) developed cognitive impairment. Of these,
130 (59.9%) were diagnosed as having mild cognitive impairment and 24 (11.1%) were
diagnosed as having dementia of any origin (18 with AD). The remaining 63 (29.0%) were
classified as having developed cognitive impairment because they had a Short Blessed Test
score higher than 6 but were not adjudicated. Thirty-six women (7.2%) with the metabolic
syndrome developed cognitive impairment, whereas 181 women (4.1%) without the metabolic
syndrome developed cognitive impairment (unadjusted odds ratio [OR], 1.82; 95% confidence
interval [Cl], 1.26-2.64). After adjustment for age and additional adjustment for educational
level, race, depression, and raloxifene hydrochloride treatment, the effect size was attenuated
(age-adjusted OR, 1.66; 95% CI, 1.14-2.41; and multivariable-adjusted OR, 1.44; 95% ClI,
0.97-2.12; p=0.07).

Among all 4895 women, we also individually analyzed the 5 components that make up the
metabolic syndrome to assess their effect on the risk of development of cognitive impairment.
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The age-adjusted ORs (95& CI) of developing cognitive impairment for each component were
as follows: obesity: 1.58; 1.08-2.32; hypertriglyceridemia: 1.12; 0.79-1.57; low HDL-C level:
1.28; 0.94-1.73; high blood pressure or taking antihypertensive medications: 1.29; 0.98-1.70;
and high fasting blood glucose level or taking antidiabetic medications: 2.06; 1.40-3.04
(Figure). The only association that remained statistically significant after multivariable
adjustment was high fasting blood glucose level or taking antidiabetic medications (OR, 1.66;
95% Cl, 1.10-2.49). In addition, in all women, for every 1-unit increase in the number of
metabolic syndrome components, there was a 29.0% unadjusted increase in risk (unadjusted
OR, 1.29; 95% Cl, 1.14-1.45) and a 23.0% age-adjusted increase in risk of developing
cognitive impairment (age-adjusted OR, 1.23; 95% Cl, 1.09-1.39) (Table 2). Further
adjustment for educational level, race, depression, and raloxifene treatment lessened the
magnitude of the association slightly, but was still statistically significant (OR=1.17, 95%
Cl=1.04, 1.33) (Table 2).

In this prospective study, we found that in older women, the metabolic syndrome is associated
with an increased risk of developing cognitive impairment during a 4-year period. In addition
to the overall association, for every unit increase in the number of syndrome components, there
was a 23% age-adjusted increase in the risk of developing cognitive impairment. These findings
support the hypothesis that the metabolic syndrome is linked to an increased risk of developing
cognitive impairment and dementia in older women. Finally, of the 5 components,
hyperglycemia was the only component with a higher age-adjusted risk than the metabolic
syndrome. These findings suggest that contrary to previous findings,28 it is important, from a
clinical perspective to diagnose the syndrome, rather than just its individual components.

Our findings add to a growing body of literature that suggests the metabolic syndrome is
associated with accelerated cognitive aging and risk of cognitive impairment among ethnically
diverse groups of elderly people. In the Health, Aging, and Body Composition Study, the
metabolic syndrome was associated with greater 5-year cognitive decline among elderly blacks
and whites. 19 Elderly Latinos enrolled in the Sacramento Area Latino Study of Aging who
had the metabolic syndrome also had greater cognitive decline compared with those without
the metabolic syndrome.18 As part of the Honolulu-Asia Aging Study, a composite score of
7 cardiovascular risk factors was associated with increased risk of vascular dementia in older
Japanese-American men. 29 The metabolic syndrome was also found to increase the risk of
developing AD in a case-control and a population based sample

Not all studies, however, have reported a significant association between the metabolic
syndrome and cognitive decline. 16, 17 This discrepancy may be explained by study population
differences. For example, VVanhanen and colleagues found no significant association between
the metabolic syndrome and risk of AD among men but found an association among women.
17 Another study that focused on the oldest of the elderly (=85 years) failed to find a link
bethgn the syndrome and cognitive decline, but this result may have been related to a survival
bias.

The mechanisms underlying an association between the metabolic syndrome and cognitive
impairment are not completely understood, but there are several plausible pathways. One
mechanism is increased cerebrovascular disease, on a microlevel and macrolevel, which in
turn could be arisk for development of both AD and vascular mediated dementia.% 30 Another
possible mechanism is a direct effect on the pathogenesis of AD. For example, neurofibrillary
tangles develop more often in hypertensive individuals without dementia, 3l and in the setting
of insulin resistance, p-amyloid aggregation is accelerated. 15, 32 The metabolic syndrome, a
condition closely linked to insulin resistance, could increase cognitive aging by alterations in
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B-amyloid deposition or clearance. Furthermore, increased neuronal degradation and brain
atrophy have been linked to obesity, indicating connections between obesity and the pathologic
manifestations of cognitive decline.8: 33 Another probable mechanism is the effect of the
elevated inflammation often seen in the setting of the metabolic syndrome. Markers of
inflammation have been associated with an increased risk of developing dementia and cognitive
decline.19 Although we did not have the ability to measure inflammation in the MORE study,
we previously have demonstrated that elderly people with both the metabolic syndrome and
elevated inflammation are at an increased risk for cognitive decline.18, 19, 34

Our study has many strengths, including the large sample size and inclusion of high-
functioning, community-dwelling women who agreed to participate in the trial. We performed
an extensive clinical evaluation for cognitive impairment. Finally, we were able to adjust for
possible confounders, such as age, educational level, depression, and race. Our study has
several limitations that may limit the interpretation of the results. The rate of mild cognitive
impairment and dementia occurrence in our study was not sufficient to allow us to analyze the
effect of the metabolic syndrome on the risk of developing each outcome alone or one of the
subtypes of dementia. Also, the rate of the metabolic syndrome present in our study population
(10.2%) was considerably lower than that found in a representative sample of 60- to 69-year-
old women in the United States (40-45%). 13 This finding may be due to our participants’
ability and willingness to participate in a trial or because our participants were from 25
countries, where prevalence of the syndrome may be lower. This finding could also be partially
attributable to the women in our study having osteoporosis because having a low BMI is
associated with increased risk for osteoporosis but it decreases the risk for the metabolic
syndrome.?’5 We also had to substitute BMI for waist circumference which may have an effect
on the overall results. Among women, the metabolic syndrome rates of those with a BMI of
30 or higher are lower than rates of those with a waist circumference of 88 cm or greater.36
Thus, we may have underestimated the presence of abdominal adiposity. Finally, our study
was composed of mostly white women with osteoporosis, and we do no know if our findings
apply to men or women of other ethnic groups.

In this study, we found that women with the metabolic syndrome have a greater risk of
developing cognitive impairment. As the obesity and sedentary lifestyle epidemic escalates
throughout the world, identification of the role of these modifiable behaviors in increasing risk
for developing deleterious outcomes such as cognitive impairment is critical. Future research
should assess whether identification of cognitive impairment among patients with the
metabolic syndrome or more aggressive clinical control of the factors that compose the
metabolic syndrome might lessen the risk of developing cognitive impairment in elderly
people.
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Figure 1.

The age-adjusted association (odds ratios and 95% confidence intervals (CI)) between the
metabolic syndrome components and risk of developing cognitive impairment among all 4895
women throughout 4 years. BMI indicates body mass index; HDL-C, high-density lipoprotein
cholesterol.

Arch Neurol. Author manuscript; available in PMC 2009 May 22.



1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

1duosnue Joyiny vd-HIN

Yaffe et al.

Table 1

Baseline Characteristics of the 4895 Women by Metabolic Syndrome Status®
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Characteristics No. (%) of Women P Value?
Without the With the Metabolic

Metabolic Syndrome (N=497)

Syndrome

(N=4398)
Age, mean (SD), y 66.1 (6.9) 67.6 (6.1) <0.001
Race, white 4241 (96.4%) 472 (95.0%) 0.10
Educational level, mean (SD), y 12.1(3.8) 11.6 (4.1) 0.03
Current smoker 729 (16.6%) 71 (14.3%) 0.21
History of myocardial infarction 71 (1.6%) 15 (3.0%) 0.02
History of stroke 10 (0.2%) 2 (0.4%) 0.45
Depression (GDS score >6) 265 (6.0%) 62 (12.5%) <0.001
Prior postmenopausal hormone therapy 1262 (28.8%) 155 (31.2%) 0.26

Abbreviation: GDS, Geriatric Depression Scale

a . A
Data are given as a number (percentage) of women unless otherwise indicated.

b . . : .
P values for categorical data are from XZ tests. P values for continuous variables are from t tests or Wilcoxon rank sum tests.
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Table 2
Likelihood of Developing Cognitive Impairment among Women With the Metabolic Syndrome
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Metabolic No. (%) with Unadjusted OR Age Adjusted Multivariable
Syndrome Status cognitive (95% CI) OR (95% CI) Adjusteda OR
impairment (95% CI)
No Metabolic Syndrome (N=4398) 181 (4.1%) - - -
Metabolic Syndrome (N=497) 36 (7.2%) 1.82 (1.26, 2.64) 1.66 (1.14, 2.41) 1.44 (0.97, 2.12)
Association per 1 unit increase in - 1.29(1.14, 1.45) 1.23(1.09, 1.39) 1.17 (1.04, 1.33)

number of components

a. . . . . .
Adjusted for age, educational level, race, depression, and raloxifene hydrochloride treatment.
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