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Summary

Aim—To determine neuropsychological tests likely to predict cognitive decline.

Methods—A sample of nonconverters (n = 106) was compared with those who declined in 

cognitive status (n = 24). Significant univariate logistic regression prediction models were used to 

create multivariate logistic regression models to predict decline based on initial 

neuropsychological testing.

Results—Rey–Osterrieth Complex Figure Test (RCFT) Retention predicted conversion to mild 

cognitive impairment (MCI) while baseline Buschke Delay predicted conversion to Alzheimer’s 

disease (AD). Due to group sample size differences, additional analyses were conducted using a 

subsample of demographically matched nonconverters. Analyses indicated RCFT Retention 

predicted conversion to MCI and AD, and Buschke Delay predicted conversion to AD.

Conclusion—Results suggest RCFT Retention and Buschke Delay may be useful in predicting 

cognitive decline.
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Alzheimer’s disease (AD) is a progressive neurodegenerative disorder that causes a host of 

cognitive and other behavioral changes and afflicts an estimated 5.2 million Americans [1]. 

Based on 2012 data from the Center for Disease Control and Prevention, AD was reported 

as the underlying cause of death for 83,637 people, making it the sixth leading cause of 
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death in the USA [2]. Aggregate payments for healthcare, long-term care and hospice for 

people with AD and related dementias in 2014 are estimated at US$214 billion, with 

Medicare and Medicaid covering about 70% of the costs of care [1].

Healthcare professionals may identify neurocognitive changes early in the disease course, 

allowing for potential intervention opportunities. In particular, early identification of mild 

cognitive impairment (MCI), oftentimes considered as a ‘pre-dementia’ stage, has received a 

lot of attention. Studies indicate that as many as 3–22% of people age 65 and older 

experience MCI [3–5]. Approximately 10–15% of individuals diagnosed with MCI convert 

to AD every year [6], and those with primarily amnestic features are more likely to develop 

AD [6–8]. Although some people with MCI (primarily those without memory problems) 

experience improvement in cognition or revert to normal cognitive status [8], nearly a third 

of all people with MCI symptoms develop AD in 3 or 4 years [9]. Therefore, it is important 

for healthcare professionals to identify those who experience and exhibit signs of cognitive 

decline in order to slow the disease trajectory.

The identification of age-related cognitive conditions occurs through a collective approach 

comprised of neuroimaging, neuropsychological tests, laboratory tests, as well as 

collaborative and self-reported symptoms [10]. Of particular relevance, neuropsychological 

measures are considered one of the primary means in monitoring cognitive status. One study 

concluded that select neuropsychological measures more efficiently monitored the disease 

progression than MRI [11].

Deficits in three main cognitive domains are sensitive in predicting conversion to AD: 

episodic verbal and visuospatial memory, executive function and language. Most research 

has focused on tests of verbal memory (e.g., list-learning, recall for contextual information), 

including, the California Verbal Learning Test [12–15], Rey Auditory Verbal Learning Test 

[16], Buschke Selective Reminding Test (SRT) [17–21], Wechsler Memory Scale’s Verbal 

Paired Associates [22] and Wechsler Memory Scale’s Logical Memory [13]. Visual memory 

tests that have received attention in the literature include Wechsler Memory Scale’s Visual 

Reproduction [15] and the Rey–Osterrieth Complex Figure Test (RCFT) [23–25]. Measures 

of executive and language functioning that may predict conversion include Trail Making 

Test B (TMT B) [15,25–29], Wechsler Adult Intelligence Test-Revised digit symbol coding 

[21], Stroop Color Naming [30], Wechsler Memory Scale-Revised digit span [31], semantic 

fluency [32,33] and the Boston Naming Test (BNT) [34,35].

Of the aforementioned memory tests, the SRT is capable of evaluating several facets of 

learning and memory, including acquisition, storage, retention and retrieval [36,37]. Despite 

the ability to comprehensively evaluate memory functioning, few studies have used the 

Buchke SRT to predict conversion to AD [17,21]; however, the results of these studies have 

suggested the Buchke SRT does have the capacity to do so. Additionally, the RCFT [38] 

measuring visuospatial and visuoconstructional abilities, perceptual organization and 

planning (executive functioning) and visual memory has been shown to be sensitive in 

discerning early stage AD [39] as well as predicting conversion [24,40–41]. The TMT B, a 

test of cognitive flexibility, is a popular measure of executive functioning and has been 

found to be a powerful predictor of conversion to AD [42,43]. In terms of language 
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functioning, verbal semantic fluency is impaired in presymptomatic AD patients [44]. 

Moreover, the BNT may possess particular predictive ability due to its assessment of long-

term memory. A couple of studies have found that the BNT effectively predicts conversion 

to AD [35,45].

It is apparent that specific neuropsychological measures may possess adequate utility in 

predicting cognitive decline. Although the above-mentioned studies have examined the 

ability for neuropsychological measures to predict conversion to a more severe cognitive 

disorder, rigorous diagnostic methods for determining conversion status, employment of 

neuropsychological tests from each cognitive domain, and in some cases, stringent statistical 

processes, were often lacking. The aim of the current study is to investigate the use of the 

Buschke SRT, RCFT, TMT B, BNT and semantic fluency tests to predict change in 

cognitive status. To the best of these authors’ knowledge, this is the first study to examine 

these measures together with a rigorous diagnostic approach to determining conversion (e.g., 

clinical consensus, imaging and full neuropsychological battery). We hypothesized that 

these measures would predict conversion to a more severe cognitive status (e.g., MCI and 

AD) 2 years prior to conversion.

Materials & methods

• Design & setting

Recruitment through advertisements and physician referral emphasized middle-aged and 

older people with memory complaints. Any subjects with a neurological, medical or 

psychiatric condition that could affect memory or other cognitive processing were excluded. 

Written informed consent was obtained in accordance with the procedures set by the UCLA 

Institutional Review Board. Subjects were asked to return for a 2-year (mean [M] = 2.4; 

standard deviation [SD] = 1.3 years) follow-up re-evaluation and then classified depending 

on assessment results.

Sample population

A convenience sample based on the availability of follow-up neuropsychological data was 

evaluated. Individuals were drawn from a larger longitudinal study of age-related memory 

loss designed to determine neuropsychological, neuroimaging, and genetic predictors of 

subsequent cognitive decline. Standardized laboratory screening tests for a dementia 

evaluation and MRI scans were performed to uncover potentially treatable causes of 

cognitive impairment. DNA was obtained from blood samples, and APOE genotypes were 

determined with the use of standard techniques. Investigators blind to the genetic findings 

performed all of the clinical procedures. Those with specific neurological and medical 

disorders were excluded from participation. A family history of subjects’ relatives was 

obtained and corroborated by medical records. A positive family history was defined as one 

or more first-degree relatives (parent and sibling) with documented AD. A negative family 

history was defined as no first- or second-degree relative with a history of dementia. 

Participants with ambiguous family histories were excluded.
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Predictive neuropsychological measures

A comprehensive neuropsychological test battery was administered to quantify cognitive 

performance. For the present study, we selected neuropsychological tests that are widely 

used in research on normal aging and that also have demonstrated sensitivity to the types of 

cognitive changes associated with conversion to a more severe cognitive disorder. Tests 

included measures of verbal memory (Buschke SRT) nonverbal memory and visuospatial 

functioning (RCFT), executive functioning (TMT B) and confrontation naming (BNT). The 

participant’s raw scores were used for all analyses.

Conversion outcome

Participants were classified at the initial neuropsychological assessment as either normal (no 

cognitive diagnosis) or MCI. Classification was determined via rigorous diagnostic methods, 

including multiple sources of diagnosis (MRI scan, clinical consensus of neurology, geriatric 

psychiatry, neuropsychology and radiology staff). Neuropsychology determined diagnosis 

based on a full neuropsychological assessment battery and clinical interview that consisted 

of over 20 neuropsychological measures, four of which were examined in the current study. 

To diagnose mild cognitive impairment, we used standard diagnostic criteria. These include 

the subject’s awareness of a memory problem, preferably as confirmed by another person; 

memory impairment detected with the use of standard assessment tests; normal overall 

thinking and reasoning skills and the ability to perform normal activities of daily living [6]. 

The diagnosis was corroborated by clinical judgment; to increase the specificity in detecting 

impairments, we included only subjects with mild cognitive impairment who had a score of 

1 SD or more below the age-corrected norms on at least two neuropsychological tests in one 

of the five cognitive domains assessed. Subjects with Alzheimer’s disease met the standard 

diagnostic criteria of memory impairment, impairment in at least one other cognitive 

domain, gradual onset and progressive decline and impaired occupational or social 

functioning or both [46,47]. Conversion outcomes were dichotomously coded as ‘stable’ or 

‘converted’ and additionally coded as either ‘normal’, ‘MCI’ or ‘AD’. Upon follow-up 

evaluation, participants were independently re-classified as either normal, MCI or AD via 

the same standards used during initial assessment.

Statistical analyses

SPSS 17 was used for all analyses conducted to determine which neuropsychological 

measures predict conversion from normal or MCI to MCI or probable AD. The database was 

screened for missing scores, and participants who were not given the measures of interest 

were eliminated from the study. Frequency analyses were completed in order to determine 

demographic characteristics within the study sample. χ2 and t-tests were conducted in order 

to determine differences between converters and nonconverters with regards to age, gender 

and education. Univariate logistic regression analysis was used to determine conversion to 

MCI and AD for all neuropsychological tests. Multivariate models were constructed based 

on significant univariate predictors after applying the Bonferroni correction. To correct for 

error caused by group size discrepancy between converters and nonconverters, a second set 

of univariate binary regressions was conducted using a demographically matched (gender, 
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age, education and ethnicity) subset of nonconverters; however, multivariate models could 

not be constructed due to the limited sample size and power.

Results

• Demographic data

Data were examined from 130 individuals (see Figure 1). In total, 130 participants were 

examined at both time points; 53 were initially classified with MCI and 77 were initially 

classified as normal aging. Of the 53 who began the current study with MCI, eight 

developed probable AD and 45 remained classified as MCI. Of the 77 who began the current 

study as normal aging, one converted to AD, 15 converted to MCI and 61 remained 

classified as normal aging. The sample was mostly Caucasian 87% with a smaller number of 

Latinos (3%), Asian–Americans (5%) and African–Americans (5%). Additionally, 60% of 

the participants were women, the mean age (at the initial evaluation) was 61.4 years (SD = 

11.3) and average years of education was 16.4 (SD = 3.0). Groups (converters and 

nonconverters) did not significantly differ based on age, gender and education (Tables 1–3).

• Conversion to MCI

The individual univariate logistical regressions indicated that the Buschke SRT (Total, 

Delay and Recognition), RCFT Retention and TMT B individually predicted conversion to 

MCI (Table 4). The multivariate logistic regression model, based on the significant results 

from the univariate analysis indicated the RCFT Retention test as the only significant 

predictor of conversion to MCI (Table 5). This model correctly classified 88.2% of 

participants (96.7% nonconverters and 53.3% converters). Specifically, individuals who 

could retain 30% (RCFT Retention score M = 30.7; SD = 15.8) of visual information after a 

delay were more likely to be classified as MCI at follow-up than individuals who could 

retain 54% (RCFT Retention score M = 54.4; SD = 16.8) or more of the same visual 

information.

• Conversion to AD

The individual univariate logistical regressions indicated that the Buschke SRT (Total, 

Delay and Recognition), RCFT (Copy, Delay and Retention) and TMT B individually 

predicted conversion to AD (Table 6). The multivariate logistic regression model indicated 

that only the Buschke SRT Delay predicted conversion to AD (Table 7), correctly 

classifying 96.2% of participants (98.3% nonconverters and 66.7% converters). Specifically, 

individuals who were not demented initially but recalled only approximately 2 out of 12 

words from a list (Buschke SRT Delay score M = 1.9; SD = 2.7) were more likely to 

develop dementia at follow-up than individuals who were able to recall approximately 8 out 

of 12 words on this same task (Buschke SRT Delay score M = 8.4; SD = 3.2).

• Demographically matched sample

To correct for error caused by group size discrepancy between converters and 

nonconverters, a second set of univariate binary logistic regressions was conducted using a 

demographically matched (gender, age, education and ethinicity) subset of nonconverters.
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• Conversion to MCI

These tests indicated that the RCFT Retention test significantly predicted conversion to 

MCI. Specifically, individuals who were only able to retain approximately 31% (RCFT 

Retention score M = 30.7; SD = 15.8) of visual information after a delay were more likely to 

develop MCI at follow-up than individuals who were able to retain approximately 51% 

(RCFT Rentention score M = 50.9; SD = 21.2) or more of the same visual information 

(Table 8). This test correctly classified 66.7% of participants (53.3% nonconverters and 

80.0% converters). None of the other univariate models predicted conversion within the 

small demographically matched sample.

• Conversion to AD

Furthermore, the results revealed that the Buschke SRT Delay and the RCFT Retention tests 

were significant univariate predictors of conversion to AD (Table 9). Specifically, 

individuals who were not demented at initial evaluation but only retained approximately 

30% (RCFT Retention score M = 29.8; SD = 14.3) of visual information after a delay were 

more likely to develop dementia at follow-up than individuals who were able to retain 

approximately 51% (RCFT Retention score M = 50.6; SD = 17.3) or more of the same 

visual information. This test correctly classified 77.8% of participants (77.8% nonconverters 

and 77.8% converters). Furthermore, those individuals who were not demented at the initial 

evaluation but recalled only approximately 2 out of 12 words from a list (Buschke SRT 

Delay score M = 2.0; SD = 2.7) were more likely to develop dementia by follow-up than 

individuals who were able to recall approximately 7 out of 12 words on this same task 

(Buschke SRT Delay score M = 7.0; SD = 4.1). This test correctly classified 72.2% of 

participants (66.7% nonconverters and 77.8% converters). None of the other univariate 

models significantly predicted conversion within the small matched sample.

Discussion/Conclusion

The current study revealed that two measures served as predictive indicators of conversion 

to a more severe cognitive status (e.g., MCI and AD) within a 2-year time-frame. When 

assessing the entire study sample, the RCFT Retention score predicted conversion from 

normal aging to MCI; however, it is important to note that this analysis generated a small 

effect (Table 5). As for those who went onto develop dementia of the Alzheimer’s type, the 

Buschke Delay score predicted conversion to AD (Table 7). Because only nine participants 

converted to probable AD, any statements made regarding this effect, are done so with 

caution.

Given the disparity in the sizes of the two groups (converters and nonconverters), the 

analyses were also conducted with a subsample of participants who were demographically 

matched to the converter groups (e.g., MCI and AD). Notably, conversion to MCI or AD 

was predicted by lower retention scores from the complex figure (RCFT; Tables 8 & 9). As 

it did in the full sample, the Buschke Delay score predicted conversion to AD in the 

demographically matched subsample (Table 9).
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To the authors’ knowledge, this is one of the first studies to examine these measures 

together with a rigorous diagnostic approach to determining conversion (e.g., clinical 

consensus, imaging and full neuropsychological battery). The existing literature corroborates 

the finding that tests of visual and verbal memory predicted conversion. Select measures of 

language and executive functioning have also been reported as sensitive in predicting 

conversion to a more severe memory disorder [15,21,25–28,30–35]. However, these 

findings were not upheld in the present study. Research suggests that tau protein tangles and 

amyloid plaques spread in a predictable, nonrandom manner beginning in the entorhinal 

region (‘relay station’ between the hippocampus and neocortex), spreading to the 

hippocampus (memory center) and neocortex (responsible for higher functions such as 

sensory perception, conscious thought and language [48]). The entorhinal-hippocampus 

system plays an important role in autobiographical, declarative and episodic memories and 

in particular spatial memories including memory formation, memory consolidation and 

memory optimization in sleep. Because this entorhinal region is one of the first areas 

impacted by tau tangles – accumulating and eventually causing neuronal death – it is 

expected that the tests measuring functions of this region would predict conversion before 

tests measuring functions of domains impacted later in the disease process (e.g., language 

and executive functioning).

Additionally, this discrepancy between past research and the current findings may be 

attributed to our implementation of a more rigorous diagnostic method for determining 

conversion status. For instance, the current study utilized multiple sources of diagnosis (e.g., 

clinical consensus by neurology, geriatric psychiatry, neuropsychology and radiology), 

employment of neuropsychological tests from each cognitive domain, and in some cases, 

multiple tests within a domain and stringent statistical processes (examined the impact of 

age, education and gender on conversion and utilized statistical corrections when running 

multiple tests). Other studies have used diagnostic methods such as imaging when assessing 

for conversion [18,23,25,32,41,49–52], but the majority of studies did not examine the 

Buschke SRT, BNT or the RCFT. Few studies have been found that matched the current 

study’s diagnostic rigor and assessment measures. Participants within the Jacobs et al. [34] 

study did not undergo imaging as way of confirming conversion, and the Tabert et al. [21] 

study included imaging as part of their conversion determination, but did not include the 

RCFT within their neuropsychological battery.

A limitation of this study is the relatively small sample size, especially the individuals who 

converted to MCI or AD. Other similar studies with larger sample sizes have reported 

somewhat different findings. For instance, in a community-based sample of approximately 

443 people, Jacobs et al. [34] found that, in addition to the immediate recall on the selective 

reminding test, the BNT–2 and the WAIS-III Similarities subtest were predictive of 

conversion to dementia. Additionally, in a large sample of approximately 600 individuals, 

Chen et al. [25] reported word list delayed recall and the TMT B to predict conversion to 

dementia. We believe this study, although small in sample size, has strength in other areas 

such as diagnostic rigor in terms of conversion status and statistical methods in utilizing 

correction methods. It is our hope that future research will replicate this study on larger 

samples.
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Additional caveats were noted within the methodology. First, the measures used for this 

study were also aided in diagnosis of MCI and AD; therefore, any inherent bias or error 

could have confounded the results. Furthermore, the authors acknowledge that this study 

examined one particular group of participants and no conformational analysis was done with 

a separate group of individuals to confirm the finding. Further, it has been suggested that 

preselection of candidate variables via univariate modeling may not be the best approach; 

however, given our limited sample size and power we felt it would be best to use this 

method in combination with the Bonferroni correction in order to decrease type one error 

and develop the most robust models available provided our power limitations. Given the 

limited and varied published data on prediction of conversion of MCI and AD, we did not 

have sufficient a priori hypotheses that would have allowed for alternative methods (e.g., 

hierarchical regression).

Another limitation of the study is ethnicity and education diversity. Our sample consisted of 

mainly Caucasian and college-educated individuals. Individuals of diverse demographics 

may differ with regards to cognitive degeneration (e.g., higher education may buffer against 

a cognitive degenerative disease diagnosis [3]) and the impact of this difference on 

predicting conversion is not known.

The findings of the current study suggest that two neuropsychological measures can predict 

conversion to a more severe cognitive status. If similar results are found with more diverse 

samples, neuropsychologists may use such measures to determine whether a patient may 

later convert to a more severe memory disorder, with the goal of intervening to delay 

progression [5,53–58]. Furthermore, it is critical to study those who develop AD at the 

earliest stages to better understand the progression to facilitate the development of 

preventative treatments.

Although it is essential to determine whether an individual will convert to a more severe 

cognitive diagnosis, it is also imperative to recognize that the job of the provider is not 

simply to inform our patient of their likelihood of converting. Rather, our goal is to help 

inform the patient of their cognitive strengths and weaknesses in relation to their daily 

functioning to inform coping strategies, as well as to intervene via cognitive training, diet, 

exercise, among others. Therefore, although our findings may help to predict later cognitive 

decline, these tests should be used along with a full neuropsychological battery, particularly 

when a decline in patient functioning is reported. Using these tests alone may inhibit the 

provider from gathering measurable cognitive strengths and weaknesses from each cognitive 

domain and more importantly, offering relevant coping strategies and recommendations 

related to these findings.

In summary, the current study sought to determine which neuropsychological measures best 

predict future cognitive decline. Among the current study’s sample, the Buschke SRT and 

the RCFT are sensitive in predicting conversion to a more severe cognitive disorder (e.g., 

MCI and probable AD) 2 years prior to conversion. These findings are in line with the 

majority of past research demonstrating verbal and visual memory tasks to be the most 

predictive of conversion. However, a few other studies have also reported that tests of 

executive functioning and language can predict conversion. The current study examined the 
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Buschke SRT and RCFT (among others: BNT, TMT B and Animals) because of the unique 

capability of these tests to measure multiple cognitive resources (e.g., Buschke SRT: verbal 

memory, working memory and executive functioning; RCFT: visual memory and executive 

functioning). Future studies may seek to carry out the current methodology among more 

diverse samples to determine the sensitivity of the current study’s measures among 

individuals of various demographics. This is one of the first studies to examine these 

measures together with a rigorous diagnostic approach to determining conversion (e.g., 

clinical consensus, imaging and full neuropsychological battery). These findings may assist 

clinicians and researchers in detecting individuals who may convert to either MCI or 

probable AD.

Future perspective

In the upcoming decade, the aging research community, particularly those examining 

preclinical markers for pathological cognitive decline, expects to better understand what 

measures individually or collaboratively best predict conversion to a more severe cognitive 

status and specifically, what measures predict future functional impairment. It is anticipated 

that future studies will work to build upon the current study’s findings and determine if these 

results are found in varied samples. Particularly, it is our hope that future studies will test the 

current study’s hypotheses with advanced methodological rigor (e.g., larger sample size, 

include an independent test sample, examine alternative MCI and dementia subtypes). 

Ultimately, researchers will use this information to further examine the effectiveness of 

interventions in slowing or halting the development of memory disorders (e.g., dementia).
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Practice points

• The current study’s investigators sought to determine which neuropsychological 

tests (e.g., Buschke Selective Reminding Test [SRT] and Rey–Osterrieth 

Complex Figure Test [RCFT]) are more likely to predict an individual’s 

cognitive decline (i.e., normal to mild cognitive impairment [MCI] and MCI to 

Alzheimer’s disease [AD]).

• A sample of nonconverters compared with those who convert in cognitive status 

(i.e., MCI or AD) was examined. Univariate binary logistic regression was 

performed to test the predictive values neuropsychological tests. Multivariate 

analyses were built based on the univariate findings.

• The results established the use of the RCFT and Buschke SRT in predicting 

cognitive decline to MCI and AD.

• Clinically, these findings suggest two measures may predict cognitive decline, 

and may be important for clinicians/researchers to monitor.
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Figure 1. Quantity of participants at each cognitive status at time 1 and time 2
AD: Alzheimer’s disease; MCI: Mild cognitive impairment.

Baerresen et al. Page 15

Neurodegener Dis Manag. Author manuscript; available in PMC 2016 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Baerresen et al. Page 16

T
ab

le
 1

A
ge

 a
nd

 e
du

ca
tio

n:
 n

on
co

nv
er

te
rs

 v
er

su
s 

co
nv

er
te

rs
 to

 m
ild

 c
og

ni
tiv

e 
im

pa
ir

m
en

t (
n 

=
 7

6)
.

V
ar

ia
bl

e
N

on
co

nv
er

te
rs

C
on

ve
rt

er
s 

to
 A

D
T

p-
va

lu
e

n
M

SD
n

M
SD

A
ge

61
60

.8
4

10
.7

6
15

65
.2

11
.4

2
−

1.
34

1
0.

19
4

E
du

ca
tio

n
61

16
.6

7
2.

94
15

15
.7

3
3.

24
1.

08
6

0.
28

1

N
ot

 s
ig

ni
fi

ca
nt

 a
ft

er
 B

on
fe

rr
on

i c
or

re
ct

io
n.

A
D

: A
lz

he
im

er
’s

 d
is

ea
se

; M
: M

ea
n;

 S
D

: S
ta

nd
ar

d 
de

vi
at

io
n;

 T
: T

-t
es

t.

Neurodegener Dis Manag. Author manuscript; available in PMC 2016 April 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Baerresen et al. Page 17

T
ab

le
 2

A
ge

 a
nd

 e
du

ca
tio

n:
 n

on
co

nv
er

te
rs

 v
er

su
s 

co
nv

er
te

rs
 to

 A
lz

he
im

er
’s

 d
is

ea
se

 (
n 

=
 1

30
).

V
ar

ia
bl

e
N

on
co

nv
er

te
rs

C
on

ve
rt

er
s 

to
 A

D
T

p-
va

lu
e

n
M

SD
n

M
SD

A
ge

12
1

60
.6

9
11

.1
5

9
68

.5
6

9.
98

−
2.

05
6

0.
04

2

E
du

ca
tio

n
12

1
16

.4
5

3.
03

9
15

.7
8

2.
77

0.
64

2
0.

52
2

N
ot

 s
ig

ni
fi

ca
nt

 a
ft

er
 B

on
fe

rr
on

i c
or

re
ct

io
n.

A
D

: A
lz

he
im

er
’s

 d
is

ea
se

; M
: M

ea
n;

 S
D

: S
ta

nd
ar

d 
de

vi
at

io
n.

Neurodegener Dis Manag. Author manuscript; available in PMC 2016 April 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Baerresen et al. Page 18

T
ab

le
 3

G
en

de
r:

 n
on

co
nv

er
te

rs
 v

er
su

s 
co

nv
er

te
rs

.

V
ar

ia
bl

e
N

on
co

nv
er

te
rs

C
on

ve
rt

er
s

T
ot

al
P

ea
rs

on
 χ

2
df

p-
va

lu
e

M
al

e
F

em
al

e
M

al
e

F
em

al
e

M
C

I 
G

ro
up

s
23

38
7

8
76

0.
40

5
1

0.
52

5

A
D

 G
ro

up
s

48
73

6
3

13
0

2.
51

4
1

0.
62

9

N
ot

 s
ig

ni
fi

ca
nt

 a
ft

er
 B

on
fe

rr
on

i c
or

re
ct

io
n.

A
D

: A
lz

he
im

er
’s

 d
is

ea
se

; M
C

I:
 M

ild
 c

og
ni

tiv
e 

im
pa

ir
m

en
t.

Neurodegener Dis Manag. Author manuscript; available in PMC 2016 April 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Baerresen et al. Page 19

Table 4

Univariate binary logistic regression predicting conversion from normal aging to mild cognitive impairment 

(61 nonconvertors and 15 converted to mild cognitive impairment).

Variable Wald (df = 1) p-value Odds ratio

Buschke Total 8.508 0.004* 0.944

Buschke Delay 13.439 0.000* 0.645

Buschke Recognition 5.812 0.016 0.256

RCFT Copy 0.003 0.959 1.005

RCFT Delay 0.220 0.639 0.983

RCFT Retention 13.663 0.000* 0.913

RCFT Recognition 1.070 0.301 3.080

Boston Naming Test – 2 4.518 0.034 0.824

TMT B 9.604 0.002* 1.049

Animals 0.389 0.533 0.961

*
p < 0.005 level (after applying the Bonferroni correction method).
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Table 5

Multivariate logistic regression predicting conversion from normal aging to mild cognitive impairment (61 

nonconvertors and 15 converted normal to mild cognitive impairment).

Variable Wald (df = 1) p-value Odds ratio

Buschke Total 0.380 0.538 1.027

Buschke Delay 3.108 0.078 0.659

RCFT Retention 8.063 0.005* 0.925

TMT B 1.648 0.199 1.026

*
p < 0.005.
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Table 6

Univariate binary logistic regression predicting conversion from normal aging/mild cognitive impairment to 

probable Alzheimer’s disease (121 nonconvertors and 9 converted to probable Alzheimer’s disease)

Variable Wald (df = 1) p-value Odds ratio

Buschke Total 12.883 0.000* 0.927

Buschke Delay 12.578 0.000* 0.550

Buschke Recognition 12.012 0.001* 0.382

RCFT Copy 9.786 0.002* 0.722

RCFT Delay 8.234 0.004* 0.780

RCFT Retention 6.717 0.010 0.936

Boston Naming Test – 2 0.862 0.353 0.943

TMT B 7.142 0.008 1.018

Animals 3.171 0.075 0.859

*
p < 0.005 (after applying the Bonferroni correction method).
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Table 7

Multivariate logistic regression predicting conversion from normal aging/mild cognitive impairment to 

probable Alzheimer’s disease (121 nonconvertors and 9 converted to probable Alzheimer’s disease).

Variable Wald (df = 1) p-value Odds ratio

Buschke Total 0.662 0.416 1.037

Buschke Delay 5.689 0.017* 0.537

Buschke Recognition 0.331 0.565 0.765

RCFT Copy 2.931 0.087 0.781

RCFT Delay 0.480 0.488 0,924

*
p < 0.05 level.
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Table 8

Univariate binary logistic regression predicting conversion from normal aging to mild cognitive impairment 

(15 nonconvertors and 15 converted to mild cognitive impairment).

Variable Wald (df = 1) p-value Odds ratio

Buschke Total 0.421 0.516 0.988

Buschke Delay 1.839 0.175 0.864

Buschke Recognition 0.393 0.531 0.815

RCFT Copy 0.617 0.432 1.085

RCFT Delay 0.001 0.980 0.999

RCFT Retention 5.520 0.019* 0.940

RCFT Recognition 0.357 0.550 2.154

Boston Naming Test – 2 0.200 0.655 1.030

TMT B 0.355 0.551 1.046

Animals 0.355 0.551 1.046

*
p < 0.05 level.
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Table 9

Univariate binary logistic regression predicting conversion from normal/mild cognitive impairment to 

Alzheimer’s disease (9 nonconvertors and 9 converted to Alzheimer’s disease).

Variable Wald (df = 1) p-value Odds ratio

Buschke Total 3.267 0.071 0.944

Buschke Delay 4.910 0.027* 0.675

Buschke Recognition 1.932 0.165 0.534

RCFT Copy 3.392 0.066 0.767

RCFT Delay 3.603 0.058 0.755

RCFT Retention 3.897 0.048* 0.899

RCFT Recognition 0.233 0.630 0.625

Boston Naming Test – 2 0.097 0.755 0.976

TMT B 0.889 0.346 1.010

Animals 0.986 0.321 0.903

*
p < 0.05 level
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