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Abstract

Amnestic mild cognitive impairment (aMCI) represents a group of individuals who are highly likely to develop Alzheimer’s

disease (AD). Although aMCl is typically conceptualized as involving predominantly deficits in episodic memory, recent
studies have demonstrated that deficits in executive functioning may also be present, and thorough categorization of
cognitive functioning in MCI may improve early diagnosis and treatment of AD. We first provide an extensive review of

neuropsychology studies that examined executive functioning in MCI. We then present data on executive functioning across

multiple sub-domains (divided attention, working memory, inhibitory control, verbal fluency, and planning) in 40 aMCI

patients (single or multiple domain) and 32 normal elderly controls (NECs). MCI patients performed significantly worse than
NECs in all 5 sub-domains, and there was impairment (>1.0 SD below the mean of NECs) in all sub-domains. Impairment on
each test was frequent, with 100% of MCI patients exhibiting a deficit in at least one sub-domain of executive functioning.
Inhibitory control was the most frequently and severely impaired. These results indicate that executive dysfunction in multiple
sub-domains is common in aMCI and highlights the importance of a comprehensive neuropsychological evaluation for fully
characterizing the nature and extent of cognitive deficits in MCL (JINS, 2012, 18, 1-15)
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INTRODUCTION

Identifying individuals at high risk of developing dementia
before the onset of their functional impairment is important
for early clinical intervention and for prospective research.
Mild cognitive impairment (MCI) was proposed as a concept
to fit this need by Reisberg and colleagues in 1998 and has
since become the topic of intense research interest. MCI
patients are reported to convert to dementia at a rate of
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approximately 5—-10% per year, whereas the conversion rate
of healthy controls is 1-2% (Petersen, 2011). Importantly,
MCI is not a homogeneous entity, neither in its presentation
nor prognosis. Individuals with MCI can be impaired due to
medications, depression, or incipient neurological diseases
such as Alzheimer’s disease (AD), frontotemporal dementia
(FTD), or vascular brain disease.

Current conceptualizations of MCI recognize multiple
subtypes centered on the presence or absence of memory
impairment, namely amnestic (aMCI) and non-amnestic
(maMCI). These, in turn, have single or multiple cognitive
domain sub-classifications and may represent the prodromes of
different dementia types. For example, a minority of MCI
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individuals present with single domain naMCI, which can
progress to non-AD dementing conditions such as FTD,
whereas multiple domain naMCI can progress to Lewy body
dementia or vascular dementia (Jak, Bangen, et al., 2009;
Petersen et al., 2009). In contrast, most MCI individuals present
with predominantly memory complaints and 90% of these
aMCT patients who progress to dementia demonstrate clinical
signs of AD (Petersen et al., 2001). These aMCI individuals
may or may not show impairments in other cognitive domains
in addition to memory and thus can be characterized as multiple
or single domain aMCI (the former tending to progress to AD or
vascular dementia). However, not all individuals with MCI will
progress to dementia according to these classifications or,
indeed, progress to dementia at all (Petersen et al., 2009).
Recently published diagnostic criteria for “MCI due to AD”
(Albert et al., 2011) describe these patients as non-demented
individuals with an expressed concern for change in cognition,
objective impairment in one or more cognitive domain, and
preserved independence in functional abilities. The current
consensus is that episodic memory is the cognitive domain most
commonly impaired in MCI patients who go on to develop AD,
although other cognitive domains, including executive function,
may also be impaired (Albert et al., 2011).

AD neuropathology progresses in a predictable sequence,
with neurofibrillary pathology and neuronal atrophy begin-
ning in medial temporal areas and progressing to temporal,
parietal, and posterior cingulate cortices before affecting the
anterior cingulate and frontal lobes. Amyloid deposition is
initially seen in the basal portions of frontal, temporal, and
occipital lobes, followed by cortical association areas and
the hippocampus, finally affecting extensive cortical and
subcortical areas (Braak & Braak, 1997; Thompson et al.,
2007). Most aMCI patients show neuropathological features
intermediate between normal aging and very early AD,
including neurofibrillary pathology in the medial temporal
lobes and diffuse amyloid in the neocortex (Petersen et al.,
2001, 2006). Structural imaging shows neuronal loss in the
medial and inferior temporal lobes in both single- and multi-
ple-domain aMCI, with the posterior temporal lobe, parietal
association cortex and posterior cingulate also affected in
multiple domain aMCI (e.g., Whitwell, Petersen, et al., 2007).

The traditional description of AD as a disease that begins
with episodic memory impairment gradually progressing to
global decline in cognitive functioning is consistent with the
neuropathological progression (Becker, Huff, Nebes, Holland,
& Boller, 1988; Collie & Maruff, 2000). However, evidence
suggests that non-memory cognitive deficits may be present
even in the earliest stages. While the presence of global cog-
nitive deficits, including difficulties in executive functioning, is
commonly reported in moderate AD (see Duke & Kaszniak,
2000; Perry & Hodges, 1999), some suggest that executive
dysfunction may occur in early AD (e.g., Baddeley, Baddeley,
Bucks, & Wilcock, 2001; Baudic et al., 2006), possibly even
in the preclinical phase (e.g., Albert, Blacker, Moss, Tanzi, &
McArdle, 2007; Chen et al., 2001; Perri, Serra, Carlesimo, &
Caltagirone, 2007). Although atrophy of the frontal lobes is not
typically observed in MCI, recent studies point to a possible
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disconnection between brain areas (e.g., Brambati et al., 2009;
Chao et al., 2009; Chen et al., 2009; Delano-Wood et al., 2009),
which could underlie this early executive impairment. Thus, the
traditional view that AD primarily involves episodic memory
deficits during the early phases may not be entirely accurate.
For this reason, it is important to fully describe the profile
of executive function in early and preclinical AD to more
accurately define the early stages of the illness, and to identify
people at risk of developing the disease. Early identification is
essential for implementing strategies for the prevention and/or
slowing of neuronal damage (see Lopez & Belle, 2004). In
addition, early and precise diagnosis is necessary for case
management and for selecting appropriate subjects for pharma-
ceutical trials and other research.

The present study was designed to provide a comprehen-
sive description of the severity and frequency of executive
function impairment in MCI. Previous studies have often not
explored multiple sub-domains of executive functioning;
therefore, we tested MCI patients on measures of divided
attention, working memory, inhibitory control, verbal flu-
ency, and planning to determine whether certain sub-domains
are more severely or frequently impaired than others. The
pervasiveness of deficits in executive functioning is the focus
of the current study, in which we examine patients with MCI,
and also of a companion paper, which examines FTD and
Lewy body dementia (Johns et al., 2009).

EXECUTIVE FUNCTIONS

Despite a large literature on executive functions, a consensus
on a precise definition of the construct has yet to be reached.
Nevertheless, executive functions are commonly conceptualized
as higher-order cognitive capacities that are necessary to
support independent, purposive, goal-directed behavior or high-
level control over lower level cognitive functions (Perry &
Hodges, 1999; Royall et al., 2002; Stuss & Levine, 2002).
Although the subcomponents of executive functioning are not
agreed upon, they generally include planning, initiation, organi-
zation, self-monitoring, cognitive flexibility, set shifting, inhibi-
tory control, generative behavior or fluency, abstraction, working
memory, and divided attention (Alvarez & Emory, 2006; Royall
et al., 2002; Stuss & Levine, 2002). These subcomponents
can be further reduced by examining tests that tap into five
overarching sub-domains: divided attention, working memory,
inhibitory control, verbal fluency, and planning. Successful
performance on neuropsychological tests in these sub-domains
often requires the use of other aspects of executive functioning as
well; however, we have chosen tests thought to involve one
of these five sub-domains as its primary cognitive process to
succinctly cover several aspects of executive functioning.

Executive Function in Mild Cognitive Impairment

Recent studies suggest that impairment in multiple cognitive
domains is common in MCI (e.g., Kramer et al., 2006; Libon
et al., 2010; Loewenstein et al., 2006), and progression to
dementia is much more common in such cases (Bozoki,
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Giordani, Heidebrink, Berent, & Foster, 2001). Furthermore,
there are marked preclinical deficits in executive functioning
in individuals who later go on to develop AD (Backman,
Jones, Berger, Laukka, & Small, 2005). In one study, a
worsening of executive functioning deficits, but not a worsening
of memory, was associated with conversion to AD over a 1-year
follow-up period (Rozzini et al., 2007). Emerging evidence
increasingly supports the notion that executive functioning is
commonly impaired in aMCI. Although a complete review of
all studies that have examined executive function performance
in aMCI is outside the purview of this introduction, the inter-
ested reader can find a summary of the studies in the Appendix.
This table shows that there is indeed evidence for statistically
significant poorer performance of aMCI patients on several tests
of executive function. However, there are clearly studies that fail
to find such evidence and not all measures yield consistent
findings. Moreover, on the whole, studies that have reported
poorer performance did not examine the frequency or severity
of such deficits.

Previous studies have examined some aspects of the severity
and frequency of executive deficits observed in MCI. Although
there were significant group differences between MCI patients
and controls on measures of working memory, inhibition,
verbal fluency, and planning, the average degree of impairment
exceeded one standard deviation (SD) only for inhibitory
control (Grundman et al., 2004; Nordlund et al., 2005; Ribeiro,
de Mendonca, & Guerreiro, 2006). Others have examined
frequency of impairment and found impairment (> —1.0 SD) in
75% of MCI patients on dual task performance, and 30-50% on a
measure of inhibition (Belanger & Belleville, 2009; Belleville,
Chertkow, & Gauthier, 2007). In studies examining impairment
in multiple sub-domains, 50-90% of MCI patients were mild to
moderately impaired on one or more measures (Belleville et al.,
2007; Nordlund et al., 2005). While these studies suggest
clinically significant deficits on some measures, most did not
evaluate a broad range of executive measures and the frequency
of impairment was compared against other non-executive cog-
nitive domains. Thus, it is not known if only certain sub-domains
of executive functioning are affected. Furthermore, the relation-
ship between the degree and frequency of impairment on different
executive tests has yet to be examined.

THE PRESENT STUDY

Given the demonstration of executive function deficits in MCI,
we set out to determine (1) the severity of the deficits in various
sub-domains of executive function and (2) the frequency of
impairment in each sub-domain. Assessing individuals with a
clinical diagnosis of amnestic MCI, we first demonstrate that
there are statistically reliable group differences between MCI
patients and controls on all tests of executive functioning.
In light of the previous literature, we then predicted that MCI
patients would exhibit a mild-to-moderate impairment on the
measures of inhibitory control and smaller but reliable deficits in
other sub-domains. Second, based on the few previous studies
of prevalence, we predicted that impairment would be common
in one or more sub-domains.

METHOD

Participants

The Consortium on Cognition and Aging of the Quebec
Research Network on Aging recruited 40 MCI patients who
met the criteria for testing from seven memory clinics across
Quebec. Thirty-two normal elderly controls (NECs) were
recruited as controls matched on age, education, and sex. MCI
patients were referred by one of the participating physicians as
part of their normal clinical work. Informed consent was
obtained from all participants and ethical approval for the study
was obtained from all institutions involved.

A standardized diagnostic checklist was used at all sites,
with a standardized clinical and neuropsychological assess-
ment in French or English. Physicians performed a mental
status assessment and a physical evaluation for each patient
and confirmed the diagnosis of MCI using agreed-upon cri-
teria (Petersen et al., 2009; Winblad et al., 2004). Patients
were not selected a priori to have executive function deficits.
In fact, in our MCI sample, 100% were judged by the refer-
ring physician based on his/her clinical evaluation to have
amnestic MCI, with a primary memory impairment at the
time of diagnosis. In 15 patients, memory was judged to be
the only domain impaired, and the remaining 25 patients
were judged to have deficits in multiple cognitive domains,
including memory. Notably, only 6 of the 40 MCI patients
(15%) were judged to have executive function or judgment
difficulties, based on standard clinical assessment using
functional questions, verbal fluency, and problem solving.
Thus, our sample was a mixture of single- and multiple-
domain aMCI patients, suggesting that many will go on to
develop AD. Once a patient was diagnosed with aMCI, they
were referred for an extensive cognitive evaluation using the
Consortium’s neuropsychological battery. To ensure that
there was no objective functional impairment, patients were
administered the Barthel Index (Mahoney & Barthel, 1965)
and the Functional Activities Questionnaire (Pfeffer, Kur-
osaki, Harrah, Chance, & Filos, 1982).

NECs were excluded if they demonstrated an abnormal score
on either the Mini-Mental State Examination (MMSE < 25;
Folstein, Folstein, & McHugh, 1975) or the Montreal Cogni-
tive Assessment (MoCA < 26; Nasreddine et al., 2005). The
MoCA is a cognitive screening test specifically designed to
detect MCI and was included as a screen for control partici-
pants because it is more sensitive to detecting MCI than the
MMSE (sensitivity = 90%; Nasreddine et al., 2005); thus, we
can be confident that the NEC group was cognitively intact.
Lastly, NECs were excluded if subjective memory complaints
were present (Subjective Memory Complaints Scale >9;
Schmand, Jonker, Hooijer, & Lindeboom, 1996).

Exclusion criteria for all participants included evidence of
serious health problems, other brain disease such as tumor,
Parkinson’s disease, or large vessel stroke (evidenced clini-
cally or on computed tomography [CT] scan; magnetic
resonance imaging [MRI] assessment was not routinely carried
out to assess small vessel disease), medical disorders which
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Table 1. Demographic and clinical variables in mild cognitive impairment (MCI) and normal elderly controls (NEC)

MCI NEC
Variable M SD Range M SD Range F (P df p
Age 72.4 8.6 50-89 71.8 5.0 60-83 0.15 1,69 n.s.
Education 13.1 3.1 6-16 14.4 3.2 9-21 3.15 1,70 n.s.
Sex (% male) 45.0 - - 40.6 - - (0.14) ILN=T2 n.s.
Language (% French) 87.5 - - 62.5 - - (6.16) I,N=172 <.05
MMSE 28.1 1.4 25-30 28.9 1.1 25-30 8.23 1, 69 <.01
GDS 5.8 3.5 0-15 2.4 2.8 0-9 19.54 1,68 <.001
SMCS 7.4 2.7 2-13 4.4 25 0-9 21.89 1,69 <.001

Note. MMSE = Mini-Mental State Examination; GDS = Geriatric Depression Scale; SMCS = Subjective Memory Complaints Scale.

might impair cognition (e.g., metabolic dysfunction such as
uncontrolled diabetes, thyroid dysfunction, B;,/folic acid
deficiency, or alcohol abuse), or a chronic psychiatric disorder
(other than mild depressive symptoms). For MCI patients, this
information was obtained through the physician’s physical
examination, and for control participants, through self-report.

Table 1 shows group characteristics for demographic and
clinical screening variables. As Quebec is a bilingual province
and participants were tested in their primary language, the lang-
uage distribution of the two groups was examined. The MCI
group had a significantly higher Francophone-to-Anglophone
ratio. Correlations between language and executive measures
revealed significant correlations with some Tower of London
(TOL) and all Hayling scores, p <.05 (two-tailed). However,
when grouped according to language, there were no significant
differences between Francophones and Anglophones on the
TOL,; therefore, language was co-varied in the Hayling test only.
To control for the possible effects of mild depression, we used
the Geriatric Depression Scale score as a covariate for the tests
with which it correlated.

MATERIALS AND PROCEDURE

MCT patients were tested at the individual clinics; the controls
were tested at Concordia University and the Institut Universitaire
de Gériatrie de Montréal. To ensure equivalent standards in data
collection at the memory clinics, common evaluation tools and
standardized procedures were provided. The neuropsychologists,
nurses, and graduate students engaged in data collection were
trained on test administration and provided with a testing manual
detailing the procedures. During data collection, a study coordi-
nator visited the sites to verify that the uniform testing protocol
was used.

Participants completed six tests of executive functioning as
part of a larger battery administered in a standardized order,
which included tests of learning and memory, language,
visual-spatial function, attention, and motor praxis. The six
measures of executive functioning were: the Brown-Peterson
Task! (BPT; adapted from Belleville, Chatelois, Fontaine, &

! Participants heard randomly sampled consonant trigrams and were
required to keep them in mind for time delays of 0, 10, 20, or 30 seconds,
during which they were required to add one to a series of randomly generated

Peretz, 2003), the Letter-Number Sequencing subtest of the
Wechsler Adult Intelligence Scale-Third Edition (LNS;
Wechsler, 1997a), the Hayling test? (Burgess & Shallice,
1997), the Stroop test (Victoria version; Spreen & Strauss,
1998), phonemic and semantic verbal fluency (F, A, S &
animals; Spreen & Strauss, 1998), and the Tower of London®
(TOL; Shallice, 1982).

RESULTS

Group Comparison

We treated each neuropsychological test as a separate family
of statistical tests and used the appropriate Bonferroni correction
for follow-up comparisons. The Huynh-Feldt correction was
used for violations of sphericity. Not all participants completed
all tests; missing data were primarily due to difficulties per-
forming the task or discontinuation due to fatigue. Statistical
comparisons between groups are presented in Table 2. As pre-
dicted, MCI patients exhibited reduced performance compared
to controls on all measures of executive function administered.

Profile of Executive Functioning

Having demonstrated reliable group differences, it was impor-
tant to determine the magnitude of the deficits. Therefore, we

(footnote continued)

numbers presented orally. Participants were then asked to write down the
three consonants on a response sheet in the order in which they were pre-
sented. There were three practice trials and 12 test trials (3 trials of each of the
4 delay periods).

2 The Hayling test (Burgess & Shallice, 1997) consists of two sections,
each containing 15 sentences missing the last word, which are presented
orally. In Section 1, the participant is required to make a verbal response that
sensibly completes the sentence as quickly as possible. In Section 2, the
participant is required to make a response that in unconnected to the sentence
in every way (French version, Belleville, Rouleau, & Van der Linden, 2006).

3 Abridged version (Shallice, 1982). There are 12 trials, 3 requiring a
minimum of 3 moves to complete (N3), and 9 requiring a minimum of 5
moves to complete (N5). Of the 5-move trials, 6 trials contain a trigger, which
is an instance where one of the balls can be moved directly into its final
position from the first move. Three of those contain a positive trigger (T+),
where moving the ball directly helps to resolve the problem; the other 3 trials
contain a negative trigger (T—), where moving the ball directly hinders the
resolution.
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Table 2. Performance of patients with mild cognitive impairment (MCI) and normal elderly controls (NEC) on cognitive measures

MCI NEC
Variable M SD M SD Sig. 7’
Executive Functioning Measures
Brown-Peterson Task (No. Correct Letters)™® 6.26 1.40 7.49 1.36 * 17
0 s Delay 8.51 0.77 8.66 0.75 .01
10 s Delay 6.22 2.36 7.44 1.61 * .08
20 s Delay 4.62 2.62 6.44 2.29 * 12
30 s Delay 5.68 2.29 7.44 1.81 * .16
Letter-Number Sequencing™8
Total Score 8.22 2.39 10.81 2.49 * .23
Stroop Test*"
Interference Time Ratio (sec) 2.53 1.01 2.25 0.72 .09
Interference Errors 1.84 2.32 0.59 1.29 * .10
Hayling Test™
Inhibition Time Ratio (sec) 5.53 5.12 5.34 2.25 .00
Errors Score 19.19 7.69 3.13 2.17 * 58
Overall Scaled Score 2.78 1.44 5.63 0.98 * 48
Verbal Fluency®
Phonemic Total Words 35.06 12.91 46.56 11.24 * A1
Semantic Total Words 13.31 3.06 18.13 3.83 * .26
Tower of London™
Total Time (sec) 34.00 10.97 23.30 10.97 * .20
3 Move Trials 16.57 11.60 10.86 3.31 -
5 Move Trials, Positive Trigger 33.29 20.02 21.42 8.76 -
5 Move Trials, No Trigger 38.45 20.36 29.73 17.24 -
5 Move Trials, Negative Trigger 47.71 24.57 31.20 11.90 -
Planning Time (sec) 6.88 3.85 5.60 3.85 .03
3 Move Trials 6.03 4.48 4.58 1.79 -
5 Move Trials, +ve Trigger 6.78 4.59 547 3.57 -
5 Move Trials, No Trigger 8.00 7.12 6.70 4.43 -
5 Move Trials, —ve Trigger 6.71 4.33 5.65 4.56 -
Number of Moves 7.19 1.58 6.30 1.58 .08
3 Move Trials 3.35 0.61 3.13 0.49 -
5 Move Trials, +ve Trigger 7.52 2.87 6.18 1.68 -
5 Move Trials, No Trigger 8.45 3.75 7.68 2.94 -
5 Move Trials, —ve Trigger 9.45 4.03 8.22 1.92 -
Other Cognitive Measures
Cued Selective Reminding Test"
Delayed Recall 12.59 4.20 1591 0.53 * 22
Visual Reproduction subtest of the WMS-II*
Delayed Recall 23.90 2433 57.03 14.92 * 40
Block Design subtest of the WAIS-II*
Total Score 29.49 8.97 37.31 7.20 * .19
Digit Symbol subtest of the WAIS-IIT*
Total Score 44.00 16.22 65.56 15.76 * 32
Boston Naming Test*
Total Score (max. 15) 12.15 1.71 13.63 1.16 * .20
Semantic Knowledge*
Total Score 9.26 2.53 11.69 1.51 * .25
Bell’s Test®
Total Score 31.82 3.51 31.50 4.02 .00

Note.*Mixed ANOVA with group (MCI, NEC) as the between-subjects factor and delay (0 s, 10 s, 20 s, 30 s) as the within-subjects factor, significant main
effect of group, main effect for delay, and Group X Delay interaction. *Univariate ANOVA. ‘Interference time ratio = time for colour (interference)
condition divided by time for dot condition. Interference errors = errors for colour (interference) condition minus errors for dot condition. MANOVA,
N2, 67) = .899, p=.028, > = .101. “Inhibition time ratio = mean response latency of Section 2 divided by mean response latency of Section 1. Weighted
error score was obtained by weighting connected errors by 3 and somewhat connected errors by 1 and summing. Overall scaled score was calculated
according to the procedure outlined in Burgess and Shallice (1997). MANOVA with GDS score and language as covariates, A\(3, 63) = .408, p <.001,
1]2 =.592. ‘"MANOVA with GDS score as a covariate, A(2, 64) = .706, p < .001, n2 = 294. "Total time, planning time, and number of moves were analyzed
with separate mixed ANOVAs, with group (MCI, NEC) as a between-subjects factor and trial type (N3, N5, T+, T—) as the within-subjects factor.
Significant main effect of group for total time and main effects of trial type for all three measures. *Missing data for 3 MCI patients. "Missing data for
2 MCI patients. ‘Missing data for 4 MCI patients. IMissing data for 8 MCI patients. “Missing data for 1 MCI patient.

*p<.05.
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Profile of Executive Functioning in aMCI
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Fig. 1. Average degree of impairment across tests of executive functioning in amnestic mild cognitive impairment (aMCI)
in comparison to our sample of normal elderly controls. Tot = total score; LNS = Letter-Number Sequencing; Err = errors
scaled score; ScSc = Overall Scaled Score; Ph = phonemic; Sem = semantic; N3 = 3-move trial; T+ = 5-move trial,
positive trigger; N5 = 5-move trial, no trigger; T— = 5-move trial, negative trigger.

calculated standardized scores for each MCI patient based on
the mean and SD of the control group (Figure 1). Mean
standardized scores between —1.0 and —1.5 SDs were
considered to reflect mild impairment, scores between —1.5
and —2.0 SDs a moderate impairment, and scores greater
than —2.0 SDs a severe impairment.

As shown in Figure 1, in the sub-domain of divided
attention, MCI patients were not impaired on the BPT, with
the exception of mild impairment in the 30 s delay condition.
For working memory, patients exhibited a mild impairment
on the LNS. For inhibitory control, MCI patients were not
impaired on Stroop time but showed a mild impairment on
errors. The greatest magnitude of deficits was observed on the
Hayling test, on which severe impairment was found for
errors and the overall scaled score. Scores were not impaired
for inhibition time. Mild impairment was observed for both
phonemic and semantic fluency, with slightly greater impair-
ment on semantic fluency. Finally, patients demonstrated a
mild-to-moderate impairment on total time for three TOL trial
types (N3, T+, T—). Other TOL variables were not impaired.

Frequency of Impairment

Having identified the mean severity of executive function
deficits, it was then important to determine the prevalence of
impairment on each test and in each sub-domain. As shown
in Figure 2, of those who completed all tests in a given sub-
domain, at least half of MCI patients were impaired within
each of the sub-domains (>1.0 SD below the mean), with
impairment in inhibitory control being the most frequent,
followed by fluency, planning, divided attention, and work-
ing memory. The majority were also impaired at the —1.5 SD

level in all sub-domains. Of the patients who completed all
of the tests in this study, 100% were impaired in at least one
sub-domain, 96.4% were impaired in two sub-domains or
more, 96.4% were impaired in three or more sub-domains,
67.9% were impaired in four or more sub-domains, and
42.9% were impaired in all five sub-domains.

Executive Function and Other Cognitive Domains

We computed Pearson product-moment correlations between
the executive function tests to determine whether they were
indeed measuring distinct aspects of executive function,
controlling for Type I error (p <.001). No correlations were
significant. It was then important to rule out the possibility

Percentage of aMCI Patients Impaired By Test
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901 u-1.5 SD Cutoff
80

70
60
50
40

30

Percentage Impaired

20

10

BPT LNS Stroop Hayling Fluency TOL

Fig. 2. Frequency of executive impairment in amnestic mild
cognitive impairment (aMCI) on each test of executive functioning.
BPT = Brown-Peterson Task; LNS = Letter-Number Sequencing;
TOL = Tower of London.
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that impaired executive function was driven by impairment in
other cognitive domains. Thus, we examined its relationship
with overall disease severity (measured by the MMSE),
memory performance (delayed recall on the Cued Selective
Reminding Test; Grober & Buschke, 1987; and the Wechsler
Memory Scale-III Visual Reproduction subtest; Wechsler,
1997b), and language performance (Boston Naming Test;
Mack, Freed, Williams, & Henderson, 1992; Semantic
Knowledge Test; Saumier & Chertkow, 2002). We computed
the mean Z-scores for tests of executive function, memory,
and language, respectively. First, the mean Z-score of
delayed recall (M = —4.2; SD = 4.2) was significantly lower
than that of the executive function tests (M = —1.94; SD = .89;
t(38) = —3.3; p = .002) but these did not correlate (r = —.13;
p = .42). Moreover, the mean Z-score of the executive function
tests did not correlate with the MMSE (r = —.08; p = .61) or
with the mean Z-score of language tests (r=.08; p =.63).
Taken together, this suggests that the impairment in executive
function was not merely tracking along with impairment in
memory or overall disease severity. It is also interesting to note
that the mean Z-score for Hayling errors (—7.2) was actually
larger than the mean Z-score for delayed recall on the Selective
Reminding Test (—6.3), indicating that patients showed deficits
at least as severe as on a test of memory. Hayling test perfor-
mance did not correlate with language function (r= —.04;
p = .80), or working memory (LNS; r=.09; p = .61).

DISCUSSION

Our goals were to determine whether amnestic MCI patients
(with or without other deficits) exhibited impairment in various
sub-domains of executive functioning as well as the severity
and frequency of any such impairment. There were reliable and
significant group differences on all tests of executive control
administered. Strikingly, impairments greater than 1.0 SD
below the mean of normal controls were found in all five
executive sub-domains. MCI patients showed mild impairment
on the most demanding condition involving divided attention
(BPT), were mildly impaired on working memory (LNS),
verbal fluency, and planning (TOL), and severely impaired on
one measure of inhibitory control (Hayling test) and mildly
impaired on the other (Stroop). Finally, impairment was
frequent on each of the tests of executive functioning, ranging
from 54% (LNS) to 95% (Hayling test). Moreover, we found
that overall performance on tests of executive functioning was
not related to overall disease severity, memory performance,
language performance, or demographic variables. Furthermore,
impairment on errors on the Hayling test was as severe as on a
measure of verbal delayed recall.

Thus, amnestic MCI individuals who were not judged in the
clinic to have particular impairments in executive functioning
based on functional testing and simple mental status evaluation,
in fact performed lower than controls on a variety of executive
functioning tests. This finding is consistent with the emerging
literature in which executive functioning deficits are increas-
ingly reported in MCI (see the Appendix). Our results question

the view that aMCI and early AD predominantly involve deficits
in episodic memory, and suggest that executive dysfunction
may be an important and underappreciated area of impairment
in these disorders. Previous studies have typically not examined
multiple sub-domains of executive functioning, and doing so in
the present study allowed us to determine that MCI patients
perform lower than controls in several areas. The examination
of multiple sub-domains also allowed us to compare the sub-
domains in terms of severity and frequency of impairment.

We consistently observed a particular deficit in inhibitory
control. Specifically, the Hayling test produced the largest
effect sizes in the group comparison, the greatest degree of
impairment, and the highest frequency of impairment. The
Stroop test (our other inhibition test) had substantially smaller
effect sizes and a smaller degree and frequency of impairment.
This is consistent with findings in AD (Belleville, Rouleau, &
Van der Linden, 2006). The present results indicate that the
Hayling test is sensitive to impairment in inhibitory control and
could have substantial clinical utility in both the diagnosis of
MCI and monitoring treatment efficacy.

Although the two inhibitory tests differed in their sensi-
tivity to deficits in our MCI patients, this could be due to their
task demands. The Stroop test explicitly presents both com-
peting response sets to the examinee (i.e., the to-be-ignored
word and the target color of the ink). In contrast, on the
Hayling test, the examinee is given a strong context that leads
to an expected response that must be inhibited and a novel,
unrelated response must be generated. The absence of the
alternative response may make the inhibition of the habitual
response more difficult. We do not believe that the deficit
on the Hayling test was caused by difficulty finding an
alternative word, as MCI patients did not take longer to
produce their responses nor did the deficit correlate with
their language performance; they simply did not inhibit the
prepotent response (reflected by the high error rate). We also
believe that the sensitivity of the Hayling is due to the very
low base rate of errors in control participants, thus making the
patients’ errors striking.

The very high prevalence of executive dysfunction in our
sample of individuals judged clinically to be amnestic MCI
patients is striking. Every MCI patient in our cohort was
impaired in at least one sub-domain of executive functioning,
96% were impaired in at least two sub-domains, and 43%
were impaired in all five sub-domains. This is notable given
recent reports (e.g., Jak, Bondi, et al., 2009) showing that
requiring impairment on two or more tests within a cognitive
domain improved the stability of diagnosis for single and mul-
tiple domain aMCI. There is a striking discrepancy between the
high prevalence of executive dysfunction we demonstrated with
neuropsychological testing and the physicians’ clinical obser-
vation at the time of diagnosis, which was only 15%. These
results underline the difficulty in testing executive function
ability in a clinical setting or “at the bedside,” largely relying on
reports of functional impairment and “loss of judgment,” and
demonstrate the importance of a thorough neuropsychological
evaluation in revealing these problems. Although the current
diagnostic guidelines for MCI (Albert et al., 2011) recognize the



importance of neuropsychological testing, they acknowledge
that cognitive testing may not always be feasible and that bed-
side testing may not be sensitive to the subtle deficits in MCI
or accurately assess cognitive domains other than memory.
Furthermore, it is not universally agreed that neuropsychologi-
cal testing is routinely needed for diagnosis (Petersen, 2011).
The results of the present study suggest that deficits in executive
functioning may be frequently missed if neuropsychological
testing assessing multiple sub-domains of executive function is
not conducted.

A thorough understanding of a patient’s cognitive func-
tioning is essential for treatment planning and patient care. If
executive impairment is frequently present in patients with
MCI but unrecognized without adequate assessment, then the
opportunity to appropriately council patients and their care-
givers will be missed. Several studies have found that
executive functioning is related to functional abilities, such as
financial and medical decision making, in community-
dwelling older adults (Royall et al., 2002). Therefore, careful
assessment of possible executive dysfunction should be
undertaken, and these cognitive abilities could be used to
inform patient care with regards to a patient’s ability to
function in areas of daily life requiring goal-directed beha-
vior, complex decision-making, and judgment. Furthermore,
the presence of executive dysfunction is related to decreased
abilities to perform activities of daily living in AD (Pereira,
Yassuda, Oliveira, & Forlenza, 2008). Thus, the early iden-
tification of executive impairments may help to predict long-
term functional outcome.

Another potential implication of the high frequency and
severity of executive impairment in MCI is the possibility of
using tests of executive function to predict conversion to
dementia. MCI patients with impairment in another domain in
addition to memory have a greater likelihood of progressing to
AD (Bozoki et al., 2001) and are more likely to be functionally
impaired (Aretouli & Brandt, 2010). The Hayling test in parti-
cular may be useful in demonstrating the presence of a non-
memory impairment in MCI patients, thus improving prognostic
accuracy. Future research should be directed at examining the
predictive utility of the Hayling test and other tests of executive
functioning for conversion of MCI to dementia.

Although executive dysfunction has been reported in the
earliest stages of AD and in MCI, and the present study found
deficits in several sub-domains of executive functioning in
MCI, the neural substrates of these deficits remain unclear.
Although frontal lobe atrophy is not characteristic of MCI or
very early AD (Whitwell, Przybelski, et al., 2007), recent PET
studies using PiB uptake as an in vivo amyloid marker have
found uptake in frontal cortex (among other areas), with MCI
patients showing a bimodal pattern (the majority being similar
to AD with a similar distribution, and a minority showing low
binding, or binding intermediate between controls and AD;
Rabinovici & Jagust, 2009; Villemagne et al., 2008). Although
some studies have found an association between PiB uptake
and episodic memory performance (see Quigley, Colloby, &
O’Brien, 2011), the relationship between PiB uptake and
cognition varies widely within and across groups (Rabinovici
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& Jagust, 2009). Thus, the possibility that amyloid pathology
in frontal brain areas may relate to our findings is intriguing but
speculative at this point.

One possible explanation for executive dysfunction in early
AD and MCT is that AD can be characterized as a disconnection
syndrome. This is evidenced by neuronal damage in cortico-
cortical connections and a loss of coherence in brain activity
between anterior and posterior regions and between hemispheres
(for reviews, see Bokde, Ewers, & Hampel, 2009; De Lacoste &
White, 1993; Delbeuck, Van der Linden, & Collette, 2003;
Salmon & Bondi, 2009). Therefore, the executive dysfunction
seen in AD and MCI may be due to multiple neuropathological
and metabolic changes in anterior and posterior regions and/or
the classic limbic system which involves both medial temporal
and anterior cingulate regions. This loss of anatomical and
functional connectivity could explain deficits in cognitive areas
that rely on distributed networks connecting different regions,
such as executive functions (Delbeuck et al., 2003; Morris,
2004). It is interesting to note that there is some evidence of
impairment in AD and MCI on tasks requiring information
integration (Festa et al., 2005; Foster, Behrmann, & Stuss, 1999;
Golob, Miranda, Johnson, & Starr, 2001). Some groups,
including ours, are beginning to investigate cortical connectivity
and its relation to cognitive functioning in MCI (e.g., Jiang &
Zheng, 2006; Johns, Davies, & Phillips, 2011; Pijnenburg et al.,
2004), but more work is needed in this area.

Two potential limitations of the present study warrant
mention. First, we were unable to statistically control for the
presence of mild depression in the MCI patients in our ana-
lysis of severity and frequency of impairment; thus, it is
unknown to what extent mild depression may influence
degree or frequency of impairment on the Hayling test or
verbal fluency (i.e., the two tests with which GDS scores
were correlated). Nevertheless, we believe our approach was
clinically valid, as it is common that MCI patients will pre-
sent with symptoms of mild depression. Second, it would
have been desirable to have had a larger sample size, which
would have allowed us to undertake a factor analysis of the
multiple measures of executive function to better explore the
inter-relationships between the sub-domains.

In summary, we demonstrated that impairment is common
in amnestic MCI across multiple sub-domains of executive
functioning. Significant group differences were found between
MCI patients and normal controls on all executive tests
administered in this study. Furthermore, impairment was
observed in all five sub-domains, and more than half of MCI
patients were impaired within each of the sub-domains, with a
particularly severe and frequent impairment in inhibitory
control (Hayling test). These results indicate that, in addition to
impairments in episodic memory, executive impairment is an
important aspect of MCI. As noted above, there is a risk that
such deficits might be missed in the course of a clinic or bed-
side assessment and this points to the importance of having a
thorough neuropsychological evaluation when resources exist.
Importantly, tests of executive functioning, and particularly
inhibitory control, should be used in any neuropsychological
test battery used to detect and characterize MCIL. Our study
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contributes to the growing discussion of the importance of
assessing multiple measures in multiple domains of cognition
and the consequent impact on the diagnosis of MCI (Ganguli
et al., 2011; Schinka et al., 2010). This will help with early and
accurate diagnosis, improve case management, and potentially
contribute to the identification of persons with a particularly
high risk of developing dementia.
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Summary of studies for which the primary goal was to characterize neuropsychological function in aMCI patients and which

examined performance on at least one test of executive function.

EF Sub-domain

Measure

Study

Deficit

No
Deficit

Divided Attention

Working Memory

Inhibitory Control

Verbal Fluency

Baddeley and Papagno Dual-Task
Brown-Peterson

Divided attention paradigm
Dual-task paradigm

Tests of Everyday Attention —
Telephone Search

Digit Span — Backward

WMS-II Spatial Span
CANTAB - Spatial Working Memory

CANTAB - Spatial Span
N-Back
Parallel Serial Mental Operations

D-KEFS Color-Word Interference

Stroop

Flanker Task
Hayling

Go/No-Go

Picture Word Test
Phonemic

Lopez et al., 2006
Belleville et al., 2007
Dannhauser et al., 2005
Lonie et al., 2009b
Nordlund et al., 2005
Brandt et al., 2009

Price et al., 2010
Bisiacchi et al., 2008
Chang et al., 2010
Grundman et al., 2004
Kramer et al., 2006
Lopez et al., 2006
Muangpaisan et al., 2010
Zhou & Jia, 2009
Zihl et al., 2010
Griffith et al., 2007
Egerhazi et al., 2007

Saunders & Summers, 2010

Egerhazi et al., 2007

Saunders & Summers, 2010

Borkowska et al., 2009
Nordlund et al., 2005
Brandt et al., 2009
Price et al., 2010
Belanger et al., 2010
Dwolatzky et al., 2003
Duong et al., 2006
Kramer et al., 2006
Lopez et al., 2006
Nordlund et al., 2005
Traykov et al., 2007
Zhang et al., 2007
Zhou & Jia, 2009
Wylie et al., 2007
Belleville et al., 2007
Bisiacchi et al., 2008
Brandt et al., 2009
Dwolatzky et al., 2003
Zhang et al., 2007
Zihl et al., 2010
Nordlund et al., 2005
Bisiacchi et al., 2008
Duong et al., 2006
Griffith et al., 2006
Kramer et al., 2006
Lonie et al., 2009a
Lopez et al., 2006
Muangpaisan et al., 2010
Murphy et al., 2006
Nordlund et al., 2005
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Continued

E.K. Johns et al.

EF Sub-domain

Measure

Study

Deficit

No
Deficit

Planning

Cognitive
Flexibility

Semantic

Clock Drawing

Maze task
Porteus Maze

D-KEFS Tower

Stockings of Cambridge

BADS - Action Program Test

BADS - Key Search Task

BADS - Zoo Map Test

Visuospatial Problem Solving Battery
Measurement of Everyday Functioning
California Card Sort Test

Modified Card Sort - Perseverations
Wisconsin Card Sorting Task

BADS - Rule Shift Cards Test

CANTARB - Intra—Extra Dimensional Set
Shifting

Trail Making Test - Part B

Nutter-Upham et al., 2008
Olson et al., 2008
Phillips et al., 2004
Price et al., 2010
Traykov et al., 2007
Zihl et al., 2010
Chang et al., 2010
Chen et al., 2009
Duong et al., 2006
Griffith et al., 2007
Grundman et al., 2004
Kramer et al., 2006
Lonie et al., 2009a
Lopez et al., 2006
Muangpaisan et al., 2010
Murphy et al., 2006
Nutter-Upham et al., 2008
Olson et al., 2008
Price et al., 2010
Ribeiro et al., 2006
Traykov et al., 2007
Zhang et al., 2007
Zhou & Jia, 2009
Zihl et al., 2010

Zhou & Jia, 2009
Grundman et al., 2004
Olson et al., 2008
Griffith et al., 2007
Ribeiro et al., 2006
Grundman et al., 2004
Brandt et al., 2009
Zhang et al., 2007
Zihl et al., 2010
Brandt et al., 2009
Egerhazi et al., 2007
Espinosa et al., 2009
Espinosa et al., 2009
Espinosa et al., 2009
Beversdorf et al., 2007
Farias et al., 2006
Zhou & Jia, 2009

Traykov et al., 2007
Borkowska et al., 2009
Nordlund et al., 2005

Olson et al., 2008

Chen et al., 2009

Espinosa et al., 2009
Saunders & Summers, 2010

Brandt et al., 2009
Chang et al., 2010
Nordlund et al., 2005
Olson et al., 2008
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Continued
No
EF Sub-domain Measure Study Deficit Deficit
Traykov et al., 2007 X
Trail Making Test - Part B minus Part A Lonie et al., 2009a X
Price et al., 2010 X
Zhang et al., 2007 X
Trail Making Test - Part B/Part A Lopez et al., 2006 X
Modified Trail Making Test Kramer et al., 2006 X
Dementia Rating Scale - Initiation/ Griffith et al., 2006 X
Perseveration
Griffith et al., 2007
Shifting on Semantic Fluency Nutter-Upham et al., 2008
Task-Switching — Local Switch Cost Sinai et al., 2010
Belleville et al., 2008 X
Schmitter-Edgecombe & X

Sanders, 2009




