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Abstract

Background: The purpose of this study was to summarize published estimates for conversion
from mild cognitive impairment or amnestic mild cognitive impairment to Alzheimer’s de-
mentia. We carried out a systematic review of English language publications to identify cohort
studies published since January 2006 that reported the risk or rate of conversion. Summary:
Thirty-two cohort studies were identified, of which 14 reported annualized conversion rates
(ACRs). Conversions over 1 year ranged from 10.2 to 33.6% (5 studies, median: 19.0%), and
over 2 years from 9.8 to 36.3% (7 studies, median: 18.6%). ACRs ranged from 7.5 to 16.5% (7
studies, median: 11.0%) per person-year for studies recruiting from clinics, and from 5.4 to
11.5% (7 studies, median: 7.1%) for community samples. Key Message: Extensive variation was
observed in conversion rates due to the population sampled, diagnostic criteria, and duration,
and because many studies did not account for loss to follow-up. © 2013 S. Karger AG, Basel

Introduction

Guidelines on defining preclinical Alzheimer’s disease published by the National Institute
on Aging (NIA) and the Alzheimer’s Association in 2011 are based on decades of neuroim-
aging and pathological evidence indicating that neurobiological changes begin long before
Alzheimer’s dementia (AD) is diagnosed [1]. A reasonable expectation is that symptoms asso-
ciated with these biological changes may present well before the onset of AD. However,
potential indicators of early AD, such as memory loss and cognitive impairment, have proven
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to be difficult to distinguish from the decline associated with normal aging and cognitive
impairment as a result of other etiologies [2].

Research to identify the clinical symptoms and risk factors for AD gave rise to the concept
of mild cognitive impairment (MCI) to capture the predementia phase of cognitive impairment.
More than a decade ago, Petersen et al. [3] published a definition of MCI which requires
abnormal memory function relative to age and education, with preserved cognitive function
and activities of daily living, in the absence of dementia. The term amnestic MCI (a-MCI) was
recommended for individuals in the predementia phase prior to AD as a separate group from
those with MCI preceding other forms of dementia [4]. However, these definitions are clinical,
and no recommendations regarding which test and criteria were made. Therefore, other
researchers have applied different diagnostic criteria to both MCI and a-MCI, and the stan-
dards for classifying patients as normal versus cognitively impaired have varied across
studies [2, 5-9].

Estimates of the risk for conversion to dementia from MCI or a-MCI have exhibited
substantial variation; for example, a systematic review of cohort studies published before
January 2002 estimated the annualized conversion rate (ACR) at approximately 10%, while
alower estimate of 7% was reported in a review of selected studies published before October
2008 with a mean duration of at least 3 years [8, 9]. Although both reviews observed higher
ACRs in the studies that recruited from memory clinics than from community-based samples,
both the diagnostic criteria and the length of follow-up were noted to contribute to the
substantial variation in the estimates. In 2003, a conference of international experts was
convened which led to the publication of revised clinical criteria for categorizing cases diag-
nosed with MCI as a-MCI and non-a-MCI, and also for classification into two subtypes of single
domain or multiple domains [10, 11]. The purpose of this systematic review was to identify
recent cohort studies (published since 2006) reporting on the risk or rate of conversion from
MCI or a-MCI to AD.

Methods

A protocol was developed and followed for this review. Our methods adhered to the
current practices for conducting systematic reviews of the literature. The data source was the
literature published from January 1, 2006 to January 3, 2012. A literature search with both
electronic and manual components was performed. MEDLINE (via PubMed) and Embase
were searched to identify English language studies published within the last 6 years. The
search strategies were developed and adapted for each database according to the appropriate
index structures [e.g. Medical Subject Headings (MeSH) in MEDLINE and Emtree in Embase].
Combinations of search terms and key words for MCI, prodromal Alzheimer’s disease, and
disease progression were used in addition to terms related to the study design, including
observational, longitudinal, retrospective, registry, population, cohort, and cross-sectional
studies. Case reports, letters, commentaries, editorials, reviews, clinical trials, meta-analyses,
practice guidelines, and in vitro studies were excluded from this review. The searches were
limited to studies with human subjects published in the English language. A manual reference
check of the bibliographies of the included studies was performed to supplement the elec-
tronic searches.

The citations and abstracts of all the studies identified in the searches were downloaded
and the duplicates were removed. The studies selected for this review were based on two
levels of screening. On the first level, the titles and abstracts of each citation were screened
based on the inclusion and exclusion criteria outlined in the protocol. On the second level, the
full text of each potentially relevant citation was screened by two independent reviewers to
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determine whether it met the criteria for inclusion in the review. Disagreements between the
two reviewers were resolved by consensus.

Studies selected for this review met the following inclusion criteria: cohort or registry
study, conversion to AD reported, a sample size of at least 100 patients with MCI or a-MCI at
baseline, followed up for at least 12 months, and published in the English language between
January 1, 2006 and January 3, 2012. Accepted studies describing the same patient popu-
lation were identified by reviewing the method section, geographic location, sample size,
author names, and institution name. The studies with the most complete data were used to
avoid double counting.

Data were extracted to data forms developed for this review. Data extraction was
performed by one researcher and reviewed by a second. Any discrepancies were resolved by
consensus. Data extracted from each study included country, source of population (i.e.
community, clinic, or other), cohort diagnosis criteria (i.e. MCI or a-MCI), demographics, and
reported rate of conversion to AD.

The data extracted included (1) the proportion of patients with MCI or a-MCI that
converted to AD over a specified follow-up period and (2) the ACRs to AD per 100 person-
years or percent per person-year (%py). If the ACR was not reported by the authors, total
person-time was estimated by multiplying the mean follow-up time by the number of patients
with MCI or a-MCI at baseline. The number of cases of incident AD was divided by person-time
to derive the ACR and reported as %py.

Results

Study Selection

The titles and abstracts from 2,536 publications were screened, and the full texts of 135
studies were reviewed (fig. 1). Fifty-eight relevant publications met the eligibility criteria;
however, 22 were determined to have reported on related study samples and were not
included in the review. A total of 36 citations reporting data from 32 independent patient
populations were identified for inclusion in this review [12-47]. The data for two time
intervals were obtained from separate publications on related populations from 4 studies
that were conducted in France [35, 39], Italy [37, 42], the Netherlands [34, 43], and the USA
[22, 33].

Study Characteristics

Data were reported on the conversion from MCI (18 studies) and a-MCI (24 studies).
Studies were categorized as selecting a cohort with a-MCI at baseline when the authors indi-
cated that memory impairment was part of the inclusion criteria. Nineteen cohort studies
reported on AD conversion from MCI or a-MCI over a specified follow-up period (table 1), and
24 ACRs were obtained from 23 cohort studies (table 2). Fourteen ACRs were reported by the
authors and an additional 10 were derived. Ten studies reported data over a fixed period as
well as an ACR.

Most of the studies included in this review were conducted in the USA or in Europe, but
there were also studies from China, Japan, Israel, and Argentina. The sample size was often
less than 200 patients, and although the follow-up time varied from 1 to 10 years, most studies
reported results of less than 5 years. The mean age reported ranged from 62 to 83 years. Some
authors applied age restrictions (such as age >75 years); therefore, the inclusion criteria for
the studies which did not report age are displayed in the tables.

The studies were categorized as recruiting a sample of participants from either a clinic-
based or community population. In the clinic-based studies, the participants were recruited
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Literature search databases
PubMed n = 1,678
Embase n = 1,435

Additional citations identified from

¢ manual check of bibliographies of
Search results combined included studies and recent reviews
! n=12

citations after duplicates
removed n = 2,524

v v

| Citations screened on basis of title and abstract n = 2,536 |—>| Citations excluded n = 2,389

'

| Full-text articles assessed for eligibility n = 147 |—>| Excluded: did not meet inclusion criteria n = 89 |
| Eligible articles n = 58 |—>| Publications reported on the same population n = 22 |

'

| Articles included n = 36, MCI n = 18, a-MCI n = 24 |

Fig. 1. Selection of the relevant publications.

when they were referred for the evaluation of cognitive difficulties at a memory disorder
clinic or to see a specialist. Community studies recruited volunteers living in the community
by sampling electoral rolls or advertising.

AD Conversion over a Specified Follow-Up Period

Nineteen cohort studies reported on AD conversion from MCI or a-MCI over a specified
follow-up period (table 1) [12, 13,18, 19, 21, 22, 24, 26, 30-35, 37, 39, 41-47]. A summary of
these findings reported over each time period is provided for the clinic-based and community
studies. The majority of these studies were conducted in a clinical setting. The sample size of
half of the studies was under 190 cases, and most of the data were reported over a follow-up
duration of 3 years or less. The mean age ranged from 62 to 75 years but was not always
reported. The diagnostic criteria applied to select cases of MCI or a-MCI differed among
researchers, but many referred to the criteria developed by Petersen et al. [3-5, 11, 33, 48]
or Winblad et al. [10] (table 1).

The AD conversion rate observed ranged from 10.2 to 33.6% over 1 year (5 studies,
median: 19.0%) and from 9.8 to 36.3% over 2 years (7 studies, median: 18.6%). There were
fewer studies over longer time horizons, and the AD conversion rate spanned 10.6-37.8%
over 5 years. Most of the 7 studies reporting a time period of 5 or more years observed an AD
conversion of over 33%. Over 10 years, the highest estimated conversion was 55.5% [34].

As follow-up times varied widely, additional comparisons are limited to where 3 or more
studies conducted in the same setting report over comparable time frames. The incidence of
AD observed in 4 studies recruiting patients with a-MCI from clinics ranged from 10.2% [35]
to 26.0% [13] (median: 17.6%) over 1 year and from 17.6% [44] to 36.3% [22] (median:
24.2%) over 2 years. Three studies recruiting patients with MCI from clinics reported 9.8%
[30] to 18.6% [34] over 2 years. These broad ranges illustrate how the estimates over compa-
rable time intervals varied widely between studies. The estimates from community-based
cohorts of MCl and a-MClI cases could not be compared given the small number of studies and
differences in follow-up.
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Table 1. Cohort studies reporting conversion from MCI or a-MCI to AD over a specified follow-up period

First author Country Age (mean * SD)?, Sample AD con- Follow-up,
years size, n version, % years
MCI: clinic
Rozzini [37] Italy N/R 119 33.6 1
Nordlund [30] Sweden 63.6+£7.7 205P 9.8 2
Vicini Chilovi [42] Italy 71 124P 18.5 2
Ramakers [34] The Netherlands 66.9+7.7 263 18.6 2
Devanand [18] USA N/R (41+) 148 22.3 3
Taragano [41] Argentina 72.3+7.8 239¢ 27.2 5
MCI: community
Fischer [19] Austria N/R (75) 141 29.0 2.5
Artero [12] France 74.6+5.7 2,879° 4.2 4
Xu [46] Sweden N/R (75+) 302 41.4 9
a-MCI: clinic
Babiloni [13] Italy 70.5 100 26.0 1
Perri [32] Italy 70.3 269 19.0 1
Robert [35] France 71.9+5.4 216 10.2 1
Petersen [33] USA, Canada 74.7+7.4 398¢ 16.1 1
Xu [45] China N/R (45+) 168 19.0 2
Xu [44] China N/R (60+) 176 17.6 2
Perri [32] Italy 70.3 269 29.4 2
Gomar [22] USA, Canada 75 320¢ 36.3 2
Sarazin [39] France 72+5.4 223 26.5 3
Gabryelewicz [21] Poland 69.3 105°¢ 18.1 3
Palmer [31] Italy 70.8+£6.5 131¢ 11.5 4
Visser [43] The Netherlands 62.0+11.5 119¢ 37.8 5
Ramakers [34] The Netherlands N/R (55+) 110 55.5 10
a-MCI: community
Yu [47] China 74.2 216 16.2 3
Li [26] China N/R (55+) 837¢ 35.6 5
Ishikawa [24] Japan N/R (65+) 104 10.6 5
Xu [46] Sweden N/R (75+) 120°¢ 47.5 9

2 Inclusion criteria provided when mean age was not reported.  Authors cross-reference to criteria
published by Winblad et al. [10] for diagnostic criteria of MCI and a-MCI. € Authors cross-reference to criteria
published by Petersen etal. [3 - 5, 11, 33, 48] for diagnostic criteria of MCI and a-MCI.

Three studies included in the review recruited patients with a-MCI from clinics and
reported a conversion rate for two overlapping intervals. AD conversion in the Alzheimer’s
Disease Neuroimaging Initiative (ADNI) cohort was 16.1% [33] over 1 year and 36.3% over
2 years [22]. The ADNI study reported the highest 2-year conversion compared to other
studies reporting over this specific time period. A cohort study in France recruited patients
referred from memory clinics diagnosed with a-MCI at 14 centers and reported a conversion
rate of 10.2% [35] over 1 year and of 26.5% [39] over 3 years. A study conducted at a single
memory clinic in the Netherlands reported 37.8% converted over 5 years and 55.5% over 10
years.

AD ACR
A total of 23 cohort studies provided sufficient information to extract or derive an ACR
(%py; table 2). The ACRs observed may have been impacted by the small sample size. The
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Table 2. ACR from MCI or a-MCI to AD

First author Country Age Sample AD Follow-up  ACR, %py®
(mean + SD)?, size, n conversion, (mean),
years % years
MCI: clinic
Forti [20] Italy 75.7+8.3 180¢ 20.6 2.8 7.54
Ramakers [34] The Netherlands 66.9+7.7 263 18.6 N/R 11.0¢
Devanand [18] USA N/R (41+) 148 22.3 N/R 9.24
Lopez [27] USA N/R 136 41.9 4.3 9.7
Rountree [36] USA N/R 106° 46.2 3.3 11.0¢
MCI: community
Busse [16]8 Germany N/R (75+) 189f 18.5 4.3 4.3
Israeli-Korn [25] Israel 72.5 173 13.9 39 6.0¢
Xu [46] Sweden N/R (75+) 302 41.4 3.6 11.5¢
Boyle [14] USA 82.8+7.1 221 25.8 2.5 10.3
Desikan [17] USA 72.4 129 34.1 6.2 5.5
Manly [28] USA N/R (65+) 564f 21.8 N/R 5.44
Smith [40] USA 72.3+5.7 156 28.8 6.4 4.5
a-MCI: clinic
Sarazin [39] France 72+5.4 223 26.5 2.6 10.2
Palmer [31] Italy 70.8+6.5 131f 11.5 1.4 8.2
Mattsson [29] Multinational (Europe) N/RP 750 36.1 N/R 11.0¢
Gabryelewicz [21]  Poland 69.3 105f 18.1 3.1 5.9
Samaranch [38] Spain 73.8+6.3 319f 39.5 2.1 18.8
Hertze [23] Sweden N/R 166f 33.1 4.7 7
Buchhave [15] Sweden N/R 147° 429 5.2 11.6°
Petersen [33] USA, Canada 74.7+7.4 398f 16.1 N/R 16.5¢
a-MCI: community
Li [26] China N/R (55+) 837" 35.6 N/R 7.1°
Yu [47] China 74.2 216 16.2 N/R 5.64
Ishikawa [24] Japan N/R (65+) 104 10.6 N/R 8.54
Manly [28] USA N/R (65+) 318f 20.4 N/R 7.44

2Inclusion criteria provided when mean age was not reported. > When not reported by authors, person-time and annual rate
were calculated values using the reported mean follow-up period; values are derived unless otherwise specified. ¢ Authors refer
to Winblad et al. [10] for diagnostic criteria of MCI and a-MCI. ¢ Reported by authors. ¢ Reported by authors but not specified as
n/person-years. f Authors refer to Petersen etal. [3, 4, 11, 33, 48, 49] for diagnostic criteria of MCI and a-MCI. & Different results
reported according to different criteria among the same population; Petersen [11] criteria, SD 1.0 summarized in this table.
h Age reported as median (range): 69 (43-89).

sample size of 4 of the studies was smaller than 147 cases, and half reported a mean follow-
up time of less than approximately 3 years. The mean age (when reported) ranged from 67
to 76 years, but some studies used specific age inclusion criteria such as selecting patients 75
years and older. Although the diagnostic criteria developed by Petersen etal. [3, 4, 11, 33, 48,
49] or Winblad et al. [10] for selecting cases of MCI or a-MCI were the most frequently cited,
many studies did not refer to these criteria (table 2).

Table 3 provides an overview of these findings by showing the results of 14 ACRs reported
by the authors alongside the data available when pooled with the estimates derived from the
data reported. The rates in the 14 studies that reported an ACR ranged from 5.4%py [28] to
16.5%py [33] (median: 8.9%py). The lowest ACR (5.4%py) was reported in a community-
based study conducted in the USA [28] and the highest (16.5%py) among participants
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Table 3. Summary of the ACRs (%py) from MCI or a-MCI to AD stratified by selected study characteristics

Characteristic ACR

author reported author reported or derived?

k range median k range median
Population
Overall 14 5.4-16.5 8.9 24 43-18.8 8.4
MCI 7 5.4-11.5 9.2 12 43-11.5 8.4
a-MCI 7 5.6-16.5 8.5 12 5.6-18.8 8.4
Clinic
Overall 7 7.5-16.5 11.0 13 5.9-18.8 10.2
MCI 4 7.5-11 10.1 5 7.5-11 9.7
a-MCI 3 11-16.5 11.6 8 5.9-18.8 10.6
Community
Overall 7 5.4-11.5 7.1 11 43-11.5 6.0
MCI 3 5.4-11.5 6.0 7 43-11.5 5.5
a-MCI 4 7.4-8.9 8.5 4 5.6-8.5 7.3

k = Number of studies. ? Incident AD cases/person-time. If necessary estimated person-time = mean
follow-up time x number of patients at baseline.

recruited from clinics in the USA and Canada as part of the ADNI [33]. Six of these stud-
ies explicitly accounted for dropouts by calculating person-time [18, 20, 24, 28, 46, 47], and
these rates ranged from 5.4%py [28] to 11.5%py [46] (median: 8.0%py).

The ACR observed in 7 studies recruiting from clinics ranged from 7.5 to 16.5%py
(median: 11.0%py) and in 7 cohorts of community samples from 5.4 to 11.5%py (median:
7.1%py; table 3). There was substantial variation in the ACR estimates observed in each
setting. The ACR observed for participants diagnosed with MCI and a-MCI were compared
within a single community-based study conducted by Manly et al. [28], and conversion rates
were lower for MCI than a-MCI [5.4%py (95% CI: 4.7-6.3%py) vs. 7.4%py (95% CI:
5.7-9.2%py)]. The ranges overlap when the data reported across studies by MCI and a-MCI
are stratified; however, once stratified by the sample source and diagnostic criteria, there was
too much variation and too few studies in each category to determine whether the ACRs for
the a-MCI clinic- and community-based studies were higher than for the respective MCI
cohorts (table 3).

The published estimates were supplemented with values derived from the published
data, thus increasing the number of studies; similar results were found after stratifying on the
sample source and by MCI or a-MCI (table 3). Substantial differences were observed in the
ACR estimates from each setting and cohort definition.

Discussion

Thisreview summarizes the dataavailable from 32 cohortstudiesreporting on conversion
to AD. While a substantial number of studies have been published, a high degree of variation
can be observed in the literature, which limits our ability to accurately summarize what may
be the ‘true’ rate of conversion. The ACR ranged from 5.4 to 16.5%py (14 studies, median:
8.9%py). The estimates reported for AD conversion observed over 1 year ranged from
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approximately 10 to 33% (5 studies, range: 10.2-33.6%, median: 19.0%) and was similar
over 2 years (7 studies, range: 9.8-36.3%, median: 18.6%) and 5 years (4 studies, range:
10.6-37.8%, median: 31.5%). Most of the 7 studies reporting over 5 or more years observed
a conversion rate of over 33%.

Other researchers have observed that the conversion rate to AD from clinic-based popu-
lations may be higher than the conversion rates in the community [8, 9, 50]. After stratifying
the studies included in this review by the sample source, the ACRs observed were often higher
among participants recruited from memory clinics than from the community. The ACRs
observed in studies which recruited from clinics ranged from 7.5 to 16.5%py (7 studies,
median: 11.0%py) and from cohorts of community samples from 5.4 to 11.5%py (7 studies,
median: 7.1%py). Patients attending memory clinics are assumed to be presenting due to a
complaint by themselves or a family member and are thought to represent a later stage of
cognitive impairment compared to individuals in community-based studies who volunteered
to participate [9, 50, 51].

Overall, the wide ranges observed in the incidence of AD remain consistent with the
findings of earlier literature reviews [8, 9]. Bruscoli and Lovestone [9] included studies
published between 1991 and 2001, and observed an ACR for dementia of 10.2%py (95% CI:
6.9-11.9%py) but ranged from a low of 2%py to slightly more than 30%py. Mitchell and Shiri-
Feshki [8] selected a subset of studies published before October 2008 with a mean duration
of atleast 3 years, and reported an AD ACR of 6.5%py (95% CI: 4.8-8.5%py). They noted that
higher rates of conversion were observed in the studies that recruited from clinics and also
when studies applied the Petersen criteria for a-MCI [8, 9]. In the current review, trends with
a-MCI could not be evaluated across studies once the estimates were stratified by sample
source and diagnostic criteria as there was too much variation in the ACR and either not
enough studies in each category or too few studies reported over the same time period and
setting.

Comparable challenges were highlighted when making comparisons between studies in
the current review as in previous reviews. These challenges stem from variations in the
sources of participants (clinic-based vs. community samples), diagnostic criteria employed,
specific methods for implementation of the criteria, length of follow-up, and sample sizes. The
impact of restriction of recruitment to subjects 265 or >75 years of age is also uncertain.
Although some individual studies have observed lower ACRs among patients aged 65-69
years than among older subjects [28, 47], this trend was not observed in the current or other
reviews [9]. This extensive heterogeneity has been observed both in cohort studies and
clinical trials, including, for example, 2 recent trials where the observed ACR was as low as
5% [52] and as high as 16% [8, 53]. It was believed the lower rate may be due to (1) not
applying age or education adjustments to memory test scores, and (2) using depression as an
exclusion criterion, although this has since been recognized as common among patients with
MCI. Many researchers have noted the difficulties created by the extensive heterogeneity
across studies [8-10, 54].

Inlongitudinal studies, the loss to follow-up for assessment may occur among individuals
with cognitive impairment partially due to mortality, but also because the cognitive
impairment often leads to them making changes in their living situations [8, 55, 56]. Studies
of elderly populations with cognitive impairment are challenged by an increasingly high loss
to follow-up over time. For example, in two 5-year studies included in this review, the study
completion rates were 68.3 [24] and 77.1% [26]. While most patients diagnosed with MCI
tend to remain stable (i.e. do not develop dementia) [57], some may revert to normal (2%
[33] to 31% [28] depending on the MCI criteria used) or progress to AD. Patients with MCI
who revert to normal should be excluded from the population at risk; however, although the
studies based on the number enrolled at the study initiation would have included these in the
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estimation of conversion to AD, it is unclear how such cases were explicitly handled in the
studies identified for this review. When studies report only the proportion of AD converters
at the end of the specified follow-up periods based on the number initially enrolled, the
conversion rate may be anticipated to be substantially different when at-risk time is
considered. For these reasons, the argument can be made that the studies with AD incidence
over 1 year, or 2 years at most, contained the most informative data for making summaries
unless the studies were adjusted for loss to follow-up.

There was extensive variation in the follow-up periods from which results were reported.
This was a major restriction in making cross-study comparisons of the studies that reported
only the proportion of AD converters over specified follow-up periods. Other researchers
have also noted that the proportion of patients diagnosed with MCI who convert to AD appears
to decline with each passing year of follow-up, but this has not been confirmed in all studies
[9, 34]. An ACR was extracted for 14 studies included in this review, although only 6 studies
had methods that explicitly reported that these estimates were based on cases of conversion
to AD over total person-time. Where the ACR was not reported by the authors, mean follow-
up was used to estimate total person-time, which allowed the derivation of an approximation
for the rate of conversion from 10 additional studies. However, deriving these additional ACR
estimates also introduced uncertainty into the values.

The variation in definitions of MCI or a-MCI and study inclusion and exclusion criteria
may account for much of the variation in the reported rates of conversion [7, 8, 57]. Compar-
isons across studies ideally would take into consideration that the populations may be
different; however, accounting for differences in diagnostic criteria is a challenge, as many
studies have a unique operational definition. The differences are substantial; for example,
while some studies diagnosed MCI based on assessment criteria such as the Clinical Dementia
Rating (0.5 [17, 25], or 0 or 0.5 [40]) or Global Deterioration Score (2 or 3 [34]), others diag-
nosed a-MCI after applying age or education adjustments to memory test scores. The lack of
standardized research criteria for these diagnoses continues to create limitations for those
attempting to review, summarize, and draw inferences from the body of published literature.

Another challenge exists when making comparisons among studies referencing similar
criteria, as the investigators may have decided to use different tests or cutoff scores to make
their diagnoses of MCI. Busse et al. [16] found that a wide range of conversion rates were
being applied depending on which of 4 sets of criteria were used to diagnose MCI. For example,
some investigators recommend applying the original Petersen criteria with a cutoff of 1.5 SD
with cognitive testresults from normal controls for high specificity and high positive predictive
power of MCI progressing to AD, while others use modified criteria that do not require a
subjective memory complaint and apply a cutoff of 1.0 SD with cognitive test results from
normal controls for high sensitivity [16]. An essential element of the Petersen criteria is the
requirement of memory impairment, which has been associated with increased rates of
conversion [57] and may have a predictive value in progression to AD [16]. However, Lenehan
etal. [6] noted thatrelying on a subjective memory complaint reduced the diagnosticaccuracy
of MCI progressing to AD. A discriminative, standardized definition of memory impairment
may improve diagnostic accuracy. For example, a US clinic-based ADNI cohort (the design of
the study protocol was led by Petersen) required age- and education-adjusted memory
impairment for a diagnosis of a-MCI [58]. The studies of the ADNI cohort reported markedly
high 1- and 2-year conversion rates compared with other studies in this review [22, 33].

The AD diagnosis was confirmed in many studies by a small panel reviewing all the
clinical diagnoses. Diagnostic misclassification of incident cases may have occurred as AD is
still a clinical diagnosis; this has led to substantial differences in estimates of its incidence and
prevalence [59-61], with the variation considered due to differences in the confirmation of
an AD diagnosis [62, 63]. The diagnosis of AD may be improved by including biomarkers as a
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diagnostic tool. This has shown promise and may improve the identification of individuals
with minimal cognitive impairment who are likely to have AD and thus progress to frank AD.
However, to date, biomarkers have not been accepted as diagnostic tools [54].

These relatively recently published studies continue to show extensive differences in the
conversion rate from MCI or a-MCI to AD. Many factors may have contributed to the variation
in conversion rates observed throughout the studies in this review, with a lack of standard-
ization in diagnostic criteria and testing considered to be the factor with the most significant
impact on the findings. The next important factor is the source of the patient population, i.e.
whether they are from a clinic or the community. Though revised clinical criteria for catego-
rizing cases diagnosed with MCI as amnestic were published in 2004, many of the studies did
not refer to these criteria, and the implementation differed and was sometimes not described.
The design of future studies could certainly be improved by taking into account loss to follow-
up, consideration of any participants reverting to normal, and reporting the methods used to
identify MCI or a-MCI cases in more detail. Researchers planning studies or forecasting the
need for community-based services will have to continue to factor in the wide range of
conversion rates observed.
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