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Abstract

Background/Aims: To assess (1) the duration and symptoms
presentin participants with mild cognitive impairment (MCI)
and (2) the impact of these variables on predicting conver-
sion to Alzheimer’s disease (AD). Methods: Participants with
MCI (n = 148) were assessed and followed systematically. Re-
sults: Decline in memory was reported as the first symptom
in 118 of the cases. Converters had more symptoms (e.g. lan-
guage decline, depression), and the combination of decline
in memory and in performance of high-order social/cogni-
tive activities as well as disorientation more often than non-
converters (p=0.036). In an age-stratified Cox model, predic-
tors of conversion to AD were shorter time since onset of
memory decline and lower baseline MMSE score. Conclu-
sions: Recent onset of memory decline with older age, de-
creased MMSE score, change in performance and disorienta-
tion indicate a greater likelihood of short-term conversion

to AD. Copyright © 2010 S. Karger AG, Basel

Introduction

Mild cognitive impairment (MCI) is often a transi-
tional stage between age-related memory decline and
Alzheimer’s disease (AD) [1, 2], though many individuals
with MCI remain cognitively stable. Identifying the earli-
est symptoms and their relative temporal onset may help
to improve early diagnosis, estimate prognosis and even-
tually impact treatment. Efforts have been made to stan-
dardize methods of determining the date of onset and the
types of symptoms present [3-7]. Symptoms appear well
before one seeks treatment, and clarifying that time
course by the employment of thorough interview tech-
niques yields reliable findings [7]. Although memory de-
cline is often the first symptom identified, other symp-
toms may also be the earliest to appear. Oppenheim [3]
found in a retrospective review of patients diagnosed
with AD that about half of them reported early changes
in psychiatric, neurological and functional modalities.
Kang et al. [8] interviewed caregivers of persons with AD
and found that, in addition to memory decline, changes
in orientation, judgment, depression and language pre-
ceded diagnosis.

© 2010 S. Karger AG, Basel

KARGER

Fax +41 61 306 12 34
E-Mail karger@karger.ch
www.karger.com

Accessible online at:
www.karger.com/dem

Deidre J. Devier, PhD

Department of Neurology, Louisiana State University Health Sciences Center
1542 Tulane Avenue, Floor 7

New Orleans, LA 70112 (USA)

Tel. +1 504 939 8906, Fax +1 504 285 8078, E-Mail ddevie @lsuhsc.edu



In the development of the ‘Onset of Illness Interview’,
our group used a standardized semistructured inter-
view to assess time of onset of specific domains of symp-
toms, and tested it with informants of 36 individuals
with dementia [4]. Open-ended questions about the first
identified symptom referenced calendar dates and as-
sisted informants to recall salient personal events to pin-
point specific occurrences. The interview format also
helped informants identify the date when that symptom
was not present [4]. This semistructured interview pro-
cess showed good interrater and interinformant reliabil-
ity [4] and has been used effectively in other studies [8-
12]. In addition to the reliability of the semistructured
interview, there is a considerable literature to suggest
that eliciting information from informants is more reli-
able than self-report in patients with MCI or AD [13-
18].

In this study that examined several predictors of con-
version from MCI to AD, the Onset of Illness Interview
[4] was administered to the informants of patients who
presented with cognitive impairment, but not dementia.
The type of informant-reported symptoms present at ill-
ness onset and the duration of these symptoms from on-
set to study entry were also examined as predictors of
conversion to AD. We hypothesized that a greater num-
ber of early symptoms and a shorter time course of these
symptoms would be associated with a quicker conver-
sion to AD. In addition, we planned to explore the rela-
tionship between early informant-reported symptoms
and objectively measured baseline cognitive perfor-
mance.

Materials and Methods

Participants

Patients presented with memory complaints to either the
Memory Disorders Clinic or the Center for Memory and Behav-
ioral Disorders at the New York State Psychiatric Institute/Co-
lumbia University. All participants met study criteria for cogni-
tive impairment without dementia and provided informed con-
sent in this New York State Psychiatric Institute/Columbia
University institutional-review-board-approved protocol.

Eligibility Criteria

Inclusion criteria identified a wide group of cognitively im-
paired individuals, aged 41-85 years, with memory complaints
and without dementia with onset of cognitive impairment be-
tween 6 months and 10 years prior to enrollment, and Folstein
MMSE scores of =22/30 [19]. Cognitive screening inclusion
guidelines were described previously [20] and included Folstein
MMSE recall of <2/3 objects at 5 min, or a Buschke Selective Re-
minding Test delayed recall score >1 SD below norms, or a
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Wechsler Adult Intelligence Scale-Revised performance IQ score
=10 points below the respective verbal IQ score (a common neu-
ropsychological pattern associated with cognitive decline). Final
determination of inclusion was based on a consensus diagnosis
between 2 expert raters (D.P.D. and Y.S.) after review of the base-
line cognitive, functional and clinical information, neuropsycho-
logical test performance, laboratory test results and MRI radio-
logical readings.

This study began prior to the publication by Petersen et al. [1]
of the criteria to define MCI. All participants had memory com-
plaints (a diagnostic criterion for MCI) and completed an exten-
sive neuropsychological test battery, making it possible to deter-
mine the baseline MCI subtype, as previously described [20]. Us-
ing this classification method, 73% of the patients met criteria
for amnestic MCI with or without other cognitive domain defi-
cits, 13.5% had nonamnestic MCI, and 13.5% had cognitive scores
<1.5 SD below norms, i.e. insufficient scores to meet the MCI cri-
teria [20].

A total of 150 participants who met the study eligibility crite-
ria, but without dementia, were enrolled. Within 6 months of pre-
sentation, 2 participants were excluded following clinical diagno-
ses of other neurologic disorders. The mean age of the remaining
148 participants was 67.1 £ 9.9 years, 55% of them were female,
the mean level of education was 15.1 * 4.3 years, and the mean
score on the baseline MMSE was 27.5 + 2.2.

Procedures

The study physician completed a history and physical, psy-
chiatric and neurological examination, laboratory tests and an
MRI brain scan. All participants received a neuropsychological
test battery at baseline, and again annually, that included mea-
sures of learning and memory, orientation, abstract reasoning,
language, attention and visuospatial ability, as described else-
where [20]. A neuropsychologist (Y.S.) reviewed the results and
2 expert raters made a consensus diagnosis at each follow-up
visit while remaining blind to the data from prior visits. The di-
agnosis of dementia was based on DSM-IV criteria and possible
or probable AD based on NINCDS-ADRDA (National Institute
of Neurological and Communicative Disorders and Stroke-
Alzheimer’s Disease and Related Disorders Association) criteria
[21]. The endpoint of conversion to AD required this diagnosis
at any 2 consecutive annual assessments during the entire fol-
low-up period.

Baseline Assessment

The study participants identified a reliable informant, some-
one who knew them well and had frequent contact. Data were
gathered regarding the onset of illness from the informant related
to the types of symptoms exhibited by the study participant and
the duration of each symptom [4]. In the Onset of Illness inter-
view, the informants reported on the baseline functional abilities
of the patients and identified the time of onset for the first and all
subsequent symptoms present from a list of 7 categories: change
in memory, performance of higher-order social/cognitive activi-
ties, language, disorientation, personality, development of psy-
chosis or depressed mood.

Subjective memory was assessed by the Memory Function
Questionnaire (MFQ) [22], which included a single question re-
questing a global rating of memory problems.
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Table 1. Demographic and clinical features of converters and nonconverters

Converters Nonconverters Significance
(n=39) (n=109)
Age, years 732%7.1 64.9%9.9 p <0.001
Sex, n 22 F (56%); 17 M 60 F (55%); 49 M ns
Education, years 14.0£4.7 15.4*4.1 ns
Baseline MMSE score 26322 27.9%2.0 p <0.001
Memory as 1st symptom, n 28 (71.8%) 90 (82.6%) ns
Time since onset of memory symptoms, months 29.6x15.6 41.7%30.1 p =0.002
Subjective memory complaint MFQ score (range 1-7) 3.8*1.5 40*14 ns

Values denote means * SD unless specified otherwise. ns = Not significant.

Statistical Analyses

One-way analysis of variance and x* tests were used to com-
pare continuous and categorical baseline measures as appropriate
between patients who converted to AD on follow-up and patients
who did not convert (hereafter referred to as ‘converters’ and
‘nonconverters’, respectively).

In a Cox proportional hazards model survival analysis con-
ducted for the entire length of the follow-up period (1-9 years),
the outcome variable was the time from baseline to first time
point of AD diagnosis (follow-up duration varied across partici-
pants), with censoring by the time point of the last available eval-
uation. Age-stratified Cox discrete time-regression models were
used as the hazard of AD conversion increased with age: in the
=75-year age group, 53% (20/38) converted; from the ages of 68
to 74 years, 31% (11/36) converted; between the ages of 60 and 67
years, 15% (6/39) converted, and at ages of <60 years, 6% (2/35)
converted.

Informant-reported memory deficits were the first symptom
noted in the vast majority of patients and symptoms in other do-
mains were rarely reported as the first symptom. Therefore, the
final age-stratified Cox analyses included 4 models with the fol-
lowing independent variables: demographic variables known to
affect cognitive performance (sex and education); objective mea-
surement of baseline cognitive performance (MMSE), and those
informant-reported symptoms that differed significantly be-
tween the groups. Model 1 included the time from onset of mem-
ory decline to study entry (our first hypothesized predictor), sex,
education and baseline MMSE score. Model 2 included the num-
ber of informant-reported symptoms (our second hypothesized
predictor), sex, education and MMSE score. Model 3 included in-
formant-reported symptoms that differed in frequency between
converters and nonconverters: the combined symptoms of mem-
ory decline, change in performance of higher-order social/cogni-
tive activities and disorientation plus sex, education and MMSE
score. Finally, model 4 (the full model) included the time from
onset of memory decline to study entry, the number of informant-
reported symptoms, change in performance of higher-order so-
cial/cognitive activities and disorientation, sex, education and
MMSE score. All analyses were conducted by SPSS Statistics 17.0
for PC.
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Results

Of the 148 participants, 39 (26%) converted to AD. All
converters were at least 55 years old at baseline; 31 had
probable AD and 8 had possible AD, i.e. AD with con-
comitant conditions that developed during follow-up
(depression: n = 6; prescription drug abuse: n = 1; parkin-
sonian features without meeting criteria for Lewy body
dementia: n = 1). At baseline, the converters were older
and had lower MMSE scores compared to the noncon-
verters (table 1). The groups did not differ in severity of
subjective memory complaint (MFQ), education or sex
distribution.

The mean (SD) duration of follow-up was 24.1 (18.8)
months for converters and 61.2 (29.4) months for noncon-
verters (follow-up was shorter with converters because
they exited the protocol after 2 consecutive annual diag-
noses of AD). Of the 148 patients enrolled in the longitu-
dinal study, 8 died. Of the remaining 140, 10 dropped out
by the third follow-up visit, 5 refused further follow-up,
2 discontinued owing to serious medical illness, and 3
lost contact.

Type of Informant-Reported Symptoms

Decline in memory was reported by informants as the
first symptom in 118 (80%) of the cases. Depressed mood
was reported as the first symptom in 13 (9%), change in
language in 6 (4%), change in performance of higher-or-
der social/cognitive activities in 4 (3%), disorientation in
3 (2%), personality change in 2 (1%) and behavior change
in 2 (1%). There were no group differences with regard to
the distribution of first symptoms reported (table 2). In
addition to the first symptom identified, informants of-
ten reported that more than 1 of the above symptoms was
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Table 2. Incidence of (1) first symptom experienced by each participant and (2) all informant-reported symptoms (includes first and

any subsequent symptoms experienced) (n)

First symptoms endorsed

All symptoms endorsed

converters nonconverters converters nonconverters

(n=39) (n=109) (n=139) (n=109)
Memory 28 (72) 90 (83) 39 (100) 109 (100)
Depressed 5(13) 8(7) 20 (51) 47 (43)
Change in language 1(2) 5(5) 19 (49) 37 (34)
Change in performance 2 (5) 2 (<2) 24 (62)* 44 (40)*
Disorientation 1(2) 2 (<2) 15 (39)* 16 (15)*
Change in personality 1(2) 1(<1) 13 (33) 23 (21)
Change in behavior 1(2) 1(<1) 5(13) 15 (14)
Psychosis 1(2) 1(<1) 2 (5) 1(1)

Values in parentheses denote percentages. An independent t test revealed that a higher proportion of converters endorsed change
in performance of higher-order social/cognitive activities and disorientation compared to nonconverters. * p < 0.05.
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Fig. 1. Cumulative survival as a function of time since the onset
of memory problems. The data display the 1st (0-18 months) and
4th (>51 months) quartiles, excluding the middle quartiles to il-
lustrate the difference in survival between the short- and long-
term ends of the data spectrum.

present prior to baseline evaluation. The total number of
symptoms reported (first identified symptom plus subse-
quent informant-reported symptoms) differed between
converters and nonconverters (3.53 *= 1.81 and 2.70 *
1.58, respectively; p < 0.01). In addition, converters had
the combination of decline in memory and in perfor-
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mance of higher-order social/cognitive activities and dis-
orientation more often than nonconverters (p < 0.05).

Time since Onset of Informant-Reported Symptoms

Converters had a significantly shorter time from onset
of informant-reported memory problems to study entry
compared to nonconverters (29.6 £ 15.6 vs. 41.7 = 30.1
months; p < 0.01). Twenty percent of the converters had
had memory symptoms for <18 months (1st quartile) pri-
or to study enrollment, while only 10% had had those
symptoms for >51 months (4th quartile). Twenty-four
percent of the nonconverters had had symptoms for <18
months, while the greatest number (31%) had had symp-
toms for >51 months (fig. 1).

There were no significant correlations between the
time since onset of memory problems and age, education,
baseline MMSE score or informant report of functional
abilities. However, the higher the number of informant-
reported symptoms present prior to study enrollment,
the worse the cognitive status (MMSE: r = -0.24; p <0.01)
and informant report of functional abilities (r = 0.32; p <
0.001).

Cox Analyses with Outcome of Conversion to AD

In an age-stratified Cox analysis using model 1, short-
er time since onset of informant-reported memory prob-
lems was a significant predictor of conversion to AD
alone as well as with sex, education and baseline MMSE
score included in the model (risk ratio: 0.98;95% CI: 0.97-
0.99; p<0.05). MMSE score was also a significant predic-
tor of conversion (risk ratio: 0.76; 95% CI: 0.65-0.89; p <
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0.01). In model 2, a higher number of informant-reported
symptoms present prior to study enrollment was a sig-
nificant predictor of conversion to AD alone as well as
with sex and education in the model (risk ratio: 1.25; 95%
CI: 1.06-1.48; p < 0.01), but did not remain significant
with MMSE score included (risk ratio: 1.14; 95% CI: 0.95-
1.36; p = 0.17). In model 3, endorsement of the combi-
nation of the symptoms of decline in memory and per-
formance of higher-order social/cognitive activities plus
disorientation present prior to study enrollment was a
significant predictor of conversion to AD alone (risk ra-
tio: 2.09; 95% CI: 1.01-4.36; p < 0.05), but did not remain
significant with sex, education and MMSE score included
(risk ratio: 1.08; 95% CI: 0.46-2.52; p = 0.86). In model 4,
shorter time since onset of memory decline (risk ratio:
0.98; 95% CI: 0.97-0.99; p < 0.05) and lower MMSE score
(risk ratio: 0.77; 95% CI: 0.65-0.92; p < 0.01) were signif-
icant predictors.

The same analyses were conducted in only the 108
participants who met criteria for amnestic MCI (n = 21)
or amnestic MCI with deficits in multiple cognitive do-
mains (n = 87). The results were similar to those obtained
from the entire sample of 148 participants, with shorter
elapsed time since onset of memory problems, greater
number of informant-reported symptoms and MMSE
score predicting conversion.

Discussion

MCI participants who converted to AD had a shorter
time since the onset of memory problems and had a great-
er number of informant-reported symptoms than par-
ticipants who did not develop AD. The shorter duration
of memory problems in the converters along with a great-
er number of informant-reported symptoms, especially
the constellation of memory decline, change in perfor-
mance of higher-order social/cognitive activities and dis-
orientation, clearly indicated a more malignant process
than was present in the nonconverters. This difference
could not be solely explained by the degree of cognitive
decline present at baseline because the effect of the short-
er duration of memory problems remained after control-
ling for baseline MMSE scores. The converters did have
lower baseline MMSE scores though and were older than
the nonconverters. Taking these factors into account, one
may infer a greater risk of conversion to AD when an
older patient experiences a relatively recent onset of cog-
nitive deficits and other nonmemory symptoms such as
change in performance of higher-order social/cognitive
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activities and increased disorientation. Conversely, there
is less risk for the development of AD in someone with
only subjective memory complaints that have persisted
for a long time without resulting in objective evidence of
cognitive impairment. A common limitation in the clin-
ical setting is the lack of resources for formal neuropsy-
chological testing. We have shown that the clinical inter-
view can increase the value of the prediction of progres-
sion by extracting accurate information on the onset and
type of symptoms.

These findings are consistent with those published in
arecent review article [23]. The authors showed that stud-
ies enrolling participants with a short duration of follow-
up (1-2 years) reported a high annual conversion rate to
dementia or AD (10-15%) [24-27]. However, if this an-
nual rate of conversion remained that high over time,
within 10 years nearly all persons with MCI would con-
vert to dementia. Increasing the length of follow-up in
studies (to more than 5 years) has proven that the high
rate of conversion initially recorded decreases with the
passage of time [28-31]. The authors hypothesize that
those with an aggressive condition convert early and
those that do not convert early remain relatively resilient
to conversion. Our results support this view: patients who
presented to our study with a relatively short time course
since the onset of symptoms had worse global cognitive
performance and were more likely to convert to AD than
those who presented after having had symptoms for a
longer period of time.

Participants with a greater number of informant-re-
ported symptoms also had poorer baseline MMSE scores,
and both these variables predicted conversion to AD. De-
tails about the duration of symptoms, number and type
of informant-reported symptoms, and objectively mea-
sured cognitive performance provide useful information
for counseling a patient and family. Administration of
the Onset of Illness Interview provides accurate informa-
tion about the time course of symptoms. Early recogni-
tion of symptoms and diagnosis is important in address-
ing factors such as safety, financial planning, advance di-
rectives and other salient topics of discussion between a
clinician and patient/family [32].

One limitation of the study relates to the composition
of the study sample. Enrollment in this study began prior
to the development of the term ‘mild cognitive impair-
ment’ and its resultant definition; consequently, the study
sample was somewhat heterogeneous, limiting the ability
to generalize the results. In all, 128 of the participants met
the criteria for MCI and, of those, 108 met the criteria for
amnestic MCI. However, 20 participants did not fit the
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definition of MCI. In addition, a small percentage of
study participants were fairly young. Everyone who con-
verted to AD was at least 55 years old at enrollment. Re-
peating the main analyses with only the 108 participants
with amnestic MCI, or excluding the 19 participants un-
der the age of 55 years, did not alter the main findings of
the study (data not shown).

In a clinical setting, it is difficult to discern which pa-
tients presenting with similar subjective memory com-
plaints are following a rather benign course versus those
at greater risk for conversion to AD. Subjective memory
complaint, a key feature of MCI, has not proven to be a
reliable means of determining risk [33-36] and did not
differ between converters and nonconverters in this
study. One reason for the poor reliability of self-report is
related to the more recent recognition that patients with
MCI often have anosognosia, [37] defined in this case as
attenuated awareness of deficits in higher cognitive func-
tion [38]. It has been shown that MCI patients who lack
awareness of functional decline are at greater risk of con-
version to AD than MCI patients who acknowledge their
deficits [39]. In fact, researchers have documented that
the inclusion of an informant report of cognitive or func-

tional decline, rather than the subjective complaint of ei-
ther, improves the ability to make a diagnosis and predict
the future trajectory [13-18, 39]. This study provides new
information about the relationship of early symptoms in
persons presenting with cognitive decline via the admin-
istration of the Onset of Illness Interview. The findings
suggest that informant report of recent onset of memory
decline together with other symptoms, particularly wors-
ening in performance of higher-order social/cognitive
activities and disorientation, may indicate a greater like-
lihood of short-term conversion to a diagnosis of AD.
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