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Abstract
Mild cognitive impairment (MCI) was previously defined as a transitional state that can precede dementia, but the condition
and the rates of conversion remain controversial. MCI is now the focus of natural history studies, along with Alzheimer’s
disease (AD) prevention. The objective of our review will be to consider the question of whether MCI is a well enough
established entity that it can be a diagnosis in medical practice and a valid target of Alzheimer’s prevention therapy. MCI was
originally defined by Petersen et al. (1999) as progressive memory loss, prodrome of Alzheimer’s disease. More recently
MCI has been expanded to other cognitive domains with other potential causes like normal aging, fronto-temporal dementia,
and vascular dementia. Despite many consensus conferences, experts cannot agree on critical aspects of the MCI,
particularly with respect to its clinical utility. Based on neuropsychological studies, a hippocampal memory profile has been
proposed for MCI as prodromal AD. Further research is needed to advance these criteria. We have no doubt, however, that
in the future, the diagnosis of AD as disease (not only a dementia syndrome) will be made in the early pre-dementia stage
and will be drawn from a combination of neuropsychological, neuro-imaging and CSF biomarkers.

Introduction

Alzheimer’s disease (AD) is a major public health

problem because of its growing prevalence and

economic burden (Allegri et al., 2007; Brookmeyer,

Gray, & Kawas, 1998; Helmer, Pasquier, &

Dartigues, 2006). It is a chronic condition globally

widespread that seriously impacts patients, their

families and society (Allegri et al., 2006; Rabins,

Lyketsos, & Steele, 1999). An understanding of the

prodromal states or early clinical presentations of AD

is a significant priority since it would aid early

detection, facilitate early treatment, and lead to

prevention. The diagnosis of AD is currently made

in patients who meet specific criteria for dementia

(DSM-IV [APA, 1994] and NINCDS ADRDA

criteria for AD [McKhann et al., 1984]); however,

these criteria do not allow early diagnosis

(Dubois et al., 2007).

There is a clinical cognitive continuum from

normal aging through to AD. Cognitive decline

without dementia has been commonly considered to

be a normal consequence of brain aging, but it can

also indicate the onset of dementia. The boundary

between normal aging and very early AD is becoming

a central focus of research. The pre-dementia

diagnosis is intimately connected with the develop-

ment of therapies to prevent AD.

Many attempts have been made to define the

cognitive decline associated with aging. The idea of

aging effects versus disease is not new; in 1962,

Kral et al. described the ‘benign senescent for-

getfulness’ (BSF) in which fairly unimportant

details of an experience (e.g. a name, a place or a

date) are not recalled but do not interfere with

activities of daily life and does not progress to

dementia. Kral (1978) also recognized that ‘differ-

entiation of the benign and malignant types of

senescent forgetfulness does not necessarily mean

that there are two neuropathological processes’.

These diagnostic criteria were not precise, and were

not validated in controlled longitudinal studies.

These cognitive changes in aging have been

assigned various terms, such as age associated

memory impairment (Crook, Bartus, Ferris,

Whitehouse, Cohen, & Gershon, 1986), late-life

forgetfulness (Blackford & La Rue, 1989) and

aging associated cognitive decline (Levy, 1994).

These terms have been used largely to explain the

extremes of normal aging, to characterize indivi-

duals who are not normal but not demented. Such

terms were criticized for their imprecision.
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Mild cognitive impairment was initially

described in the late 1990s by Flicker and colleagues

(Flicker, Ferris, & Reisberg, 1991, 1993) and was

related to persons who qualified for stage 3 on the

Global Deterioration Scale (GDS) (Reisberg, Ferris,

de Leon, & Crook, 1982) or 0.5 on the Clinical

Dementia Rating (CDR) (Hughes, Berg, Danziger,

Coben, & Martin, 1982). Reisberg et al. (2008)

identified mild cognitive impairment as a clinical

stage on the GDS. Petersen says it is important to

note that GDS and CDR are severity rating scales

and not diagnostic instruments. Both stages may

correspond to MCI or may describe individuals with

very mild dementia (Petersen, 2000). He proposed

a clinical continuum from normal aging through

mild cognitive impairment to Alzheimer0s disease.

MCI wasn0t normal aging: this construct

was supposed to be a clinical description of

individuals who were destined to develop AD

(Petersen et al., 1999).

The identification of individuals at risk of

developing dementia, and Alzheimer0s disease

in particular, is of major economic importance,

particularly if preventive strategies or therapeutic

action are to be developed. This challenge explains

the popularity of the concept of MCI and its wide

application in the epidemiological, clinical, paracli-

nical and therapeutic domains (Portet et al., 2006).

Mild cognitive impairment was originally defined

as the transitional state that can precede dementia

but the condition and the rates of conversion remain

controversial.

The objective of our review will be to consider

the question of whether MCI is a well enough

established syndrome to be a diagnosis in medical

practice and a valid target of therapy. Data for this

review was gathered from searches of PubMed

articles published in English. Search terms included

‘mild cognitive impairment’, ‘memory impairment’

and ‘cognitive impairment not demented’.

Several excellent global reviews on MCI have

recently been published (Artero, Petersen, Touchon,

& Ritchie, 2006; De Carli, 2003; Dubois & Albert,

2004; Ganguli, 2006; Gauthier et al., 2006; Jelic,

Kipivelto, & Winblad, 2006; Laurent & Anterion,

2002; Petersen, 2007; Portet et al., 2006;

Whitehouse, 2007; Winblad et al., 2004;

Rockwood, Chertkow, & Feldman, 2007) that the

interested reader should refer to for a more detailed

overview of the subject.

Diagnostic criteria

Mild cognitive impairment applies to individuals

who have some cognitive impairment but are not

sufficiently debilitated as to warrant the diagnosis of

dementia or AD. An individual with MCI typically

develops memory deficit and soon exhibits other

cognitive abnormalities without functional impair-

ment. Petersen et al. (1999) provided a landmark

in the ‘rediscovery’ of the entity, as well as the

popularization of the terminology.

The original diagnostic criteria for mild cognitive

impairment (Petersen et al., 1999) were:

1. Memory complaint, preferably corroborated

by an informant;

2. Memory impairment relative to age-matched and

education-matched healthy people;

3. Preserved general cognitive function;

4. Intact activities of daily living;

5. Not clinically demented.

The tests to detect memory impairment were not

specified but memory impairment was defined as

performance more than 1.5 standard deviations (SD)

below normative values.

Petersen et al. (1999) used the term MCI to define

individuals with symptomatic and progressive

memory impairment that share many features with

early AD (Morris et al., 2001). More recently,

MCI measures have been expanded since clinicians

observed non-memory related symptoms in some

persons. The Canadian Study of Health and Aging

(a longitudinal, population-based study of aging)

defined ‘cognitive impairment not demented

(CIND)’ to characterize individuals who are cogni-

tively abnormal but not demented (Graham et al.,

1997). In many aspects CIND resembles MCI,

but the CIND label includes a broader subset of

population with cognitive impairment.

De Kosky and Chertkow (2001) proposed three

subtypes of MCI: amnestic MCI (which is said

to progress preferentially to Alzheimer0s disease),

multiple domain MCI (which may represent normal

aging or may progress to vascular cognitive impair-

ment or neurodegenerative disorder), and single

domain non-amnestic MCI (which may progress to

fronto-temporal dementia, Lewy bodies dementia or

Alzheimer’s disease). It is clear that the chosen

definition of cognitive impairment will have a major

effect on estimates of prevalence. This impact could

also extend to prognosis although these definitions

describe syndromes and make no claim as to cause

(De Carli, 2003).

Petersen (2004) described original criteria for

MCI that were specific to isolated deficits in

memory; clinical and research developments have

extended these criteria to include a broad range of

cognitive deficits and clinical subtypes with many

potential causes. This concept has been challenged

both by those whose studies suggest that MCI is,

in fact, early or incipient AD (Morris, 2006)

and by those who find that MCI is an unstable
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condition with poor predictive validity for AD

(Ritchie, Artero, & Touchon, 2001; Whitehouse,

2007). Supporting studies are underway to deter-

mine whether amnestic and non-amnestic subtypes

of MCI have different prognoses for progression to

dementia and which type of dementia they predict

(Petersen & Morris, 2005).

The following symptomatic criteria were formu-

lated and put forth by the International Working

Group on MCI (Winblad et al., 2004):

1. The individual is neither normal nor demented;

2. There is evidence of cognitive deterioration,

shown by either objectively measured decline

over time or subjective report of decline by self or

informant in conjunction with objective cognitive

deficits;

3. Activities of daily life are preserved and complex

instrumental functions are either intact or mini-

mally impaired.

These criteria expand the construct of MCI to

cognitive domains outside of memory and present

MCI as a prodrome to multiple types of dementia

(Gauthier et al., 2006).

Artero et al., 2006 validated the newly revised

criteria for MCI, but incorporate the possibility of

change in activity level and alteration of non-amnesic

cognitive functions. A significantly more reliable

detection of transition to dementia was obtained with

MCI-R than with previous MCI criteria.

Based on the memory profile (information has

been registered but cannot be retrieved, even with

the use of facilitation techniques (cueing)), Dubois

and Albert (2004), defined one subtype of MCI

which leads to AD before the occurrence of the fully

developed clinical dementia syndrome.

The presence of AD in its earliest, pre-dementia

stages may be detectable by use of specific memory

tests like the Free and Cued Selective Recall

Reminding Test (Buschke, 1984), which distin-

guishes the different mechanisms of registration,

storage, and retrieval of information. When impaired

free recall is associated with even a small amount

of cueing on recall, many intrusions and false

positives on recognition tasks are highly suggestive

of AD – this condition is commonly referred to as

‘amnestic syndrome of hippocampal type’ (Dubois

& Albert, 2004; Allegri, Drake, Harris, Serrano, &

Taragano, 2005; Harris, Drake, Allegri, 2001;

Sarazin et al., 2007).

Based on neuropsychological profiling Dubois and

Albert (2004) proposed the following new diagnostic

criteria for MCI of Alzheimer-type or prodromal AD:

memory complaints by the patients or by the family;

progressive onset; normal or mildly impaired

complex activities of daily living; amnesic syndrome

of the hippocampal type defined by very poor free

recall despite adequate (and controlled) encoding,

decreased total recall because of insufficient effect of

cueing or impaired recognition, numerous intrusion;

persistence of memory changes at a subsequent

assessment; absence of the fully developed syndrome

of dementia; and lastly, exclusion of other disorders

that may cause MCI.

Impaired memory tests are defined by scores 1.5

standard deviation (SD) below normative values. It is

important to emphasize that the 1.5 SD limits of

MCI means that impairment can only be detected

when recall is very low, and impairment is late and

severe. Therefore, memory impairment defined by

low recall according to recall norms cannot detect

pre-symptomatic early cognitive (memory) impair-

ment, when declining performance is still in the

normal range, and, by definition, MCI cannot detect

early impairment, but can only detect severe late

impairment.

Sarazin et al. (2007) found that the Free and Cued

Selective Recall Reminding Test for verbal episodic

memory (Buschke, 1984; Grober & Buschke, 1987;

Grober, Buschke, Crystal, Bang, & Dresner, 1988;

Buschke, Sliwiski, Kuslansky, & Lipton, 1997)

appears to be the best neuropsychological test for

detecting AD at its prodromal stage.

Outcome

In clinically based studies the typical rate at which

MCI patients progress to AD is 10% to 15% per

year, which contrasts with incidence rates of

the development of dementia in normal elderly

subjects - 1–2% per year (Petersen et al., 1999).

In population-based studies the prognosis of MCI

deficits seems much less ominous. Ritchie et al.

(2001) found that only 22% of MCI subjects

developed degenerative dementia over an 8-year

follow-up period.

The predictors and rates of progression are widely

discrepant across studies and populations (Ganguli,

Dodge, Shen, & De Kosky, 2004; Larrieu et al.,

2002; Portet et al., 2006; Ritchie et al., 2001).

The discrepancies are partly related to the nature of

the population (clinical/referral versus community-

based) and length of follow-up. They also seem to be

due, in large part, to the definitions and inclusion

criteria that were used in different studies (Ganguli

et al., 2004).

Several predictive features of conversion are

beginning to emerge, like ApoE4 (Petersen et al.,

1995), atrophy of the hippocampal formation

(Jack et al., 1999), Pittsburgh compound B (PiB)

(Klunk et al., 2004), and cerebrospinal fluid

biomarkers including tau, phosphotau epitopes,

and the 42 aminoacid form of B amyloid
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(Hansson, Zetterberg, Buchhave, Minthon, &

Warkentin, 2006).

Most of the amnesic MCI patients who died

appeared to have been transitional between the

neuro-pathological changes found in aging and

those characteristic of very early AD (Petersen

et al., 2006).

Treatment

The increased awareness of MCI has triggered the

development of therapies to prevent AD, but the first

wave of clinical trials aimed at symptomatic drug

treatment for amnesic MCI over a period of

6 months to 3 years have largely been unsuccessful

(Gauthier et al., 2006). The status of MCI as a

therapeutic target for regulatory approval is unclear

(Rockwood et al., 2007).

Several clinical trials with cholinesterase inhibitors

have been undertaken on MCI, albeit with variable

results (Petersen, 2007). The Memory Impairment

Study with donepezil, vitamin E, and placebo

showed that the donepezil group had a reduced risk

of developing AD for the first 12 months but not

at 36 months. A prolonged response persists at

24 months in the ApoE4 carrier subgroup (Petersen

et al., 2005). Galantamine (Gold, Dodge, Shen, &

De Kosky, 2003) and rivastigmine studies in MCI

were negative (Feldman, Ferris, Winblad, Sfikas,

Mancione, & He, 2007).

There is increasing evidence that suggests the role

of environment and lifestyle as protective factors for

the development of Alzheimer’s disease from MCI.

These protective factors include premorbid IQ,

education level, leisure activities, and social activities

in aging people (Serrano et al., 2007).

Encouraging results have been reported from

studies that use cognitive training in MCI

(Belleville, 2008). The success of cognitive training

seems to be dependent upon the level of

severity across the range of normal aging to

dementia. These findings in individuals with mild

cognitive impairment need to be confirmed in

randomized controlled trials (Gauthier et al., 2006).

Believe it or not?

Gradual decline in cognitive abilities is characteristic

in longitudinal studies of elderly people. Because

of intrinsic (e.g. native intelligence) and extrinsic

(e.g. education) factors, there is inter-individual

variability in intellectual function that increases

with age, so what may constitute impairment for

one person may be normal for another. We must

consider this variability in normal people when we

assess potential MCI. The notion that incipient

dementia is common among elderly people is

supported by neuropathological studies that reveal

evidence of Alzheimer0s disease years before clinical

symptoms present themselves (Morris et al., 2001).

Significant memory impairment without dementia,

often denoted as MCI, in elderly people may be a

transition phase between the normal aging process

and AD (Petersen et al., 1999). Some papers argue

that MCI cannot be a diagnostic entity because the

increased predisposition for AD may be because 20%

of those with MCI already have AD (Morris, 2006).

The construct of MCI has been challenged both by

those whose studies suggest that MCI is, in fact, early

or incipient AD (Morris et al., 2001; Petersen et al.,

1999) and by those who find that MCI is an unstable

condition with poor predictive validity for AD

(Ritchie et al., 2001; Whitehouse, 2007). Some

forms of MCI, like the amnestic type, are more

likely to progress to AD, whereas other MCI subtypes

progress to other type of non-Alzheimer dementia.

Whitehouse (2007) argues that this alleged empirical

and conceptual progress was simply an acknowl-

edgement of the logical necessity that every progres-

sive dementia must have an early phase that is

characterized by milder symptoms than those that

would impair activities of daily living. MCI was

originally described as pre-AD syndrome (Petersen

et al., 1999) but recently has been used to refer to

a pre-dementia (e.g. AD, vascular dementia, fronto-

temporal dementia) stage or to normal aging

(Petersen, 2004, 2007). Despite many consensus

conferences, experts cannot agree on critical aspects

of the label MCI, particularly on its clinical utility

(Whitehouse, 2007). After a major attempt at

consensus published in the Lancet (Gauthier et al.,

2006), an e-mail survey revealed that only 57% of the

workshop participants believed that the term MCI

should be used clinically (Whitehouse & Brodaty,

2006). There is a fragility of the broad MCI concept

when one attempts to operationalize it strictly in test

performance.

One of the proposed advantages of MCI has been

its potential usefulness for clinical trials directed at

delaying the time to onset AD, but with only small

variations in the inclusion criteria for MCI, four trials

(MIS, InDDEx, Gal-Int 11 and Rofecoxib) have had

very wide-ranging annual rates of progression to AD

dementia (Dubois et al., 2007).

In this light, MCI cannot be seen as pre-Alzheimer

construct; rather, it is cognitive impairment with

preserved activities in daily living. We need better

identification of prodromal AD. Current definitions

of MCI are quite diverse. They put forth a variety of

prognoses and pathologies, which leads to some

confusion in the literature (De Carli, 2003).

Reisberg and Gauthier (2008), for instance,

propose ‘subjective cognitive impairment’ (SCI) as

a pre-MCI stage of subsequently manifested

360 R. F. Allegri et al.
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Alzheimer’s disease. Current studies indicate that

SCI is a common condition in older persons, but the

precursor relation of SCI to MCI has not been well

studied epidemiologically (Reisberg & Gauthier,

2008). Dubois (2000) proposed ‘prodromal AD’,

as a more useful term than MCI. The memory deficit

represents the central core of AD and is observable

very early in the course of the disease. This

deficit may precede the occurrence of dementia

(Dubois, 2000). It is possible to identify prodromal

AD on the basis of patients’ memory deficit. In the

longitudinal study of Sarazin et al. (2007), the

amnestic syndrome of the medial temporal type, as

indicated by the Free and Cued Selective Reminding

Test, is able to distinguish patients of Alzheimer’s

disease at an early stage from mild cognitive

impairment non-converters.

Another methodological problem is the perfor-

mance on memory test 1.5 SD below the mean. This

condition constrains the diagnosis to late and severe

memory impairment and therefore can’t be used to

detect early pre-symptomatic cognitive (memory)

impairment when declining performance is still in

the normal range. Rigorous use of neuropsychological

tests provides a more reliable, early diagnosis and is

useful for clinical trials. MCI may be diagnosed earlier

in memory centres that have greater access to

neuropsychological evaluation than found in general

practice (Laurent & Anterion, 2002).

New neuropsychological approaches, both

qualitative and quantitative, distinctive cerebrospinal

fluid biomarkers, and molecular neuro-imaging are

now available. We need to further refine our

definition of AD. Dubois et al. (2007) developed

newly revised research criteria for the diagnosis of

Alzheimer’s disease. Dementia is not a disease, it is

only a syndrome with a lot of etiologies (AD, FTD,

etc.), and we need to reliably identify the diseases at

their earliest stages. We need to make AD diagnosis

before the DSM-IV criteria for dementia are met.

Future research will make clear the value

of diagnosis of AD in the early pre-dementia stage.

This diagnosis will depend on a combination

of neuropsychology, structural and functional

neuroimaging, and biomarkers.
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