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Neuropsychological Testing Profiles of
Patientswith Alzheimer’s Disease and
Mild Cognitive lmpair ment.

a Case-Control Study

SXiao, PYao, X Li, M Zhang

Abstract

Objective: Toidentify markersof early cognitive changesin Alzheimer’sdisease using abattery
of neuropsychological tests.

M ethods: The study was cross-sectional with a case-control design, and evaluated 3 groups of
subjects: patients with mild and moderate Alzheimer’s disease, those with mild cognitive
impairment, and normal controls. TheWorld Health Organization Battery of Cognitive Assessment
Instruments for elderly people was used to assess the cognitive function of the study patients.
Results: Twenty six individuals with Alzheimer’s disease, 27 with mild cognitive impairment
and 83 controls were recruited. Mean total scores of the Mini-Mental Status Examination were
17.6 (SD, 2.0), 24.2 (SD, 2.1), and 28.7 (SD, 1.1), respectively. The results of the World Health
Organization Battery of Cognitive Assessment Instruments tests demonstrated significant
differences among the 3 groups for all subtests. Similarly, there were significant differences
between the Alzheimer’s disease group and either the control group or the mild cognitive
impairment group for nearly all subtests. However, significant differences between those with
mild cognitive impairment and control subjectswerefound only for some subtests of the battery;
theseincluded auditory verbal learning, delayed recall, sorting, verbal fluency, mini-token, trail
making, visual reasoning, and spatial construction. The group with mild cognitive impairment
performed significantly worse than controls for these tests.

Conclusion: The findings of this study suggest that auditory verbal learning, delayed recall,
sorting, verbal fluency, mini-token, trail making, visual reasoning and spatial construction tests
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are the more sensitive subtests for early detection of Alzheimer’s disease.
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I ntroduction

Alzheimer’s disease (AD) isamajor illness of the modern
era. Most studies have found that nearly 5% of people aged
65 years or older have dementia, of which AD is the most
common cause. In China, community population surveys
indicate that up to 3% to 5% of elderly community residents
aged 60 yearsand older have AD or closely related dementias
of late life.! Since 130 million people in China are older
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than 60 years, it isestimated that approximately 3to 4 million
people in China suffer from AD.

While its aetiology is still unknown, the pathological
manifestations of AD seen at autopsy are well documented:
the characteristic brain atrophy, amyloid plagues, and
neurofibrillary tangles. Atrophy isusual with advancing age
but can be very severe in AD. Cerebral convolutions are
narrowed and sulci arewidened. Third and lateral ventricles
areasymmetrically enlarged. The atrophic processinvolves
the frontal, temporal and parietal lobes. A widespread loss
of nerve cellsisobserved microscopically. Residual neurones
probably lose volume, dendrites, and ribonucleoprotein.
Proliferation of astrocytesisasign of compensation or repair.

The diagnosis of AD at its later stages usually does not
pose much difficulty and the accuracy of making theclinical
diagnosis of AD is reasonably high. However, difficulties
remain in early detection of AD at a presymptomatic phase,
particularly in differentiating early AD from the cognitive
change found in normal ageing. Early diagnosis is very



Table 1. Demographic characteristics of the study groups.

Neuropsychological Profile of Early Alzheimer's Disease

Variable AD MCI NC p Value

Gender (%) >0.05
Male 11 (42.3) 14 (51.9) 42 (50.6)

Female 15 (57.7) 13 (48.1) 41 (49.4)

Occupation (%) >0.05
‘Blue collar’ 16 (61.4) 20 (74.1) 44 (53.0)

‘White collar’ 10 (38.6) 7 (25.9) 39 (47.0)

Marital status (%) <0.05
Married 17 (65.3) 24 (88.9) 76 (91.6)
Widowed/unmarried 9 (34.6) 3(111) 7 (8.4)

Mean age [years (SD)] 71.3 (6.6) 66.7 (4.9) 65.6 (5.9) <0.01

Years of education [mean (SD)] 8.2 (5.6) 9.2 (4.2) 10.0 (3.5) <0.05

Abbreviations: AD = Alzheimer’s disease; MCI = mild cognitive impairment; NC = normal controls.

important because the deterioration of AD may only be
postponed or arrested by treatment in its early stage.?

Since decline in cognitive function (especially in
memory) is usually the earliest manifestation of AD, we
suggest that neuropsychological tests may give valuableevi-
dencefor early detection of AD. Mild cognitiveimpairment
(MCI) isthought to be acognitive deficit state between AD
and normal senility. Elderly subjects with MCI develop
dementia at a rate of 8% to 15% per year, compared with
only about 1% for those with normal cognitive function.®
The present paper reports the efforts to identify neuro-
psychological markers for the purpose of differentiating
individuals with MCI from those with Alzheimer’s disease
and normal elderly people.

M ethods

Subjects

Subjects included 26 patients with mild to moderate

Alzheimer’'sdisease (AD group), 27 elderly peoplewith mild

cognitive impairment (MCI group) and 83 normal controls

(NC group). Inclusion criteria for the AD group were as

follows:

« adefinitediagnosis of AD according to DSM-IV*and the
National Institute of Neurological and Communicative
Disorders and Stroke (NINCDS)® criteria

e age 5510 80 years

e Mini-Mental State Examination (MM SE)® score between
15 and 25

» Hachinski Ischaemic Scale (HIS)” score less than 4

 Global Deterioration Scale (GDS)® rating of 3to 4.

Inclusion criteria for the MCI group were as follows:

e age 5510 80 years

« ahistory of memory decline lasting more than 3 months
but not fully meeting DSM-1V criteriafor dementia

* MM SE score less than 26

« Activity of Daily Living Scale (ADL-21 items)® scoreless
than 26

e GDSrating of 2t0 3

 Absence of specific causes for memory decline or cogni-
tive damage.

The NC group was aged 50 to 80 years and did not meet
the criteria for the AD and MCI groups. All patients with
AD wererecruited frominpatients or outpatients of Shanghai
Mental Health Center. Subjectsin the MCI and NC groups
were drawn from memory clinics or the community.

Measures

The measurement instruments included: the World Health
Organization Neuropsychological Battery of Cognitive
Assessment Instruments (WHO-BCALI) for the elderly,°
composed of verbal learning tests, trail making tests, sorting
and concentration tests, language tests, psychomotor tests,
visual gnostic function tests and spatial construction tests;
the MMSE; ADL; GDS; and HIS.

Data Analysis

Statistical analysis was performed using the Statistical
Package for Social Sciences (SPSS) version 6.1 software.
Continuous demographic variableswere examined using the
t-test and categorical demographic variables were analysed
using the Chi squared test or Fisher exact test. Group
differences were tested using 1-way analysis of variance
(ANOVA) for comparison among 3 groups and Duncan’s
test for comparison between 2 groups.

Results

Sample Characteristics

Demographic data and mean MM SE and ADL scores for
the 3 groups are summarised in Tables 1 and 2. In total, 26
patients with AD, 27 subjects with MCI and 83 NC were

Table 2. Mean Mini-Mental Status Examination (MM SE)
and Activity of Daily Living Scale (ADL) scores of the study
groups.

Test AD MCI NC  pValue
MMSE (SD) 17.7(20) 24.2(21) 287(L1) <001
ADL (SD) 319(89) 24.9(1.8) 214(13) <001

Abbreviations: AD = Alzheimer’s disease; MCI = mild
cognitive impairment; NC = normal controls.
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Table 3. Comparison of World Health Organization Neuropsychological Battery of Cognitive Assessment | nstruments test results of

the study groups.
Test Score [mean (SD)] Three-group comparison ~ AD NC MCI
VErsus  versus  versus
AD MCI Fvaue pVaue MCI AD NC
Verb learning
Test 1 29 (1.3 55 (1.9) 7.3 (2.3 45.6 <0.01
Test 2 41 (1.9 79 (2.2) 10.0 (2.6) 62.5 <0.01
Test 3 4.6 (2.0 8.9 (2.2 11.3 (2.6) 74.3 <0.01
Test 4 49 (22 10.1 (2.3) 12.0 (2.4) 88.9 <0.01
Test 5 55 (2.6) 10.9 (2.4) 13.0 (2.0) 111.9 <0.01 :
Delayed recall 1 2.9 (1.0 5.1 (1.5) 5.8 (1.8) 315 <0.01 . ' NS
Delayed recall 2 4.1 (25) 9.8 (2.9) 11.8 (2.7) 78.4 <0.01 ) : )
Language
Articulation 11.2 (1.5) 12.0 (0.2) 11.9 (0.9) 6.3 <0.01 ) : NS
Naming 6.7 (0.8) 7.0 (0.2) 7.0 (0.2) 7.6 <0.01 : ’ NS
Naming recall 31(13) 5.9 (1.3) 6.3 (0.8) 97.9 <0.01 . ' NS
Verbal fluency 1 82 (29 16.4 (3.6) 19.6 (4.7) 72.9 <0.01 ) : )
Verbal fluency 2 9.6 (5.4) 17.1 (7.0) 21.6 (12.0) 141 <0.01
Mini-token 1.9 (0.9) 2.7 (0.8) 3.4 (0.6) 47.6 <0.01
Visual Gnostic
Visual association 2111 3.5(0.6) 3.7 (0.6) 60.6 <0.01 . ' NS
Visual recognition 17 (1.2) 2.7 (0.9 3.2 (0.8) 275 <0.01 . ) NS
Visual recall 48 (1.5 5.6 (1.5) 6.2 (1.2) 10.9 <0.01 NS ’ NS
Visual reasoning 2.8 (1.8) 4.1(1.8) 6.5 (2.1) 24 <0.01 : i :
Trail making
Trail making A 418.4 (226.3) 129.7 (105.6) 74.7 (29.2) 94.9 <0.01 . ' NS
Trail making B 826.7 (461.2) 282.3 (249.9)  136.6 (50.3) 87.1 <0.01 ) : )
Cancellation
Cancellation 1 21.0 (5.0) 24.8 (2.2) 25.2 (1.9 22.2 <0.01 ) : NS
Cancellation 2 117.0 (133.3) 47.1 (23.3) 41.6 (12.4) 134 <0.01 : ’ NS
Cancellation 3 9.4 (2.5) 10.7 (0.4) 11.0 (1.0) 21.1 <0.01 . ' NS
Sorting 7.0 (1.8) 9.1 (0.9) 9.7 (0.8) 65.8 <0.01 : ’ :
Psychomotor 21.0 (6.2) 26.9 (1.7) 27.6 (0.7) 56.2 <0.01 : : NS
Construction 3.0(23) 4.8 (1.4) 5.5 (0.9) 32.8 <0.01 :
" p< 0.05.

Abbreviations:AD = Alzheimer’s disease; MCI = mild cognitive impairment; NC = normal controls; NS= not significant (p > 0.05).

recruited. The mean ages for the AD, MCI and NC group
were71.3(SD, 6.5), 66.7 (SD, 4.9), and 65.6 (SD, 5.9) years,
respectively. There was no significant difference among the
3 groups in gender and occupation, although significant
differenceswere found in marital status, age, and education
level. The patients with AD were relatively older and less
educated. Mean scores of MMSE were 17.6 (SD, 2.0)
for the AD group, 24.2 (SD, 2.1) for the MCI group, and
28.7 (SD, 1.1) for the NC group. ADL assessment scores
for the AD, MCI, and NC groups were 31.9 (SD, 8.9), 24.9
(SD, 1.8), and 21.4 (SD, 1.3), respectively. Comparisons
of both MMSE and ADL scores revealed significant dif-
ferences among the 3 groups. Differencesfor MM SE scores
were significant between any 2 groups, while no significant
difference was observed between the MCI and NC groups
for ADL scores.

World Health Organization Neuropsychological

Battery of Cognitive Assessment | nstruments Scores
The results of 1-way ANOVA and Duncan’s test with the
mean scores of WHO-BCAII for the study groups are depicted

in Table 3. Significant differences among the 3 groups
inall 25 subtests of the WHO-BCAI werefound. AD patients
had the lowest scores, and the MCI group scored worse
than the NC group. Between-group comparisons suggested
that patients with Alzheimer’s disease performed signi-
ficantly worse than both the MCI and NC groups in nearly
all subtests except visual recognition. However, only 13
subtests showed significant differences between the MCI
and NC groups, including verbal learning, verbal fluency,
mini-token, visual reasoning, trail making, sorting and
spatial construction tests.

Discussion

Mild cognitiveimpairment (MCl) in elderly people haslong
been a controversial category in psychiatry. In 1958, Kral
proposed the term “benign senile forgetfulness’ to denote
forgetting details of events and impairment of long-term
memory.*! Although initially benign senileforgetfulnesswas
believed to be non-progressive and attributable to normal
ageing, itisknown that someindividualswith benign senile



forgetfulnessultimately progressto dementia.*! In the 1980s,
theterm “age-associated memory impairment” (AAMI) and
itsresearch criteriawereintroduced by an American working
group. AAMI defines impairment compared with healthy
adult norms, but not with age-matched controls. According
to this definition, 16% of young adults will meet the AAMI
criteriawhen they are old without any decline of memory.*212
Similar terms used to denote cognitive impairment associ-
ated with ageing include age-related cognitive decline
(DSM-IV) and mild cognitive disorder (ICD-10), but the
criteria do not exclude specific causes of the disorder.**®

In our study, the mild neurocognitive impairment criteria
of DSM-IV were adapted by excluding specific causes that
can lead to cognitive impairment of elderly people. For
example, measures were taken to exclude subjects with
evidence of stroke, other neurological disorders, and those
who had clinically significant or active renal, hepatic,
endocrine, and cardiovascular diseases. In addition, the
duration criterion was extended to 3 months. The aim of
all of these measures was to increase the homogeneity
of the study sample, thus increasing the likelihood that
recruited MCl subjects had presymptomatic AD or MCI of
Alzheimer type.

Theresults of the present study demonstrate that the AD
group performed worse than the MCI group and the MCI
group worse than the NC group for the WHO-BCAI tests.
While patientswith AD performed significantly worse than
both MCI and NC groupsin nearly all subtests, significant
differences between the MCI and NC groups were found
only in some subtests. The MCI group performed signifi-
cantly worse than the NC group on verbal learning, verbal
fluency, mini-token, visual reasoning, trail making, sorting,
and spatial construction tests. There were no differences
between these latter groups for tests of pronunciation,
naming, attention, motion, and most visual functions. The
findings of our study suggest that cognitive impairment of
MCI is selective, not pervasive.

Verbal learning, verbal fluency, mini-token, visual
reasoning, trail making, sorting, and spatial construction tests
arecorrelated with higher neuropsychological functionssuch
as memory, abstract thinking, planning, reasoning, and
executive function. The hippocampus, frontal, and tempo-
parietal cortices are associated with such higher neuro-
psychological functions.®®* The results of our study seem
consistent with those of pathological and brain imaging
studies which have demonstrated that the hippocampus,
frontal cortex, and tempo-parietal cortices are more
vulnerable to damage than the primary sensory, motor, and
visual corticesin the early stage of AD.1516

In addition, our results showed poor trail making and
spatial construction abilitiesin subjectswith MCI, findings
consistent with other reports of abnormal executive function
in the early stage of AD."18 Therefore, we conclude that
verbal learning, verbal fluency, mini-token, visual reasoning,
trail making, sorting, and spatial construction testsare more
sensitive than other WHO-BCAI subtestsfor early detection
of AD.

Neuropsychological Profile of Early Alzheimer's Disease

Thereare severa limitationsto thisstudy. First, the study
sample is small. Second, the age and education of the 3
groups were not strictly comparable at inclusion. Third,
although we have tried to increase the homogeneity of the
study sample to increase the likelihood that the recruited
MCI patients actually had pre-syndromeAD, the proportion
of MCI patients that progress to AD is still unknown, and
cannot be evaluated in this cross-sectional study. Therefore,
the results of our study need to be replicated and confirmed
using longitudinal study design.
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