ORIGINAL STUDY

Problem Solving Ability in Patients With Mild
Cognitive Impairment
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Background and Objective: It is important to determine which
patients with mild cognitive impairment (MCI) are at risk for
progression to dementia. The presence of mild impairments not
restricted to the domain of memory may suggest such
progression. Our goal is to determine how well a visuospatial
problem solving task assessing the cumulative burden of frontal
and posterior damage differentiates MCI patients from matched
controls.

Methods: Twenty-six patients with MCI [Clinical Dementia
Rating (CDR) score of 0.5] and mini-mental state examination
(MMSE) scores of at least 24/30, were compared with 20 age
and education level matched controls without cognitive impair-
ment. All patients were given the MMSE, Hopkins Verbal
Learning Test (HVLT), Boston Naming Test (BNT), Rey
Complex Figures copying (RCF), anagrams, and visuospatial
problem solving battery (VPS). The VPS is a complex problem
solving task, which we predicted would better discriminate
patient groups than the relatively simpler tasks.

Results: Differences existed between groups on most tasks, but
logistic regression revealed that the VPS discriminated the 2
groups better than the other nonmemory cognitive tests.

Conclusions: The VPS, a problem solving task assessing the
cumulative burden of frontal and posterior damage is more
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sensitive for detecting nonmemory impairments in MCI than
other tasks. Future research will be needed to determine if
impairment in the VPS is a sensitive predictor of progression to
dementia or treatment response.

Key Words: mild cognitive impairment, problem solving,
dementia, visuospatial, memory, language, executive function,
Alzheimer disease
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M ild cognitive impairment (MCI) is a condition
characterized by impaired memory and preserved
activities of daily living.!>2 Patients with MCI are at
significantly increased risk for developing dementia.’
Some researchers propose MCI as the mildest end point
on the spectrum of Alzheimer disease.* With the recent
advances in the treatment options for Alzheimer disease,
much attention has been directed at early recognition of
Alzheimer disease for implementation of treatment.
Therefore, one would wish to identify affected patients
before the disease becomes fully manifested using a test
that has minimal cost. The potential role of neuropsy-
chologic testing has been demonstrated in identifying
preclinical Alzheimer disease in community-based epide-
miologic studies.®

Most common methods of testing for cognitive
impairment suggestive of Alzheimer disease rely upon
tests, which are commonly described as focusing on a few
cognitive domains (language, memory, visuospatial func-
tion, etc) or batteries of combinations of such tests.
However, all such tasks, regardless of how they are
categorized, will use multiple cognitive domains.

Functional ability may be supported by compensa-
tory mechanisms if individual cognitive domains are
mildly impaired. Patients with Alzheimer disease have
deficits in multiple domains and are therefore less able to
compensate. Some researchers have suggested that tests
assessing cognitive flexibility are more sensitive than other
cognitive tests for detecting the early impairment in
Alzheimer disease.” Cognitive flexibility is predominantly
considered an integrated function of the frontal lobes,3 !
and frontal lobe related findings are common in most
forms of dementia, including Alzheimer disease.”'? It is
proposed that the frontal lobe findings may be further
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enhanced by disordered interactions between the frontal
lobes and the impaired posterior cortical regions,” thus
further diminishing the patient’s ability to compensate.

As a result, we used a problem solving task, which
includes cognitive flexibility and a visuospatial task with
a multistep command. We will use this task to determine
which patients with MCI are beginning to develop
nonmemory impairments. This task has demonstrated
impairments in patients with frontal lobe lesions, due
to impaired strategy shifting (cognitive flexibility), and
in patients with parietal lobe lesions, due to difficulty
manipulating visual material,'> which would seem opti-
mal for examining the interaction of frontal and posterior
cortical regions in this setting. Such a task may therefore
result in a more sensitive assessment of the cumulative
effect of the nonmemory cognitive impairments and thus
help discriminate patients with stable isolated memory
impairments from those at greatest risk for progression to
dementia. Our hypothesis is that the visuospatial problem
solving task (VPS) will be more sensitive for detecting
nonmemory impairments in MCI than other tests of
nonmemory impairment.

METHOD

Participants

Participants were considered for this study if they
were referred to one of the authors (D.Q.B.) at the Ohio
State University Memory Disorders Clinic for a chief
complaint of memory loss and if family members reported
no impairment of activities of daily living. MCI partici-
pants were 26 consecutive patients referred in this manner
with a Clinical Dementia Rating (CDR)'*'®> score of
0.5, and a Folstein Mini-Mental Status Examination
(MMSE)'¢ score of at least 24. Controls were 20 age and
education level matched individuals without cognitive
impairment as initially judged independently by both
the clinician and a reliable friend or family member.
Fourteen participants with mild-to-moderate dementia
(CDR =1 to 2, MMSE = 17-23, mean = 20.4, standard
deviation = 2.2) were also tested. Table 1 shows
the subject demographic variables. All participants
were consented before participation in accordance with
the Institutional Review Board of The Ohio State
University.

Procedure

All patients were given the MMSE to assess global
function across several domains including memory, and
the Hopkins Verbal Learning Test (HVLT)' to assess

verbal memory, and also nonmemory tasks including
the Boston Naming Test (BNT)'® [primarily considered
as assessing language gnaming)], Rey Complex Figure
copying (Rey CFT)"” 2! (primarily considered as
assessing visuospatial ability), a series of anagrams
(primarily considered as assessing verbal and divergent
cognitive flexibility)** (Rearrange these letters to form an
English word: OGRF, RDWO, FALC, LANI,
MHBTU, HTRSI, DSLEI, TMLAE), and the visuospa-
tial problem solving battery (VPS) adapted from the
“matchstick” problems!3-23 (Fig. 1). Patients were
given sample problems for the VPS and anagrams
before testing, and were subsequently allowed to see
examples of solutions for these samples, so that they
understood the tasks (Fig. 1). As with our previous work
with these types of tasks,2? solution latencies were
recorded as the measure of performance for both VPS
and the anagrams test, and a maximum time of 4 minutes
was allowed for each VPS problem, and 2 minutes for
each anagram. All measures were administered in 1 hour
testing sessions.

RESULTS

Fourteen mild-to-moderate dementia patients were
largely unable to complete the VPS task. Eleven of the
patients failed to solve any problems, and an average of
less than 1 VPS problem (0.79) was solved by the mild-to-
moderately impaired group. In contrast, all of the control
subjects solved at least 3 of the 6 problems (mean = 5.05,
SD = 1.00) with 8 of these subjects solving all 6 correctly.
The mild-to-moderate dementia patients were thus
excluded from further analysis.

Performance of MCI patients on these tasks was
compared with control subjects using independent sam-
ples ¢ tests (Table 2). MCI patients demonstrated
significantly worse performance on all tasks aside from
anagrams, which demonstrated a trend towards a worse
performance in MCI patients.

Nonmemory tasks showing significant differences
were used in logistic regression models with single and
multiple predictors to determine the discriminatory power
of these tasks. As a single predictor, each of the BNT
(P =0.029), Rey CFT (P = 0.012), and VPS (P = 0.002)
are significant, with increasing ability to predict in that
order (R? for VPS = 0.24 and 0.13 for the other 2). In 2
predictor models with VPS as a predictor it was always
significant (P < 0.015) whereas the other factor (BNT,
P=0.353 or Rey CFT, P=0.300) was not. The
associated R? values in both models were 0.26. Sum of

TABLE 1. Patient Demographics

MCI Controls Dementia Sig. (MCI vs. Controls)
N 26 20 14
Sex 12 male, 14 female 6 male, 14 female 3 male, 9 female
Age (y) 67.5 (SD 8.9) 68.0 (SD = 8.3) 72.4 (SD =17.1) t(44) = 0.194, P = ns
Education level (y) 14.4 (SD = 2.8) 14.4 (SD = 2.8) 13.8 (SD = 3.4) t(44) = 0.028, P = ns
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EXAMPLE

CROSS OUT 1 LINE
LEAVING 5 SQUARES
EVERY LINE MUST BE PART OF SOME SQUARE

CORRECT ANSWER

PROBLEMS

CROSS OUT 3 LINES
LEAVING 4 SQUARES
‘ EVERY LINE MUST BE PART OF SOME SQUARE

CROSS OUT 3 LINES
LEAVING 4 SQUARES
EVERY LINE MUST BE PART OF SOME SQUARE

/\/

CROSS OUT | LINE
LEAVING 3 TRIANGLES
EVERY LINE MUST BE PART OF SOME TRIANGLE

\
/

FIGURE 1. Visuospatial problem solving task and sample tasks.

the standardized VPS (inverted), Rey CFT, and BNT was
a significant predictor (P = 0.0013) with a model
R*=0.28, improving upon each of the individual
predictors. When combined with education, the model
R? increased to 0.33, with the sum of scores being a highly
significant predictor (P = 0.0007) and education level
showed a trend (P = 0.09). SAS JMP (Version 5.1; SAS
Institute, Cary, NC) was used for these analyses. A
stepwise discriminant function analysis was also per-
formed including VPS, Rey CFT, and BNT to determine
the relative strength in discriminating between the groups.
At the first step, the VPS was entered into the equation,
which significantly discriminated between the groups
(x> = 17.1, P <0.0005). Neither of the other variables
met required tolerance limits, and thus failed to provide
any additional discriminatory power.

EXAMPLE

MOVE 2 LINES TO MAKE
2 SMALL SQUARES
EVERY LINE MUST BE PART OF SOME SQUARE

CORRECT ANSWER

PROBLEMS

MOVE 3 LINES TO MAKE 5 SMALL SQUARES
‘ ‘ EVERY LINE MUST BE PART OF SOME SQUARE

MOVE 2 LINES TO MAKE 5 SMALL SQUARES
EVERY LINE MUST BE PART OF SOME SQUARE

MOVE 3 LINES TO MAKE 7 SMALL SQUARES
EVERY LINE MUST BE PART OF SOME SQUARE

DISCUSSION

Since participants were referred for memory loss
and met our criteria for MCI, we expected that the HVLT
(verbal memory task) and MMSE (which includes a
significant memory component—both orientation and
verbal memory) would yield significant impairment in our
MCT patients. However, we wished to detect which MCI
patients are developing impairments beyond the domain
of memory, to potentially detect greatest risk for the
development of dementia. Among those nonmemory
tasks that demonstrated a significant difference between
groups, logistic regression showed that the VPS provided
additional discriminatory power beyond the other tasks.
Furthermore, with stepwise discriminant function analy-
sis, after entering the VPS, which significantly discrimi-
nated between groups, neither of the other tasks provided

TABLE 2. Comparison Between Groups on Each Task

MCI Controls Sig.
MMSE 26.1 (SD 1.7) 28.8 (SD 1.4) t(44) = 5.643, P <0.0005
HVLT 14.8 (SD 5.9) 25.0 (SD 5.7) t(44) = 5.905, P < 0.0005
Rey CFT 18.8 (SD 6.6) 24.0 (SD 5.1) t(44) = 2.882, P < 0.006
BNT 48.1 (SD 10.0) 54.4 (SD 5.0) t(44) = 2.547, P <0.009
VPS 881.0 (SD 360.7) 493.7 (SD 241.5) t(44) = 4.137, P <0.0005
Anagrams 471.7 (SD 192.9) 389.5 (SD 120.1) t(44) = 1.669, P <0.084
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any additional discriminatory power. Therefore, the VPS
seems to be more sensitive for nonmemory impairments
than the other tests. Furthermore, the VPS task is
sufficiently sensitive that patients with mild-to-moderate
dementia (MMSE 17-23) were largely unable to perform
the task. We cannot exclude the possibility that the timed
nature of the VPS may have contributed to our findings.
However, the anagrams were also timed and were
not as sensitive for discriminating the 2 groups as the
VPS. Furthermore, the limited nature of the neuropsy-
chologic battery used also serves as a limitation in this
pilot study.

Functional ability may be maintained by using
compensatory mechanisms when individual cognitive
domains are mildly affected, but patients with Alzheimer
disease have significant deficits in multiple domains and
are therefore less able to compensate. While cognitive
flexibility is often considered a frontal lobe function,® '
tests assessing cognitive flexibility have been proposed as
sensitive for detecting early impairment in Alzheimer
disease.” Frontal lobe findings remain common in
Alzheimer disease,”'? likely due to frontal lobe impair-
ments being augmented by disordered interaction be-
tween the frontal lobes and posterior cortical regions.’
The VPS was designed as a task assessing the cumulative
burden of frontal and posterior damage, including
cognitive flexibility (ability to shift strategy), within one
task,’? thus, we propose, enabling a more sensitive
assessment of the cumulative effect of the nonmemory
cognitive impairments. Therefore, the VPS may provide
a sensitive and inexpensive test for the presence of
nonmemory impairments in MCI. Future work will be
needed to examine whether the VPS, or other tasks
designed in a similar manner (tasks assessing the
cumulative burden of frontal and posterior damage), are
sensitive predictors of progression to dementia in MCI
patients. Future work will also be needed to determine
whether the VPS is a more sensitive measure of response
to Alzheimer drugs such as cholinesterase inhibitors in
MCI.
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