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This study examines whether behavioral measures
obtained in nondemented elderly can predict cognitive
status at 2-year follow-up. Prior studies have estab-
lished that delayed paragraph recall can help predict
short-term risk for decline to mild cognitive impair-
ment and Alzheimer disease. It was examined whether
prediction accuracy can be improved by adding a
discrimination-and-generalization task that has previ-
ously been shown to be disrupted in nondemented elderly
with hippocampal atrophy, a risk factor for Alzheimer
disease. Fifty nondemented, medically healthy elderly
patients received baseline clinical diagnosis and cogni-
tive testing; 2 years later, patients received a follow-up

clinical diagnosis of normal, mild cognitive impair-
ment, or probable Alzheimer disease. In all, 2 baseline
variables, delayed paragraph recall and generalization
performance, were predictive of follow-up outcome
with sensitivity of 81% and specificity of 91%—better
than the classification accuracy based on either of
these measures alone. These preliminary results sug-
gest that these behavioral tasks may be useful tools in
predicting short-term cognitive outcome in nonde-
mented elderly.

Keywords: aging; cognition; mild cognitive impairment;
Alzheimer disease; hippocampus; memory

n important issue in gerontology is the ability

to predict short-term risk for cognitive impair-

ment in elderly individuals before the onset
of symptoms severe enough to warrant a diagnosis of
probable Alzheimer disease (AD) or other forms of
dementia. Clinically, this is important because existing
AD medications act to slow but not reverse or prevent
decline; early diagnosis would allow aggressive inter-
vention to prolong high levels of cognitive function
for as long as possible. Pharmacological research
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would also benefit from early diagnosis methods,
allowing better identification of at-risk individuals
who might be available to participate in trials of new
treatments to prevent or delay cognitive decline.
Accurate diagnosis would also improve the quality of
prognostic information given to patients and family.

Previous study has shown that delayed recall of
short paragraphs may be a sensitive indicator of short-
term risk for cognitive decline.' Nondemented elderly
who perform poorly on delayed paragraph recall are at
heightened risk to decline to AD within the next 3 to
4 years.' Delayed paragraph recall is impaired in indi-
viduals with mild cognitive impairment (MCI) relative
to healthy elderly*® and is also impaired in healthy
elderly individuals with hippocampal atrophy,* a risk
factor for developing dementia over the next several
years.” Thus, delayed paragraph recall has promise as
a simple, noninvasive tool for prediction of cognitive
decline in nondemented elderly individuals.

One possible explanation for the disruption of
delayed paragraph recall in individuals at short-term
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risk of cognitive decline is its dependence on the
hippocampus; indeed, delayed paragraph recall is
greatly disrupted in amnesic patients with bilateral
medial temporal lobe damage.® Radiological studies
have demonstrated tissue loss in the hippocampal for-
mation in patients with mild AD,” and progressive
hippocampal dysfunction has been proposed as a pos-
sible neuroanatomical basis of AD.*'° Hippocampal
atrophy can also occur in older adults with MCI, a
presumably heterogeneous group that may include
individuals with greater-than-average forgetfulness
related to aging (age-associated memory impairment)
and individuals with subclinical dementia."!

In this context, it is possible that other tasks,
which are similarly disrupted in individuals with
hippocampal dysfunction, might also have utility in
predicting short-term cognitive outcome in nonde-
mented elderly. We have considered one such task, a
computer-based discrimination-and-generalization
task, in which subjects learn a series of visual dis-
criminations and are then challenged to generalize
when stimulus information is altered.'* In the previ-
ous study, we have shown that nondemented elderly
individuals with mild-to-moderate hippocampal atro-
phy are selectively impaired on the generalization por-
tion of this task compared with nonatrophied peers'?;
amnesic patients with bilateral medial temporal
damage are similarly impaired on generalization.'* This
pattern of impairment in individuals with compro-
mised hippocampal function is similar to that seen
on delayed paragraph recall, which led us to ask
whether the discrimination-and-generalization task
might have similar power to predict incipient cogni-
tive decline in nondemented elderly and whether the
2 tasks together might predict cognitive outcome
with greater accuracy than either alone.

As an initial investigation of this question, we
administered the paragraph recall and discrimination-
and-generalization tasks to a group of 50 nonde-
mented elderly individuals. At baseline, all were
diagnosed as cognitively normal or MCI. At a follow-up
session, 2 years later, these individuals were reassessed
for cognitive status. We examined the degree to which
performance on these 2 learning tasks at baseline was
predictive of a 2-year cognitive outcome.

Methods

Subjects

A group of 53 nondemented, medically healthy,
community-dwelling elderly individuals were initially

recruited from among the pool of subjects participating
in the ongoing gerontological research at the New
York University Alzheimer Disease Center (NYU
ADC). Individuals who apply to participate in
research at the NYU ADC receive comprehensive
medical, physical, neurologic, and psychiatric evalu-
ations. This includes full behavioral assessment and
cognitive testing in an outpatient setting; routine
laboratory testing that comprised blood chemistry,
serum B, and folate levels, thyroid function, and
urinalysis; and electrocardiograms and clinical brain
scans (MRI or computed tomography).

Exclusions were made if any evaluations sug-
gested the presence of a disease state that could
affect brain functioning or cognition. Specifically,
participants were excluded if there was clinical or
brain scan evidence of infarction, inflammation,
infection, or neoplastic disease or if there was any
history of psychiatric or neurologic disorder, includ-
ing affective disorder, Parkinson disease, normal
pressure hydrocephalus, significant sensory impair-
ment, peripheral neuropathy, or severe arthropathy.
Also excluded were any participants with more than
borderline hypertension (>160/90 mm Hg), with a
Hamilton Depression Scale'* score of 16 or greater
or with a history of excessive alcohol intake.

All participants were diagnosed in an outpatient
setting by NYU ADC clinicians and given a baseline
Global Deterioration Scale (GDS) score."” This is a 7-
point scale with ratings of 1 (no memory deficit), 2
(subjective complaints of memory deficit with no
objective evidence), 3 (MCI), 4 (mild dementia), and
so on through 7 (severe dementia). For inclusion in
this study, participants were required to have a base-
line GDS score of 3 or lower. The GDS scores were
assigned following a semistructured interview con-
ducted by trained physicians with subjects and with
knowledgeable informants such as family members
and were based on the subject’s overall level of cogni-
tive and functional status in accordance with pub-
lished procedures.”

Participants were also given a follow-up GDS rat-
ing 2 years (22-26 months) after baseline assess-
ment. At this point, it was determined that 3 of the
participants had developed unrelated medical condi-
tions during the intervening period (mild vascular
disease, vitamin B deficiency, or normal pressure
hydrocephalus). These participants’ data were excluded
post hoc, leaving a final sample size of 50. This
included 28 women and 22 men, with a mean age of
67.46 years (standard deviation [SD] = 8.5) and
mean education level of 15.42 years (SD = 2.25).
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Informed consent was obtained from all subjects
prior to initiation of baseline testing; subjects were
volunteers and received no payment for participa-
tion in this study.

Baseline and Follow-Up Diagnosis

For analysis, we divided this sample in 2 ways: based
on baseline diagnosis and again based on follow-up
diagnosis (independent of baseline status).

At baseline, 39 subjects were classified as
cognitively normal (GDS stage 1 or 2) and formed
the Normal-b group; the remaining 11 subjects
were classified as MCI or MCI (GDS stage 3)
and formed the Impaired-b group. The Normal-b
group included 24 women and 15 men, with a mean
age of 66.6 years (SD = 8.0). The Impaired-b
group included 4 women and 7 men, with a mean
age of 70.5 years (SD = 10.0). There was no signif-
icant difference between Normal-b and Impaired-
b groups in baseline age (analysis of variance
[ANOVA], F, 4 = 1.79; P > .05), education level
(ANOVA, F, 4 = 0.30; P >.05), or in proportion of
men and women (Yates-corrected x* = 1.30, df = 1;
P > .05).

At a 2-year follow-up, of the 39 individuals who
had been classified as cognitively normal at base-
line, 8 had declined to MCI (GDS stage 3) and one
had declined to probable AD (GDS stage 4). Of the
11 individuals who had been classified as MCI at
baseline, 6 were again diagnosed as MCI; one had
declined to probable AD, and 4 were now diag-
nosed as cognitively normal (GDS stage 2). The 34
individuals classified as cognitively normal at fol-
low-up (regardless of baseline status) formed the
Normal-f group. Due to the relatively low number
of probable AD cases at follow-up, the individuals
classified as MCI and AD at follow-up were com-
bined into a single cognitively impaired group
(Impaired-f) for statistical analysis. The Normal-f
group included 22 women and 12 men, with a
mean age of 67.2 years (SD = 9.0); the Impaired-f
group included 6 women and 8 men, with a mean
age of 68.0 years (SD = 7.6). Both the individuals
classified as probable AD were men (ages 69 and
83). The Impaired-f and Normal-f groups did not
differ in their baseline age (ANOVA, F, ,; = 0.07;
P >.05), education level (F , =0.25; P >.05), or
in proportion of men and women (Yates-corrected

X2 = 2,26, df: 1; P > .05).
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Procedure

Baseline Neuropsychological Testing

At the time of baseline diagnosis, all subjects received
neuropsychological tests, including the Logical
Memory (LM) subtest of the Wechsler Memory
Scale-Revised (WMS-R)'® including both immediate
(LMI) and delay (LMII) portions, the digit span
(DIG) and digit symbol substitution (DSST) subtests
of the Wechsler Adult Intelligence Scale-Revised
(WAIS-R),'” and the mini-mental state (MMS) test.'®

In particular, the LM test involves reading a short
paragraph aloud to the subject; the subject is then
asked to repeat the paragraph immediately from mem-
ory, and receives one point for each story element cor-
rectly recalled (maximum 25). Immediate recall
summed over 2 paragraphs produces an LMI score.
Following a 20-minute filled delay, subjects are then
asked to recall each story again from memory. Delayed
recall summed over the 2 paragraphs produces an
LMII score.

Discrimination-and-Generalization Task

Also at the time of baseline diagnosis, subjects were
administered the discrimination-and-generalization
task of Myers et al.'* In brief, this is a short (20
minute) computerized learning task, administered on a
Macintosh i-book or comparable computer. Phase 1 is
a discrimination learning task. On each trial, the sub-
ject sees a pair of objects, one of which has arbitrarily
been designated as correct. The subject learns through
trial-and-error to pick the correct object and enters a
response by pressing one of the 2 keys labeled “LEFT”
and “RIGHT” to choose the object that appears on the
left or the right of the screen (Figure 1A). The chosen
object is then raised and, if the subject’s choice is cor-
rect, a smiley face is revealed underneath.

In all, 8 such object pairs are trained; within
each pair, the objects differ in color or shape but not
both. In all, 4 of the pairs contain 2 objects of the
same color, such as a green mushroom shape versus
a green frame shape (illustrated in black and white
in Figure 1A), with the mushroom shape designated
as the correct object. In this case, shape can be used
to determine the correct answer (left or right); color
is redundant and therefore irrelevant with respect to
determining the correct answer. The other 4 object
pairs involve 2 objects of the same shape, such as a
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(A)

Start of Trial:

* 0O

Which object s the smiley face under?
Use "Left" or "Right” key to choose.

Subject responds correctly:

L

Subject responds incorrectly:

u
4

(B)

Start of Trial:

Which object is the smiley face under?
Use "Left" or "Right" key to choose.

==

Subject responds correctly:

Subject responds incorrectly:

il |

o

Figure 1.

Screen events in the discrimination-and-generalization task. A, During each phase 1 (discrimination learning) trial, a

pair of objects appeared that differed in shape or color but not both. The subject would then choose one object by pressing a labeled
key. The chosen object was raised and, if the subject’s response was correct, a smiley face appeared underneath. B, In phase 2 (gen-
eralization testing), object pairs were altered so that the previously irrelevant dimension was novel but the previously relevant dimen-

sion remained the same.

red octagon versus a yellow octagon. In these cases,
color can be used to determine the correct answer;
shape is redundant and therefore irrelevant with
respect to determining the correct answer.

The 8 object pairs are trained concurrently, in
blocks of 16 trials that contain 2 presentations of
each pair—once with the correct object appearing on
the left and once on the right. Trial order within a
block is randomized. Phase 1 continues until the
subject makes 16 consecutive correct responses or to
a maximum of 96 trials.

Next, phase 2 begins without warning to the sub-
ject. Phase 2 is a generalization test. This phase is
identical to phase 1 except that, in each pair, the
redundant or irrelevant feature is altered. Thus, as
Figure 1B shows, one pair would still consist of a
mushroom shape versus a frame shape but the color
would be altered (eg, gray). In pairs where color is
the predictive feature, color would remain unaltered,
but the irrelevant shape feature would change (eg,
from red octagon vs yellow octagon to red arrow vs

yellow arrow). Again, phase 2 continues until the
subject makes 16 consecutive correct responses or to
a maximum of 48 trials. The entire task, including
phases 1 and 2, takes approximately 20 minutes to
complete.

For each subject, performance is scored as total
number of errors during phase 1 discrimination learn-
ing (ERR1) and phase 2 generalization (ERR2). Note
that low ERR1 and ERR2 scores therefore indicate
good performance.

Data Analysis

The primary outcome measure was follow-up diag-
nosis (Normal-f or Impaired-f). On the basis of this
follow-up diagnosis, we conducted a stepwise dis-
criminant function analysis with predictors of sex and
baseline age, GDS, LMI, LMII, DSST, DIG, MMS,
ERRI, and ERR2 to determine which of these base-
line measures could be used to predict the follow-up
diagnosis.

Downloaded from http://jgp.sagepub.com at RUTGERS UNIV on May 19, 2008
© 2008 SAGE Publications. All rights reserved. Not for commercial use or unauthorized distribution.


http://jgp.sagepub.com

Learning and Generalization Tasks / Myers et al 97

Table 1. Group Means at Baseline for Subjects Given Baseline Diagnosis of
Cognitively Normal (Normal-b) or Cognitively Impaired (Impaired-b)*

Diagnosis at

Baseline N Age MMS LMI LMII DIG DSST ERR1 ERR2
Normal-b 39 66.6(8.0)  29.0°(1.1) 28.0°(6.6) 23.6"(6.7) 12.5(2.1) 53.5(11.2) 17.9°(11.8) 9.7 (12.8)
Impaired-b 11 70.5(10.0) 28.2(1.3) 22.9(9.0) 17.4(11.3) 11.8(2.2) 45.7 (15.6) 28.7(16.6) 16.5 (14.9)

NOTE: MMS = mini-mental state test score; LMI = Wechsler Memory Scale—Revised logical memory immediate score; LMII =
Wechsler Memory Scale—Revised logical memory delay score; DIG = Wechsler Adult Intelligence Scale—Revised digit span (forward
+ backward); DSST = Wechsler Adult Intelligence Scale—Revised digit symbol substitution score; ERR1 = total errors on phase 1 of

the discrimination-and-generalization task; ERR2 = total errors on phase 2 of the discrimination-and-generalization task.

a. Standard deviations in parentheses.

b. Significant differences between Normal-b and Impaired-b groups (P < .05).

In addition, we examined whether performance
on the paragraph recall and discrimination-and-
generalization tests differed significantly among indi-
viduals given baseline diagnoses of cognitively normal
(Normal-b) or cognitively impaired (Impaired-b), that
is, whether cognitive status at time of testing was pre-
dictive of task performance and whether performance
on these 2 tasks was correlated within individuals.

Results

Baseline Testing

Table 1 shows group means at baseline for partici-
pants given a baseline diagnosis of cognitively normal
(Normal-b) or cognitively impaired (Impaired-b).
The Normal-b group significantly outperformed the
Impaired-b group on MMS (ANOVA, F, o = 4.54;
P =.038), LMI (F, 4 = 4.30; P = .044), and LMII
(F 4 = 5.33; P =.025) but not on DIG (F 4 =
0.85; P > .05) or DSST (F, 4 = 3.45; P > .05).
Unsurprisingly, there was a strong within-subjects
correlation between LMI and LMII scores (Pearson
r=0.915; P <.001). Therefore, we also computed a
% recall measure as LMII divided by LMI; the
Normal-b group average (75.2%, SD = 18.9) and
Impaired-b group average (67.8%, SD = 29.0) were sig-
nificantly different (ANOVA, F, .o = 5.64; P =.022).
On phase 1 of the discrimination-and-generalization
task, the Normal-b group outperformed the Impaired-
b group in terms of ERR1 score (ANOVA, F, .5, =4.23;
P =.045) with no effect of sex (F, ,;,=1.19; P >.05)
or age (F ,5 = 0.05; P >.05) and with no interac-
tions (P > .05). Overall, subjects performed better
on phase 2 (generalization) than phase 1, reflected
in significantly lower ERR2 than ERR1 scores (paired-
samples t test, t,, = 4.40; P < .001). However,

performance on phase 2 did not differ between
groups (ANOVA, F ,; = 1.53; P > .05) with no
effects of age or sex and with no interactions (all
P > .05). Phase 2 performance depends to some
extent on phase 1 performance (Pearson r = 0.425;
P =.002). Accordingly, we also computed a retention
measure, defined as ERR2 divided by ERR1; using
this measure, the Normal-b group average (63.4%,
SD =53.2) and the Impaired-b group average (69.6%,
SD = 1.17) did not differ significantly (ANOVA, F , .o
= 0.03; P >.05).

The 2 measures which had previously been
shown to be sensitive indices of hippocampal func-
tion, LMII and ERR2, showed a significant negative
within-subject correlation (Pearson r = -0.472;
P =.001); the negative correlation reflects the fact
that good performance is reflected in a numerically
high LMII score and a numerically low ERR2 score.

Follow-up Diagnosis

Table 2 shows the mean baseline measurements for
subjects who received follow-up diagnoses of cogni-
tively normal (Normal-f) or cognitively impaired
(Impaired-f). Table 2 also shows scores for individu-
als within the Impaired-f group who were diagnosed
as MCI or probable AD. The Impaired-f and Normal-
f groups did not differ in baseline MMS (F . =
0.01; P >.05), DIG (F 4, = 1.13; P >.05), or DDST
(F 145 = 2.51; P >.05). However, baseline scores on
paragraph recall were higher for the Normal-f group
than for the Impaired-f group (Figure 2). A 2-factor
ANOVA with between-subject variable of group and
within-subject variable of immediate versus delay
recall (LMI vs LMII) confirmed a significant effect
of group (F,, = 21.48; P < .001) and a within-
subject difference on immediate versus delay recall
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Table 2. Mean (and Standard Deviation) of Baseline Neuropsychological and Behavioral
Measurements for Subjects Diagnosed as Cognitively Normal (Normal-f) or Cognitively
Impaired (Impaired-f) at a 2-Year Follow-up

Diagnosis at

Follow-up N Age MMS LMI LMII DIG DSST ERR1 ERR2
Normal-f 34 67.2 (9.0) 289 (1.1) 29.8*(6.4) 25.4*(6.1) 12.6(2.3) 53.7(12.0) 16.3*(11.1) 5.3*(7.5)
Impaired-f 16 68.0 (7.6) 28.8(1.4) 21.3(6.4) 155(8.1) 11.9(1.7) 47.8(13.1) 28.6(15.0) 23.9(14.6)
Mild 14 66.8 (6.9) 29.1 (1.2) 23.0(4.8) 17.5(6.5) 12.0(1.8) 50.3(9.6) 26.4 (14.6) 23.8 (14.6)
cognitive
impairment
Alzheimer 2 76.0 (9.9) 27.0 (1.4) 9.5 (0.7) 1.5(0.7) 11.0 (1.4) 30.0(25.5) 44.5(5.0) 24.5 (20.5)
disease

NOTE: MMS = mini-mental state test score; LMI = Wechsler Memory Scale—Revised logical memory immediate score; LMII =
Wechsler Memory Scale—Revised logical memory delay score; DIG = Wechsler Adult Intelligence Scale—Revised digit span (forward
+ backward); DSST = Wechsler Adult Intelligence Scale—Revised digit symbol substitution score; ERR1 = total errors on phase 1 of

the discrimination-and-generalization task; ERR2 = total errors on phase 2 of the discrimination-and-generalization task.
a. Significant differences between Normal-f and Impaired-f groups (P < .05).

(A) (B)
LMI (Immediate Recall) LMII (Delayed Recall)
40 40
< <
6 30 o 30
3] _ 3]
® 20 ' @ 20 +
8 10 8 10 .
= =
0 T T T 0 T T T T
Normal-f Impaired-f MCI AD Normal-f Impaired-f MCI AD
(n=34) (n=16) | (=14)  (n=2) (n=34) (n=16) (n=14)  (n=2)

Follow-up Diagnosis

Follow-up Diagnosis

Figure 2.

Performance at baseline on (A) immediate (LMI) and (B) delayed (LMII) paragraph recall, as a function of follow-up

diagnosis of cognitively normal (Normal-f) or cognitively impaired (Impaired-f), which can be further subdivided into individuals clas-
sified as mild cognitive impairment or probable Alzheimer disease. MCI indicates mild cognitive impairment; AD = Alzheimer dis-
ease; LMI = Wechsler Memory Scale—Revised logical memory immediate score; LMII = Wechsler Memory Scale—Revised logical

memory delay score.

(LMII < LMI, F,, = 101.78; P < .001) but no
significant interaction (F ;o = 2.97; P >.05).

The Normal-f and Impaired-f groups also dif-
fered in performance on the discrimination-and-
generalization test (Figure 3). A 2-factor ANOVA with
between-subject variable of group and within-subject
variable of discrimination versus generalization
(ERR1 vs ERR2) confirmed a significant effect of
group (F, 4,4 = 33.33; P <.001) and a within-subject
effect of discrimination versus generalization (ERR2
<ERRI, F ,, = 13.15; P =.001) but no interaction
(F 145 = 2.10; P >.05). Figure 4 shows these data.

1,48

Predicting 2-Year Outcome
Based on Baseline Measurements

Discriminant function analysis was conducted to deter-
mine whether 2-year outcome could be predicted based
on measurements taken at baseline. A stepwise analysis
was conducted on measures of sex and on baseline age,
GDS, MMS, DIG, DSST, LMI, LMIIL, ERRI, and ERR2,
with a factor of 2-year outcome (Normal-f vs Impaired-f)
and with o for adding and removing set to .05.

The discriminant analysis identified 2 variables
as predictive: LMII (F-to-remove 8.68, tolerance
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(A) (B)
ERR1 (Learning) ERR2 (Generalization)
60 60
4 o
2 40 = 2 40
w w T
"m0 BE P omE
= =
0 T T T 0 T 1
Normal-f  Impaired-f MCI AD Normal-f Impalred -f MCI AD
(n=34) (n=16) (n=14) (n=2) (n=34) (n=16) (n=14) (n=2)
Follow-up Diagnosis Follow-up Diagnosis
Figure 3. Performance at baseline on (A) discrimination (ERR1) and (B) generalization (ERR2) task, as a function of follow-up

diagnosis of cognitively normal (Normal-f) or cognitively impaired (Impaired-f), which can be further subdivided into individuals clas-
sified as MCI or probable AD. ERR1 indicates total errors on phase 1 of the discrimination-and-generalization task; ERR2 = total
errors on phase 2 of the discrimination-and-generalization task; MCI = mild cognitive impairment; AD = Alzheimer disease.

60 1 o
® Normal-f
50 - o Impaired-f: MCI
A Impaired-f: AD
204 o
o
o J
o 30 o
w
20 A
1042 o
0
0 5
LMl
Figure 4. Scatter plot of individual cases, as a function of

baseline LMII and ERR2 scores, with cases coded according to
follow-up diagnosis of Normal-f or Impaired-f (which includes
cases classified as MCI or probable Alzheimer disease). A
boundary line is shown that approximates the discriminant
function (discussed below) separating Normal-f from Impaired-
f cases; the line is drawn so that the 3 Normal-f and 3 Impaired-
f cases that are misclassified by the discriminant function fall on
the wrong side of this boundary line. LMII indicates Wechsler
Memory Scale—Revised logical memory delay score; ERR2 =
total errors on phase 2 of the discrimination-and-generalization
task; MCI = mild cognitive impairment; AD = Alzheimer disease.

0.979) and ERR2 (F-to-remove 19.14, tolerance
0.979). No other variables added significant pre-
dictive accuracy. A group classification function
was then calculated (coefficients: LMII = 0.081,
ERR2 =-0.74, constant =—0.975). This classification

function correctly predicted class membership for
13 of 16 Impaired-f cases and 31 of 34 Normal-f cases
for an overall predictive accuracy of 88% (Table 3).

By contrast, a function based on LMII alone
correctly classified 11 of 16 Impaired-f cases and 28
of 34 Normal-f cases for an overall predictive accu-
racy of 78%. A function based on ERR2 alone cor-
rectly classified 11 of 16 Impaired-f cases and 31 of
34 Normal-f cases for an overall predictive accuracy
of 84%. Thus, a classification function based on
both LMII and ERR2 provides greater predictive
accuracy than either measure alone.

The 6 cases that were misdiagnosed by the
joint classification function were all individuals who
had been diagnosed as cognitively normal at base-
line; 3 were still diagnosed as cognitively normal at
a 2-year follow-up, and 3 had declined to MCI.
Table 4 shows the age and neuropsychological and
behavioral measures for these cases compared with
the Normal-f and Impaired-f group means with
these 6 cases excluded. In particular, at baseline
testing, cases 1542, 303, and 100 showed relatively
strong LMII performance (within 1 SD of Normal
group mean) and poor generalization perform-
ance (2 of 3 cases show ERR2 greater than 1 SD
from the Normal-f group mean). Conversely, cases
110, 122, 160 showed relatively poor LMII and gen-
eralization performance compared with the Normal-
f group means.
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Table 3. Predictive Variables Identified by

Discriminant Function Analysis

Sensitivity ~ Specificity Overall Accuracy
(%) (%) (%)
LMII and ERR2
(combined) 81.3 91.0 88.0
LMII (alone) 69.0 82.0 78.0
ERR2 (alone) 69.0 91.0 84.0

NOTE: LMII = Wechsler Memory Scale—Revised logical mem-
ory delay score; ERR2 = total errors on phase 2 of the discrimi-
nation-and-generalization task.

Summary and Discussion

The central question being examined here was
whether a short battery of neuropsychological tests,
administered to nondemented, medically healthy eld-
erly patients, can predict cognitive outcome at a
2-year follow-up. The results suggested that 2 meas-
ures in particular, delayed paragraph recall and the
generalization component of a discrimination-and-
generalization test, could predict with 88% accuracy
which individuals would present at follow-up as cogni-
tively normal or with cognitive impairment (MCI or
probable AD). This article builds on earlier studies
documenting that delayed paragraph recall can predict
cognitive decline in nondemented elderly.! However,
in this study, prediction accuracy was improved when
both delayed paragraph recall and generalization were
considered, relative to either measure alone.

Characteristics of the Sample

In the current data, we found a 2-year conversion
rate of 2.6% from cognitively unimpaired to AD and
of 9.1% from MCI to AD. These conversion rates are
broadly consistent with other studies finding that
individuals with MCI tend to progress to probable
AD at a rate of approximately 10% to 15% per year
compared with a conversion rate of 1% to 3% per
year among the cognitively unimpaired elderly.*'***
We also had a relatively high rate of MCI at baseline
(11 of 50 or 22%) and of conversion from normal to
MCI over the 2-year study period (8 of 39 or 21%).
These rates are somewhat higher than might be
expected from medically healthy elderly individuals
in the broader population and reflect the character-
istics of the volunteers who present themselves at
the NYU ADC—many of whom do so in response to
subjective concerns about memory decline. Therefore,

the current results should be interpreted with
caution, both on account of the small sample size
and of the characteristics of this sample (see also
Limitations of the Current Study).

Most strikingly, in the current sample, we found
that 4 cases diagnosed as MCI at baseline were sub-
sequently reclassified as cognitively normal at follow-
up (4 of 11, or 36%). This highlights the difficulty in
assessing cognitive status based on a single evalua-
tion as an individual’s performance may fluctuate
due to factors not directly related to cognitive
decline (eg, attention or motivation) and thus high-
lights the need for studies that repeat testing several
times during a longer follow-up interval (see also
Limitations of the Current Study).

At the same time, in most cases, our behavioral
results are consistent with those of the prior studies.
For example, at baseline, our Impaired-b group per-
formed significantly worse than the Normal-b group
on several measures that involved learning and
memory components, including MMS, LMI, LMII,
and ERRI1, but not on other tests that do not criti-
cally involve recent memory, including DIG and
DSST. This difference in LMII between Normal-b
and Impaired-b groups is consistent with prior stud-
ies showing that delayed paragraph recall is a neu-
ropsychological measure, which is particularly likely
to distinguish subjects with MCI from healthy eld-
erly.?? The Normal-b and Impaired-b groups did not
differ significantly on ERR2, which is consistent
with our prior finding that cognitive status (cogni-
tively normal vs MCI) did not significantly affect
generalization performance on this task.'?

Predicting 2-Year Outcome
Based on Baseline Performance

Dividing our sample according to 2-year follow-up,
both paragraph recall (LMI and LMII) and behav-
ioral task performance (ERR1, ERR2) were signi-
ficantly different between the Normal-f and
Impaired-f groups; within the Impaired-f group, the
AD subgroup performed especially poorly on these
measures. However, only 2 measures—LMII and
ERR2—contributed significantly to predicting
2-year outcome. When LMII was considered sepa-
rately, it alone could provide 78% prediction accu-
racy consistent with prior studies implicating
delayed paragraph recall as a simple, noninvasive
procedure that can provide a high degree of accu-
racy in assessing risk for cognitive decline.! However,
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Table 4. Age and Neuropsychological and Behavioral Measurements at Baseline for the 6 Subjects
Whose Follow-up Outcome Differed From That Predicted by the Discriminant Function®

Baseline Actual  Predicted
Case Age MMS LMI LMII DIG DSST ERRI1 ERR2 Outcomes Outcome
1542 64 30 30 25 10 60 33 16 Impaired-f Normal
303 66 28 26 23 13 57 23 7 Impaired-f Normal
95-100 71 30 25 26 15 58 13 17 Impaired-f Normal
97-119 74 30 14 10 13 53 15 8 Normal-f  Impaired
97-122 75 27 18 15 12 39 44 36 Normal-f  Impaired
98-160 63 30 31 25 9 52 20 22 Normal-f  Impaired
Normal-f  66.9 (9.2) 28.8 (1.1) 30.3 (5.6) 26.2 (5.4) 12.7 (2.3) 54.2 (12.3) 15.4 (10.4) 3.6 (4.2)
group
mean
Impaired-f 68.22 (8.3) 28.7 (1.4) 20.0 (6.4) 13.0 (7.5) 11.7 (1.5) 45.0 (13.4) 29.9 (15.9) 26.3 (15.0)
group
mean

NOTE: MMS = mini-mental state test score; LMI = Wechsler Memory Scale—Revised logical memory immediate score; LMII =
Wechsler Memory Scale—Revised logical memory delay score; DIG = Wechsler Adult Intelligence Scale—Revised digit span (forward
+ backward); DSST = Wechsler Adult Intelligence Scale—Revised digit symbol substitution score; ERR1 = total errors on phase 1 of
the discrimination-and-generalization task; ERR2 = total errors on phase 2 of the discrimination-and-generalization task.

a. For comparison, group means (and standard deviation) are shown for the Normal-f and impaired-f groups, with these cases
excluded.

in the current study, prediction accuracy could be  at the 2-year follow-up. All 4 of these individuals

improved to 88% by considering a short computer-  scored as well as or better than the Normal-f group
ized learning and generalization test in addition to  mean on both LMII and ERR2, suggesting that the
delayed paragraph recall. baseline clinical diagnosis might have been improved

In addition to replicating and extending these by including information relating to subjects’ per-
results, an important direction for future develop-  formance on these 2 tests.

ment will be attempting to improve prediction accu-
racy still further. In the current study, of 50
participants, 6 cases were misclassified by the dis-
criminant function. As shown in Table 4, this  One reason why we wished to explore the paragraph
included 3 participants who performed relatively  recall and discrimination-and-generalization tasks
well on LMII and ERR2 at baseline and were as predictors of cognitive decline involves the hip-
accordingly classified with a predicted outcome of  pocampus. As mentioned above, patients with mild
Normal but who in fact were diagnosed as MCI ata ~ AD show hippocampal volume reductions, and pro-
2-year follow-up. It remains an open question  gressive hippocampal dysfunction has been proposed
whether these 3 individuals—and, indeed, the rest  as a possible neuroanatomical basis of AD. Elderly
of our MCI group—will go on to develop AD, or individuals with MCI who show hippocampal atro-
whether their cognitive impairments do not reflect  phy on MRI are at heightened statistical risk for
prodromal dementia. Conversely, the discriminant  developing dementia relative to nonatrophied peers.’

The Hippocampal Connection

function incorrectly classified 3 individuals as To the extent that hippocampal atrophy may
Impaired (based on poor LMII and ERR2 scores)  result in disruption or reduction of normal hippocam-
who were in fact determined to be cognitively nor-  pal function, nondemented individuals with hip-

mal at follow-up. Again, it is conceivable that these =~ pocampal atrophy due to prodromal AD might show
individuals are experiencing prodromal AD at a stage ~ abnormal performance on tests of hippocampal func-
where deficits are seen on these tasks but not yet in  tion, before abnormalities begin to show up on other,
other clinical assessment. Only long-term tracking  more general tests of memory and cognition. Delayed

of the subjects can provide the answer. paragraph recall is one such test, which is known to
The discriminant function did correctly classify ~ be dependent on the medial temporal lobes and to be
4 individuals who were diagnosed as MCI at base-  disrupted in amnesic patients with bilateral medial

line but who were rediagnosed as cognitively normal  temporal lobe damage,® as well as in nondemented
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elderly individuals with hippocampal atrophy.* These
findings are consistent with the widely held view that
the hippocampus and related medial temporal lobe
structures are important for the formation of new
declarative (consciously accessible and easily verbaliz-
able) memories.?’

The generalization portion of our discrimination-
and-generalization test is another test that is disrupted
in amnesic patients with bilateral medial temporal
lobe damage'? and in nondemented elderly individuals
with hippocampal atrophy'?. These findings are con-
sistent with a view that, in addition to being important
for declarative memory formation, the hippocampus
and related medial temporal lobe structures are impor-
tant for new learning, which supports subsequent
generalization or flexible use of information when con-
ditions alter.”**° Our findings are also consistent with
the idea that hippocampal system pathology occurs
early in AD and that MCI may often reflect a prodro-
mal stage of AD, when pathology has not yet accrued
to the point of causing behavioral symptomatology suf-
ficient for a diagnosis of dementia.

However, it is important to note that not all indi-
viduals diagnosed as MCI will inevitably develop AD
nor will they all necessarily have hippocampal atro-
phy. In addition, it is conceivable that hippocampal
atrophy could exist in some subjects due to nonpro-
gressive causes or due to diseases other than AD.
Thus, although our current results are consistent with
the observed correlation between hippocampal atro-
phy and AD risk, we cannot exclude the possibility
that our behavioral data reflect some other factors.

Limitations of the Current Study

Several limitations of the current study have been
alluded to above; the major limitations of the cur-
rent study are related to its scope, namely, this study
involved a small number of individuals who were
reassessed only once and a relatively short time after
baseline testing. Clearly, larger-scale studies, with
repeated assessments over a longer follow-up inter-
val would provide more information about cognitive
decline. This would also help elucidate the situation
with those individuals who were given baseline diag-
noses of MCI but were reclassified as cognitively
normal at follow-up. On the basis of information
from 2 time points alone, it is impossible to be sure
whether one or the other diagnosis may have been
incorrect or whether the baseline diagnosis of MCI
was accurate but represented a short-term condi-
tion, resulting in transient memory impairments

rather than a progressive cognitive decline. Addition-
ally, it would be of great interest to examine hip-
pocampal volumes in subjects both at baseline and
at follow-up and to attempt to correlate volumetric
reductions with behavioral declines.

Another limitation of our study is related to the
fact that we administered the paragraph recall and
discrimination-and-generalization tests only at the
time of baseline diagnosis. It would be preferable to
administer these tasks at multiple sessions to allow
the possibility of tracking cognitive decline over time.
In fact, the presence in our current sample of several
cases who were classified at cognitively impaired at
baseline, but later reclassified as cognitively normal
at follow-up, highlights the risk of overreliance on
measurements taken at a single time point. Multiple
testing sessions would reduce this risk. Studies are
underway to determine the validity of repeat testing
with the discrimination-and-generalization task to
confirm, for example, whether healthy young adults
administered this task at yearly intervals (with new
object pairs each time) show a consistent level of per-
formance on both the learning and the generalization
components. If so, then it may be possible to use the
discrimination-and-generalization test to track cogni-
tive decline in older individuals, to identify a time
point at which performance shows decrements, and
therefore to predict incipient cognitive decline.

Another important limitation of this study is
the sample itself. Subjects were recruited from an
extremely healthy group of seniors from which individ-
uals with any of the various diseases and disorders that
are common in the elderly were excluded. These strict
exclusion criteria resulted in a “clean” sample for study
but meant that our sample was not necessarily repre-
sentative of the elderly population as a whole. Future
studies should attempt to replicate this study in more
representative samples, with fewer exclusion criteria,
to document the degree to which these findings apply
to the general population. Such studies are planned
and will include larger-scale samples, longer tracking
periods, and repeat testing on the discrimination-and-
generalization and paragraph recall tests.

Acknowledgments

This work was partially funded by grants to the NYU
ADC from the National Institute on Aging (grants
AG-P30-08051 and AG-R01-08051) and by a grant
to Dr Mark A. Gluck from the Institute for the Study
of Aging. For assistance in data collection, the authors

Downloaded from http://jgp.sagepub.com at RUTGERS UNIV on May 19, 2008
© 2008 SAGE Publications. All rights reserved. Not for commercial use or unauthorized distribution.


http://jgp.sagepub.com

gratefully

acknowledge Alok Vedyas, Valerie

Hutchison, Geoffrey Schnirman, and Suditi Gupta.
Preliminary results were presented as a poster at the
2005 Society for Neuroscience Annual Meeting;
November 12-16, 2005; San Diego, CA.

References

10.

11.

12.

13.

. Kluger A, Ferris S, Golomb J, et al. Neurophysiological

prediction of decline to dementia in nondemented eld-
erly. ] Geriatr Psychiatry Neurol. 1999;12:168-179.

. Kluger A, Gianutsos ], Golomb J, et al. Patterns of motor

impairment in normal aging, mild cognitive decline, and
early Alzheimer’s disease. | Gerontol Psychol Sci Soc Sci.
1997;52:P28-P39.

. Grundman M, Petersen R, Ferris S, et al. Mild cognitive

impairment can be distinguished from Alzheimer
disease and normal aging for clinical trials. Arch Neurol.
2004;61:59-66.

. Golomb ], de Leon M, Kluger A, et al. Hippocampal

atrophy in normal aging: an association with recent
memory impairment. Arch Neurol. 1993;50:967-973.

. de Leon M, Golomb J, George A, et al. The radiologic

prediction of Alzheimer disease: the atrophic hippocam-
pal formation. Am J Neuroradiol. 1993;10:3531-3542.
Squire L, Zola-Morgan S. The medial temporal lobe
memory system. Science. 1991;253:1380-1386.

. de Leon M, George A, Stylopoulos L, et al. Early marker

for Alzheimer’s disease: the atrophic hippocampus.
Lancet. 1989;2:672-673.

. Ball M. Neuronal loss, neurofibrillary tangles and gran-

ulovacuolar degeneration in the hippocampus with ageing
and dementia. A quantitative study. Acta Neuropathol
(Berl). 1977;37:111-118.

. Hyman B, Van Horsen G, Damasio A, Barnes C.

Alzheimer’s disease: cell-specific pathology isolates the
hippocampal formation. Science. 1984;225:1168-1170.
Moscovitch M, Winocur G. The neuropsychology of
memory and aging. In: Craik F, Salthouse T, eds. The
Handbook of Aging and Cognition. Hillsdale, NJ:
Lawrence Erlbaum Associates; 1992:315-372.

Ferris S, Kluger A. Commentary on age-related memory
impairment, age-related cognitive decline and mild cog-
nitive impairment. Aging Neuropsychol Cogn. 1996;3:
148-153.

Myers C, Kluger A, Golomb J, et al. Hippocampal atro-
phy disrupts transfer generalization in non-demented
elderly. | Geriatr Psychiatry Neurol. 2002;15:82-90.
Myers C, Bryant D, DeLuca ], Gluck M. Dissociating
basal forebrain and medial temporal amnesic syn-
dromes: insights from classical conditioning. Integrative
Physiol Behav Sci. 2002;37:85-102.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Learning and Generalization Tasks / Myers et al 103

Hamilton M. Development of a rating scale for primary
depression illness. Br ] Soc Clin Psychol. 1967;6:278-296.
Reisberg B, Ferris S, de Leon M, Crook T. The global
deterioration scale for assessment of primary degenera-
tive dementia. Am | Psychiatry. 1982;139:1136-1139.
Wechsler D. WMS-R Wechsler Memory Scale-Revised
Manual. New York, NY: Psychological Corporation,
Harcourt Brace Jovanovich; 1987.

Wechsler D. WAIS-R Wechsler Adult Intelligence Scale-
Revised Manual. New York, NY: Psychological Corporation;
1981.

Folstein M, Folstein S, McHugh P. “Mini-mental state”: a
practical method for grading the cognitive state of patients
for the clinician. J Psychiatr Res. 1975;12:189-198.
Petersen R, Thomas R, Grundman M, et al. Vitamin E
and donepezil for the treatment of mild cognitive
impairment. N Engl ] Med. 2005;352:2379-2388.
Devanand D, Folz M, Gorlyn M, Moeller ], Stern Y.
Questionable dementia: clinical course and predictors
of outcome. | Am Geriatr Soc. 1997;45:321-328.
Grundman M, Petersen RC, Morris JC, et al. Rate of
dementia of Alzheimer type (DAT) in subjects with mild
cognitive impairment: the Alzheimer’s disease coopera-
tive study [abstract]. Neurology. 1996;46:A403.

Morris J, Heyman A, Mohs R, et al. The Consortium to
Establish a Registry for Alzheimer’s Disease (CERAD).
Part 1. Clinical and neurophysiological assessment of
Alzheimer’s disease. Neurology. 1989;39:1159-1165.
Reisberg B, Ferris S, Shulman E, et al. Longitudinal
course of normal aging and progressive dementia of the
Alzheimer’s type: a prospective study of 106 subjects
over a 3.6 year mean interval. Prog Neuropsychopharmacol
Biol Psychiatry. 1986;10:571-578.

Flicker C, Ferris S, Reisberg B. A two-year longitudinal
study of cognitive function in normal aging and Alzheimer’s
disease. J Geriatry Psychiatry Neurol. 1993;8:84-96.
Squire L. Memory and Brain. New York, NY: Oxford
University Press; 1987.

Eichenbaum H, Stewart C, Morris R. Hippocampal
representation in place learning. J Neurosci. 1990;10:
3531-3542.

Gluck M, Myers C. Hippocampal mediation of stimulus
representation: a computational theory. Hippocampus.
1993;3:491-516.

Gluck M, Myers C, Nicolle M, Johnson S.
Computational models of the hippocampal region:
implications for the prediction of risk for Alzheimer’s
disease in non-demented elderly. Curr Alzheimer Res.
2006;3:247-257.

Schacter D. Multiple forms of memory in humans and
animals. In: Weinberger N, McGaugh ], Lynch G, eds.
Memory Systems of the Brain: Animal and Human Cognitive
Processes. New York, NY: Guildford Press; 1985: 351-379.

Downloaded from http://jgp.sagepub.com at RUTGERS UNIV on May 19, 2008
© 2008 SAGE Publications. All rights reserved. Not for commercial use or unauthorized distribution.


http://jgp.sagepub.com


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /ACaslon-Ornaments
    /AGaramond-BoldScaps
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-RomanScaps
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AGar-Special
    /AkzidenzGroteskBE-Bold
    /AkzidenzGroteskBE-BoldIt
    /AkzidenzGroteskBE-It
    /AkzidenzGroteskBE-Light
    /AkzidenzGroteskBE-LightOsF
    /AkzidenzGroteskBE-Md
    /AkzidenzGroteskBE-MdIt
    /AkzidenzGroteskBE-Regular
    /AkzidenzGroteskBE-Super
    /AlbertusMT
    /AlbertusMT-Italic
    /AlbertusMT-Light
    /Aldine401BT-BoldA
    /Aldine401BT-BoldItalicA
    /Aldine401BT-ItalicA
    /Aldine401BT-RomanA
    /Aldine401BTSPL-RomanA
    /Aldine721BT-Bold
    /Aldine721BT-BoldItalic
    /Aldine721BT-Italic
    /Aldine721BT-Light
    /Aldine721BT-LightItalic
    /Aldine721BT-Roman
    /Aldus-Italic
    /Aldus-Roman
    /AlternateGothicNo2BT-Regular
    /Anna
    /AntiqueOlive-Bold
    /AntiqueOlive-Compact
    /AntiqueOlive-Italic
    /AntiqueOlive-Roman
    /Arcadia
    /Arcadia-A
    /Arkona-Medium
    /Arkona-Regular
    /AssemblyLightSSK
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /BakerSignetBT-Roman
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /BaskervilleBook-Italic
    /BaskervilleBook-MedItalic
    /BaskervilleBook-Medium
    /BaskervilleBook-Regular
    /BaskervilleBT-Bold
    /BaskervilleBT-BoldItalic
    /BaskervilleBT-Italic
    /BaskervilleBT-Roman
    /BaskervilleMT
    /BaskervilleMT-Bold
    /BaskervilleMT-BoldItalic
    /BaskervilleMT-Italic
    /BaskervilleMT-SemiBold
    /BaskervilleMT-SemiBoldItalic
    /BaskervilleNo2BT-Bold
    /BaskervilleNo2BT-BoldItalic
    /BaskervilleNo2BT-Italic
    /BaskervilleNo2BT-Roman
    /Bauhaus-Bold
    /Bauhaus-Demi
    /Bauhaus-Heavy
    /BauhausITCbyBT-Bold
    /BauhausITCbyBT-Medium
    /Bauhaus-Light
    /Bauhaus-Medium
    /BellCentennial-Address
    /BellGothic-Black
    /BellGothic-Bold
    /Bell-GothicBoldItalicBT
    /BellGothicBT-Bold
    /BellGothicBT-Roman
    /BellGothic-Light
    /Bembo
    /Bembo-Bold
    /Bembo-BoldExpert
    /Bembo-BoldItalic
    /Bembo-BoldItalicExpert
    /Bembo-Expert
    /Bembo-ExtraBoldItalic
    /Bembo-Italic
    /Bembo-ItalicExpert
    /Bembo-Semibold
    /Bembo-SemiboldItalic
    /Berkeley-Black
    /Berkeley-BlackItalic
    /Berkeley-Bold
    /Berkeley-BoldItalic
    /Berkeley-Book
    /Berkeley-BookItalic
    /Berkeley-Italic
    /Berkeley-Medium
    /Berling-Bold
    /Berling-BoldItalic
    /Berling-Italic
    /Berling-Roman
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BremenBT-Black
    /BremenBT-Bold
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Carta
    /Caslon224ITCbyBT-Bold
    /Caslon224ITCbyBT-BoldItalic
    /Caslon224ITCbyBT-Book
    /Caslon224ITCbyBT-BookItalic
    /Caslon540BT-Italic
    /Caslon540BT-Roman
    /CaslonBT-Bold
    /CaslonBT-BoldItalic
    /CaslonTwoTwentyFour-Black
    /CaslonTwoTwentyFour-BlackIt
    /CaslonTwoTwentyFour-Bold
    /CaslonTwoTwentyFour-BoldIt
    /CaslonTwoTwentyFour-Book
    /CaslonTwoTwentyFour-BookIt
    /CaslonTwoTwentyFour-Medium
    /CaslonTwoTwentyFour-MediumIt
    /CastleT-Bold
    /CastleT-Book
    /Caxton-Bold
    /Caxton-BoldItalic
    /Caxton-Book
    /Caxton-BookItalic
    /Caxton-Light
    /Caxton-LightItalic
    /CelestiaAntiqua-Ornaments
    /Centennial-BlackItalicOsF
    /Centennial-BlackOsF
    /Centennial-BoldItalicOsF
    /Centennial-BoldOsF
    /Centennial-ItalicOsF
    /Centennial-LightItalicOsF
    /Centennial-LightSC
    /Centennial-RomanSC
    /CenturyOldStyle-Bold
    /CenturyOldStyle-Italic
    /CenturyOldStyle-Regular
    /CheltenhamBT-Bold
    /CheltenhamBT-BoldItalic
    /CheltenhamBT-Italic
    /CheltenhamBT-Roman
    /Christiana-Bold
    /Christiana-BoldItalic
    /Christiana-Italic
    /Christiana-Medium
    /Christiana-MediumItalic
    /Christiana-Regular
    /Christiana-RegularExpert
    /Christiana-RegularSC
    /Clarendon
    /Clarendon-Bold
    /Clarendon-Light
    /ClassicalGaramondBT-Bold
    /ClassicalGaramondBT-BoldItalic
    /ClassicalGaramondBT-Italic
    /ClassicalGaramondBT-Roman
    /CMTI10
    /CommonBullets
    /ConduitITC-Bold
    /ConduitITC-BoldItalic
    /ConduitITC-Light
    /ConduitITC-LightItalic
    /ConduitITC-Medium
    /ConduitITC-MediumItalic
    /CooperBlack
    /CooperBlack-Italic
    /CopperplateGothicBT-Bold
    /CopperplateGothicBT-BoldCond
    /CopperplateGothicBT-Heavy
    /CopperplateGothicBT-Roman
    /CopperplateGothicBT-RomanCond
    /Copperplate-ThirtyThreeBC
    /Copperplate-ThirtyTwoBC
    /Coronet-Regular
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Critter
    /CS-Special-font
    /DextorD
    /DextorOutD
    /DidotLH-OrnamentsOne
    /DidotLH-OrnamentsTwo
    /DINEngschrift
    /DINEngschrift-Alternate
    /DINMittelschrift
    /DINMittelschrift-Alternate
    /DINNeuzeitGrotesk-BoldCond
    /DINNeuzeitGrotesk-Light
    /Dom-CasItalic
    /Dom-CasualBT
    /Ehrhard-Italic
    /Ehrhard-Regular
    /EhrhardSemi-Italic
    /EhrhardtMT
    /EhrhardtMT-Italic
    /EhrhardtMT-SemiBold
    /EhrhardtMT-SemiBoldItalic
    /EhrharSemi
    /ElectraLH-Bold
    /ElectraLH-BoldCursive
    /ElectraLH-Cursive
    /ElectraLH-Regular
    /EnglischeSchT-Bold
    /EnglischeSchT-Regu
    /ErasContour
    /ErasITCbyBT-Bold
    /ErasITCbyBT-Book
    /ErasITCbyBT-Demi
    /ErasITCbyBT-Light
    /ErasITCbyBT-Medium
    /ErasITCbyBT-Ultra
    /EUEX10
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuropeanPi-Four
    /EuropeanPi-One
    /EuropeanPi-Three
    /EuropeanPi-Two
    /Eurostile
    /Eurostile-Bold
    /Eurostile-BoldExtendedTwo
    /Eurostile-ExtendedTwo
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /ExPonto-Regular
    /Fenice-Bold
    /Fenice-BoldOblique
    /FeniceITCbyBT-Bold
    /FeniceITCbyBT-BoldItalic
    /FeniceITCbyBT-Regular
    /FeniceITCbyBT-RegularItalic
    /Fenice-Light
    /Fenice-LightOblique
    /Fenice-Regular
    /Fenice-RegularOblique
    /Fenice-Ultra
    /Fenice-UltraOblique
    /FlashD-Ligh
    /Folio-Bold
    /Folio-BoldCondensed
    /Folio-ExtraBold
    /Folio-Light
    /Folio-Medium
    /FontanaNDEeOsF
    /FontanaNDEeOsF-Semibold
    /FormalScript421BT-Regular
    /Formata-Bold
    /Formata-MediumCondensed
    /FournierMT-Ornaments
    /FrakturBT-Regular
    /FranklinGothic-Book
    /FranklinGothic-BookItal
    /FranklinGothic-BookOblique
    /FranklinGothic-Condensed
    /FranklinGothic-Demi
    /FranklinGothic-DemiItal
    /FranklinGothic-DemiOblique
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItal
    /FranklinGothic-HeavyOblique
    /FranklinGothic-Medium
    /FranklinGothic-MediumItal
    /FranklinGothic-Roman
    /FrizQuadrataITCbyBT-Bold
    /FrizQuadrataITCbyBT-Roman
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura
    /FuturaBlackBT-Regular
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldCondensedItalic
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Heavy
    /FuturaBT-HeavyItalic
    /FuturaBT-Light
    /FuturaBT-LightCondensed
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /Futura-ExtraBold
    /Futura-ExtraBoldOblique
    /Futura-Heavy
    /Futura-HeavyOblique
    /Futura-Light
    /Futura-LightOblique
    /Futura-Oblique
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond-Antiqua
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Halbfett
    /GaramondITCbyBT-Bold
    /GaramondITCbyBT-BoldCondensed
    /GaramondITCbyBT-BoldCondItalic
    /GaramondITCbyBT-BoldItalic
    /GaramondITCbyBT-BoldNarrow
    /GaramondITCbyBT-BoldNarrowItal
    /GaramondITCbyBT-Book
    /GaramondITCbyBT-BookCondensed
    /GaramondITCbyBT-BookCondItalic
    /GaramondITCbyBT-BookItalic
    /GaramondITCbyBT-Light
    /GaramondITCbyBT-LightCondensed
    /GaramondITCbyBT-LightCondItalic
    /GaramondITCbyBT-LightItalic
    /GaramondITCbyBT-LightNarrow
    /GaramondITCbyBT-LightNarrowItal
    /GaramondITCbyBT-Ultra
    /GaramondITCbyBT-UltraCondensed
    /GaramondITCbyBT-UltraCondItalic
    /GaramondITCbyBT-UltraItalic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /GaramondThree
    /GaramondThree-Bold
    /GaramondThree-BoldItalic
    /GaramondThree-Italic
    /GaramondThreeSMSspl
    /GaramondThreespl
    /GaramondThreeSpl-Bold
    /GaramondThreeSpl-Italic
    /GarthGraphic
    /GarthGraphic-Black
    /GarthGraphic-Bold
    /GarthGraphic-BoldCondensed
    /GarthGraphic-BoldItalic
    /GarthGraphic-Condensed
    /GarthGraphic-ExtraBold
    /GarthGraphic-Italic
    /Geometric231BT-HeavyC
    /GeometricSlab712BT-BoldA
    /GeometricSlab712BT-ExtraBoldA
    /GeometricSlab712BT-LightA
    /GeometricSlab712BT-LightItalicA
    /GeometricSlab712BT-MediumA
    /GeometricSlab712BT-MediumItalA
    /Giddyup
    /Giddyup-Thangs
    /GillSans
    /GillSans-Bold
    /GillSans-BoldCondensed
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-ExtraBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /Gill-Special
    /Giovanni-Bold
    /Giovanni-BoldItalic
    /Giovanni-Book
    /Giovanni-BookItalic
    /Glypha
    /Glypha-Bold
    /Glypha-BoldOblique
    /Glypha-Oblique
    /Goudy
    /Goudy-Bold
    /Goudy-BoldItalic
    /Goudy-ExtraBold
    /Goudy-Italic
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-ExtraBold
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudySans-Bold
    /GoudySans-BoldItalic
    /GoudySansITCbyBT-Bold
    /GoudySansITCbyBT-BoldItalic
    /GoudySansITCbyBT-Medium
    /GoudySansITCbyBT-MediumItalic
    /GoudySans-Medium
    /GoudySans-MediumItalic
    /Granjon
    /Granjon-Bold
    /Granjon-BoldOsF
    /Granjon-Italic
    /Granjon-ItalicOsF
    /Granjon-SC
    /GreymantleMVB-Ornaments
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Black-SemiBold
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Light
    /Helvetica-LightOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /HelveticaNeue-BlackCond
    /HelveticaNeue-BlackCondObl
    /HelveticaNeue-Bold
    /HelveticaNeue-BoldCond
    /HelveticaNeue-BoldCondObl
    /HelveticaNeue-BoldExt
    /HelveticaNeue-BoldExtObl
    /HelveticaNeue-BoldItalic
    /HelveticaNeue-Condensed
    /HelveticaNeue-CondensedObl
    /HelveticaNeue-ExtBlackCond
    /HelveticaNeue-ExtBlackCondObl
    /HelveticaNeue-Extended
    /HelveticaNeue-ExtendedObl
    /HelveticaNeue-Heavy
    /HelveticaNeue-HeavyCond
    /HelveticaNeue-HeavyCondObl
    /HelveticaNeue-HeavyExt
    /HelveticaNeue-HeavyExtObl
    /HelveticaNeue-HeavyItalic
    /HelveticaNeue-Italic
    /HelveticaNeue-Light
    /HelveticaNeue-LightCond
    /HelveticaNeue-LightCondObl
    /HelveticaNeue-LightItalic
    /HelveticaNeueLTStd-Md
    /HelveticaNeueLTStd-MdIt
    /HelveticaNeue-Medium
    /HelveticaNeue-MediumCond
    /HelveticaNeue-MediumCondObl
    /HelveticaNeue-MediumExt
    /HelveticaNeue-MediumExtObl
    /HelveticaNeue-MediumItalic
    /HelveticaNeue-Roman
    /HelveticaNeue-ThinCond
    /HelveticaNeue-ThinCondObl
    /HelveticaNeue-UltraLigCond
    /HelveticaNeue-UltraLigCondObl
    /Helvetica-Oblique
    /HelvLight
    /Humanist521BT-Bold
    /Humanist521BT-BoldCondensed
    /Humanist521BT-BoldItalic
    /Humanist521BT-ExtraBold
    /Humanist521BT-Italic
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-Roman
    /Humanist521BT-RomanCondensed
    /Humanist521BT-UltraBold
    /Humanist521BT-XtraBoldCondensed
    /Humanist777BT-BlackB
    /Humanist777BT-BlackItalicB
    /Humanist777BT-BoldB
    /Humanist777BT-BoldItalicB
    /Humanist777BT-ItalicB
    /Humanist777BT-LightB
    /Humanist777BT-LightItalicB
    /Humanist777BT-RomanB
    /ICMEX10
    /ICMMI8
    /ICMSY8
    /ICMTT8
    /ILASY8
    /ILCMSS8
    /ILCMSSB8
    /ILCMSSI8
    /Imago-Book
    /Imago-BookItalic
    /Imago-ExtraBold
    /Imago-ExtraBoldItalic
    /Imago-Medium
    /Imago-MediumItalic
    /Industria-Inline
    /Industria-InlineA
    /Industria-Solid
    /Industria-SolidA
    /Insignia
    /Insignia-A
    /IPAExtras
    /IPAHighLow
    /IPAKiel
    /IPAKielSeven
    /IPAsans
    /JoannaMT
    /JoannaMT-Bold
    /JoannaMT-BoldItalic
    /JoannaMT-Italic
    /KlangMT
    /Kuenstler480BT-Black
    /Kuenstler480BT-Bold
    /Kuenstler480BT-BoldItalic
    /Kuenstler480BT-Italic
    /Kuenstler480BT-Roman
    /KunstlerschreibschD-Bold
    /KunstlerschreibschD-Medi
    /Lapidary333BT-Black
    /Lapidary333BT-Bold
    /Lapidary333BT-BoldItalic
    /Lapidary333BT-Italic
    /Lapidary333BT-Roman
    /LASY10
    /LASY5
    /LASY6
    /LASY7
    /LASY8
    /LASY9
    /LASYB10
    /LatinMT-Condensed
    /LCIRCLE10
    /LCIRCLEW10
    /LCMSS8
    /LCMSSB8
    /LCMSSI8
    /LDecorationPi-One
    /LDecorationPi-Two
    /Leawood-Black
    /Leawood-BlackItalic
    /Leawood-Bold
    /Leawood-BoldItalic
    /Leawood-Book
    /Leawood-BookItalic
    /Leawood-Medium
    /Leawood-MediumItalic
    /LegacySans-Bold
    /LegacySans-BoldItalic
    /LegacySans-Book
    /LegacySans-BookItalic
    /LegacySans-Medium
    /LegacySans-MediumItalic
    /LegacySans-Ultra
    /LegacySerif-Bold
    /LegacySerif-BoldItalic
    /LegacySerif-Book
    /LegacySerif-BookItalic
    /LegacySerif-Medium
    /LegacySerif-MediumItalic
    /LegacySerif-Ultra
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldSlanted
    /LetterGothic-Slanted
    /Life-Bold
    /Life-Italic
    /Life-Roman
    /LINE10
    /LINEW10
    /Lithos-Black
    /Lithos-Regular
    /LOGO10
    /LOGO8
    /LOGO9
    /LOGOBF10
    /LOGOSL10
    /LOMD-Normal
    /LubalinGraph-Book
    /LubalinGraph-BookOblique
    /LubalinGraph-Demi
    /LubalinGraph-DemiOblique
    /LucidaMath-Symbol
    /LydianBT-Bold
    /LydianBT-BoldItalic
    /LydianBT-Italic
    /LydianBT-Roman
    /LydianCursiveBT-Regular
    /Marigold
    /MathematicalPi-Five
    /MathematicalPi-Four
    /MathematicalPi-One
    /MathematicalPi-Six
    /MathematicalPi-Three
    /MathematicalPi-Two
    /Melior
    /Melior-Bold
    /Melior-BoldItalic
    /Melior-Italic
    /MercuriusCT-Black
    /MercuriusCT-BlackItalic
    /MercuriusCT-Light
    /MercuriusCT-LightItalic
    /MercuriusCT-Medium
    /MercuriusCT-MediumItalic
    /MercuriusMT-BoldScript
    /Meridien-Medium
    /Meridien-MediumItalic
    /Meridien-Roman
    /Minion-Black
    /Minion-Bold
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-BoldItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /MinionExp-Italic
    /MinionExp-Semibold
    /MinionExp-SemiboldItalic
    /Minion-Italic
    /Minion-Ornaments
    /Minion-Regular
    /Minion-Semibold
    /Minion-SemiboldItalic
    /MonaLisa-Recut
    /MSAM10
    /MSAM10A
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM10A
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MTEX
    /MTEXB
    /MTEXH
    /MTGU
    /MTGUB
    /MTMI
    /MTMIB
    /MTMIH
    /MTMS
    /MTMSB
    /MTMUB
    /MTMUH
    /MTSY
    /MTSYB
    /MTSYH
    /MTSYN
    /MusicalSymbols-Normal
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-CnBold
    /Myriad-CnBoldItalic
    /Myriad-CnItalic
    /Myriad-CnSemibold
    /Myriad-CnSemiboldItalic
    /Myriad-Condensed
    /Myriad-Italic
    /Myriad-Roman
    /Myriad-Sketch
    /Myriad-Tilt
    /NeuzeitS-Book
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


