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Abstract

Objective—Elderly persons with mild cognitive impairment (MCI) are at increased risk of dementia
and functional impairments. The present study investigated the contribution of three domains of
executive cognition to everyday functioning among persons with MCI.

Methods—124 MCI patients and 68 cognitively normal elderly participants were administered a

cognitive screening battery. These tests were used to divide patients into four subgroups (amnestic
single domain, amnestic multiple domain, non-amnestic single domain, and non-amnestic multiple
domain). Subjects were then administered 18 executive function tests that assess planning/problem-
solving, working memory, and judgment. Performance of everyday activities and everyday cognition
was rated with two informant-reported measures.

Results—AlIl MCI subtypes had more difficulties in everyday activities than cognitively normal
elderly participants. Multiple domain MCI patients had more functional impairments than single
domain MCI patients. Contrary to our expectations, only one executive function component, working
memory, contributed significantly to functional status after controlling for demographic, health-
related and other cognitive factors.

Conclusions—~Functional abilities are compromised in all MCI subtypes. Working memory may
be associated with functional impairments, but general cognitive measures account for more unique
variance.
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Introduction

Mild cognitive impairment (MCI) is a clinical syndrome with multiple etiologies and outcomes
that range from normal cognitive aging to dementia (Fischer et al., 2007). One of the defining
features of MCl is “grossly’ preserved functional abilities and cognitive deficits that do not
considerably disrupt daily activities (Winblad et al., 2004; Petersen, 2004b). However, there
is accumulating evidence that approximately one third of MCI patients have difficulties in
instrumental activities of daily living, especially in managing their finances, making medical
decisions, and completing everyday tasks that rely heavily on memory and complex reasoning
(Albert et al., 2002; Tuokko et al., 2005; Farias et al., 2006; Peres et al., 2006; Perneczky et
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al., 2006; Okonkwo et al., 2007; Allaire et al., 2008). Functional restrictions might comprise
the independence, safety or quality of life of patients, and contribute to caregiver burden and
community expenses (Gauthier et al., 2006). Identifying these restrictions and understanding
their cognitive correlates could lead to an earlier and more effective intervention (Bell-McGinty
et al., 2002).

Several clinical subtypes of MCI have been identified based on the nature of cognitive deficits
(Winblad et al., 2004; Petersen, 2004a). Certain subtypes appear to be at higher risk of
developing dementia than others (Alexopoulos et al., 2006). Identifying the degree of
functional impairment in these subtypes could contribute to patient prognosis, since the
presence of functional impairments is related with higher rates of conversion to dementia
(Purser et al., 2005; Peres et al., 2006). However, few studies have compared the functional
abilities of different MCI subtypes and they have produced contradictory findings. While two
studies found that amnestic multiple domain (AM) MCI patients have greater functional decline
than other MCI subtypes (Tam et al., 2007; Kim et al., 2009), Schmitter-Edgecombe et al.
(2009) reported similar patterns of everyday functioning in amnestic and non-amnestic MCI
groups.

Research on the cognitive correlates of functional decline in MCI patients has focused on verbal
learning, memory, and executive cognition (Okonkwo et al., 2006; Pereira et al., 2008;
Tomaszewski Farias et al., 2009). The contribution of distinct memory processes to everyday
functioning has been recently examined in MCI patients (Schmitter-Edgecombe et al., 2009).
However, to our knowledge, there are no studies investigating the contribution of specific
domains of executive functions to the functional abilities in well-characterized MCI patient
groups.

Studies of the effects of executive cognition on daily activities in non-demented geriatric
individuals with various degrees of *subclinical’ impairment have yielded mixed results.
Several authors have suggested that inhibitory control, mental flexibility, psychomotor speed,
or sequencing ability contribute significantly to functional abilities (Bell-McGinty et al.,
2002; Cahn-Weiner et al., 2002; Jefferson et al., 2006). Others have indicated that measures
of planning and problem solving are stronger correlates (Lewis and Miller, 2007). Some of the
differences in conclusions stem from the fact that different tasks or even different measures of
the same cognitive task have been used and there has been no empirical validation of the
executive domains underlying those tasks. Although abilities such as initiation, planning,
judgment, self-monitoring, and mental flexibility are studied under the term executive
cognition, there is no consensus on the definition of executive functions and their
subcomponents (Burgess and Shallice, 1997; Miyake et al., 2000; Ardila, 2008). In addition,
some studies have reported minimal variance explained by executive function measures
(Richardson et al., 1995), while others have reported up to 54% explained variance (Bell-
McGinty et al., 2002).

The first goal of this study was to investigate the functional abilities of four well-defined MCI
patient groups. More specifically, we compared the performance of daily activities and
everyday cognitive tasks of each MCI subgroup to a cognitively normal group. We then
compared the functional status of amnestic (both single- and multiple-domain) to non-amnestic
MCI (both single- and multiple-domain), and of those with single to multiple-domain
impairments. Our second aim was to test whether specific, empirically defined domains of
executive function components are uniquely associated with functional abilities in MCI
patients. We sought to determine whether executive functions predict functional status above
and beyond demographic and health-related factors and other cognitive variables.
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Participants

Procedures

124 patients with MCI and 68 cognitively normal elderly individuals were studied. Most
participants (81%) were recruited from the Johns Hopkins Alzheimer’s Disease Research
Center (ADRC) and from other research studies. A small number of participants (19%) were
referred from University clinics and physicians in the community. The majority of the
participants were Caucasian (87.5%); 11.5% were African-American.

Inclusion criteria were normal overall cognitive status, defined as a score in the normal range
(i.e., at or above the 20th percentile for age and education) on the Mini-Mental State
Examination (MMSE) (Bravo and Hebert, 1997), and normal or ‘relatively preserved’
functional status defined by an overall score of 0 (for normal subjects) or 0.5 (for MCI subjects)
on the Clinical Dementia Rating (CDR) (Hughes et al., 1982).

Exclusion criteria were any history of major mental illness, CNS disorder or active systemic
illness (e.g., cancer). Volunteers with past or present depression were not excluded since
depression is very common in MCI and may be related to outcome (Jorm, 2001; Lyketsos et
al., 2002).

The following screening tests were administered to determine subjects’ group assignment:
Logical Memory (story A) of the Wechsler Memory Scale-Revised (WMS-R) (Wechsler,
1987), the 30-item version of the Boston Naming Test (Goodglass and Kaplan, 1983; Brandt
and Mellits, 1989), word list generation (for the letters FAS and the semantic categories animals
and vegetables) (Salmon et al., 1999; Rascovsky et al., 2007) and clock drawing to request
(Rouleau et al., 1992). Finally, each participant was required to have an ‘informant’, who could
provide information on his/her everyday functioning. The majority of the informants were
spouses of the participants (57.6%), 20.9% were adult children, 5.2% were siblings, 2.6% were
other relatives, and 11% were friends and the average length of the association with the
participant was 46.14 years (SD = 15.19). Depressive symptoms were evaluated with a short
form of the Geriatric Depression Scale (GDS) (Sheik and Yesavage, 1986).

MCI group—~Participants were diagnosed with MCI according to Mayo Clinic criteria
(Petersen, 2004b). An informant- or self-reported history of cognitive difficulties was required.
Further inclusion criteria were an overall CDR score of 0.5, and performance at or below 1.5
standard deviations below the mean for age and education according to published norms on
one or more of the screening tests. The MCI patients were then categorized into four subgroups
based on the performances on the screening tests (see Figure 1): amnestic single domain (AS)
(N = 36); amnestic multiple domain (AM) (N = 45); non-amnestic single domain (NAS) (N =
26), and non-amnestic multiple domain (NAM) (N = 17).

Normal control group—A self- and informant-reported history of unimpaired cognitive
functioning was required for each cognitively normal control subject. Further inclusion criteria
were an overall CDR score of 0 and scores in the normal range on all screening battery tests.

Executive function measures—Eighteen clinical and experimental tests of executive
functions were administered. The tests were initially chosen to represent the six following
executive domains (three tests from each domain): spontaneous flexibility/generativity,
inhibition of prepotent responses, planning/sequencing, concept-rule learning/set shifting,
decision-making/ judgment, and working memory/resource sharing. Principal components
analysis was performed to extract empirical factors and resulted in a three component solution:
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planning/problem-solving, working memory, and judgment. The tests that loaded higher on
each component are summarized in Table 1. The details of the statistical procedures have been
previously described (Brandt et al., 2009).

Measures of functional status—Two informant-reported ratings of daily functioning
were used. We selected informant- over self-reported measures because the former have been
shown to have greater validity in cognitively impaired persons (Albert et al., 2002; Mitchell
and Miller, 2008).

The Activities of Daily Living-Prevention Instrument (ADL-PI) (Galasko et al., 2006) consists
of 15 items assessing performance on complex activities of daily living rated on a 3-point scale
(0 = “no difficulty’ to 2="a lot of difficulty’) and five physical function questions requiring as
a‘yes’ or ‘no’ response. It isasensitive measure for the detection of minor changes in functional
status in the transition from cognitively normal to MCI. The sum of ratings on the 15 functional
items constitutes the score. For the purposes of our study, we calculated an additional
dichotomous variable (no difficulty/at least some difficulty) for each ADL-PI item. Our
intention was to explore and document the presence of a restriction on specific ADL-PI
activities rather than the severity/degree of the restriction. The number of reported physical
restrictions (e.g., impaired visual or auditory acuity or mobility) is summed to create a measure
of physical health obstacles to independent functioning.

The Informant Questionnaire on Cognitive Decline in the Elderly (IQCODE) (Jorm and
Jacomb, 1989) measures changes in an elderly subject’s everyday cognitive abilities that are
manifested in daily life. It is considered ‘a measure of the disablement caused by cognitive
decline’ (Jorm et al., 1996, p. 137). Twenty six cognitive activities of daily life are described
and rated on a 5-point scale compared to 10 years previously (1=*much better’, 5=*much
worse’). The mean of the 26 ratings was used in our analyses.

The Johns Hopkins University Institutional Review Board fully reviewed and approved the
study protocol. Written informed consent was obtained from all participants and their study
partners.

Data analysis

Statistical analyses were performed using SPSS 15. One-way ANOVAS were used to compare
the five groups on demographic and clinical characteristics. Group differences on the two
measures of everyday functioning were investigated with non-parametric tests (Mann-Whitney
U, Kruskal-Wallis H, or x?) due to the fact that scores were not normally distributed. y2 was
used to test the association of participants’ group membership with the frequency of reported
difficulties on specific ADL-PI items.

The contribution of executive cognition to everyday functioning among the MCI patients was
examined with a series of stepwise multiple regression analyses. Because each of the MCI
subgroups was quite small, we did not perform the regression analyses on the subgroups
separately. In the first set of analyses, the relative contribution of the three executive function
components to ADL-PI and IQCODE scores was investigated in stepwise models, since our
goal was to investigate which executive domain (if any) has the greatest unique contribution
to everyday functioning. In the second set of analyses, hierarchical regression models were
used to address our hypothesis that executive functions would add significantly to the
prediction of functional status above and beyond the potential contribution made by
demographic (age, education), health-related (depression, physical limitations), and other
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cognitive variables (screening battery tests), all factors that have been shown to be associated
with functional status and decline (Stuck et al., 1999).

The demographic and clinical characteristics of the participants are summarized in Table 2.
The groups differed in age, with normal elderly subjects being younger than the AM
participants (p < 0.001). The groups had equivalent levels of education, but differed in sex
distribution (p = 0.002); men predominated in the AS group and women in the NAM and NC
group. Normal control participants had higher MMSE scores than the MCI subjects (p < 0.001)
and lower GDS scores than the AM (p = 0.001) and the NAM group (p = 0.014).

Everyday functioning in MCI subtypes

The correlation between ADL-PI and IQCODE scores in our MCI sample was r = 0.68, (p <
0.001). This indicates that although the two scales measure overlapping aspects of adaptive
functioning, there is considerable unshared variance between them (53%). The IQCODE
measures more cognitively demanding tasks that rely considerably on episodic memory,
whereas the ADL-PI is a measure of general functioning that taps into a broader range of
abilities (Galasko et al., 2006; Jorm et al., 1996).

Figure 2 displays mean scores of the four MCI subgroups and the normal elderly participants
on the two functional measures. MCI patients, as a group, had higher ratings on ADL-PI,
indicating worse functional status (U = 1706, p < 0.001). A series of y2 analyses on the
individual items of the ADL-PI revealed that significantly more MCI subjects than NC subjects
were reported to have at least some difficulty on 12 of 15 ADL-PI items. The exceptions were
appliance usage (y“ = 3.21, df = 1, p > 0.05), cleaning/laundry (x* = 3.607, df = 1, p > 0.05),
and meal preparation (x2 = 2.802, df = 1, p > 0.05). The greatest difficulties MCI patients faced
were in keeping appointments (32 = 15.78, df = 1, p < 0.001), finding things at home (x2 =
15.12, df = 1, p < 0.001), remembering current events (x2 =21.78, df = 1, p < 0.001), and using
the telephone (x2 = 6.89, df = 1, p = 0.007) (see Figure 3).

To investigate whether only specific MCI subgroups had compromised functioning, we then
compared the functional status of each of the four MCI subgroups to the NC group. On the
ADL-PI, both the AM and NAM patients had worse functional status than the NC participants
(U=536.50, p<0.001; and U =182.50, p< 0.001, respectively). Even the single domain patients
(AS and NAS) differed significantly from the NC subjects (U = 504.50, p< 0.001; and U =
482.50, p = 0.011). Finally, multiple domain MCI patients (AM and NAM) did not differ from
single domain MCI patients (AS and NAS), and amnestic patients (AS and AM) did not differ
from non-amnestic patients (NAS and NAM).

On the IQCODE as well, MCI patients, as a group, had higher ratings (worse functional status)
than cognitively normal participants (U = 1382, p < 0.001). Comparisons of the NC group to
each of the four MCI subgroups revealed that all four groups differed significantly from the
NC group (AM: U = 216.50, p < 0.001; NAM: U = 140.00, p < 0.001; AS: U =607.50, p =
0.001; NAS: U=418.00, p=0.003). Multiple domain MCI patients differed from single domain
MCI patients on this functional measure (p <0.001), whereas amnestic patients did not differ
from non-amnestic patients (p > 0.05).

Predictors of functional status

The potential contribution of the three executive domains to functional outcome was first
evaluated with stepwise linear regression analyses. Only working memory contributed
significantly to ADL-PI score, accounting for just 3.8% of the variance [F(1,112) = 5.467,
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=-.217, p = 0.021] and to the IQCODE score, accounting for only 7.1% of the variance [F
(1,110) = 9.350, B =—.281, p = 0.003]. Lower scores on working memory were associated with
higher ratings on the ADL-PI and IQCODE, thus indicating poorer functional outcome. Neither
planning/problem-solving nor judgment contributed significantly to ADL-PI or IQCODE
score.

A series of hierarchical regression models were then developed to determine whether executive
cognition predicts functional outcome in MCI patients above and beyond demographic,
clinical, and other cognitive factors. In the first block, demographic and clinical variables (age,
education, GDS score, and physical limitations) were allowed to enter; in the second block,
the five tests of the screening battery (MMSE, Logical Memory subtest [delayed recall of story
A], Boston Naming Test, word list generation, and clock drawing to request) could enter;
finally, in the third block, only the working memory component score was allowed to enter,
since this component was the only executive component associated with everyday functioning.
The independent variables were entered in a stepwise fashion within each block.

For ADL-PI scores, only education (in step 1) and MMSE (in step 2) entered the model [F
(2,108) = 8.836, p < 0.001] (see Table 3). Education accounted for 4.5% of the variance in the
ADL-PIl and MMSE contributed another 8.2%. Working memory did not contribute significant
unique variance to ADL-PI ratings.

None of the demographic or clinical variables contributed significantly to the prediction of
IQCODE score. Clock drawing entered on step 1 (4% variance) and working memory entered
on step 2 (an additional 4.2% of variance) [F(2,106) = 5.730, p < 0.004].

Discussion

The present study replicated previous findings that daily functioning is notably comprised in
a large, well-defined group of MCI patients. Regardless of cognitive subtype, MCI patients
had more difficulties in daily functioning, as rated by knowledgeable informants, than
cognitively normal elderly. More than one third of MCI patients have difficulty keeping
appointments, finding their belongings, remembering current events, and following TV
programs. About 20% reported difficulties driving and using transportation, managing their
finances, organizing and completing activities, and even taking medications. Amnestic and
non-amnestic MCI patients had similar levels of functional impairment. However, patients
with cognitive impairments in more than one domain had more difficulties in daily activities
than those with impairment in a single domain, possibly due to more widespread brain
pathology.

These findings have important implications. The number of MCI informants reporting
difficulties in multiple domains of daily functioning highlights the importance of a detailed
assessment of functional abilities among these patients. Although the functional impairments
in MCI are not as severe as in dementia, MCI patients still require assistance with more
cognitively demanding daily activities. Second, since functional decline might be a harbinger
of a dementing condition, we might predict that multiple-domain MCI patients are at higher
risk of developing dementia than single-domain patients. This conclusion is consistent with
several recent studies (Alexopoulos et al., 2006; Tabert et al., 2006).

Our second finding is that among three empirically validated executive function components
(planning/problem solving, working memory, and judgment), only working memory was
associated with ratings of daily functioning. Even then, the association was quite modest. When
we controlled for other demographic, health-related and cognitive factors, working memory
contributed unique variance on only one of the two measures, the IQCODE. We found that
measures of global functioning and constructional praxis, the MMSE and the clock drawing
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test, were better predictors of ADL-PI, adding more unique variance than any other cognitive
measure.

Most prior studies investigating the relationship of executive functions and performance on
daily activities have not controlled for overall cognitive abilities (Cahn-Weiner et al., 2000;
Bell-McGinty et al., 2002; Lewis and Miller, 2007; Mitchell and Miller, 2008). It might be
argued that global cognitive measures, such as the MMSE, rely on several cognitive abilities
and can therefore obscure the true influence of a specific cognitive domain (Peters and Pinto,
2008). Similarly, the clock drawing test, although primarily a measure of constructional praxis
and visuospatial skills, relies on a broader range of cognitive abilities, including semantic
memory and executive functions (Lowery et al., 2003). Thus, one reason why clock drawing
contributes to everyday functioning may be that it requires planning, seriation, and other
ostensibly executive skills (Lewis and Miller, 2007).

Our results are not directly comparable with previous studies, since we used empirically derived
executive function component scores rather than individual tests or composite scores with only
face validity. We believe this approach to be a significant improvement over prior studies as
it emphasizes the role of underlying neurocognitive deficits rather than test scores.
Nevertheless, we suggest that the present findings are in general agreement with studies
showing that Trail Making Test (part B) and D-KEFS Color-Word Interference are significant
predictors of IADLs (Bell-McGinty et al., 2002; Cahn-Weiner et al., 2002; Schmitter-
Edgecombe et al., 2009). Both tasks load on our working memory component (Brandt et al.,
2009), which was found to predict functional outcome in this study. This component is, of
course, not an unambiguous measure of working memory, but it captures the contributions of
tests requiring multiple tracking, divided attention, and inhibitory control (see Table 1 and also
Brandt et al., 2009).

The specific mechanisms whereby working memory affects everyday functioning remain
incompletely specified. Multi-step tasks in everyday life clearly depend on temporary active
maintenance of specific elements in working memory while other elements are being
performed (Humphrey et al., 2001). These elements include representation of goals, stimuli in
the environment, response states, and response contingencies and production rules (e.g., if
condition X, then perform action Y) (Baddeley, 1986; Kimberg and Farah, 1993). Kimberg
and Farah (1993) suggested that selective damage or ‘weakening of associations’ (p. 114)
between these elements in working memory can disrupt the successful completion of a task.
Moreover, three other functions necessary for everyday functioning depend on working
memory: (a) the ability to ‘maintain the finer temporal details of the structure of a

script’ (Sirigu et al., 1996, p. 297), (b) the ability to monitor conflicts between the actual and
the required sequence of actions (Shallice and Burgess, 1996), and (c) the inhibition of
environmental stimuli distraction and the ‘rejection of action alternatives presented by the
stimulus situation’ (Zanini et al., 2002, p. 88). Further studies on the pattern of difficulties and
errors in everyday tasks are necessary to clarify how working memory affects everyday
functioning in MCI patients.

Regarding the magnitude of the contribution of executive cognition to functional status, our
results stand in contrast to those of Bell-McGinty et al. (2002) who found up to 54% of variance
in functioning explained by executive cognition. However, a recent meta-analysis of 68 studies
in demented and non-demented individuals supports our findings; Royall et al. (2007) found
that the unique variance in functional outcome explained by executive function and other
neurocognitive measures is small to modest (no more than 12%).

Our study has several limitations. First, our MCI sample is a non-random sample of
convenience, with a higher proportion of men. Second, our selection of criteria for defining
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MCI may be questioned, since there is no universally accepted prescription for how the
Petersen/Mayo criteria should be operationalized. However, we applied both clinical criteria
(interview with an informant, yielding a CDR = 0.5), as well as psychometric criteria based
on well-recognized neuropsychological procedures. Third, one might argue that proxy reports
used to assess functional status are less valid than performance-based tests. The latter are, of
course, much more labor-intensive, and performance of an activity while being examined is
likely to be different than performance in everyday life. Finally, the differential contribution
of the executive function domains to everyday functioning was examined to the MCI patients
as a group due to small subgroup sample sizes. This warrants further investigation.

Key Points

e Functional abilities are impaired in all MCI subtypes. Working memory
impairment contributes significantly to IQCODE. General cognitive impairment
accounts for more unique variance than executive impairment.
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Figure 1.

Operational criteria for four groups of participants with mild cognitive impairment. Subjects
in each group performed at or below 1.5 SD below age and education norms on the test(s)
indicated (from Brandt et al. (2009)).
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Figure 2.
Mean ratings (+SE) of proxy on functional status measures: ADL-PI (left panel) and IQCODE

(right panel).
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Figure 3.
Frequency of reported difficulty by MCI patients and NC subjects’ informants on specific ADL
activities.
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Table 1

Summary of tests of executive function that load on the three components

Components

Tests

Planning/problem
solving

Working memory

Judgment

Alternate Uses Test (Guilford et al 1978

Random number generation (Brugger et al., 1996; Jahanshahi et al., 2000)
Tinker Toy Test (Lezak, 1982; Koss et al., 1998)

Porteus Maze Test (Porteus, 1965)

D-KEFS Tower Test (Delis et al., 2001)

D-KEFS Sorting Test (Delis et al., 2001)

Stanford Binet Absurdities Test (Thorndike et al. 1986)

D-KEFS Stroop Test (Delis et al., 2001)

Completions and Corrections Test
(Manning and Brandt, 2006)

Brixton Test (Burgess and Shallice, 1997)
Trail Making Test (Reitan, 1958)
Brief Test of Attention (Schretlen et al 1996)

TEA Telephone Search While Counting
(Robertson et al., 1994)

lowa Gambling Test (Bechara et al., 1998)
Experimental Judgment Test (Brandt et al., 2009)
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