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Abstract

Background/Aims: There are few studies that evaluate the
clinical outcomes of individuals with non-amnestic mild cog-
nitive impairment (MCl). The purpose of this study was to
evaluate baseline predictors of clinical progression after 2
years for patients with dysexecutive MCl (dMCl), a single-do-
main non-amnestic MCl subgroup. Methods: We evaluated
clinical progression in a sample of 31 older adults with dMCI.
Clinical progression was defined as a worsening on the Clin-
ical Dementia Rating sum of boxes at the 2-year visit, where-
as patients were classified as stable if the score did not wors-
en over 2 years. We compared baseline brain MRI, neuropsy-
chological tests, and health risk factors. Results: Twelve
individuals with dMCl progressed clinically, and 19 individu-
als remained stable over 2 years. Compared to the stable
dMClI patients, the dMCI patients who progressed showed
brain atrophy in the bilateral insula and left lateral temporal
lobe on MRI. dMCI patients who progressed were also older,

had lower baseline performance on category fluency and a
spatial location task, and reported fewer dysexecutive symp-
toms. Health risk factors, except hypertension, did not differ
between groups. Conclusion: The results suggest that dMCl
patients who progress relatively quickly over 2 years may
have unique clinical and brain MRI features.

Copyright © 2010 S. Karger AG, Basel

Introduction

Mild cognitive impairment (MCI) in older adults re-
flects a decline in cognition that is not sufficient to meet
the criteria for dementia. MCI is a clinically heteroge-
neous syndrome, and current models suggest that the
MCI syndrome is comprised of 4 broad subgroups: am-
nestic (single and multiple domain) and non-amnestic
(single and multiple domain) [1]. The majority of early
studies focused on amnestic MCI and progression to
Alzheimer’s disease (AD). However, there is increasing
interest in the clinical outcomes of non-amnestic MCI.
Non-amnestic single-domain MCI refers to patients who
have an impairment in a single cognitive domain other
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than memory (e.g. executive, language, visuospatial),
whereas non-amnestic multiple-domain MCI refers to
impairment in 2 or more non-memory domains.

Prevalence estimates for non-amnestic MCI range
from 17 to 38% of all MCI patients [2, 3]. There is consid-
erable interest in the clinical outcome, and early studies
suggested that non-amnestic MCI patients were most
likely to convert to non-AD dementias [1]. In 1 early
study, Busse et al. [4] found that 14% of non-amnestic
MCI patients converted to AD and 10% converted to non-
AD dementias; however, 24% died, and 32% improved to
normal. Other studies report that 13-27% of non-amnes-
tic MCI patients convert to AD [3, 5], but few autopsy
studies have been done. Another study found that single-
domain non-amnestic MCI patients had higher rates of
death but less frequent conversion to dementia when
compared to amnestic MCI [6]. The non-amnestic MCI
literature is confounded by the fact that most studies
lump all types of non-amnestic MCI patients into 1 group,
which often includes both single- and multiple-domain
non-amnestic MCI patients. It is likely that the different
non-amnestic single-domain MCI subgroups (e.g. dysex-
ecutive, language, visuospatial) will have distinct clinical
features and different risks for converting to dementia 7,
8]. It is, therefore, important to subdivide single-domain
non-amnestic MCI groups to improve clinical differen-
tiation.

The purpose of this study was to evaluate baseline pre-
dictors of clinical progression after 2 years for patients
with dysexecutive MCI (dMCI), a single-domain non-
amnestic MCI subgroup. Our primary aim was to com-
pare baseline behavioral/medical risk factors and brain
MRI between the dMCI patients who worsened and those
who remained stable on the informant-based Clinical
Dementia Rating (CDR) scale, one measure of clinical
progression. We hypothesized that the dMCI patients
who progressed would have worse clinical characteristics
and more brain atrophy than those who remained stable.

Methods

Participants

The participants were recruited prospectively for a study about
dMCI [7, 8], and were initially referred from the University of
California San Francisco (UCSF) Memory and Aging clinic or
from a community screening clinic (after responding to a news-
paper advertisement about cognitive decline in any domain). The
study was approved by the UCSF Committee on Human Re-
search. The clinic and community participants had identical eval-
uations. Participants were diagnosed with dMCI after a detailed
history, physical and neurological examination, a 1-hour neuro-
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psychological screening [9], and a study partner interview that
included the CDR [10] to assess clinical severity and the Neuro-
psychiatric Inventory [11] to evaluate behavior. Study partners
had regular contact and had known the participant for at least 10
years. Age at onset was estimated from the history obtained from
both the patient and study partner, as were the first and current
symptoms. Screening for depression was done using the 30-item
Geriatric Depression Scale [12] (self-report) and an interview with
the study partner.

Clinical diagnosis was determined by consensus involving the
neurologist, neuropsychologist, and nurse using the diagnostic
information described above. Patients were classified as dMCI [7]
based on clinical judgment of relatively focal executive dysfunc-
tion, including cognitive scores at or below the 10th percentile of
control performance on at least 1 of 4 screening tests of executive
function [9] (table 1); they also had to score within the normal
range (within 1 SD from the norm) on tests of memory [9, 13],
language, and visuospatial skills [9, 14] (table 1). The Wechsler
Adult Intelligence Scale III vocabulary subtest [15] was used as an
estimate of premorbid cognitive ability. The 3 modified tests were
shortened versions [9] of classic tests.

We selected the 10th percentile to be intermediate between the
more liberal 1 SD and the more stringent 1.5 SD cut-off, particu-
larly because screening tests for executive function have not been
studied as commonly as screening tests of memory. Although
there is considerable debate regarding the optimal psychometric
cut-off scores [2, 16], participants in the current study were clas-
sified using a combination of clinical judgment and psychometric
scores.

Participants were excluded if they met criteria for dementia
(DSM-1V) [17], had a history of a neurological disorder, current
psychiatric illness, substance abuse, head trauma with loss of con-
sciousness >10 min, severe sensory deficits, or were taking medi-
cations that affect cognition. In addition, participants were ex-
cluded for significant vascular lesions on brain MRI, defined as a
Longstreth [18] grade =4 (out of 8). The 1.5-tesla MRI of the brain
was completed within 3 months of the diagnostic evaluation.

Baseline Behavioral and Functional Measures

We obtained baseline informant measures to assess behavior
and instrumental activities of daily living (IADLs). The Dysex-
ecutive Questionnaire (DEX) [19] is a 20-item questionnaire that
was used to assess the frequency of dysexecutive symptoms in ev-
eryday living (e.g. distractibility, impulsivity, difficulty planning)
on a 4-point scale (‘never’ to ‘very often’). Higher scores reflect a
higher frequency and/or severity of dysexecutive symptoms. We
administered the DEX to both the study partner and participant.
We computed a DEX difference score (patient rating minus infor-
mant rating) as a measure of participant insight into the presence
of dysexecutive symptoms. A negative difference score suggests
that the informant reported more symptoms than the participant,
whereas a positive score suggests that the participant reported
more symptoms. The Functional Activities Questionnaire (FAQ)
[20] is a 10-item questionnaire about daily function and was used
to assess IADLs. Higher scores suggest more difficulty with com-
pleting IADLs.

Baseline Health Risk Factors
To evaluate possible baseline differences in health factors, we
recorded the presence or absence of the following medical condi-
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Table 1. Baseline neuropsychological results for decliners versus stable dMCI

Group 1 Group 2 E )
(decliners) (stable) statistic  value

Global

MMSE (max. 30) 288+ 1.4 293+ 1.1 0.17 0.36
Memory

CVLT long-delay free recall (max. 16) 9.0%2.6 10.1+3.4 1.56 0.67

CVLT hits (max. 16) 145+1.2 139+2.4 0.06 0.80

Modified Rey-Osterrieth figure recall (max. 17) 10.0+2.7 129+2.3 3.73 0.06
Executive function

Modified Trail-Making Test B (max. 120 s) 41.4%28.3 39.9+£20.2 1.19 0.29

Modified Stroop interference (number correctin 1 min)  41.6%+11.9  47.7+x12.6  0.98 0.33

Letter fluency (D words in 1 min) 13.9%5.8 145*+46 0.01 0.93

Abstractions (max. 6) 46+1.4 4.6+1.7 0.12 0.74
Visuospatial

Copy of modified Rey-Osterrieth figure (max. 17) 154%1.1 16+1.2 0.88 0.36

VOSP number location (max. 10) 85*1.8 9.4+0.8 6.22 0.02*
Language

Modified Boston Naming Test (max. 15) 139%1.1 14.0*x1.2 0.35 0.56

Category fluency (animals in 1 min) 15936 19.7+3.7 4.75 0.04*

Syntax comprehension (max. 5) 4.6+0.5 48+04 0.94 0.34
Other

Calculations (max. 5) 4.6+0.7 4.8+0.5 2.05 0.16

Geriatric Depression Scale (max. 30) 4.0x4.6 55+5.8 0.01 0.94

Figures presented as means = SD. CVLT = California Verbal Learning Test; VOSP = Visual Object and
Space Perception Battery. * p < 0.05, ANCOVA controlling for age.

tions using the National Alzheimer’s Disease Coordinating Cen-
ter’s Uniform Data Set [21]. The presence or absence of these con-
ditions (current or past history) was based on the neurologist’s
judgment, informant report, and medical records. The cardiovas-
cular risk factors included: (1) heart attack/cardiac arrest, (2) atri-
al fibrillation, (3) angioplasty/endarterectomy/stent, (4) cardiac
bypass procedures, and (5) congestive heart failure. In addition, a
modified Hachinski ischemic score [22] was determined (range =
0-12); higher scores reflect more cardiovascular risk factors. The
presence or absence of the following medical conditions was also
queried: (1) hypertension, (2) hypercholesterolemia, (3) diabetes,
(4) By, deficiency, (5) thyroid disease, and (6) incontinence (uri-
nary or bowel). We report the percentage of patients in each group
who have each of these health risk factors.

Longitudinal Assessment and Determination of Clinical

Progression

The clinical evaluation described above was repeated annu-
ally. We included 31 patients with 2-year clinical data and a base-
line MRI. Excluded patients comprised: 1 who died after 1 year,
2 who dropped out due to distance, and 2 who refused MRI. The
mean interval between baseline and the 2-year follow-up visit was
23.6 months (SD = 2.6).

The CDR [10] was used to categorize patients as stable or clin-
ically progressing at the 2-year follow-up visit. It is a widely used
outcome measure that assesses 6 areas of function: memory, ori-
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entation, judgment and problem solving, community affairs,
home and hobbies, and personal care (rated from 0 to 3, with high-
er scores representing more impairment). Because the global CDR
score is computed using an algorithm that weights the memory
domain, we used the CDR sum of boxes (CDR-SB) score that cal-
culates all 6 of the individual CDR item scores (range = 0-18).
Although the CDR was designed to assess memory and AD, ex-
ecutive dysfunction can affect everyday function assessed by sev-
eral CDR items, (e.g. judgment and problem solving, community
affairs, and orientation) [23]. The CDR was administered by a
trained clinician according to the Alzheimer’s Disease Centers’
procedures [21, 24].

In the current study, clinical progression (‘decliners’) was op-
erationally defined as a worsening (higher score) on the CDR-SB
score at the 2-year visit when compared to the baseline visit. In
contrast, patients were classified as ‘stable’ if the CDR-SB score
did not worsen over 2 years.

Statistical Methods for Clinical Data

A t test with p < 0.05 was used to evaluate possible group dif-
ferences in demographic variables. Because of a group difference
in age, we used a 1-way analysis of covariance (ANCOVA) con-
trolling for age to compare the neuropsychological tests and tests
of function and behavior. A x? test was used to assess categorical
data. We used the Statistical Package for the Social Sciences (SPSS)
17.0 to conduct the statistical analysis.
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Brain MRI and Voxel-Based Morphometry

MR Image Acquisition

Images were collected on a Siemens Vision 1.5-tesla MRI scan-
ner (Siemens, Iselin, N.J., USA). T;-weighted 3-dimensional mag-
netization-prepared rapid acquisition gradient-echo images were
acquired (TI/TR/TE = 300/9.7/4 ms; flip angle = 15% FOV 256 X
256 mm? with 1.0 X 1.0 mm? inplane resolution; 154 partitions
with 1.5-mm slice thickness).

Imaging Data Analysis

Voxel-based morphometry (VBM) analysis was performed on
the T;-weighted images using SPM5 software (Wellcome Depart-
ment of Imaging Neuroscience, University College London, UK,
www.fil.ion.ucl.ac.uk) implemented within Matlab 7 (Math-
Works, Natick, Mass., USA). SPM5 uses a unified segmentation
process in which image registration, tissue classification, and bias
correction are combined making the need to perform ‘optimized
VBM’ unnecessary [25]. Further, in SPM5, prior probability maps
that are relevant to tissue segmentation are warped to the indi-
vidual brains, eliminating the need for a study-specific template
[26]. All images were normalized, modulated, and segmented in
MNI (Montreal Neurological Institute) stereotactic space using
the default ICBM template. We applied an isotropic Gaussian
smoothing kernel of 12 mm FWHM to minimize individual ana-
tomical variability and reduce the chance of false positives [27].
All images were reviewed prior to statistical analysis to ensure
quality of the segmentation process.

The preprocessed images were passed up to voxel-wise statis-
tical comparison. We investigated whole-brain differences in
patterns of gray matter atrophy between the decliners and stable
dMCI patients using SPM5. We conducted a multiple regression
analysis with age, gender, and intracranial volume as nuisance
variables. Group differences were assessed using a 1-sample t test
at the threshold of p < 0.05, family-wise error rate (FWE)-cor-
rected.

Results

Demographic and Baseline Neuropsychological

Screening

Twelve dMCI patients were classified as ‘decliners’,
and 19 were classified as ‘stable’. Table 2 summarizes the
demographics. The decliners were older, but the groups
did not differ on education. After controlling for age,
there was a trend for the dMCI decliners to have lower
baseline CDR-SB scores; however, this difference was not
statistically significant, and the range of scores on the
baseline CDR-SB was similar for both groups. As expect-
ed, the decliners had higher CDR-SB scores than the sta-
ble group after 2 years.

Table 1 summarizes the baseline neuropsychological
test results used for diagnosis. The dMCI patients who
progressed clinically had lower scores on animal fluency
and a spatial location test. There was also a non-signifi-
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Table 2. Demographics by group

Groupl  Group2 p

(decliners) (stable) value
n (males/females) 12 (7/5) 19(11/8) NA
Mean age at baseline, years 683*70 604%6.9 0.005*
Age at onset, years 652*X7.6 563%73 0.004*
Mean education, years 178%£21 16.6%*23 0.16
WAIS-III vocabulary, scaled score 13.3+£2.3 12.7x21 045
Baseline CDR-SB (max. 18)! 09+09 14+10 031
Two-year CDR-SB (max. 18)! 28%1.1 0.7£0.7 0.002*

Figures presented as means & SD.

*p < 0.05 (t test). WAIS-IIT = Wechsler Adult Intelligence
Scale III.

! ANCOVA controlling for age.

Table 3. Summary of baseline functional and behavioral mea-
sures

Group 1 Group 2 p
(decliners)  (stable) value
IADL
FAQ 1.7+£29 1615 0.84
Behavior
DEX-informant score 14.7+£12.7 109%9.3 0.42
DEX-subject score 11.7*6.6 21.9*153  0.04*
DEX-difference score -2.5%15.0 11.0+£18.0  0.04*

Figures presented as means = SD. * p < 0.05 (t test).

cant trend for the decliners to score lower than the stable
dMCI patients on the test of visual memory. There were
no differences on the remaining baseline neuropsycho-
logical scores.

Baseline Behavioral and IADL Measures

There were no baseline differences on the FAQ and
informant-rated DEX (table 3). On the self-report DEX,
however, the stable dMCI patients reported almost twice
as many dysexecutive symptoms when compared to the
decliners. When considering the DEX difference score as
a measure of insight into the presence of dysexecutive
symptoms, the dMCI patients who declined had under-
estimated the presence of their dysexecutive symptoms,
while the dMCI patients who remained stable overesti-
mated the presence of their dysexecutive symptoms.
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Fig. 1. Regions of less gray matter volume in dMCI patients who progress clinically compared with dMCI pa-
tients who remain stable. Compared to the stable dMCI group, the dMCI patients who declined had less gray
matter volume in the bilateral insula and left anterior temporal lobe (p < 0.05, FWE-corrected). Results are
shown at p < 0.001, uncorrected for display purposes.

Table 4. Baseline cardiovascular risk factors

Group 1 Group2 p

(decliners) (stable) value
Modified Hachinski score

(max. 12) 1.1 (0.9) 0.6 (1.0) 0.17

Hypertension, % 55 11 0.02*
Hypercholesteremia, % 73 53 0.25
Atrial fibrillation, % 18 0 0.13
Diabetes, % 9 5 0.61
B12 Deficiency, % 9 10 0.42
Thyroid disease, % 0 5 0.44
Heart attack / cardiac arrest, % 0 0 NA
Incontinence, % 0 0 NA

* Pearson X test, two-tailed, p < 0.05.

Baseline Health Risk Factors

The dMCI patients who progressed over 2 years had a
higher baseline prevalence of hypertension (55 vs. 11%)
when compared to those who did not progress (x* test, p =
0.02) (table 4). There were no differences in the other base-
line health risk factors, including the Hachinski score.

Diagnostic Classification after 2 Years

Of the 12 dMCI patients who worsened on the CDR, 2
converted to dementia (probable dementia with Lewy bod-
ies) [28], 10 retained a clinical diagnosis of MCI, and none
reverted to normal. As expected, none of the stable dMCI
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patients converted to dementia over 2 years; 17 retained a
clinical diagnosis of MCI, and 2 reverted to normal.

VBM Results

Compared to the stable dMCI group, the dMCI pa-
tients who declined had less gray matter volume in the
bilateral insula and left anterior temporal lobe (p < 0.05,
FWE-corrected; fig. 1). There was a non-significant trend
for decliners to have smaller volumes in the right precu-
neus (p = 0.06, FWE-corrected).

Discussion

Overall, dMCI patients who worsened on the CDR-SB
after 2 years had more atrophy in the bilateral insula and
left lateral temporal lobe on baseline MRI when com-
pared to the stable dMCI patients. There was also a trend
for smaller baseline precuneus volume in the dMCI pa-
tients who declined. The decliners were also older, had
lower baseline performance on category fluency and a vi-
suospatial task, and reported fewer dysexecutive symp-
toms than their study partner when compared with stable
dMCI patients. With the exception of hypertension that
was more prevalent in the decliners, no other cardiovas-
cular or health risk factors differed between the groups.
These results suggest that dMCI patients who decline
clinically over 2 years may have unique brain MRI and
clinical features.

Johnson/Pa/Boxer/Kramer/Freeman/
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The finding that the overall distribution of baseline
MRI volumetric differences was more posterior than
anterior in the dMCI patients who declined was some-
what unexpected. A previous study comparing controls
and dMCI patients found more atrophy in the left pre-
frontal cortex [7]. However, atrophy in the lateral tem-
poral lobe and insula in dMCI patients who decline may
provide hints about the clinical trajectory. For example,
patients with dementia with Lewy bodies can have vol-
ume loss in bilateral temporal lobes, frontal lobes and
insula when compared to controls [29, 30]. Medial tem-
poral lobe atrophy may be highly predictive of AD [31],
but atrophy in other posterior regions may be less spe-
cific for AD. Several studies using VBM suggest that
amnestic MCI patients who convert to AD have atrophy
in the precuneus, posterior cingulate and temporopari-
etal areas [32-34].

After controlling for age, the dMCI patients who de-
clined over 2 years had lower baseline scores on tests of
category fluency and spatial location with a trend for low-
er scores on visual memory. All MCI patients in this study
met criteria for dMCI at baseline and did not have clinical
features of amnestic MCI. Interestingly, the decliners did
not have significantly lower baseline scores on executive
function when compared to the stable dMCI patients,
supported by the fact that both groups had a similar de-
gree of executive dysfunction at baseline. The groups were
also comparable on global measures of cognition (MMSE)
and IADLs (FAQ), providing further support that the de-
cliners were not more impaired than the stable dMCI pa-
tients at baseline. Low score on category fluency is a com-
monly studied predictor of AD [35, 36], and low scores on
visuospatial tasks can be associated with other neurode-
generative diseases, such as dementia with Lewy bodies,
corticobasal degeneration, and frontotemporal dementia
[37-40]. Thus, the dMCI patients with lower scores on
tests of visuospatial skills are likely to progress clinically
and may have an underlying neurodegenerative disease.

Although there were no differences in the number of
informant-rated dysexecutive symptoms (DEX-infor-
mant), the dMCI patients who progressed clinically re-
ported fewer dysexecutive symptoms than their infor-
mants (DEX-difference score), when compared with sta-
ble dMCI patients. Decreased awareness of cognitive
symptoms (e.g. anosognosia) has been reported in indi-
viduals with MCI and has been linked to midline cortical
structures [41] and frontal cortex [42]. It is possible that a
discrepancy between informant and patient reports is a
more sensitive predictor of clinical progression than the
absolute number of dysexecutive symptoms.

Predictors of Clinical Progression among
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Over 2 years, 2 of the stable dMCI patients reverted to
normal. Indeed, some of the participants in the stable
group may remain healthy and not have a neurodegen-
erative disease. Several studies found that approximately
25% of non-amnestic MCI patients revert to normal [5].
It is also possible that dMCI patients who remain stable
over the first 2 years may have a longer disease course. A
recent meta-analysis [43] found that the annual conver-
sion rate to dementia for non-amnestic MCI patients was
4.1%, whereas the annual conversion rate for amnestic
MCI was 11.7%. It is also important to keep in mind that
the mean age of the dMCI patients in this study was 64
years of age, which is younger than reported in most stud-
ies of MCI and may also affect progression rates. Isolated
executive dysfunction can be a prodromal stage for sev-
eral neurodegenerative diseases, including AD, dementia
with Lewy bodies, progressive supranuclear palsy, corti-
cobasal degeneration, vascular dementia, frontotemporal
dementia, and Parkinson disease [44]. Whitwell et al. [45]
found MRI atrophy in the basal forebrain and hypothal-
amus in 9 dMCI patients compared to controls. Three of
these dMCI patients converted to dementia with Lewy
bodies, and another 3 to AD. We previously reported AD
neuropathology with an atypical distribution in a non-
demented participant with isolated executive dysfunc-
tion [46]. Recent studies link executive dysfunction with
cardiovascular disease and prodromal vascular dementia
[47, 48]. However, the dMCI patients with evidence of sig-
nificant vascular disease on brain MRI were excluded
from our study, and the 2 dMCI groups only differ on the
prevalence of hypertension but not other cardiovascular
and medical risk factors.

The current study has several limitations. First, the
sample size is relatively small, and the null finding for
differences in the majority of the baseline neuropsycho-
logical tests may be an underestimate. However, a focus
on non-amnestic MCI is relatively recent, and larger sam-
ple sizes are currently being recruited. Longitudinal
studies are currently needed to determine the diagnostic
outcome of the dMCI patients. Comparisons with other
MCI subgroups would also be useful.
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