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1.1–4.7), respectively].  Conclusions:  The MeSy was not asso-
ciated with an increased dementia risk in a multiethnic el-
derly cohort, but diabetes and hyperinsulinemia were. In the 
elderly, examining diabetes and hyperinsulinemia separate-
ly may be preferable to using the MeSy as a risk factor. 

 Copyright © 2007 S. Karger AG, Basel 

 Introduction 

 The metabolic syndrome (MeSy) is a constellation of 
interrelated risk factors of metabolic origin that appear to 
directly promote atherosclerotic cardiovascular disease 
and lead to an increased risk of type 2 diabetes mellitus 
 [1] . The pathogenesis of the syndrome is multifactorial, 
but insulin resistance, obesity and sedentary lifestyle, and 
unknown genetic factors interact in its occurrence  [2] . To 
introduce the MeSy into clinical practice, several organi-
zations have attempted to formulate simple criteria for its 
diagnosis, with the goal to reduce atherosclerotic disease 
risk through lifestyle changes and drug therapy  [1] . How-
ever, due to age-related changes in risk factors, it is not 
clear if the MeSy captures the increased risk of diabetes 
and atherosclerotic disease in the elderly  [3] . In addition, 
different criteria for the MeSy may be required for differ-
ent ethnic groups because of racial variation in the devel-
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 Abstract 

  Background/Aims:  The metabolic syndrome (MeSy) may be 
related to Alzheimer’s disease (AD). Our aims were to inves-
tigate the association of the MeSy with incident dementia in 
a multiethnic elderly cohort in the United States.  Methods:  
We conducted cross-sectional and prospective analyses in 
2,476 men and women aged 65 years and older and with 
data available on the MeSy and dementia diagnosis in North-
ern New York City. MeSy was defined by the National Choles-
terol Education Program Adult Treatment Program III and 
the European Group for the Study of Insulin Resistance crite-
ria. Dementia was diagnosed using standard criteria.  Re-

sults:  No association was found between MeSy and preva-
lent dementia. After 4.4 years of follow-up, 236 individuals 
of the 1,833 without prevalent dementia developed demen-
tia. MeSy was not associated with incident dementia. Of the 
components of the MeSy, diabetes and hyperinsulinemia 
were associated with an increased risk of incident AD [hazard 
ratio 1.4 (95% CI 1.0–2.1), and hazard ratio 1.4 (95% CI 0.9–
2.7), respectively] and dementia associated with stroke [haz-
ard ratio 1.9 (95% CI 1.1–3.1), and hazard ratio 2.3 (95% CI 
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opment of insulin resistance in response to increased ad-
iposity  [4] .

  There have been previous epidemiological studies re-
lating hyperinsulinemia, diabetes and Alzheimer’s dis-
ease (AD) in elderly subjects  [5–9] . Concerning other 
components of the MeSy and the risk of AD, the evidence 
is more conflicting. Hypertension, dyslipidemia, and 
obesity at midlife are associated with AD  [10–12] , where-
as in the elderly an opposite association may be found 
 [13–15] .

  The MeSy has been associated with cognitive decline 
in elderly men and women  [16]  and with silent brain in-
farction in middle-aged and elderly subjects  [17] . Among 
Japanese-American men, the presence of the MeSy in 
middle age increased the risk of vascular dementia, but 
not AD  [18] .

  In the present study, we examined the association of 
the MeSy and its components with prevalent and incident 
dementia in a multiethnic cohort of elderly persons in 
New York City. We hypothesized that the MeSy is associ-
ated with an increased dementia risk.

  Methods 

 Subjects and Setting 
 This longitudinal cohort study included participants of 2 re-

lated cohorts recruited in 1992 (cohort 1) and 1999 (cohort 2) 
which were identified from a probability sample of Medicare re-
cipients aged 65 years or older residing in northern Manhattan  [5, 
19, 20] . The sampling procedures of these cohorts were similar, 
except for exclusion of subjects from cohort 2 with self-reported 
prevalent dementia. The same assessments and study procedures 
were used in both cohorts. Each participant underwent an in-per-
son interview of general health and function at baseline followed 
by a standard assessment, including medical history, physical and 
neurological examination, as well as a neuropsychological battery 
 [21] . Baseline data were collected from 1992 through 1994 (cohort 
1) in 2,126 subjects and from 1999 through 2002 (cohort 2) in 
2,183 subjects. The assessments, including the neuropsychologi-
cal battery, were repeated approximately every 18 months. This 
study was approved by the institutional review board of the Co-
lumbia-Presbyterian Medical Center.

  The sample for this study was restricted to individuals who 
had a blood draw for assessment of lipid levels. For cohort 1, a 
blood draw was done at the first follow-up visit and for cohort 2, 
a blood draw was done at baseline. The time of the blood draw was 
the time of ascertainment of the MeSy and was the baseline for 
this study. Of the 3,108 individuals who underwent a blood draw, 
621 individuals had missing data on waist circumference, and 72 
individuals had missing data on triglyceride levels. Thus, we re-
stricted the sample for these analyses to 2,476 individuals (80%) 
with complete data on the MeSy ( fig. 1 ).

  Measurements 
 Fasting plasma total cholesterol and triglyceride levels were  

 determined using standard enzymatic   techniques. High-density 
lipoprotein cholesterol (HDL-C) levels were determined after 
precipitation   of apolipoprotein B containing lipoproteins with 
phosphotungstic   acid. Low-density lipoprotein cholesterol was 
recalculated using the formula of Friedewald   et al.  [22] . Fasting 
insulin levels were determined in a sample of the study population 
from cohort 1 (n = 997)  [19]  and were measured in microinterna-
tional units per milliliter from serum   collected at baseline under 
overnight fasting conditions and   frozen at –70   °   C. Insulin levels 
were measured using   a solid-phase chemiluminescent enzyme 
immunoassay (Immulite,   Diagnostic Products, Los Angeles, Ca-
lif., USA). The intra-assay coefficient   of variation was 4.7% and 
the interassay coefficient   of variation was 8.2%. Waist circumfer-
ence was measured at the level of the iliac crest at minimal inspi-
ration to the closest 0.1 cm. Blood pressure (BP) was recorded at 
each visit using the Dinamap   Pro 100 (Critikon Co., Tampa, Fla., 
USA). The BP cuff was   placed on the right arm while the indi-
vidual was seated, and   a recording was obtained every 3 min over 

3,108

Total cohort

1,662

Cohort 2

1,446

Cohort 1

2,476
with complete data

metabolic syndrome
1,648848

34 missing data on waist
598 missing data:

587 waist,
72 triglycerides

145 prevalent
dementia1

121 prevalent
dementia

376 no follow-up1 no follow-up

1,107726

1,833
no dementia

with follow-up

69
23/1,000

person-years

167
35/1,000

person-years

236
incident dementia

(29/1,000
person-years)

1 Lower frequency of prevalent dementia in cohort 2 due to
exclusion of subjects with self-reported dementia at baseline

  Fig. 1.  Description of the sample size. 
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9 min. The   third measurement was recorded. At every visit, par-
ticipants were asked whether they had a history of diabetes and 
hypertension. If yes, they were asked whether they were under 
treatment and the specific kind of medication.  APOE  genotypes 
were determined as described by Hixson and Vernier  [23] . We 
classified persons as homozygous   or heterozygous for the  APOE 
  � 4 allele or not having any 4 allele. Ethnic group was classified by 
self-report using the format   of the 1990 US census  [24] . Individu-
als were separated into 3 ethnic groups: African-American (non-
Hispanic),   Hispanic, or White (non-Hispanic).

  Metabolic Syndrome 
 We defined MeSy using modified versions of criteria intro-

duced by the National Cholesterol Education Program Adult 
Treatment Program III (NCEP-ATPIII), and by the European 
Group for the Study of Insulin Resistance (EGIR)  [1] . The ratio-
nale for using two definitions is that NCEP and EGIR focus on 
different risk factors. EGIR assumed that insulin resistance is the 
major cause of the syndrome and they excluded patients with type 
2 diabetes, while NCEP required no single factor for diagnosis.

  According to the NCEP-ATPIII criteria, the MeSy was defined  
 as present with three or more of the following criteria: fasting 
plasma glucose of at least 110 mg/dl or drug treatment for elevat-
ed glucose levels, serum triglycerides of at least 150 mg/dl, serum 
HDL-C less than 40 mg/dl for men and less than 50 mg/dl for 
women,   BP of at least 130/85 mm Hg or antihypertensive   medica-
tion use, or waist girth of more than 102 cm for men or more than 
88 cm for women. Because glucose levels were unavailable, we cre-
ated a modified version of the NCEP criteria by using only sub-
jects treated for elevated glucose levels (diabetes defined by self-
report or use of diabetes medications).

  In addition, MeSy was defined by the EGIR criteria in a sub-
sample of cohort 1 with serum insulin data. An elevated serum 
insulin ( 1 75th percentile) plus two other factors – serum triglyc-
erides of at least 150 mg/dl and/or serum HDL-C less than 39 
mg/dl in men and women, BP of at least 140/90 mm Hg or anti-
hypertensive   medication use, waist circumference of more than 
94 cm for men or more than 80 cm for women, impaired glucose 
tolerance – constituted a diagnosis of the MeSy. We used the first 
three criteria in addition to high insulin levels for the diagnosis.

  Diagnosis of Dementia and Cognitive Impairment 
 Dementia diagnosis and specific cause assignment were made  

 by consensus of two neurologists, one psychiatrist, and two neu-
ropsychologists based on baseline and follow-up information that 
included neuropsychological history, medical history, assessment 
of function, and neurological examination  [5, 6, 21] . Brain imag-
ing was not used for dementia diagnosis. Dementia diagnosis was 
based on DSM-IV criteria and required   evidence of cognitive def-
icit on neuropsychological testing and evidence of social or oc-
cupational   function impairment (Clinical Dementia Rating score 
 6 1)  [25] . AD diagnosis was based on NINCDS-ADRDA criteria 
 [26] . A diagnosis of  probable  AD was made when dementia could 
not be explained by other disorders. A diagnosis of  possible  AD 
was made when the most likely cause of dementia was AD, but 
there were other disorders that could contribute, such as stroke. 
Vascular dementia was diagnosed when it started within 3 months 
of stroke and its local effects were thought to be the primary cause. 
Brain imaging was available in 85% of stroke cases; in the remain-
der, World Health Organization stroke criteria were used. We 

conducted analyses with three outcomes, all-cause dementia, 
 probable  AD, and dementia associated with stroke (DAS) which 
included vascular dementia and  possible  AD with stroke. The ra-
tionale for these outcomes is that MeSy is related to vascular dis-
ease and stroke  [25] , and we sought to distinguish the association 
of MeSy with dementias with and without a vascular component. 
Cognitive impairment without dementia was diagnosed in par-
ticipants  who  had  abnormal  results  in  cognitive  tests,  but  had 
no significant cognitive impairment (Clinical Dementia Rating 
score = 0.5).

  Statistical Methods 
 ANOVA and  �  2  analyses were used to estimate the unadjusted 

association of the MeSy, its separate risk factors, and subject char-
acteristics with dementia (prevalent/incident/no dementia). Lin-
ear and logistic regression analyses were used to estimate the 
cross-sectional association between age and the risk factors of the 
MeSy. Logistic regression analyses were used to estimate the odds 
ratio (OR) and 95% CI for the association between MeSy (NCEP 
criteria), its separate risk factors and prevalent dementia. Adjust-
ments were made for age, sex, education (years), ethnic group 
(Caucasian; African-American; Hispanic),  APOE  genotype (one 
or two  � 4 alleles; no  � 4 allele), and cohort (cohort 1; cohort 2). 
Subsequently, subjects with prevalent dementia and without fol-
low-up measurements were excluded ( fig. 1 ). Cox proportional 
hazard models were used to estimate the hazard ratio (HR) and 
95% CI for the association between MeSy (NCEP criteria), and its 
separate risk factors, and the risk of incident AD, DAS, and all-
cause dementia. The MeSy was also defined by the EGIR defini-
tion using subjects without prevalent diabetes. The time-to-event 
variable was the age at dementia onset, to interpret the hazard 
function as the age-specific incidence of the disease  [27] . Second-
ary analyses were done with follow-up as the time-to-event vari-
able. Individuals who did not develop the outcome of interest, 
died, or were lost to follow-up were censored at the time of their 
last evaluation. Individuals with dementia not caused by the sub-
type of interest were censored at the time of dementia onset. The 
proportional hazards assumption was checked using a log versus 
log-minus-log plot. Analyses were repeated within strata of sex, 
ethnicity,  APOE  genotype, and cohort. Secondary analyses were 
done excluding subjects with prevalent cognitive impairment. 
Data analysis was performed using SPSS version 12.0 and SAS for 
Windows version 9.1.

  Results 

 Relation of MeSy and Prevalent Dementia 
 We performed a cross-sectional analysis on 2,476 sub-

jects ( fig. 1 ). Two hundred and sixty-six individuals had 
dementia at baseline, 236 subjects developed dementia at 
follow-up, and 1,974 subjects did not have or develop de-
mentia. Subjects with prevalent and incident dementia 
were older, less educated, had a lower waist circumfer-
ence, lower BP, were more likely to be female and His-
panic, and had a higher frequency of hypertension, dia-
betes, and  APOE   � 4 ( table 1 ). Linear regression analysis 
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showed that with increasing age waist circumference, tri-
glyceride  levels,  and diastolic BP declined significantly 
[ �  (95% CI), respectively: –0.28 (–0.36 to –0.20), –0.85 
(–1.43 to –0.26), –0.19 (–0.27 to –0.12)]. HDL levels sig-
nificantly increased with increasing age [ �  (95% CI) = 
0.15 (0.04–0.25)]. Systolic BP, insulin levels, and diabetes 
were not significantly associated with age.

  Logistic regression relating MeSy (NCEP-ATPIII crite-
ria) to prevalent dementia showed no association [adjusted 
OR (95% CI) 0.9 (0.7–1.2)]. Of the components of the MeSy, 
only diabetes was associated with an increased prevalent 
dementia risk [adjusted OR (95% CI) 1.5 (1.1–2.0)].

  Relation of MeSy by Modified NCEP-ATPIII Criteria 
and Incident Dementia 
 After excluding subjects with prevalent dementia and 

without follow-up measurements, there were 1,833 indi-
viduals, with 8,140 person-years of follow-up (mean  8  
SD is 4.4  8  2.5 person-years). No differences in demo-
graphic characteristics (age, sex, ethnicity, education) 
were found between the total cohort and our sample (n = 
1,833).   Of   the   1,833   individuals,   306   (17%)   had  preva-
lent cognitive impairment at baseline. Two hundred and 
thirty-six subjects developed dementia, 147 (62%) had 

probable AD, 73 (31%) had DAS, and 16 (7%) had other 
types of dementia. The incidence of dementia in cohort 
1 was higher than in cohort 2 (35/1,000 person-years vs. 
23/1,000 person-years) ( fig. 1 ), which could be explained 
by differences in age, education, and follow-up duration 
(data not shown). The prevalence of the MeSy according 
to the NCEP criteria was 1,005 (55%), which is higher 
than reported in other studies  [16, 17] . Subjects with the 
MeSy were less educated, smoked more, were more likely 
to be female and Hispanic ( table 2 ). The most common 
risk factor of the MeSy according to the NCEP criteria 
was high BP (80%), followed by low HDL (51%), high tri-
glycerides (48%), high waist circumference (47%), and 
diabetes (22%).

  There was no increase in the risk for AD, DAS, and 
overall dementia related to MeSy. After adjustment for 
sex, ethnicity, education,  APOE   � 4, smoking, and cohort, 
the HR remained unchanged ( table 3 ). Cox regression 
analysis relating the separate risk factors of the MeSy to 
AD, DAS, and overall dementia showed that the presence 
of diabetes was associated with an increased risk for in-
cident AD, DAS, and overall dementia. Higher waist cir-
cumference was associated with a reduced risk for AD 
and overall dementia ( table 3 ).

Table 1. Characteristics of the 2,476 subjects by final diagnoses

Prevalent 
(n = 266)

Incident
(n = 236)

Number
(n = 1,974)

p value1

Age, years 81.8 (7.1) 79.6 (6.5) 75.8 (6.0) <0.001
Female, % 75.9 67.4 65.9 0.005
Ethnic group, %

Caucasian 8.7 12.3 31.7
African-American 33.3 30.2 31.1 <0.001
Hispanic 58.0 57.4 37.2

Education, years 6.1 (4.1) 7.2 (4.1) 10.4 (4.6) <0.001
APOE �4, % 34.5 30.3 26.9 0.02
Smoking, % current/ever 18.1 31.4 10.2 <0.001
Waist, cm 91 (12) 90 (13) 93 (12) <0.001
HDL-C, mg/dl 47 (14) 47 (14) 48 (15) 0.44
Triglycerides, mg/dl 156 (80) 169 (84) 161 (87) 0.19
Systolic BP, mm Hg 135 (21) 134 (21) 141 (22) <0.001
Diastolic BP, mm Hg 91 (12) 90 (13) 93 (12) <0.001
Diabetes, % 30.1 29.2 21.0 <0.001
Hypertension, % 77.1 78.0 70.8 0.01
Hyperinsulinemia (highest quartile), % 25.5 29.7 22.9 0.09
MeSy, % 52.3 54.7 54.1 0.83

SI conversion factors: to convert HDL-C to mM, multiply by 0.0259; triglycerides to mM, multiply by 0.0113. 
Figures are means with SD in parentheses or percentages.

1 Based on ANOVA for continuous data and on �2 test for categorical data.
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Metabolic syndrome All
(n = 1,833)yes (n = 1,005) no (n = 828) p value1

Age, years 75.7 (5.8) 76.6 (6.3) <0.01 76.1 (6.0)
Female, % 71.6 62.0 67.3
Ethnic group, %

Caucasian 27.2 33.1 <0.01 29.9
African-American 25.7 37.0 30.8
Hispanic 47.0 29.9 39.3

Education, years 9.5 (4.8) 10.8 (4.6) <0.01 10.1 (4.7)
APOE �4, % 25.8 28.4 27.0
Smoking, % current/ever 15.9 14.0 <0.01 14.6
Waist, cm 97 (11) 88 (12) <0.01 93 (12)
HDL-C, mg/dl 41 (11) 56 (15) <0.01 48 (15)
Triglycerides, mg/dl 203 (90) 116 (46) <0.01 164 (85)
Systolic BP, mm Hg 140 (20) 139 (21) 139 (21)
Diastolic BP, mm Hg 97 (11) 87 (12) <0.01 93 (12)
Hypertension, % 80.4 63.8 <0.01 72.9
Diabetes, % 35.2 5.0 <0.01 21.5

SI conversion factors: to convert HDL-C to mM, multiply by 0.0259; triglycerides to 
mM, multiply by 0.0113. Figures are means with SD in parentheses or percentages.

1 Based on ANOVA for continuous data and on �2 test for categorical data.

Table 2. Characteristics of the 1,833 
nondemented subjects with follow-up 
measurements according to MeSy status 
(NCEP-ATPIII)

Table 3. Relation between MeSy, according to the NCEP-ATPIII criteria, and incident dementia in 1,833 individuals

NCEP-ATPIII criteria AD DAS Overall dementia

cases/1,000 
person-years

HR1 cases/1,000 
person-years

HR1 cases/1,000 
person-years

HR1

Waist circumference
Low 22 1.0 10 1.0 34 1.0
High (men: ≥102 cm and women: ≥88 cm) 13 0.6 (0.4–0.9) 8 0.8 (0.5–1.4) 24 0.7 (0.5–0.9)

Triglycerides
Low 19 1.0 9 1.0 30 1.0
High (≥150 mg/dl) 17 0.9 (0.6–1.3) 9 0.7 (0.4–1.2) 28 0.8 (0.6–1.1)

HDL cholesterol
High 18 1.0 10 1.0 29 1.0
Low (men: <40 mg/dl and women: <50 mg/dl) 18 1.0 (0.7–1.4) 8 0.6 (0.4–1.1) 29 0.9 (0.7–1.1)

Blood pressure
Low 15 1.0 7 1.0 25 1.0
High (≥130/85 mm Hg or hypertension Rx) 19 1.5 (0.9–2.4) 10 1.2 (0.6–2.2) 31 1.2 (0.9–1.7)

Diabetes
No 17 1.0 8 1.0 26 1.0
Yes 22 1.4 (1.0–2.1) 14 1.9 (1.1–3.1) 39 1.6 (1.2–2.2)

MeSy
<3 risk factors 20 1.0 9 1.0 31 1.0
≥3 risk factors 17 0.9 (0.6–1.3) 9 0.8 (0.5–1.3) 28 0.9 (0.6–1.1)

Rx = Drug treatment. Figures in parentheses indicate 95% CIs.
1 Adjusted for age (timescale), sex, education, ethnic group, APOE allele, smoking, cohort.
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  Relation of MeSy by EGIR Criteria and Incident 
Dementia 
 Insulin levels were measured in 997 subjects from co-

hort 1. This sample included 143 cases of prevalent de-
mentia (14%), 189 subjects with diabetes at baseline (19%), 
37 subjects with missing data on MeSy (4%), and 86 sub-
jects without follow-up observations (9%). Thus, our sam-
ple for longitudinal analyses by using the EGIR criteria 
comprised 542 subjects. Of the 542 subjects, 96 had prev-
alent cognitive impairment. Ninety-nine subjects devel-
oped dementia, 58 had probable AD, 35 had DAS, and 6 
had other types of dementia. The prevalence of the MeSy 
according to the EGIR criteria was 17% (n = 90). Nineteen 
percent had hyperinsulinemia, 80% hypertension, 60% 
dyslipidemia, and 52% high waist circumference.

  The age-adjusted HRs relating MeSy (EGIR) and inci-
dent dementia were not increased ( table 4 ). Cox regres-
sion analysis relating the separate risk factors of the MeSy 
to incident dementia showed that high insulin levels were 
associated with an increased risk for incident AD, DAS, 
and overall dementia. Dyslipidemia was associated with 
a reduced risk for incident dementia ( table 4 ).

  Secondary analyses with follow-up time as time-to-
event variable did not change the presented results. Strat-
ification and exclusion of subjects with prevalent cogni-
tive impairment did not change the results presented in 
 tables 3  and  4 .

  Discussion 

 We related the presence of the MeSy in the elderly to 
risk of dementia and its main subtypes, and we found no 
association. However, we found that the main constructs 
that the definition of the MeSy intends to capture, hyper-
insulinemia and diabetes, were related to both a higher 
AD and DAS risk.

  There is limited evidence on the association between 
MeSy and dementia in the elderly. One study in 2,632 
black and white elders found that the MeSy was associ-
ated with a higher risk of cognitive decline, particularly 
among those with high inflammatory markers. In Japa-
nese Americans, the MeSy in middle age was associated 
with vascular dementia, but not AD  [18] . A cross-sec-
tional study in Europeans found that AD prevalence was 
higher in persons with the MeSy  [28] . The discrepancy 
between these studies could be due to the fact that our 
study was conducted in an older population, ethnically 
diverse, and with a high prevalence of vascular risk fac-
tors  [7] .

  The definition of the MeSy is arbitrary and intended 
to capture the clustering of cardiovascular risk factors, 
particularly in middle-aged populations. The difficulty 
in arriving at precise MeSy criteria is reflected by the fact 
that over the years at least 6 different definitions have 
been developed that share several characteristics  [1] . We 

Table 4. Relation between MeSy, according to the EGIR criteria, and incident dementia in 542 individuals

EGIR-criteria AD DAS Overall dementia

cases/1,000 
person-years

HR1 cases/1,000 
person-years

HR1 cases/1,000 
person-years

HR1

 

Waist circumference
Low 31 1.0 15 1.0 48 1.0
High (men: ≥94 cm and women: ≥80 cm) 15 0.6 (0.3–1.1) 11 1.0 (0.5–2.2) 27 0.8 (0.5–1.3)

Lipids
Low TG, high HDL 28 1.0 18 1.0 48 1.0
TG ≥150 mg/dl and/or HDL <39 mg/dl 16 0.6 (0.3–1.1) 9 0.5 (0.3–1.0) 26 0.6 (0.4–0.9)

Blood pressure
Low 26 1.0 9 1.0 41 1.0
High (≥140/90 mm Hg or hypertension Rx) 18 0.8 (0.4–1.6) 14 1.4 (0.6–3.4) 33 0.8 (0.5–1.3)

Insulin
Low 19 1.0 10 1.0 32 1.0
High (>75th percentile) 26 1.4 (0.9–2.7) 22 2.3 (1.1–4.8) 48 1.6 (1.0–2.5)

MeSy
No 20 1.0 11 1.0 33 1.0
Yes (high insulin and 2 other risk factors) 24 1.2 (0.6–2.5) 17 1.8 (0.8–4.1) 44 1.4 (0.8–2.3)

Rx = Drug treatment; TG = triglycerides. Figures in parentheses indicate 95% CIs.
1 Adjusted for age (timescale), sex, education, ethnic group, APOE allele, smoking.
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used 2 definitions that we could fit to available data in our 
cohort. Although the factors of the MeSy, that is hyper-
tension, dyslipidemia, obesity, and high glucose levels, 
are primary risk factors for vascular disease and demen-
tia, results from several studies indicate that relations be-
tween these factors and disease become increasingly 
complex with advancing age  [3, 14, 15, 29] . For example, 
hypertension  [10, 11] , dyslipidemia  [10] , and obesity  [12]  
in middle age have been related to higher AD risk, but 
several studies have found no or contrary associations in 
the elderly  [13, 15, 20, 30, 31] . A potential explanation for 
this increasingly complex association could be survival 
bias. Given the relatively high mean baseline age (76 
years) of this cohort, it is possible that subjects with the 
MeSy died before recruitment and that the sample repre-
sents a group of healthy survivors with traits that make 
them less susceptible to disease caused by the cardiovas-
cular risk factors. Another explanation could be that fac-
tors of the MeSy change as a result of aging and disease. 
Evidence has shown that cholesterol levels and measures 
of adiposity, two of the main components of the MeSy, 
decrease with age  [32, 33] , and it has been suggested that 
lower cholesterol levels and lower BMI in the elderly rep-
resent surrogate markers of frailty or subclinical disease 
 [20, 34] . As for BP, it is suggested that it decreases in the 
years preceding onset of AD and that BP continues to de-
cline during the course of the disorder  [30] . The cause of 
this decline may be that brain structures affected in this 
disease course are involved in BP regulation. Alternative-
ly, higher BP levels may be needed to maintain an ade-
quate cerebral perfusion  [30] . Thus, it seems that the 
components of the MeSy do not capture in the elderly 
what they intend to capture in middle age due to surviv-
al bias and metabolic changes with aging. This is in line 
with the findings in this study, showing that subjects with 
dementia have lower BP, lower waist circumference, and 
lower cholesterol levels and that with increasing age waist 
circumference and triglyceride levels decrease and HDL 
levels increase. Another limitation of the MeSy is that it 
does not take ethnicity into account. The definition of 
obesity in particular should vary by ethnic group because 
some ethnic groups are more susceptible to the effects of 
adiposity (e.g. insulin resistance) than others  [4] . For ex-
ample, Asians are known to develop insulin resistance 
with lower levels of abdominal adiposity compared to 
Whites  [35] . Hispanics of Mexican origin are also known 
to be more susceptible to the effects of adiposity than 
Whites  [35, 36] . The most prevalent ethnic group in our 
cohort was Hispanic of Caribbean origin, but little is 
known about its susceptibility to adiposity. The ethnic 

and racial heterogeneity of our sample could explain why 
direct measurement of insulin or ascertainment of diabe-
tes history were better predictors than the MeSy.

  Diabetes and high insulin levels were the only MeSy 
components which increased the risk of incident AD and 
DAS. There are many pathophysiological mechanisms 
through which diabetes might affect the initiation and 
promotion of the many underlying pathologies associat-
ed with dementia. Vascular disease and alterations in glu-
cose, insulin, and amyloid metabolism seem to be impor-
tant factors  [37] .

  Strengths of the present study include that this is a 
prospective cohort   study designed for the diagnosis of de-
mentia and cognitive decline, and with   complete clinical 
and neuropsychological evaluation at each   interval. In 
addition, we   had the ability to diagnose incident demen-
tia and exclude prevalent cases.

  The interpretability of the results may be restricted by 
several factors. Due to the fact that no fasting glucose lev-
els were available we created modified versions of the 
MeSy criteria. The subjects with impaired glucose toler-
ance and no diabetes were not detected which may have 
caused dilution of the true associations assuming nondif-
ferential misclassification. We used a selected sample of 
the total cohort due to missing data. No differences were 
found in baseline characteristics between our sample and 
the total cohort, which makes it unlikely that our results 
are due to sampling variability issues. This study used 
data of two cohorts with similar sampling procedures, 
but with a time lag of 7 years. To account for these differ-
ences, we repeated analyses and stratified for cohort, 
which did not change the presented effect estimates. The 
follow-up period of 4 years was relatively short and it is 
possible that a longer follow-up could have revealed an 
association between the MeSy and AD.

  Conclusion 

 The MeSy in the elderly is not associated with an in-
creased dementia risk. It is unclear if current definitions 
of the MeSy capture the construct of insulin resistance 
and risk of diabetes, important dementia risk factors, in 
the elderly of different ethnic groups. Our results suggest 
that in the elderly, and in ethnically heterogeneous popu-
lations, examining diabetes and hyperinsulinemia sepa-
rately may be preferable to using MeSy as a risk factor.
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