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OBJECTIVE — Recent evidence suggests that the metabolic syndrome and inflammation
affect cognitive decline in old age and that they reinforce each other. However, it is not known
what the roles of the individual components of the metabolic syndrome on cognition are.

RESEARCH DESIGN AND METHODS — The sample consisted of 1,183 participants
in the Longitudinal Aging Study Amsterdam who were aged 65–88 years. Metabolic syndrome
(U.S. National Cholesterol Education Program definition) and its individual components and the
inflammatory markers C-reactive protein (CRP) and �1-antichymotrypsin (ACT) were assessed.
Cognitive assessments included general cognition (Mini-Mental State Examination), memory
(verbal learning test), fluid intelligence (Raven’s Matrices), and information processing speed
(coding task).

RESULTS — Of the sample, 36.3% had metabolic syndrome. Metabolic syndrome was sig-
nificantly associated with all cognitive measures (P � 0.05). Of the individual components,
hyperglycemia was most strongly and significantly associated with cognitive function (multivar-
iate adjusted models; B values, indicating differences in scores between both groups, ranging
from �0.38 to �1.21). There was a significant interaction between metabolic syndrome and
inflammation on cognition (P � 0.01–0.09). Metabolic syndrome was negatively associated with
cognition in subjects with high inflammation (highest tertile for both CRP and ACT; B values
ranging from �0.86 to �1.94, P � 0.05), whereas an association was absent in subjects with low
inflammation (B values ranging from �0.10 to �0.70).

CONCLUSIONS — Subjects with metabolic syndrome showed poorer cognitive perfor-
mance than subjects without metabolic syndrome, especially those with high levels of inflam-
mation. Hyperglycemia was the main contributor of the association of metabolic syndrome with
cognition.
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T he metabolic syndrome identifies
the clustering of hypertension, ab-
dominal obesity, dyslipidemia, and

hyperglycemia. It is very common, espe-
cially among older individuals, with a
prevalence of 45% at age �60 years (1).
Metabolic syndrome has been shown to
increase the risk of diabetes and cardio-

vascular disease. The concept that was in-
troduced as syndrome X in 1988 (2) has
since then been the subject of a large
amount of research and an even larger
amount of discussion about its validity
and utility (3).

Recent evidence suggests that meta-
bolic syndrome also affects cognitive de-

cline in old age, especially among those
with high levels of inflammation (4). An
increased inflammatory response has
been associated with cognitive decline
(5–10) and Alzheimer’s disease and may
be considered as a primary causal path-
way of Alzheimer’s disease (11). In addi-
tion, metabolic syndrome often co-occurs
with an increased inflammatory response,
although it is not known whether meta-
bolic syndrome leads to increased inflam-
mation or vice versa (12).

The question arises whether meta-
bolic syndrome has a higher predictive
value than the sum of its individual com-
ponents and what the role of its individual
components is. There is no evidence that
the risk of metabolic syndrome on heart
diseases and diabetes is greater than that
of the sum of its components (3,13), but it
is not known how this association ac-
counts for cognitive function as outcome.

Therefore, in the present study, our
aim was to investigate the association be-
tween metabolic syndrome and its indi-
vidual components with cognition and to
determine whether this association is
modified by inflammation. We hypothe-
sized that 1) metabolic syndrome and its
individual components are associated
with cognition and 2) the link between
metabolic syndrome and cognition is
modified by chronic inflammation. We
test these hypotheses on different cogni-
tive domains, which is a novel aspect
compared with the previous study on this
topic (4).

RESEARCH DESIGN AND
METHODS — Study subjects partici-
pated in the Longitudinal Aging Study
Amsterdam (LASA), an ongoing interdis-
ciplinary cohort study on predictors and
consequences of changes in autonomy
and well-being in the aging population in
the Netherlands. The sampling and data
collection procedures have been de-
scribed in more detail elsewhere (14).
Briefly, a sample of older men and women
(aged 55–85 years), stratified by age and
sex according to expected 5-year mortal-
ity, was drawn from population registries.
Respondents were interviewed at home in
a main and a medical interview, in which
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structured questionnaires were com-
pleted and tests were performed. In-
formed consent was obtained from all
respondents, and the study was approved
by the Medical Ethics Committee of the
VU University Medical Center. In total,
3,107 predominantly Caucasian (�99%)
subjects were enrolled in the baseline ex-
amination in 1992/1993.

The analytical sample for the present
study consisted of subjects who partici-
pated in the medical interview of the sec-
ond data collection (1995/1996), which
was restricted to subjects who were aged
�65 years. Loss to follow-up of the orig-
inal cohort was mainly because of mortal-
ity (14%). More subjects with cognitive
impairments were lost to follow-up, al-
though the sample included enough sub-
jects who performed in the lower ranges
of cognition to detect associations with
metabolic syndrome. Both cognition and
metabolic syndrome were determined at
the same measurement. Of the 1,720 eli-
gible respondents, 1,509 took part in the
interview and blood samples were ob-
tained for 1,321. Metabolic syndrome
could be determined for 1,279 respon-
dents; 96 participants had missing data
for any cognitive test, leaving 1,183 par-
ticipants in this study (68.8% of 1,720).
An additional 31 participants had missing
data for the inflammatory markers. Re-
spondents included in this study were sig-
nificantly younger, were more often men,
had higher education, and had better cog-
nitive scores (all P � 0.05) than the 537
subjects not included in this study.

Cognitive performance
Information processing speed was mea-
sured with a letter substitution task, the
Alphabet Coding Task-15. The respon-
dent had to name the missing characters
corresponding to the characters in the up-
per boxes (using the substitution key) as
quickly and accurately as possible. The
score consisted of the number of com-
pleted characters within 1 minute. The
mean score for three trials was used in the
analyses (range 1.0–42.7).

Memory was measured with the Au-
ditory Verbal Learning Test. Fifteen
words were read aloud, after which the
respondents recalled as many words as
possible (immediate recall, maximum
score of three trials; range 2–15). Delayed
recall (range 0–15) was measured after
�20 min.

Fluid intelligence, the ability to deal
with essentially new problems, was mea-
sured with Raven’s Colored Progressive

Matrices. The respondent was presented
with an incomplete design and six alter-
natives from which the one that best com-
pletes the design had to be chosen. Every
correctly solved item on 2 sets of 12 items
each resulted in 1 point (range 1–24).

Overall cognitive function was mea-
sured with the Mini-Mental State Exami-
nation, a 23-item global cognitive
function test, which includes questions
on orientation in time and place, atten-
tion, language, memory, and visual con-
struction. Actual scores ranged from 16 to
30, with a higher score indicating better
performance.

The tests have been described in more
detail elsewhere (4). The Spearman corre-
lation between immediate and delayed re-
call on the memory test was 0.80 (P �
0.01). All other tests correlated between
0.32 (Raven’s Matrices X delayed recall)
and 0.56 (Raven’s Matrices X coding task;
all P � 0.01).

Metabolic syndrome
Metabolic syndrome was defined as the
presence of three or more of the following
criteria: triglycerides �1.7 mmol/l (150
mg/dl); HDL cholesterol �1.0 mmol/l
(40 mg/dl) for men and �1.3 mmol/l (50
mg/dl) for women; blood pressure
�160/90 mmHg or antihypertensive
medication; waist circumference �102
cm for men and �88 cm for women; and
fructosamine �0.247 mmol/l or antidia-
betes medication. This is the definition
established by the U.S. National Choles-
terol Education Program (NCEP) Adult
Treatment Panel III (15), with an increased
cutoff for blood pressure, adjusted for an
older population. Furthermore, the cutoff
of 0.247 mmol/l for fructosamine corre-
sponds to the cutoff of 6.1 mmol/l for fast-
ing plasma glucose in terms of sensitivity
and specificity in discriminating subjects
with glucose intolerance from subjects
with normal glucose tolerance (16). Be-
cause the instructions before blood sam-
pling allowed respondents to take tea and
dry toast but no dairy products, we could
not guarantee fasting blood samples.
Fructosamine is little affected by eating,
unlike the plasma glucose level. There-
fore, we used serum fructosamine as a
proxy for plasma glucose.

Assessment of components of the
metabolic syndrome
Blood pressure was measured using a
standard mercury sphygmomanometer
with the subject in a sitting position.
Waist circumference was determined as

the average of two measurements calcu-
lated to the nearest 0.1 cm midway be-
tween the lower rib margin and the ilial
crest after a normal expiration. A history
of pharmacological medication was ob-
tained using the drug inventory method
(identification of prescription drugs taken
in the previous 2 weeks).

Fructosamine was determined by a
colorimetric test, and HDL cholesterol
and triglycerides were determined by an
enzymatic colorimetric test (Roche Diag-
nostics, Mannheim, Germany). The inter-
assay coefficient of variation was �2.8%
for fructosamine and triglycerides and
�6.4% for HDL cholesterol. All labora-
tory analyses (HDL cholesterol, triglycer-
ides, and fructosamine) were performed
in EDTA-plasma samples stored at
�80°C at the Department of Clinical
Chemistry of the VU University Medical
Center in 2005.

Inflammatory markers
The inflammatory markers �1-antichy-
motrypsin (ACT) and C-reactive protein
(CRP) have been shown to be associated
with cognitive decline and dementia
(5,6,10). Serum levels of CRP and ACT
were determined using sensitive regular
immunoassays (ELISA) developed and
performed at Sanquin Research (Amster-
dam, the Netherlands) (5). CRP levels
were measured with a sandwich-type
ELISA in which polyclonal rabbit anti-
CRP antibodies were used as catching an-
tibodies and a biotinylated monoclonal
antibody against CRP (CLB anti–CRP-2)
was used as the detecting antibody. ACT
was measured with an ELISA in which
specific monoclonal antibodies against
ACT were used. Results were expressed as
micrograms per milliliter for CRP, and
percentage of pooled normal human
plasma for ACT. This plasma pool con-
tained 100% ACT, which is �300 mg/l.
The intra- and interassay coefficient of
variation was �5%. The detection limit
was 0.8 ng/ml for CRP. High inflamma-
tion was defined as serum levels of both
CRP and ACT in the highest tertile.

Putative confounders and effect
modifiers
Data on age and sex were derived from the
population registries at baseline. Educa-
tion was assessed by asking the respon-
dent for the highest educational level
completed, which was converted into to-
tal number of years of education (range
5–18 years). Apolipoprotein (apo) E phe-
notypes (ε4 or non-ε4 carriers) were deter-
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mined by isoelectric focusing of delipidated
plasma samples, followed by immunoblot-
ting. Smoking status was categorized as
never, former, and current smoker. Alcohol
consumption was categorized as none,
moderate, and high intake. Physical activity
was assessed with the LASA Physical Activ-
ity Questionnaire. Depressive symptoms
were assessed with the Center for Epidemi-
ologic Studies Depression Scale. Stroke,
myocardial infarction, and diabetes were as-
sessed using algorithms in which informa-
tion obtained from general practitioners,
inspection of medicine bottles, and self-
report were combined. Self-reported diabe-
tes has been shown to be in good
concordance with the general practitioner’s
report (� � 0.85) (17).

Data analyses
Characteristics of the study sample were
presented by metabolic syndrome status

and were compared using �2 tests for di-
chotomous variables or independent t
tests for continuous variables. Skewed
distributed variables were compared us-
ing Mann-Whitney U tests.

Associations of (components of) met-
abolic syndrome with cognition were an-
alyzed with linear regression analyses,
both unadjusted and adjusted for age,
sex, education, smoking, and alcohol use.
The categorical variables smoking and al-
cohol were included in the regression
models as dummies. The analyses were
repeated after exclusion of subjects with
diabetes, stroke, and myocardial infarc-
tion because a possible link between met-
abolic syndrome and cognition may be
explained by these diseases. The indepen-
dent roles of the individual components
of metabolic syndrome on cognition were
analyzed by including each component
both separately and together in a regres-

sion model. On the basis of previous find-
ings (4) , we tes ted whether the
association between metabolic syndrome
and cognition differed by level of inflam-
mation by including the interaction term
“metabolic syndrome 	 inflammation
(CRP and ACT continuously)” in the
models. In addition, interactions between
metabolic syndrome and ApoE were
tested. All analyses were tested at the 0.05
level of significance, except for the inter-
action terms, for which a level of signifi-
cance of 0.10 was tolerated owing to the
multiplication of the measurement error.
Because of their skewed distribution, the
inflammatory markers were log-
transformed before analyses.

RESULTS — The prevalence of meta-
bolic syndrome among the 1,183 partici-
pants aged 65–88 years was 36.3%. The
prevalences of the individual components
of metabolic syndrome were 51.7% for
abdominal obesity, 62.8% for hyperten-
sion, 31.2% for high triglycerides, 35.5%
for low HDL cholesterol, and 24.1% for
hyperglycemia. With regard to metabolic
syndrome, 21.3% of the subjects met
three, 11.9% met four, and 3.0% met five
of the NCEP criteria.

Subjects with metabolic syndrome
were more often women, had lower edu-
cation, consumed less alcohol, and had
higher prevalences of stroke and diabetes.
Furthermore, they scored significantly
lower on all cognition tests (P � 0.001),
with borderline significance on delayed
recall (P � 0.053) (Table 1). After full
adjustment, metabolic syndrome re-
mained significantly associated with
lower cognitive performance (all P �
0.05), except for delayed recall (P � 0.12)
(Table 2). Subjects with metabolic syn-
drome performed 0.84 points lower on
information processing speed to 0.24
points lower on delayed recall compared
with subjects without metabolic syn-
drome, as indicated by the B values. After
exclusion of diabetic patients (n � 109,
with a median [interquartile range] dis-
ease duration of 6.8 [3.5–20.2] years), the
association between metabolic syndrome
and cognition remained significant and
became stronger and borderline signifi-
cant on delayed recall (B � �0.31, P �
0.065) (Table 2). Also, additional exclu-
sion of subjects with stroke (n � 79) and
myocardial infarction (n � 77) produced
almost identical results (data not shown).

Investigating the individual compo-
nents of metabolic syndrome in relation
to cognition revealed that hyperglycemia

Table 1—Characteristics of the study sample by metabolic syndrome status

No metabolic
syndrome

Metabolic
syndrome P value

n 754 429
Age (years) 74.9 
 6.4 75.3 
 6.4 0.28
Men (%) 52.4 41.7 �0.001
Education (years) 9 (6–11) 9 (6–10) �0.001
ApoE4 (%) 25.4 27.8 0.36
Abdominal obesity (%) 34.7 81.3
High triglycerides (%) 10.8 67.4
Low HDL cholesterol (%) 12.6 76.1
Hyperglycemia (%) 13.9 42.0
Hypertension (%) 49.8 85.5
CRP (�g/ml) 2.6 (1.2–6.0) 3.9 (2.0–7.1) �0.001
ACT (% normal human plasma) 152.0 (129.8–179.0) 158.5 (135.0–182.0) 0.08
Smoking status (%)

Never 33.4 38.0 0.17
Former 47.5 46.4
Current 19.1 15.6

Alcohol consumption (%)
None 18.8 29.4 �0.001
Middle 70.2 62.7
High 11.0 7.9

Physical activity (min/day) 143 (86–213) 144 (77–210) 0.37
Depression score 6 (3–12) 6 (2–11) 0.52
Stroke (%) 5.4 12.3 �0.001
Myocardial infarction (%) 7.4 9.8 0.16
Diabetes (%) 4.4 17.7 �0.001
Information processing speed* 24.0 
 7.2 22.1 
 7.0 �0.001
Immediate recall† 8.5 
 2.5 8.0 
 2.5 0.001
Delayed recall‡ 6.0 
 2.9 5.7 
 2.9 0.053
Fluid intelligence§ 18.0 
 3.9 16.8 
 4.1 �0.001
MMSE� 28 (26–29) 27 (26–29) �0.001

n � 1,183. Data are means 
 SD, %, or median (interquartile range). P value of �² tests for dichotomous
variables, independent t test for continuous variables, and Mann-Whitney U tests for skewed distributed
variables. *Range � 1.0–42.7; †range � 2–15; ‡range � 0–15; §range � 1–24; �range � 16–30 (higher
scores indicate better performance).
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was significantly associated with all cog-
nition measures, also after full adjustment
(B values ranging from �0.38 to �1.21,
all P � 0.05). Low HDL cholesterol was
significantly associated with information
processing speed and with fluid intelli-
gence (B � �0.71 and �0.48, P � 0.05).
Abdominal obesity, high triglycerides,
and high blood pressure were not signif-
icantly associated with any cognitive mea-
sure. After exclusion of diabetic patients,
associations between hyperglycemia and
cognition became slightly weaker (0.03 �
P � 0.10) (Table 2). To additionally as-
sess whether hyperglycemia is quantita-
tively related to cognitive dysfunction, we
studied fructosamine levels (in millimoles
per liter) continuously. In adjusted re-
gression analyses, fructosamine was sig-
nificantly associated with cognition (B �
�4.57 to �9.51; P � 0.05) but lost sig-
nificance on information processing
speed and fluid intelligence after exclu-
sion of diabetic patients (B � �7.38, P �
0.27 and B � �4.35, P � 0.27, respec-
tively). After exclusion of subjects with
hyperglycemia (n � 276), the association
between fructosamine and cognition lost
significance on all cognitive tests (0.06 �
P � 0.53). These results suggest that the
observed lower cognition can be fully at-
tributed to hyperglycemia.

Combining all components together
in one regression model showed that hy-
perglycemia was most strongly and signif-
icantly associated with all cognition tasks
(fully adjusted; B values ranged from
�0.37 on the MMSE to �1.19 on infor-
mation processing speed); none of the
other components remained significantly
associated. This finding was supported by
analysis of continuous variables for the
individual components in the models,
showing that fructosamine was signifi-
cantly associated with all cognitive tests

(fully adjusted models, P � 0.05),
whereas the other components were not.
Thus, hyperglycemia is shown to be the
most important component of metabolic
syndrome in relation to cognitive func-
tion. Adding the metabolic syndrome
variable to the models with the individual
components showed that metabolic syn-
drome was not significant and that hy-
perglycemia remained significantly asso-
ciated with information processing speed
and with immediate recall (B � �1.18,
P � 0.01 and �0.39, P � 0.02). The hy-
perglycemia component was significantly
associated with HDL cholesterol (�2 �
10.8, degrees of freedom [df] � 1, P �
0.001) and with triglycerides (�2 � 4.6,
df � 1, P � 0.03) but not with hyperten-
sion (�2 � 2.6, df � 1, P � 0.11) and
abdominal obesity (�2 � 0.15, df � 1,
P � 0.70). There were no interactions be-
tween hyperglycemia and any other com-
ponent of metabolic syndrome on
cognition (all P � 0.10).

In adjusted models, CRP and ACT
were not significantly associated with
cognition (all P � 0.05). Adding hyper-
glycemia to the models showed that hy-
perglycemia was significantly associated
with cognition (P � 0.02), but CRP and
ACT were not. Also, CRP and ACT did not
change the strength of the associations be-
tween hyperglycemia and cognition. In-
teractions between metabolic syndrome
and CRP (adjusted models) were signifi-
cant on all cognitive functions: on infor-
mation processing speed (P � 0.01), on
immediate and delayed recall (P � 0.01
and P � 0.09), on fluid intelligence (P �
0.01), and on MMSE (P � 0.01). Interac-
tions with ACT (adjusted models) were
significant on two of five tests: on delayed
recall (P � 0.03) and on fluid intelligence
(P � 0.001). Interactions between meta-
bolic syndrome and apoE were not signif-

icant (all P � 0.10). To illustrate the
influence of inflammation, further analy-
ses were stratified for subjects with high
(defined as the highest tertile for both
CRP and ACT) inflammation versus oth-
ers. After full adjustment, metabolic
syndrome was significantly negatively as-
sociated with cognition in subjects with
high inflammation, with B values that
were 2.8–10.4 times higher than those in
subjects with low inflammation (Table 3).
After exclusion of diabetic patients (n �
98), interactions between metabolic syn-
drome and CRP and ACT remained sig-
nificant. Strengths of the associations
between metabolic syndrome and cogni-
tion in subjects with high inflammation
were slightly lower though (borderline)
significant after exclusion of diabetic pa-
tients (Table 3). The interaction between
hyperglycemia and inflammation was not
significant on any cognitive test (P �
0.10).

CONCLUSIONS — In this study, we
found that subjects with metabolic syn-
drome showed poorer cognitive perfor-
mance than subjects without metabolic
syndrome, especially those with high lev-
els of inflammation. Hyperglycemia was
the main contributor of the association of
metabolic syndrome with cognition. This
finding was consistent for the different
cognitive tests, suggesting that it affects all
cognitive domains that were measured.
However, metabolic syndrome and hy-
perglycemia were more strongly associ-
ated with information processing speed
and fluid intelligence, both including per-
ceptual speed, rather than with memory
(delayed recall). This finding is consistent
with studies on diabetes, showing that di-
abetes may affect perceptual speed more
than other cognitive domains (see ref. 18
for review). These functions are mainly

Table 2—Associations between the metabolic syndrome and its individual components with cognitive function

Adjusted B*

Total study sample
Study sample without

diabetic patients

Metabolic
syndrome

Abdominal
obesity

High
triglycerides

Low HDL
cholesterol Hypertension Hyperglycemia

Metabolic
syndrome Hyperglycemia

Info. processing
speed

�0.84† �0.63 �0.56 �0.71† �0.11 �1.21‡ �0.80† �0.78

Immediate recall �0.39‡ �0.19 �0.21 �0.28 �0.09 �0.46‡ �0.43‡ �0.39†

Delayed recall �0.24 �0.14 �0.07 �0.17 �0.05 �0.40† �0.31 �0.37
Fluid intelligence �0.63‡ 0.04 �0.38 �0.48† �0.26 �0.62‡ �0.48† �0.10
MMSE �0.32† 0.00 �0.15 �0.09 �0.06 �0.38† �0.34† �0.31

Data are presented as adjusted B values, which indicate the differences in cognitive scores between subjects with the metabolic syndrome and its individual
components and those without these determinants. *Adjusted for age, sex, education, smoking, and alcohol use. †P � 0.05; ‡P � 0.01.
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performed in fronto-subcortical brain
structures, which have also been shown
to be predominantly associated with dia-
betes and glucose intolerance (19).

So far, only one previous study
among high-functioning older individu-
als has investigated the association be-
tween metabolic syndrome and cognitive
status (4). Our findings are in line with
that study, showing an association with
cognition primarily in those with high in-
flammation. The association between in-
flammation and metabolic syndrome may
reflect an underlying atherosclerotic pro-
cess, and either this atherosclerosis or
inflammation or both contribute to cog-
nitive decline. Concordantly, such an in-
teraction between metabolic syndrome
and inflammation has also been found for
cardiovascular diseases (CVDs) and dia-
betes (20).

Whether inflammation leads to met-
abolic syndrome or vice versa is an inter-
esting question, which remains to be
answered. Most likely, inflammation and
metabolic syndrome are related in a cir-
cular process, with inflammation leading
to the syndrome and the syndrome lead-
ing to inflammation, causing a downward
vicious circle (12). Inflammation may also
be seen as part of metabolic syndrome,
and evidence that inflammation should
be added as a component in the definition
of the syndrome is increasing (20). Our
study shows that older individuals with
both inflammation and metabolic syn-
drome are worse off with regard to cogni-

tion than are those with either metabolic
syndrome or inflammation. This observa-
tion is supported by a prior study as well
(4). Whether the pathway goes from in-
flammation to metabolic syndrome to
cognitive decline or vice versa needs to be
examined in a longitudinal design with
multiple measurements of both determi-
nants and outcomes.

There are several possible explana-
tions for the finding that hyperglycemia
was the main contributor of the associa-
tion between metabolic syndrome and
cognition. First, hyperglycemia may have
direct negative effects on cognitive func-
tion (21), whereas such direct effects have
not been found for the other components.
Second, hyperglycemia may affect cogni-
tion through CVDs and atherosclerosis.
This hypothesis is supported by the cog-
nitive profile of impairment on perceptual
speed that we found, suggesting involve-
ment of the fronto-subcortical circuit,
which is mainly associated with vascular
components. Although hyperglycemia re-
mained associated with cognition after
exclusion of subjects with stroke in our
study, we could not sufficiently adjust for
subclinical CVD. Third, hyperglycemia
may affect cognition through diabetes,
which has repeatedly been associated
with cognitive decline and dementia
(18,22). Associations between hypergly-
cemia and cognition were slightly lower
after exclusion of subjects with diabetes,
which is not surprising as diabetes is at
the extreme end of the hyperglycemia

spectrum. Evidence from experimental
studies suggests that the effects of hyper-
glycemia and diabetes may occur via toxic
advanced glycosylated end products that
are formed in the brain or via hypofunc-
tion of insulin-degrading enzyme, which
may lower amyloid degradation (23,24).

The lack of association between hyper-
glycemia and hypertension and abdominal
obesity components might suggest that
metabolic syndrome is not always a coher-
ent concept, which has been suggested
before by others who have described differ-
ent factors underlying the concept of meta-
bolic syndrome (25,26). Also, low power or
selective survival may explain some of the
rather weak associations between hypergly-
cemia and some components of the meta-
bolic syndrome in our older population.

The novelty and strengths of our
study are that we studied the contribution
of the individual components of meta-
bolic syndrome to cognition and that we
used a broad cognitive test battery shown
to be sensitive to early cognitive decline.
Second, subjects with high inflammation
were identified by two inflammatory
markers: CRP and ACT. CRP is a widely
used marker of inflammation, which is
strongly associated with an increased risk
for cardiovascular diseases and which
may also be predictive of development of
metabolic syndrome (20). ACT is an in-
flammatory marker more specific for Alz-
heimer’s disease and previously was
shown to be especially important in cog-
nitive decline and dementia (5,6). Third,
the multidisciplinary design of our study
allows careful adjustment for potential
confounders including demographics,
lifestyle, and chronic diseases.

This study also has a few limitations.
First, our findings are based on cross-
sectional data. Although it is likely that
metabolic syndrome will lead to cognition
loss and not vice versa, analysis of longi-
tudinal data of both determinants and
outcomes is needed to distinguish the
acute and chronic effects of hyperglyce-
mia on cognition and to get insight into
the chicken-egg conundrum as to inflam-
mation and metabolic syndrome. Second,
hyperglycemia was measured by serum
fructosamine as a proxy for fasting glu-
cose. Because we could not fully guaran-
tee that the blood samples were fasting,
we used fructosamine, which is little af-
fected by eating. The cutoff we used was
shown to have maximal effectiveness in
discriminating subjects with impaired
glucose tolerance from subjects with nor-
mal glucose tolerance (16).

Table 3—Associations between the metabolic syndrome and cognitive function by inflamma-
tion status, in the total study sample, and after exclusion of subjects with diabetes

Adjusted*

Inflammation status

Others High†

B P value B P value

Total study sample (n) 962 190
Information processing speed �0.70 0.07 �1.94 0.03
Immediate recall �0.23 0.13 �1.14 0.001
Delayed recall �0.10 0.55 �1.04 �0.01
Fluid intelligence �0.36 0.11 �1.93 0.001
MMSE �0.24 0.09 �0.86 0.01

Diabetic patients excluded (n) 881 173
Information processing speed �0.72 0.09 �1.48 0.12
Immediate recall �0.29 0.06 �1.14 �0.01
Delayed recall �0.17 0.35 �0.93 0.02
Fluid intelligence �0.28 0.25 �1.50 0.01
MMSE �0.31 0.04 �0.61 0.08

Data are presented as adjusted B values, which indicate the differences in cognitive scores between subjects
with and without the metabolic syndrome, separately for those with high inflammation and others. *Ad-
justed for age, sex, education, smoking, and alcohol use. †High inflammation is defined as the highest tertile
on both CRP and ACT.
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In summary, this study shows that
metabolic syndrome is associated with
cognition, mainly in subjects with high
inflammation. Hyperglycemia was the
main contributor of the association with
cognition.

Acknowledgments— The Longitudinal Ag-
ing Study Amsterdam is funded by Dutch Min-
istry of Health, Welfare and Sports and Vrije
Universiteit. The study was supported by In-
ternationale Stichting Alzheimer Onderzoek
(Grant 04517) and Stichting tot Steun
VCVGZ.

References
1. Ford ES, Giles WH, Dietz WH: Prevalence

of metabolic syndrome among US adults:
Third National Health and Nutrition Ex-
amination Survey. JAMA 287:356–359,
2002

2. Reaven GM: Role of insulin resistance in
human disease. Diabetes 37:1595–1607,
1988

3. Kahn R, Buse J, Ferrannini E, Stern M:
The metabolic syndrome: time for a criti-
cal appraisal: joint statement from the
American Diabetes Association and the
European Association for the Study of Di-
abetes. Diabetes Care 28:2289–2304,
2005

4. Yaffe K, Kanaya A, Lindquist K, Simon-
sick EM, Harris T, Shorr RI, Tylavsky FA,
Newman AB: The metabolic syndrome,
inflammation, and risk of cognitive de-
cline. JAMA 292:2237–2242, 2004

5. Dik MG, Jonker C, Hack CE, Smit JH,
Comijs HC, Eikelenboom P: Serum in-
flammatory proteins and cognitive de-
cline in older persons. Neurology 64:
1371–1377, 2005

6. Engelhart MJ, Geerlings MI, Meijer J, Kil-
iaan A, Ruitenberg A, van Swieten JC, Sti-
jnen T, Hofman A, Witteman JC, Breteler
MM: Inflammatory proteins in plasma
and the risk of dementia: the Rotterdam
Study. Arch Neurol 61:668–672, 2004

7. Schmidt R, Schmidt H, Curb JD, Masaki
K, White LR, Launer LJ: Early inflamma-
tion and dementia: a 25-year follow-up of
the Honolulu-Asia Aging Study. Ann Neu-
rol 52:168–174, 2002

8. Teunissen CE, van Boxtel MP, Bosma H,
Bosmans E, Delanghe J, De Bruijn C,
Wauters A, Maes M, Jolles J, Steinbusch
HW, de Vente J: Inflammation markers in
relation to cognition in a healthy aging
population. J Neuroimmunol 134:142–
150, 2003

9. Weaver JD, Huang MH, Albert M, Harris
T, Rowe JW, Seeman TE: Interleukin-6
and risk of cognitive decline: MacArthur
study of successful aging. Neurology 59:
371–378, 2002

10. Yaffe K, Lindquist K, Penninx BW, Si-
monsick EM, Pahor M, Kritchevsky S,
Launer L, Kuller L, Rubin S, Harris T: In-
flammatory markers and cognition in
well-functioning African-American and
white elders. Neurology 61:76–80, 2003

11. McGeer EG, McGeer PL: The importance
of inflammatory mechanisms in Alzhei-
mer disease. Exp Gerontol 33:371–378,
1998

12. Dandona P, Aljada A, Chaudhuri A, Mo-
hanty P, Garg R: Metabolic syndrome: a
comprehensive perspective based on
interactions between obesity, diabetes,
and inflammation. Circulation 111:1448–
1454, 2005

13. Dekker JM, Girman C, Rhodes T, Nijpels
G, Stehouwer CD, Bouter LM, Heine RJ:
Metabolic syndrome and 10-year cardio-
vascular disease risk in the Hoorn Study.
Circulation 112:666–673, 2005

14. Deeg DJH, van Tilburg T, Smit JH, de
Leeuw ED: Attrition in the Longitudinal
Aging Study Amsterdam: the effect of dif-
ferential inclusion in side studies. J Clin
Epidemiol 55:319–328, 2002

15. Executive summary of the Third Report of
the National Cholesterol Education Pro-
gram (NCEP) Expert Panel on Detection,
Evaluation, and Treatment of High Blood
Cholesterol in Adults (Adult Treatment
Panel III). JAMA 285:2486–2497, 2001

16. Herdzik E, Safranow K, Ciechanowski K:
Diagnostic value of fasting capillary glu-
cose, fructosamine and glycosylated hae-
moglobin in detecting and other glucose
tolerance abnormalities compared to oral
glucose tolerance test. Acta Diabetol 39:
15–22, 2002

17. Kriegsman DM, Penninx BW, van Eijk JT,
Boeke AJ, Deeg DJ: Self-reports and gen-
eral practitioner information on the pres-
ence of chronic diseases in community

dwelling elderly: a study on the accuracy
of patients’ self-reports and on determi-
nants of inaccuracy. J Clin Epidemiol 49:
1407–1417, 1996

18. Arvanitakis Z, Wilson RS, Bennett DA: Di-
abetes mellitus, dementia, and cognitive
function in older persons. J Nutr Health
Aging 10:287–291, 2006

19. Geroldi C, Frisoni GB, Paolisso G,
Bandinelli S, Lamponi M, Abbatecola AM,
Zanetti O, Guralnik JM, Ferrucci L: Insu-
lin resistance in cognitive impairment: the
InCHIANTI study. Arch Neurol 62:1067–
1072, 2005

20. Haffner SM: The metabolic syndrome: in-
flammation, diabetes mellitus, and car-
diovascular disease. Am J Cardiol 97:3–
11, 2006

21. Cox DJ, Kovatchev BP, Gonder-Frederick
LA, Summers KH, McCall A, Grimm KJ,
Clarke WL: Relationships between hyper-
glycemia and cognitive performance
among adults with type 1 and type 2 dia-
betes. Diabetes Care 28:71–77, 2005

22. Launer LJ: Brain aging: epidemiologic ev-
idence. Curr Diab Rep 5:59–63, 2005

23. Biessels GJ, Kappelle LJ: Increased risk of
Alzheimer’s disease in type II diabetes: in-
sulin resistance of the brain or insulin-
induced amyloid pathology? Biochem Soc
Trans 33:1041–1044, 2005

24. Xie L, Helmerhorst E, Taddei K, Plewright
B, Van Bronswijk W, Martins R: Alzhei-
mer’s �-amyloid peptides compete for in-
sulin binding to the insulin receptor. J
Neurosci. 22:RC221, 2002

25. Grundy SM, Cleeman JI, Daniels SR, Do-
nato KA, Eckel RH, Franklin BA, Gordon
DJ, Krauss RM, Savage PJ, Smith SC Jr,
Spertus JA, Costa F, American Heart As-
sociation, National Heart, Lung, and
Blood Institute: Diagnosis and manage-
ment of the metabolic syndrome: an
American Heart Association/National
Heart, Lung, and Blood Institute Scientific
Statement. Circulation 112:2735–2752,
2005

26. Shen BJ, Todaro JF, Niaura R, McCaffery
JM, Zhang J, Spiro A 3rd, Ward KD: Are
metabolic risk factors one unified syn-
drome? Modeling the structure of the
metabolic syndrome X. Am J Epidemiol
157:701–711, 2003

Metabolic syndrome components and cognition

2660 DIABETES CARE, VOLUME 30, NUMBER 10, OCTOBER 2007

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/30/10/2655/595594/zdc01007002655.pdf by guest on 17 April 2024


