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1. ABSTRACT

The conversion rate of cognitive impairment to
Alzheimer’s disease is 1 to 25% per year. Early detection
of cognitive impairment will thus become a major concern,
particularly when pharmacological intervention for
preventing or delaying conversion will prove effective. If
simple carotid artery intima media thickness (IMT)
measurements were to predict cognitive impairment, IMT
could become one of the detection tools, as it is
inexpensive, reliable and non-invasive. Since no review
paper on this subject is available, a systematic review of the
literature was performed. Twenty studies were identified
evaluating the association between IMT and cognitive
impairment and fourteen found a significant association
after multivariate analysis. However, currently no definitive
evidence of an association between increased IMT and
cognitive impairment can be established. A consensus
regarding the precise definition of cognitive impairment,
and standardized methods to assess early cognitive
impairment alongside a consensus for IMT measurement
are needed in future epidemiological studies on the
relationship between IMT and cognitive impairment.
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2. INTRODUCTION

Intima media thickness (IMT) of the common
carotid artery (CCA) is increasingly considered as a marker
for early atherosclerosis (10, 11, 42, 47) and vascular
diseases, such as stroke, myocardial infarction and
peripheral arterial disease (10, 47, 48). Atherosclerosis has
been associated with dementia (29) and increased IMT
values of the CCA have been correlated with parenchymal
changes of the brain observed in dementia, such as
leukoaraiosis (12,13, 66), making IMT a potential risk
marker of cognitive impairment. However, the specific
relationship between IMT and cognitive impairment
remains poorly understood. Since no review paper on this
subject is available, a systematic review of the literature
was performed.

3. METHODS

A PubMed search from 1980 to 2009 was
conducted. Key words were "intima-media thickness",

"IMT", “wall thickness", "carotid atherosclerosis", "carotid
stenosis" used in combined search with
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"neuropsychological  test", "dementia", "cognitive
impairment”, "cognition", "cognitive decline" and
"Alzheimer”. The author aimed to select studies that

evaluated the correlation between IMT and cognitive
impairment. The electronic search resulted in 155 studies,
of which 17 studies fulfilled the selection criteria. Three
additional studies were identified through a manual search
of retrieved references. All studies were subsequently
classified and tabulated according to study design, patient
demographics, IMT measurement methods, cognitive
impairment criteria, as well as applied methods for
cognitive assessment. In this review, 12 studies were cross-
sectional (4-7, 60, 61, 63, 67-70, 72), four longitudinal (2,
3, 8, 9) population-based investigations, and four were both
cross-sectional and longitudinal (1, 62, 65, 71).

4. RESULTS

4.1. Inclusion and exclusion criteria

Inclusion and exclusion criteria among studies
varied to a high extent (Table 1). As increased IMT values
were associated with stroke (47, 51), and stroke was
correlated with cognitive impairment (29, 53-59), stroke
might be a confounding factor. Therefore, studies reporting
on IMT were distinguished primarily between post-stroke
investigations and stroke-free investigations. Two studies
(2, 9) considered stroke or transient ischemic attack (TIA)
as their inclusion criteria. Twelve studies specified stroke
as an exclusion criteria (1, 3-5, 61, 62, 65, 67-70,72). Other
exclusion criteria were Parkinson’s disease (2),
Alzheimer’s disease (2, 60), neoplasia (7, 60, 62), aphasia
(2, 9), hypertension (60), dementia (62, 67), fasting total
plasma homocysteine (Hcy) < 8.5 pmol/L (69) and
ischemic heart disease (60). Three studies (6, 8, 71) did not
report on this aspect.

4.2. Cognitive decline and cognitive
definitions

Definitions and assessment tools of cognitive
decline and impairment varied across studies (Table 2). For
screening purposes most frequently the Mini-Mental-Status
Examination (MMSE) was used (1, 2, 4-6, 8, 9, 60, 62, 63,
65, 68, 70, 72). In addition to MMSE a variety of cognitive
function assessment tools were applied, among which were
the Digit Symbol Substitution Test (1, 4), the Montgomery-
Asberg Depression Rating Scale (2) and the Dementia
Rating Scale (5, 68). The majority of studies used an
MMSE cut off score of twenty-four or less as indicative of
cognitive impairment (2, 4, 9, 60, 62). A different cut-off
score, less than twenty-six, was used in three studies (6, 8,
63). In one study, using the modified MMSE (1), cognitive
impairment was defined by a score of less than 80/100, and
cognitive decline “as an average decrease in Modified
Mini-Mental State Examination score of more than 1 point
per year”. The cut-off scores for cognitive decline and
cognitive impairment were not mentioned in nine studies
3,5,7,61,67-70, 72).

impairment

4.3. Neuroimaging
MRI or CT brain scanning were reported in six
studies (1, 2, 6, 8, 9, 60, 65, 67, 68), assessing mainly for
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signs of ischemic stroke. Ten studies (3-5, 7, 61-63, 70-72)
did not report on brain imaging.

4.4. Methodology for intima media measurement

There were a variety of methodological
heterogeneity across the studies regarding IMT
measurement for selected carotid artery segments (CCA,
CA bulb, ICA) and carotid artery wall (near versus far)
(Table 3). For IMT measurement, the CCA was used in the
majority of studies (1, 2, 4-8, 60, 63, 65, 68-72). The IMT
of the CA bulb was measured in one study (62), and three
different locations (CCA, CA bulb, ICA) were evaluated in
four other studies (3, 9, 61, 67). IMT was measured most
frequently at the far wall of the CCA (2, 4, 5, 60, 63, 68,
69, 71). The far wall IMT of the CA bulb was measured in
one study (62). IMT was evaluated at the far and near walls
of the CCA in four studies (1, 8, 65, 72). The IMT of the
near and far walls of three carotid artery segments (CCA,
CA bulb, ICA) were measured in four studies (3, 9, 61, 72).

4.5. IMT and cognitive impairment

Although the methodology and study design of
the 20 reported studies differed significantly, certain
patterns could be noted. These patterns became more
evident by differentiating the studies in post-stroke cohorts
and cohorts free of vascular events.

4.5.1. Series of patients with stroke
4.5.1.1. Positive association between
thickness and cognitive impairment

In a longitudinal study with a one year follow-up
period, Talelli e al. (2) found that IMT was significantly
associated with cognitive impairment at one-year defined
by a MMSE score < 24 and after multivariate analysis. One
further study (9) found that IMT was univariately
associated with a six-month change in the MMSE in the
control-group (45 participants), but not in the case-group
(110 participants).

intima media

4.5.2. Series of patients without stroke
4.5.2.1. Positive association between
thickness and cognitive impairment
After a five years follow-up Johnston et al. (1)
reported that increased IMT on left and right CCA were
associated with increased risk of cognitive decline in
univariate analysis. After adjusting for controlateral
stenosis, demographics and traditional vascular risk factors,
the associations were attenuated and remained significant
only for the left CCA (borderline association). The
Atherosclerosis Risk in Communities (ARIC) study (61)
found a cross-sectional association between carotid IMT
with 2 out of 3 cognitive function scales. Carotid IMT (C-
IMT) was inversely associated with the Delayed World
Recall Score in men and inversely correlated with the Digit
Symbol Score in both genders. In a further cross-sectional
study, Romero et al. (67) showed that higher internal
carotid artery IMT was associated with poorer performance
on the executive function factor and the nonverbal memory
factor. The authors reported that the association became
significant for the verbal memory factor, remained
significant for the nonverbal memory factor, and was
borderline for the executive function factor, after full

intima media
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Table 1. Demographics

Sample size Gender Average Age (SD) Inclusion Criteria Exclusion Criteria Reference
4006 Female: 2427 74.7 Right-handed subjects | 1. History of CVA 1
Male: 1579 2. History of TIA
3. Carotid
endarterectomy
171 Female: 70 66 (11.5) Stroke 1. Other language than | 2
Male: 101 Greek
2. Diseases affecting
cognition
3. Severe medical
illness
4. Clinical evidence of
concomitant
Alzheimer's disease
5. MMSE <24
6. Residual aphasia at 1
year post-stroke
10963 (ARIC longitudinal study) Female: 6.126 58.5 Cardiovascular  risk | 1.History of CVA 3
Male: 4.837 factors 2. History of TIA
1279 Female: 753 65.0 (3.0) NM CVA 4
Male: 526
109 Female : 46 69.18 1. CAD 1. Neurological 5
Male : 63 2. AP disorder
3. Previous MI 2. Psychiatric disorder
4. HF 3. Substance abuse
5. Cardiac surgery 4. Dementia Rating
6. Arrhythmia Scale <123
7. Hypertension
1. Dementia group: 248 1. Demented 1. Demented 1. Dementia NM 6
group: group: 2. Non dementia
2. Not demented group: 1698 Female: 202 82.65
Male: 82
2. Not demented
2. Not demented group:
group: 70.9
Female: 1075
Male: 623
Case: 47 Case: Case: Age> 18 1. Opportunistic 7
Female : 6 46 (12) systemic or CNS
Control: 40 Male:41 infection
Controls: 2. CNS neoplasm
Controls: 42 (12) 3. Active alcohol/drug
Female:21 abuse
Male: 19 4. Aphasia
5. Concomitant
neurological
disease
6. Psychiatric diseases
6.647 Female: 3921 72.4 Age> 55 NM 8
Male : 2726
Case: 110 Case: Case: 55.6 Case: 1. Aphasia 9
Female: 35 1. First ischemic CVA | 2. MMSE <20
Control: 45 Male: 75 Control: 53.3 or TIA 3. Subjective or
2. Age>45y objective memory
Control: 3. Absent complaints
Female: 23 neurological /
Male: 22 psychiatric disorder
Control:
1. No clinical signs of
CVA
2. One or more
vascular risk factors
Case: 35 Female: 18 78.5 Case: 1. Alzheimer’s disease 60
Male: 42 Vascular Dementia 2. Diabetes Mellitus
Control: 25 3. Hypertension
Control: 4. Severe medical
No dementia condition
5. Cancer
13913 (ARIC cross sectional study) Female: 7652 57 Cardiovascular risk 1. Antipsychotic 61
Male: 6261 factors medication

2. History of Stroke
3. History of TIA
4. Outside study age
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91 Female: 91 65 NM 1. Stroke 62
2. Cancer
3. Musculoskeletal
disease
4. Dementia
400 Male: 400 60 Independent living Mental/Physical 63
inability to attend study
centre
66 Female: 36 72.7 (6.1) 1. AD 1.CVD 65
Male: 30 2. Mild to moderate 2. Stepwise
CI progression of CI
3. Focal neurologic
signs
4. MRI:
4.1. Cortical infarction
4.2. LWML
1971 Female: 1044 58 (10) NM 1.CVA 67
Male: 927 2. Dementia
3. Multiple Sclerosis
4. Neurological
conditions affecting
MRI
88 Female: 41 70 (7.7) Cardiovascular 1. Neurologic disease 68
Male: 47 disease 2. Substance abuse
3. Major psychiatric
disease
504 Female: 196 60.8 (9.9) 1.>40 years 1.CVD 69
Male: 308 2. Plasma Hey > 8.5 2.DM
umol/L 3. Hypertension
4. Untreated thyroid
disease
3896 Female: 1088 60.9 NM NM 70
Male: 2808
3386 Female: 2000 67.7 NM NM 71
Male: 1386
Case: 63 Case: Case: 75.7 (9.2) Case: Case / Control: 72
Female: 37 1. AD 1. Major vascular
Control: 64 Male: 26 Control: 75.7 (8.6) 2. aMCI disease
2. Chronic alcohol
Control: Control: intake / smoking
Female: 42 1. No evidence of 3. Drugs increasing
Male: 23 neurological disease Hcey

CVA = Cerebral Vascular Accident, CVD = Cerebrovascular disease, MRI = Magnetic Resonance Imaging, Hcy =
Homocysteine, DM = Diabetes Mellitus, LWML = Large White Matter Lesions, TIA = Transient Ischemic Attack, aMCI =
amnestic Mild Cognitive Impairment, CAD = Coronary Artery Disease, AD = Alzheimer Disease, CI = Cognitive Impairment,
MI = Myocardial Infarction, HF = Heart failure, NM = Not Mentioned, f = female, m = male, ARIC = Atherosclerosis Risk in

Communities study

multivariable adjustment. However, the authors noted that
common carotid artery IMT was not associated with any of
the cognitive measures. Cohen et al. (68) described in their
cross-sectional study that increased IMT was strongly related
to reduced attention, executive function, and information-
processing speed. In a further cross-sectional study, Muller et
al. (63) found an increased IMT to be associated with lower
memory performance using the Rey auditory verbal learning
test and the Doors test to assess for verbal episodic and visual
memory. Haley et al. (5) underlined that a C-IMT cut-off of >
0.9 mm might be relevant before higher IMT consistently
relates to risk of cognitive impairment. The authors found in
their cross-sectional study that an increased IMT was
associated with lower attention-executive-psychomotor
functioning in non-demented patients, while it was not
significantly related to language, memory, or visual-spatial
abilities. Komulainen et al. (62) described in their small
prospective study of 91 elderly women that carotid IMT was
associated with poor memory in cross-sectional and
longitudinal analysis, and with cognitive speed only in the
longitudinal analysis, but not with global cognitive function
(assessed by the MMSE).
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4.5.2.2. Negative association between IMT and cognitive
impairment

In a cross-sectional study, Johnston et al. (1)
reported that high IMT on the left or right CCA were
associated with an increased risk of cognitive impairment
in univariate analysis. However after adjustment for
contralateral stenosis, demographics, and traditional
vascular risk factors, these associations were modified and
were no longer statistically significant. The ARIC study (3)
found that IMT was longitudinally not associated with
cognitive function test impairment in subjects aged 45-69
years. No association between IMT and cognitive decline
after adjusting for confounding factors could be found in
the cross-sectional study of Auperin et al. (4).

5. DISCUSSION

The burden of cognitive impairment and
Alzheimer’s disease in industrialized countries will become
a major public health and economic issue. The reported rate
of conversion of cognitive impairment to Alzheimer’s
disease is 1 to 25% per year (18). Thus, early detection of
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Table 2. Cognitive Status Assessment

Cognitive Impairment

Cognitive Function A t

Reference

MMSE < 80/100
DSST: Impairment < 19

—_

. Modified MMSE
Digit Symbol Substitution Test (DSST)

1

MMSE <24

MMSE
MADRS

2

NM
(ARIC longitudinal study)

Delayed word recall
Digit symbol subtest of the Wechsler Adult Intelligence Scale-Revised
First-letter word fluency

MMSE <24

TMT, part B

DSST from WIS-R

PASAT: Auditory attention
BVRT: Visuospatial perception
Verbal Fluency

RPM

NM

MMSE

Language: Boston naming Test, Category Fluency for Animals

Visual-spatial

Memory: California verbal Learning Test, Complex Figure Test, Brief Visual Memory Test-Revised
Attention-executive psychomotor: Trail Making Test, p A and p B, Stroop-Word, WAIS-III Digit Span and Coding

1. MMSE <25
2.GMS-A>1
3. CAMDEX <80

MMSE
GMS-A
CAMDEX
DMS-III-R

NM

Trail Making Test A and B

Digit Span Memory Test

Corsi Block Tapping Test Visual working memory and visual short term memory
Memory Test A and B

MMSE <26

MMSE
Geriatric Mental State schedule (GMSS)

el Pl S o Bl ol ol Rl ol el IRl ol S el Pt e D

MMSE <24

1.Montreal Cognitive Assessment
2. MMSE

MMSE< 24

MMSE

60

NM
(ARIC
study)

cross-sectional

Delayed Word Recall Test
Digit Symbol Subtest of WAIS-R
Word Fluency of Multilingual Aphasia Examination

61

MMSE< 24

MMSE

Word Recall Test

Stroop Test

Letter-Digit Substitution Test

62

MMSE< 24-26

MMSE

Rey auditory verbal learning test
Doors test

Digit Span Test (subtest of WAIS)
Dutch Adult Reading test

63

DRS <2

DRS
MMSE

65

NM

Wechsler Memory Scale Logical Memory
Halstead Reitan Trail Making Tests A and B
Boston Naming Test

67

NM

MMSE

DRS

Boston Naming Test

Block Design total

California Verbal Learning Test

68

NM

Symbol Digit Modalities Test

Trail Making Test Part B

Wechsler Memory Scale, 3rd Edition
Category fluency

Boston Naming Test

69

NM

Alice Heim 4-1
Mill Hill Vocabulary test
MMSE

70

6CIT >7

6CIT
GDS

71

NM

MMSE (Italian Version)
Mental Deterioration Battery

e el P> Mol RAE il b ianl RAIF ol o Ball ol I ol PAIE el el Palb ol S Rad 0o

72

MMSE = Mini Mental Status Examination, GMS-A = Geriatric mental state examination, DSST = Digit Symbol Substitution
Task, RPM = Raven Progressive Matirices, TMT = Trail-Making Test, NM = Not Mentioned, DSM-III-R = Diagnostic and
statistical manual of mental disorders, Third Edition-R, GMS = Geriatric Mental State examination, CAMDEX = Cambridge
Mental Disorders of the Elderly Examination, DRS = Dementia Rating Score, 6CIT = 6 Item Cognitive Impairment Test, GDS =
Geriatric Depression Scale, ARIC = Atherosclerosis Risk in Communities study
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Table 3. Intima media thickness (IMT)

[Echography equipment Site of IMT measurement Selected CA wall for IMT|Side of IMT measurement Reference
rement

High resolution B-mode system CCA Near / Far Bilateral 1
IATL, HDI 3500 with 12-5 linear CCA [Far Bilateral 2
transducer
High resolution B-mode system 1.CCA Near / Far Bilateral 3
(ARIC longitudinal study) 2.CB

3.ICA
High-resolution B-mode system, Aloka [CCA Far Bilateral 4
SSD-650 with 7.5-MHz transducer
High resolution B-mode system, Agilent{CCA Far Left 5
5500 with 7.5-MHz transducer
Ultrasound with 7.5 MHz linear-array |CCA INM Bilateral 6
transducer
Ultrasound (Siemens Sonoline Elegra) |CCA INM Bilateral 7
B-mode system CCA INear / Far Bilateral 8
Doppler ultrasound with linear 8 MHz [1. CCA Near / Far Bilateral 9
transducer. 2.CB

3.ICA
High Resolution B-mode system with  [CCA Far Bilateral 60
7.5-MHz linear-array transducer
High Resolution B-mode system 1.CCA Near / Far Bilateral 61
(ARIC cross-sectional study) 2.CB

3.ICA
High-resolution system with 10-MHz |CB Far Bilateral 62
transducer
Ultrasound with 7.5 MHz transducer ~ [CCA [Far Bilateral 63
INM CCA INear / Far Bilateral 65
System with high-resolution linear-array|l. CCA Near / Far Bilateral 67
transducer with color Doppler and 2.CB
Doppler spectral analyzer / 3. ICA
(CCA: 7.5-MHz transducer
CB, ICA: 5-MHz transducer
High-resolution B-mode system, CCA Far Left 68
|Agilent 5500, with 7.5-MHz transducer
High-resolution B-mode system CCA Far Right 69
High-resolution system, Aloka 5500 CCA INM Bilateral 70
with 7.5 MHz transducer
INM CCA Far INM 71
TU 22 Philips system CCA INear / Far Bilateral 72

CA = Carotid Artery, CCA = Common Carotid Artery, ICA = Internal Carotid Artery, CB = Carotid Bulb, IMT = Intima-Media
Thickness, NM = Not Mentioned, ‘/” = and, ARIC = Atherosclerosis Risk in Communities study

cognitive impairment will become a major concern,
particularly when pharmacological intervention for
preventing or delaying conversion will prove effective (14,
23). Cerebral vessel atherosclerosis is assumed to be
associated with cognitive impairment through the
consequences of chronic brain hypoperfusion (73, 74).
Therefore, if simple IMT measurements were to predict
cognitive impairment, IMT could become one of its
detection tools, particularly because it is inexpensive,
reliable and non-invasive. This systematic review identified
twenty studies that evaluated the association between IMT
and cognitive impairment and fourteen (1, 2, 5, 6, 9, 62, 63,
65, 67, 68-72) were significant after multivariate analysis.
This lack of a strong relationship may in part be related to
the variability in defining cognitive impairment and the
heterogeneity in IMT measurement methodologies. The
prime difficulty consists in defining mild cognitive
impairment (MCI), differentiating normal aging from mild
cognitive impairment, and differentiating mild cognitive
impairment from mild dementia (15, 18, 20, 21, 44, 46).
MCI, a term that appeared for the first time in the literature
in 1990 (43), is not considered an established diagnosis
with a single set of criteria, but rather a heterogeneous
condition, for which several criteria, in recent years, were
suggested (16, 17, 19, 21, 22, 44, 45). Currently MCI is a
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diagnosis of exclusion for patients not fulfilling the criteria
of Alzheimer’s disease (AD) or dementia, but who exhibit
some form of cognitive impairment (specifically with
memory loss, “amnestic” MCI) (18, 21, 44).

There is also a lack of consensus regarding
definition and standardized measures to assess MCI (25,
26, 28, 44, 45) as well as scarce knowledge of the degree of
agreement between the commonly used tests in assessing
for cognition (MMSE, DSM-4, ICD-10, MDRS) (24, 27,
29). The most frequently used test in this review was the
Mini Mental Status Examination (MMSE). The MMSE is
considered a valuable screening instrument for the initial,
formal assessment of cognition (30, 31). However, it is a
tool that lacks the necessary detail for the differentiation
between mild cognitive impairment and early onset
dementia, especially in well educated subjects (30, 31).
Furthermore, patients with visual, hearing and
communication impairment(s) can not be evaluated
objectively, as the MMSE is largely based on reading,
writing and verbal response skills (75-77).

Consequently, in the twenty studies included in
this review, a comparison of the reported results is made
difficult because of the use of different cognitive tests, each
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evaluating a different cognitive domain. This in part could
explain the divergent association with IMT. MCI is
assumed to be of degenerative origin (33-36). Ten of the
twenty studies (1, 3, 4, 7, 8-9, 61-63, 71) included in this
review did not report on the aetiology of the observed
cognitive impairment. For example, stroke or other
aetiologies could have been a confounding factor in the
association between cognitive impairment and IMT.
Although hippocampal atrophy appears to be associated
with MCI (32, 34-36), the routine role of neuroimaging in
diagnosing MCI is not established as of yet (37, 49).
Structural volumetric magnetic resonance imaging (MRI),
single photon emission tomography (SPECT), positron
emission tomography (PET) are at present the
neuroimaging modalities most commonly used in patients
with MCI (37, 49). The majority of the papers in this
review (1, 3, 4, 7-9, 61-63, 71, 72) did not report on
focused neuroimaging studies to detect specific brain
alterations to sustain their diagnosis of mild cognitive
impairment.

There was a huge variability in methods of IMT
measurement, with regard to location, referenced IMT
values and measurement techniques. This heterogeneity
made it difficult to directly compare IMT results in these
twenty studies. Another important methodological issue in
the reviewed studies was the lack of control groups (1-5, 8,
61-63, 65, 67-71). The question of test-retest effect remains
unanswered. A further limiting factor were the modest
sample sizes in several studies (2, 5-7, 9, 61-63, 65, 68, 72)
which consequently reduced study power and limited the
generalizability of the findings. Currently, no definitive
evidence of an association between increased IMT and
cognitive impairment can therefore be made. Differences in
age, inclusion criteria, study design, and length of follow-
up may have accounted for the conflicting results.
However, the present results from the investigation into the
relationship between IMT and cognitive impairment remain
promising. Fourteen out of the twenty reviewed studies
showed a significant association after multivariate analysis
(1,2,5,6,9, 62, 63, 65, 67, 68-72). Future research must
establish whether increases in IMT, especially at early
stages, does in fact exclusively represent atherosclerosis
(10, 12, 38-40, 50, 52, 64, 78). There is also an imperative
need for a consensus regarding the precise definition of
cognitive impairment and the use of standardized methods
in the assessment of early cognitive impairment (25),
alongside a uniform way to perform IMT measurements
(78) for future epidemiological studies on the relationship
between IMT and cognitive impairment.

6. ACKNOWLEDGMENT

Gratefulness is expressed to Dr. Adelyn Tsu who
very kindly reviewed the manuscript for the English
language.

7. REFERENCES
1. S.C. Johnston, E.S. O'Meara, T.A. Manolio, D.

Lefkowitz, D.H. O'Leary, S. Goldstein, M.C. Carlson, L.P.
Fried, W.T. Longstreth Jr: Cognitive impairment and

986

decline are associated with carotid artery disease in patients
without clinically evident cerebrovascular disease. Ann
Intern Med 140 (4): 237-47 (2004)

2. P. Talelli, J. Ellul, G. Terzis, N.P. Lekka, G. Gioldasis,
A. Chrysanthopoulou, T. Papapetropoulos: Common
carotid artery intima media thickness and post-stroke
cognitive impairment. J Neurol Sci 223 (2): 129-34 (2004)

3. D. Knopman, L.L. Boland, T. Mosley, G. Howard, D.
Liao, M. Szklo, P. McGovern, A.R. Folsom:
Cardiovascular risk factors and cognitive decline in middle-
aged adults. Neurology 56 (1): 42-8 (2001)

4. A. Auperin, C. Berr, C. Bonithon-Kopp, PJ Touboul, 1.
Ruelland, P. Ducimetiere, A. Alperovitch:
Ultrasonographic assessment of carotid wall characteristics
and cognitive functions in a community sample of 59- to
71-year-olds. The EVA Study Group. Stroke 27 (8): 1290-5
(1996)

5. A.P. Haley, D.E. Forman, A. Poppas, K.F. Hoth, J.
Gunstad, A.L. Jefferson, R.H. Paul, A.S. Ler, L.H. Sweet,
R.A. Cohen: Carotid artery intima-media thickness and
cognition in cardiovascular disease. Int J Cardiol 121: 148-
54 (2006)

6. A. Hofman, A. Ott, M.M. Breteler, M.L. Bots, A.l.
Slooter, F. van Harskamp, C.N. van Duijn, C. van
Broeckhoven, D.E. Grobbee: Atherosclerosis,
apolipoprotein E, and prevalence of dementia and
Alzheimer's disease in the Rotterdam Study. Lancet 349
(9046): 151-4 (1997)

7. O. Yaldizli, O. Kastrup, M. Obermann, S. Esser, H.
Wilhelm, C. Ley, H.C. Diener, M. Maschke: Carotid
intima-media thickness in HIV-infected individuals:
relationship of  premature atherosclerosis to
neuropsychological deficits? Eur Neurol 55 (3): 166-71
(2006)

8. M. van Oijen, F.J. de Jong, J.C. Witteman, A. Hofman,
P.J. Koudstaal, M.M. Breteler: Atherosclerosis and risk for
dementia. Ann Neurol 61(5): 403-10 (2007)

9. LM. Popovic, V. Seric, V. Demarin: Mild cognitive
impairment in  symptomatic and  asymptomatic
cerebrovascular disease. J Neurol Sci 257(1-2): 185-93
(2007)

10. P.J. Touboul, M.G. Hennerici, S. Meairs, H. Adams, P.
Amarenco, N. Bornstein, L. Csiba, M. Desvarieux, S.
Ebrahim, M. Fatar: Mannheim carotid intima-media
thickness consensus (2004-2006). An update on behalf of
the Advisory Board of the 3rd and 4th Watching the Risk
Symposium, 13th and 15th European Stroke Conferences,
Mannheim, Germany, 2004, and Brussels, Belgium, 2006.
Cerebrovasc Dis 23(1): 75-80 (2007)

11. P.J Touboul, J. Labreuche, E. Vicaut, P. Amarenco:
Carotid intima-media thickness, plaques, and Framingham



IMT and cognitive impairment

risk score as independent determinants of stroke risk.
Stroke 36 (8): 1741-5 (2005)

12. M.L. Bots, J.C. van Swieten, M.M. Breteler, P.T. de
Jong, J. van Gijn, A. Hofman, D.E. Grobbee: Cerebral
white matter lesions and atherosclerosis in the Rotterdam
Study. Lancet 341(8855): 1232-7 (1993)

13. T.A. Manolio, G.L. Burke, D.H. O'Leary, G. Evans, N.
Beauchamp, L. Knepper, B. Ward: Relationships of
cerebral MRI findings to ultrasonographic carotid
atherosclerosis in older adults : the Cardiovascular Health
Study. CHS Collaborative Research Group. Arterioscler
Thromb Vasc Biol 19 (2): 356-65 (1999)

14. C.R. Jack Jr., R.C. Petersen, M. Grundman, S. Jin, A.
Gamst, C.P. Ward, D. Sencakova, R.S. Doody, L.J. Thal:
Longitudinal MRI findings from the vitamin E and
donepezil treatment study for MCI. Neurobiol Aging 29:
1285-95 (2007)

15. R.C. Petersen, G.E. Smith, S.C. Waring, R.J. Ivnik, E.
Kokmen, E.G. Tangelos: Aging, memory, and mild
cognitive impairment. /nt Psychogeriatr 9 Suppl 1: 65-9
(1997)

16. K. Ritchie K, J. Touchon: Mild cognitive impairment:
conceptual basis and current nosological status. Lancet 355
(9199): 225-8 (2000)

17. S.A. Thompson, J.R. Hodges: Mild cognitive
impairment: a clinically useful but currently ill-defined
concept? Neurocase 8 (6): 405-10 (2002)

18. R.C. Petersen, G.E. Smith, S.C. Waring, R.J. Ivnik,
E.G. Tangalos, E. Kokmen: Mild cognitive impairment:
clinical characterization and outcome. Arch Neurol 56 (3):
303-8 (1999)

19. K. Palmer, L. Fratiglioni, B. Winblad: What is mild
cognitive impairment? Variations in definitions and
evolution of non demented persons with cognitive
impairment. Acta Neurol Scand Suppl 179:14-20 (2003)

20. R.C. Petersen: Mild cognitive impairment or
questionable dementia? Arch Neurol 57 (5): 643-4 (2000)

21. R.C. Petersen: Mild cognitive impairment as a
diagnostic entity. J Intern Med 256 (3): 183-94 (2004)

22. R.C. Petersen, R. Doody, A. Kurz, R.C. Mohs, J.C.
Morris, P.V. Rabins, K. Ritchie, M. Rossor, L. Thal, B.
Winblad: Current concepts in mild cognitive impairment.
Arch Neurol 58 (12): 1985-92 (2001)

23. R.C. Petersen, J.C. Morris: Mild cognitive impairment
as a clinical entity and treatment target. Arch Neurol 62 (7):
1160-3; discussion 1167 (2005)

24. M. Naik, H.A. Nygaard: Diagnosing dementia - ICD-10
not so bad after all: a comparison between dementia criteria

987

according to DSM-IV and ICD-10. Int J Geriatr Psychiatry
23:279-82 (2007)

25. T. Erkinjuntti, T. Ostbye, R. Steenhuis, V. Hachinski:
The effect of different diagnostic criteria on the prevalence
of dementia. N Engl J Med 337 (23):1667-74 (1997)

26. T. Pohjasvaara, R. Ylikoski, M. Leskela, H. Kalska, M.
Hietanen, M. Kaste, T. Erkinjuntti: Evaluation of various
methods of assessing symptoms of cognitive impairment
and dementia. Alzheimer Dis Assoc Disord 15 (4): 184-93
(2001)

27. H.A. Tuokko, G. Gabriel: Neuropsychological
detection of cognitive impairment: inter-rater agreement
and factors affecting clinical decision-making. J Int
Neuropsychol Soc 12 (1): 72-9 (2006)

28. C. Parker, 1. Philp: Screening for cognitive impairment
among older people in black and minority ethnic groups.
Age Ageing 33(5): 447-52 (2004)

29. T. Pohjasvaara, T. Erkinjuntti, R. Vataja, M. Kaste:
Dementia three months after stroke. Baseline frequency and
effect of different definitions of dementia in the Helsinki
Stroke Aging Memory Study (SAM) cohort. Stroke 28 (4):
785-92 (1997)

30. M.F. Folstein, S.E. Folstein, P.R. McHugh: "Mini-
mental state". A practical method for grading the cognitive
state of patients for the clinician. J Psychiatr Res 12 (3):
189-98 (1975)

31. T.N. Tombaugh, N.J. McIntyre: The mini-mental state
examination: a comprehensive review. J Am Geriatr Soc 40
(9): 922 35 (1992)

32. M. Grundman, D. Sencakova, C.R. Jack, Jr., R.C.
Petersen, H.T. Kim, A. Schultz, M.F. Weiner, C. DeCarli,
S.T. DeKosky, C. van Dyck and others: Brain MRI
hippocampal volume and prediction of clinical status in a
mild cognitive impairment trial. J Mol Neurosci 19 (1-2):
23-7 (2002)

33. C.R. Jack, Jr., R.C. Petersen, Y. Xu, P.C. O'Brien, G.E.
Smith, R.J. Ivnik, B.F. Boeve, E.G. Tangalos, E. Kokmen
E: Rates of hippocampal atrophy correlate with change in
clinical status in aging and AD. Neurology 55 (4): 484-89
(2000)

34. C.R. Jack, Jr., R.C. Petersen, Y.C. Xu, P.C. O'Brien,
G.E. Smith, R.J. Ivnik, B.F. Boeve, S.C. Waring, E.G.
Tangalos, E. Kokmen: Prediction of AD with MRI-based
hippocampal volume in mild cognitive impairment.
Neurology 52 (7): 1397-403 (1999)

35. C.R. Jack Jr., R.C. Petersen, Y.C. Xu, S.C. Waring,
P.C. O'Brien, E.G. Tangalos, G.E. Smith, R.J. Ivnik, E.
Kokmen: Medial temporal atrophy on MRI in normal aging
and very mild Alzheimer's disease. Neurology 49 (3): 786~
94 (1997)



IMT and cognitive impairment

36. C.R. Jack, Jr., M.M. Shiung, S.D. Weigand, P.C.
O'Brien, J.L. Gunter, B.F. Boeve, D.S. Knopman, G.E.
Smith, R.J. Ivnik,

E.G. Tangalos and others: Brain atrophy rates predict
subsequent clinical conversion in normal elderly and
amnestic MCI. Neurology 65 (8): 1227-31 (2005)

37. G. Chetelat, J.C. Baron: Early diagnosis of Alzheimer's
disease:  contribution of structural neuroimaging.
Neuroimage 18 (2): 525-41(2003)

38. Y. Kumeda, M. Inaba, H. Goto, M. Nagata, Y. Henmi, Y.
Furumitsu, E. Ishimura, K. Inui, Y. Yutani, T. Miki and others:
Increased thickness of the arterial intima-media detected by
ultrasonography in patients with rheumatoid arthritis. Arthritis
Rheum 46 (6): 1489-97 (2002)

39. F. Barbey, N. Brakch, A. Linhart, X. Jeanrenaud, T.
Palecek, J. Bultas, M. Burnier, D. Hayoz: Increased carotid
intima-media thickness in the absence of atherosclerotic
plaques in an adult population with Fabry disease. Acta
Paediatr Suppl 95 (451): 63-8 (2006)

40. F. Barbey, N. Brakch, A. Linhart, N. Rosenblatt-Velin, X.
Jeanrenaud, S. Qanadli, B. Steinmann, M. Burnier, T. Palecek,
J. Bultas and others: Cardiac and vascular hypertrophy in
Fabry disease: evidence for a new mechanism independent of
blood pressure and glycosphingolipid deposition. Arterioscler
Thromb Vasc Biol 26 (4): 839-44 (2006)

41. 1. Casserly, E. Topol: Convergence of atherosclerosis and
Alzheimer's disease: inflammation, cholesterol, and misfolded
proteins. Lancet 363 (9415): 1139-46 (2004)

42. M.L. Bots, A. Hofman, P.T. De Jong, D.E. Grobbee:
Common carotid intima-media thickness as an indicator of
atherosclerosis at other sites of the carotid artery. The
Rotterdam Study. Ann Epidemiol 6 (2): 147-53 (1996)

43. C. Jonker, C. Hooyer: The Amstel project: design and first
findings. The course of mild cognitive impairment of the aged;
a longitudinal 4-year study. Psychiatr J Univ Ott 15 (4): 207-
11 (1990)

44. D.A. Bennett: Mild cognitive impairment. Clin Geriatr
Med 20 (1): 15-25 (2004)

45. A. Busse, J. Bischkopf, S.G. Riedel-Heller, M.C.
Angermeyer: Mild cognitive impairment: prevalence and
Incidence according to different diagnostic criteria. Results of
the Leipzig Longitudinal Study of the Aged (LEILA75+). BrJ
Psychiatry 182:449-54 (2003)

46. S. Gauthier, B. Reisberg, M. Zaudig, R.C. Petersen, K.
Ritchie, K. Broich, S. Belleville, H. Brodaty, D. Bennett, H.
Chertkow and others: Mild cognitive impairment. Lancet 367
(9518): 1262-70 (2006)

47. M.L. Bots, A.W. Hoes, P.J. Koudstaal, A. Hofman, D.E.
Grobbee: Common carotid intima-media thickness and risk of
stroke and myocardial infarction: the Rotterdam Study.
Circulation 96 (5): 1432-7 (1997)

988

48. E.J. Lee, H.J. Kim, J.M. Bae, J.C. Kim, H.J. Han,
C.S. Park, N.H. Park, M.S. Kim, J.A. Ryu: Relevance of
common carotid intima-media thickness and carotid
plaque as risk factors for ischemic stroke in patients
with type 2 diabetes mellitus. A/JNR Am J Neuroradiol
28 (5): 916-9 (2007)

49. H. Wolf, V. Jelic, H.J. Gertz, A. Nordberg, P. Julin,
L.O. Wahlund: A critical discussion of the role of
neuroimaging in mild cognitive impairment. Acta
Neurol Scand Suppl 179: 52-76 (2003)

50. D.M. Pruissen, S.A. Gerritsen, T.J. Prinsen, J.M.
Dijk, L.J. Kappelle, A. Algra: Carotid intima-media
thickness is different in large- and small-vessel ischemic
stroke: the SMART study. Stroke 38 (4): 1371-3 (2007)

51. D.H. O'Leary, J.F. Polak, R.A. Kronmal, T.A.
Manolio, G.L. Burke, S.K. Wolfson, Jr: Carotid-artery
intima and media thickness as a risk factor for
myocardial infarction and stroke in older adults.
Cardiovascular Health Study Collaborative Research
Group. N Engl J Med 340 (1): 14-22 (1999)

52. P. Pignoli, T. Longo: Evaluation of atherosclerosis
with B-mode ultrasound imaging. J Nucl Med Allied Sci
32 (3): 166 73 (1988)

53. R. Barba, S. Martinez-Espinosa, E. Rodriguez-
Garcia, M. Pondal, J. Vivancos, T. Del Ser: Poststroke
dementia : clinical features and risk factors. Stroke 31
(7): 1494-501 (2000)

54. G.W. Ross, H. Petrovitch, L.R. White, K.H. Masaki,
C.Y. Li, J.D. Curb, K. Yano, B.L. Rodriguez, D.J.
Foley, P.L. Blanchette and others: Characterization of
risk factors for vascular dementia: the Honolulu-Asia
Aging Study. Neurology 53 (2): 337-43 (1999)

55. T.K. Tatemichi, D.W. Desmond, R. Mayeux, M.
Paik, Y. Stern, M. Sano, R.H. Remien, J.B. Williams,
J.P. Mohr, W.A. Hauser and Others: Dementia after
stroke: baseline frequency, risks, and clinical features in
a hospitalized cohort. Neurology 42 (6): 1185-93 (1992)

56. T.K. Tatemichi, D.W. Desmond, Y. Stern, M. Paik,
M. Sano, E. Bagiella: Cognitive impairment after stroke:
frequency, patterns, and relationship to functional
abilities. J Neurol Neurosurg Psychiatry 57 (2): 202-7
(1994a)

57. T.K. Tatemichi, M. Paik, E. Bagiella, D.W.
Desmond, Y. Stern, M. Sano, W.A. Hauser, R. Mayeux:
Risk of dementia after stroke in a hospitalized cohort:
results of a longitudinal study. Neurology 44 (10): 1885-
91 (1994b)

58. L. Zhu, L. Fratiglioni, Z. Guo, B. Winblad, M.
Viitanen: Incidence of stroke in relation to cognitive
function and dementia in the Kungsholmen Project.
Neurology 54 (11): 2103-7 (2000)



IMT and cognitive impairment

59. A.D. Korczyn: The underdiagnosis of the vascular
contribution to dementia. J Neurol Sci 229-230:3-6
(2005)

60. T. Watanabe, H. Yamamoto, I. Tsunenori, T. Iguchi,
T. Katagiri: Influence of Insulin-Like Growth Factor-1
and  Hepatocyte  Growth  Factor on  Carotid
Atherosclerosis and Cognitive Function in the Elderly.
Dement Geriatr Cogn Disord 18:67-74 (2004)

61. J.R. Cerhan, A.R. Folsom, J.A. Mortimer, E. Shahar,
D.S. Knopman, P.G. McGovern, M.A. Hays, L.D. Crum,
G. Heiss: Correlated of Cognitive Function in Middle-
Aged Adults. Gerontology 44:95-105 (1998)

62. P. Komulainen, M. Kivipelto, T.A. Lakka, M.
Hassinen, E.L. Helkala, K. Patja, A. Nissinen, R.
Rauramaa: Carotid Intima-Media Thickness and
Cognitive Function in Elderly Women: A Population-
Based Study. Neuroepidemiology 28: 207-213 (2007)

63. M. Muller, D.E. Grobbe, A. Aleman, M. Bots, Y.T.
Van der Schouw: Cardiovascular disease and cognitive
performance in middle-aged and elderly men.
Atherosclerosis 190 143-149 (2006)

64. M.L. Bots, A. Hofman, D.E. Grobbee: Increased
common carotid intima-media thickness. Adaptive
response or a reflection of atherosclerosis? Findings
from the Rotterdam Study. Stroke 28 (12): 2442-7
(1997)

65. M. Silvestrini, B. Gobbi, P. Pasqualetti, M.
Bartolini, R. Baruffaldi, C. Lanciotti, R. Cerqua, C.
Altamura, L. Provinciali, F. Vernieri: Carotid
atherosclerosis and cognitive decline in patients with
Alzheimer's disease. Neurobiol Aging 30: 1177-83
(2009)

66. A. Kearney-Schwartz, P. Rossignol, S. Bracard, J.
Felblinger, R. Fay, J. M. Boivin, T. Lecompte, P.
Lacolley, A. Benetos, F. Zannad: Vascular structure and
function is correlated to cognitive performance and
white matter hyperintensities in older hypertensive
patients with subjective memory complaints. Stroke 40:
1229-36 (2009)

67. J.R. Romero, A. Beiser, S. Seshadri, E. J. Benjamin,
J. F. Polak, R. S. Vasan, R. Au, C. DeCarli, P. A. Wolf:
Carotid artery

atherosclerosis, MRI indices of brain ischemia, aging,
and cognitive impairment: the Framingham study.
Stroke 40: 1590-6 (2009)

68. R.A. Cohen, A. Poppas, D. E. Forman, K. F. Hoth,
A. P. Haley, J. Gunstad, A. L. Jefferson, D. F. Tate, R.
H. Paul, L. H. Sweet, M. Ono, B. A. Jerskey, M.
Gerhard-Herman: Vascular and cognitive functions
associated with cardiovascular disease in the elderly. J
Clin Exp Neuropsychol 31: 96-110 (2009)

989

69. N.M. Gatto, V. W. Henderson, J. A. St John, C.
McCleary, R. Detrano, H. N. Hodis, W. J. Mack:
Subclinical atherosclerosis is weakly associated with
lower cognitive function in healthy
hyperhomocysteinemic adults  without  clinical
cardiovascular disease. Int J Geriatr Psychiatry 24: 390-
9 (2009)

70. A. Singh-Manoux, A. Britton, M. Kivimaki, A.
Gueguen, J. Halcox, M. Marmot: Socioeconomic status
moderates the association between carotid intima-media
thickness and cognition in midlife: evidence from the
Whitehall II study. Atherosclerosis 197: 541-8 (2008)

71. K. Sander, H. Bickel, H. Forstl, T. Etgen, C.
Briesenick, H. Poppert, D. Sander: Carotid- intima
media thickness is independently associated with
cognitive decline. The INVADE study. Int J Geriatr
Psychiatry (2009)

72. G. Gorgone, F. Ursini, C. Altamura, F. Bressi, M.
Tombini, G. Curcio, P. Chiovenda, R. Squitti, M.
Silvestrini, R. Ientile, F. Pisani, P. M. Rossini, F.
Vernieri : Hyperhomocysteinemia, intima-media
thickness and C677T MTHFR gene polymorphism: a
correlation study in patients with cognitive impairment.
Atherosclerosis 206: 309-13 (2009)

73. G. Aliev, M. A. Smith, M. E. Obrenovich, J. C. de la
Torre, G. Perry: Role of vascular hypoperfusion-induced
oxidative stress and mitochondria failure in the
pathogenesis of Alzheimer disease. Neurotox Res 5:
491-504 (2003)

74. X. Zhu, M. A. Smith, K. Honda, G. Aliev, P. I.
Moreira, A. Nunomura, G. Casadesus, P. L. Harris, S. L.
Siedlak, G. Perry: Vascular oxidative stress in
Alzheimer disease. J Neurol Sci 257: 240-6 (2007)

75. C. Jagger, M. Clarke, J. Anderson, T. Battcock:
Misclassification of dementia by the mini-mental state
examination--are education and social class the only
factors? Age Ageing 21: 404-11 (1992)

76. L. Kurlowicz, M. Wallace: The Mini-Mental State
Examination (MMSE). J Gerontol Nurs 25: 8-9 (1999)

77. M.L. De Silva, M. T. McLaughlin, E. J. Rodrigues,
J. C. Broadbent, A. R. Gray, G. D. Hammond-Tooke: A
Mini-Mental Status Examination for the hearing
impaired. Age Ageing 37: 593-5 (2008)

78. D.E. Grobbee, M. L. Bots: Carotid artery intima-
media thickness as an indicator of generalized
atherosclerosis. J Intern Med 236: 567-73 (1994)

Key Words: Carotid Intima Media Thickness, Carotid
atherosclerosis, Neuropsychological test, Cognitive
Impairment, Alzheimer



IMT and cognitive impairment

Send correspondence to: Christian Saleh, 25 bis rue des
Envierges, 75020 Paris, France, Tel: 0033679777656, E-
mail: chs12us75010@yahoo.com

http://www.bioscience.org/current/vol2E.htm

990



