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Abstract

Previously we reported that Apolipoprotein E (ApoE) 4 negatively affects performance in the
novel-image-novel-location (NINL) object recognition test in healthy non-demented elderly
human study participants. In this study, the participants were invited to return for testing sessions 6
and 18 months after the baseline session. Using a longitudinal study design, effects of €4 on NINL
test performance were assessed in study “dropouts”, participants that did not return for the second
and/or third session(s), and “finishers”, participants that returned for all sessions. There were
effects of €4 on dropout rates and NINL total scores as well as sub-scores in both dropouts and
finishers. NINL total score was a predictor of €4 participant dropout. Compared to non-e4
dropouts, 4 dropouts had lower NINL scores. In contrast, €4 finishers had higher NINL scores
than non-g4 finishers. Thus, the NINL test could be a valuable tool in detecting pre-clinical signs
of age-related cognitive impairments, particularly those associated with €4 risk.
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INTRODUCTION

Apolipoprotein E (apoE) is involved in metabolism and redistribution of cholesterol and
lipoproteins [1]. In humans, three different alleles encode apoE, €2, €3, and €4. Compared to
€3, €4 increases the risk to develop age-related cognitive impairments in the absence of frank
dementia [2—-6] as well as Alzheimer’s disease (AD) [7-11]. Longitudinal studies confirm
the effect of €4 on cognitive decline in normal aging [12-14] as well as on the progression to
AD [15-19]. Early detection of age-related cognitive decline would provide the best chance
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of delaying Mild Cognitive Impairment (MCI) and AD. Therefore, a non-invasive test
sensitive to the effects of €4 could be useful to identify pre-clinical cognitive decline.

Loss of episodic memory, memories based on experiences in specific space and time, occurs
during normal aging [20] but is also one of the first signs of AD [21-31]. Object recognition
tasks are used to test episodic memory in animals and humans [32]. Novel location
recognition, involving a spatial change of a familiar object to a novel location, is sensitive to
effects of age in C57BL6/J wild type female and male mice [33] and effects of castration in
male mice expressing apoE4, but not in male mice expressing apoE3 or no apoE at all [34].
Furthermore, female mice expressing apoE4 show impaired novel object recognition,
involving replacement of a familiar object by a novel object [34, 35]. Based on the objection
recognition test used in mice, a human object recognition test (Novel-Image-Novel-Location
(NINL)) [36] was developed and shown to be sensitive to effects of €4 on object recognition
in healthy non-demented elderly [6]. Object recognition tests such as NINL might help to
identify early cognitive impairment before clinical signs are present.

Reduced cognitive performance and hippocampal size are associated with alterations in
circulating glucocorticoid levels. High cortisol levels are suggested to have a negative effect
on cognitive performance in men and women [37-40]. In men and women, elevated cortisol
levels correlate with a decrease in hippocampal size and poor performance during recall of
spatial learning and memory [41]. The correlation between enhanced glucocorticoid levels
and cognitive performance might be more complex and sex-dependent. Salivary cortisol
levels correlated with performance on the NINL test in men but not in women [6]. The sex
dependency of this correlation might be species-dependent. In female rodents, high levels of
glucocorticoids were associated with decreased object recognition and spatial learning and
memory [42, 43].

In contrast to cortisol, high testosterone levels are associated with improved performance on
cognitive tests in women [44-46] and men [47-50]. In the elderly, €4 was shown to have a
sex-dependent effect on salivary testosterone levels; compared to sex-matched non-e4
carriers, salivary testosterone levels were higher in e4-carrying men but lower in g4-carrying
women [6]. Consistent with the idea that increasing androgen levels improves cognitive
performance in females, testosterone and dihydrotestosterone [35] and selective androgen
receptor modulators (SARMSs) [51] antagonized impairment of spatial memory retention in
female mice expressing apoE4.

In the current investigation, the participants of our original study [6] were invited to return
for testing sessions 6 and 18 months after the baseline session. Using a longitudinal study
design, effects of €4 on NINL test performance were assessed in study “dropouts”,
participants that did not return for the second and/or third session(s), and “finishers”,
participants that returned for all three sessions. As previous reports suggest that many
different factors can predict cognitive decline, sex, age, €4 status, cognitive test scores,
cortisol, and testosterone were analyzed as potential predictors of dropout.
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Study participants, including inclusion/exclusion criteria, recruiting, and description of
individuals were previously described in detail [6]. In brief, 114 non-demented elderly (age
range 62-92) were recruited from two adjacent local retirement communities in Portland,
Oregon, USA. All study participants were given a presentation of the planned research and
provided informed consent for participation before the start of the baseline session. All
procedures were approved by the institutional review boards at Oregon Health and Science
University (OHSU) and the Willamette View and Rose Villa retirement communities. At the
start of the baseline and 18 month sessions, cognitive status was assessed using the MMSE
(Mini-Mental State Examination) [52].

APOE genotyping

APOE genotyping was performed at the General Clinical Research Center of OHSU as
previously described in detail [6]. DNA for the assay was isolated from salivary samples and
compared to known controls for each APOE genotype. The distribution of the &4 allele in
the study population was £2/e2 (0), £2/e3 (13 women, 2 men), £2/e4 (1 women, 0 men), 3/
€3 (50 women, 23 men), £3/e4 (18 women, 5 men), and 4/¢4 (2 women, 0 men).

Study design

All the neuropsychological testing was performed in a designated apartment of the
Willamette View retirement community in Portland, Oregon. Three sessions, the initial
session (baseline) and the 6 and 18 months follow-up sessions, each lasting 1-2 hours, were
conducted in the morning starting at 8:30 am. Each session began with collection of a saliva
sample. Subsequently, the MMSE was administered in the baseline and 18 month sessions.
Following the MMSE in the baseline session, the following standardized cognitive tests were
administered: Reaction Time (http://www.delphiforfun.org/Programs/Reaction_times.htm ©
2000-2004, Intellitech Systems Inc., Fairborn, OH, USA), Family Pictures [53], and Faces
[53]. In the 6-month follow-up session, the Beck Anxiety Inventory [54], Spatial Span
Forward and Spatial Span Backward [53], and Wide Range Achievement Test-Reading [55]
were administered first. Each session began with a saliva sample, followed by the
standardized cognitive tests and the NINL test [6, 36], using a 5 minute test-retest interval.

Object Recognition

The NINL test for humans has been previously described [36]. In short, there are two sets of
12 panels, three images in each panel. The two sets of three-image panels are similar in
complexity, but different in content and arrangement within the four quadrants of the panel
with one quadrant is always blank. Before the test, the study participants were given an
example of the test. Subsequently, a set of 12 panels was presented, 8 seconds for each
panel, and the study participant was asked to memorize the panels (reference set). The
second set contained panels either identical or slightly changed compared to the reference
set by containing one novel image or one image in a novel location. Next, the second set of
12 panels was presented without delay, and the study participants were asked to identify if
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the panel was identical (no change), or contained a novel image (novel image) or an identical
image in a novel location (novel location). In the second set of 12 panels, four panels were
identical to the reference set, four panels had identical images with one image moved to a
novel location, and four panels had one image replaced with a novel image. For each
correctly identified panel, 1 point could be earned. In order to earn each point, the
participant had to correctly identify if there was a change, and, in case there was a change,
the type of change (novel image or novel location), and where the change occurred. The
score obtained for the 12 panels was calculated as the first of two NINL scores (NINL1;
maximum of 12 points). Following a 5 minute delay period, without seeing the reference set
again, the study participants were presented with a third set of 12 panels and asked to
identify the panels according to the same criteria as in NINL1 based on the reference set
(NINL2; maximum of 12 points). The third set was identical to the second set but the order
of the panels was rearranged. The two scores (NINL1 and NINL2) were added to calculate
the NINL total score.

Also, subscores with a maximum of 8 points for no change (NC), novel image (NI), and
novel location (NL), were analyzed for each session (4 points maximum for the immediate
and delayed set, both sets were added together for calculation of the total subscore). The NC
subscore reflects the ability to correctly identify the whether the panels shown were the
identical as the panels from the reference set. The NI and NL subscores reflect the ability of
the subject to identify the exact novel image or novel location, respectively. Total NINL, NC,
NI, and NL scores were analyzed for each session.

Memory Island

As described earlier [6, 36], the Memory Island is a virtual reality task assessing spatial
learning and memory in humans. Briefly, participants were placed in front of a 19-inch
computer monitor (Dell, USA) with a stereo speaker and subwoofer (Harmon Kardon
HK395, Harmon International Industries). Using a joystick (Sidewinder, Microsoft),
participants were asked to navigate through the virtual world simulating an island
environment of 347 x 287 m2 was composed of four quadrants containing a unique target
item. Computer software determined direction, speed, and time spent in each quadrant.
Memory Island was only completed during the baseline session.

As previously reported in [6], the Memory Island task included four visible trials followed
by four hidden trials. In the visible trials, participants were asked to navigate to each of the
four target items marked with a visible flag. The hidden trials contained a target item but no
visible flag. Location of the target item required formation of a spatial map. The starting
orientation was varied throughout the 8 trials but was kept constant for all participants.
When the target item was located within 2 minutes, the trial was determined a success. If the
target had not been located within 2 minutes, a directional arrow appeared on the screen to
guide the participant to the target. For each trial, a time-stamped coordinate file was
generated to calculate total distance moved (feet), velocity (feet/second), time to reach the
target (latency, seconds), cumulative distance to the target (feet), and percent time spent in
each quadrant.
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Salivary Hormones

Saliva samples, collected at the beginning of each session, were analyzed for cortisol and
testosterone levels. Using commercial kits for each hormone, the General Clinical Research
Center at OHSU determined the level of each hormone in the samples. Performance
characteristics for the EIA cortisol (Diagnostic Systems Laboratories, Webster, TX, USA)
were as follows: intra-assay precision values of 4.8%, 2.8%, and 1.9% at 0.47, 1.41, and
4.09 pg/dL, respectively, and inter-assay precision values of 15.3% and 9.2% for 0.18 and
1.87 pg/dL, respectively. Performance characteristics for the testosterone EIA (Salimetrics,
State College, PA, USA) were as follows: intra-assay precision values 3.3% and 6.7% for
26.3 and 197.3 pg/ml, respectively and inter-assay precision values 5.1% and 9.6% for 13.1
and 200.7 pg/ml, respectively.

Statistical analyses

Dropout

Data were analyzed using SPSS (version 16.0, SPSS Inc. Chicago IL) and Prism (Graphpad
Prism, San Diego, CA) software. Significance was considered at £< 0.05.

Following an invitation, some participants did not return for the 6- or 18-month follow-up
sessions. These participants were defined as “dropouts” whereas participants that completed
all three sessions were defined as “finishers”. Dropout rates were analyzed for effects of ¢4
status, sex, and age. Multivariate logistic regression was used to explore the association
between the two €4 groups after accounting for the effects of sex and age.

Baseline data

Previously established cognitive tests were analyzed with a retrospective analysis, separating
the dropouts from finishers.

NINL total scores and sub-scores

To determine if NINL scores changed over time in the study, total NINL scores were
analyzed using repeated measures ANOVA. The dropouts and finishers of the study were
analyzed separately. NINL sub-scores for each session were analyzed using repeated
measures ANOVAs. Bonferroni’s correction was used to adjust an experimental-wise error
rate. Sub-scores were also analyzed separately for dropouts and finishers.

No difference was observed between cognitive performance of study participants that
dropped out of the study after the baseline session and those that dropped out after the 6
month follow up session. To include in the analysis study participants who dropped out of
the study after the baseline session, the “Last Observation Carried Forward” (LOCF)
imputation method [56] was used for cognitive performance of 6 study participants who
dropped out after the baseline session.

Memory Island

Total distance moved, velocity, latency, cumulative distance to the target, ability to reach the
target location within the trial time (success or failure), and percent time spent in each
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quadrant were analyzed using one-way ANOVAS. The data were analyzed separately for
dropouts and finishers.

Cortisol and Testosterone Levels

Cortisol and testosterone levels were analyzed separately in male and female groups.
Cortisol and testosterone levels were analyzed using repeated measures ANOVA [salivary
hormone level X €4 status X session (repeated measure)]. Hormone levels of dropouts and
finishers of the study were analyzed separately. Due to only 1 male €4 dropout, cortisol and
testosterone levels in €4 and non-g4 male dropouts were not analyzed. In the female groups,
3 outliers were removed from the finisher group and 2 outliers were removed from the
dropout group because the hormone levels were outside the limits of the assay.

RESULTS

Standardized Cognitive Tests

No difference was observed between dropouts and finishers in the MMSE (P = 0.8), Beck
Anxiety Inventory (P=0.7), Wide Range Achievement Test-Reading (P = 0.2), Spatial Span
Forward (~ = 0.08), Spatial Span Backward (£ = 0.7), Reaction Time (P = 0.4), Family
Pictures (P=0.14) and Faces (P=0.2) tests. As previously reported, there was an effect of
sex, but not €4, on Family Pictures [6]. This effect was not seen when dropouts and finishers
were analyzed separately. The MMSE scores were not significantly different between non-e4
and &4 finishers over the course of the 18 months testing period (= 0.09). The scores from
the standardized tests and NINL are described in Table 1.

Baseline session

When the data from the baseline session were analyzed excluding the dropouts of the study,
there was no effect of e4. There was no difference between non-e4 and €4 carriers for NINL
total scores (P=0.3), No Change (NC) sub-scores (P=0.1), Novel Image (NI) sub-scores (P
=0.8), or Novel Location (NL) sub-scores (P = 0.8). The NINL scores of study participants
who dropped out after the baseline session and the 6-month session were not different (P =
0.8).

Predictors of dropout

Multivariate logistic regression analysis revealed that €4 genotype was a significant predictor
of study dropout (2 = 30.4, P=0.02) after accounting for the effects of age and gender.
Compared to non-g4 carriers, €4 carriers were 2.7 times more likely not to complete the
study when accounted for the effects of age and sex (P = 0.03). The 95% confidence interval
for the estimated odd ratio was 1.36 to 1. However, neither sex nor age by itself was a
predictor of dropout.

Follow-up sessions

Total NINL Scores—There was an effect of €4 on the total NINL score for the dropouts
and finishers but in opposite directions. In the dropout group, €4 had a significant effect on
NINL score over the two testing sessions [F (1, 21) = 2.5; £=0.04 (Figure 1)]. The €4
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dropouts scored lower than the non-e4 dropouts at both the baseline (P= 0.04) and the 6-
month (P = 0.03) sessions. In contrast, in the finisher group, €4 had a significant positive
effect on NINL score throughout the testing sessions [F (2, 81) = 3.4; P=0.03] (Figure 1).
Although no difference was observed between the non-¢4 finishers and €4 finishers in the
baseline session (P=0.7), during each subsequent session, €4 finishers had higher NINL
total scores compared to non-¢4 finishers (6 months 2= 0.01; 18 months £< 0.01).

In the dropouts, no difference was observed in the change in total NINL score (ANINL total
scores) between the two sessions regardless of 4 status (P = 0.6; Figure 2). The NINL total
scores of non-e4 finishers in both the 6- and 18-month sessions were lower than those at
baseline. In contrast, the NINL scores of 4 finishers in the 6- and 18-month sessions were
not different from baseline. In the finisher group, there was a trend of an effect of €4 on
ANINL total score between the baseline session and the 6-month session and between the
baseline session and the 18-month session but that did not reach significance (P= 0.056).

NINL sub-scores—The total No Change (NC) sub-score was not different across the
sessions between the non-e4 and e4 dropouts (£ = 0.2) or non-e4 and €4 finishers (P=0.3;
Table 3). In the baseline session, €4 dropouts had significantly more incorrect ‘no change’
answers than non-g4 dropouts and non-g4 and €4 finishers (P= 0.001; Figure 3). There was
no difference in the Novel Image (NI) sub-score between non-e4 and &4 carriers over the
sessions in either dropouts (P = 0.1) or finishers (P= 0.4; Table 3). For the Novel Location
(NL) sub-score, non-¢4 dropouts had significantly higher scores than €4 dropouts [F (1, 22)
= 3.6; P=0.03]. The &4 finishers had significantly higher scores compared to the non-g4
finishers [F (2, 164) = 3.6; P=0.04 (Figure 4, Table 3)].

Memory Island

During the visible trials of the Memory Island task, 4 dropouts navigated closer to the
target location (lower cumulative distance to the target) than e4 finishers, non-g4 dropouts
and non-¢4 finishers (P = 0.01). While during the last visible trial €4 dropouts reached the
target in less time (lower latency values) than non-e4 participants (P < 0.001), it was not
significantly different from e4 finishers (P = 0.058). None of the significant differences were
predictors of study dropout (P> 0.24).

During the hidden trials, there was no difference in total distance moved, velocity, latency,
cumulative distance to the target, success or failure (ability to reach the target location
within the trial time), or percentage time spent searching in the target quadrant (containing
the platform during the hidden trials) between any of the four groups (non-g4 dropouts, non-
4 finishers, €4 dropouts, and &4 finishers) in any of the trials (P> 0.35).

Salivary cortisol and testosterone levels

There was no difference in salivary cortisol levels between non-e4 and €4 dropouts or non-g4
and &4 finishers across the sessions (men: 2= 0.6; women: P=0.7). Furthermore, there was
no difference in salivary cortisol levels in men and women (P = 0.5). In the baseline session,
there was no difference in salivary cortisol between dropouts and finishers (= 0.3) and
salivary cortisol level was not a predictor of participants dropping out of the study (P=
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0.13). However, cortisol levels decreased from the baseline session to the 6-month session in
all participants [dropouts: F (1, 22) = 8.4, P=0.008; finishers: F (2, 68) = 6.15, = 0.004
(Figure 5)].

Dropouts and finishers in the study were separated into male and female groups for analyses
of salivary testosterone levels. In the baseline session, there was an effect of sex (P< 0.001)
on salivary testosterone levels, but there were no differences in testosterone levels between
dropouts or finishers (P = 0.3; Figure 6). In the baseline session, €4 had an effect on
testosterone levels (P= 0.04) but testosterone was not a predictor of participants dropping
out of the study (P=0.17). Testosterone levels decreased significantly in the finishers [male
finishers: F (2, 70) = 5.342, P=0.006; female finishers: F (2, 69) = 6.83, £=0.002] but not
in the dropouts [male dropouts: 2= 0.38; female dropouts: 2= 0.15; Figure 6] and €4
genotype was not a significant covariate (P> 0.3).

DISCUSSION

The main findings of this study are that the NINL task and €4 are predictors of study dropout
in a longitudinal study design of non-demented human “super agers”. To the best of our
knowledge no study has identified £4 as a predictor of study dropout. Participants with €4
were 2.7 times more likely to drop out of the study than non- €4 participants and &4
participants with low NINL scores were 1.3 times more likely to drop out of the study than
€4 participants with a high NINL score. Therefore, the NINL test could be a useful tool in
the assessment of early cognitive changes that occur prior to those detected in the clinic
using traditional cognitive tests.

Analyzing the effect of €4 on cognitive tests by dropouts and finishers, some of the effects
observed in the original study were lost [6], yet, other interesting effects, were detected. In
the baseline session, non-e4 participants scored higher on the NINL test than €4 participants
[6]. Analyzing the data without the participants that dropped out of the study, there was no
difference in performance on the NINL task between non-¢4 and &4 finishers. However,
examination of the data from the baseline session of only the participants that dropped out of
the study showed a significant effect of €4. Therefore, the effect of €4 observed in the
original study was due to the performance of 4 participants who subsequently would drop
out of the study. In the following sessions, €4 was not an indicator of lower NINL scores. As
such, there is a paradoxical effect of €4 on NINL score, indicating that the NINL task is
sensitive to detect cognitive effects of £4 in healthy non-demented elderly.

Recent studies have demonstrated an effect of €4 on cognitive performance while others
have not. First, a study demonstrated a longitudinal decline in memory, as assessed with the
Auditory-Verbal Learning Test (AVLT-LTM), started earlier (before age 60) and showed a
greater acceleration in €4 carriers when compared to non-carriers [57]. These data are
consistent with earlier studies of this group showing a more rapid decline in memory in €4
carriers that was correlated with reduced cerebral metabolism 5-10 years before the onset of
cognitive symptoms [58-60]. On the other hand, another study demonstrated that when age
and education are added to the analysis, the effect of €4 disappeared [61]. Another study
demonstrated that €4 did not have an effect on cognitive performance among non-demented
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70-year-olds [62]. Although these data seem contradictory, the effect of ¢4 might require
more specific tests. In our study, instead of using years of formal education, we used WRAT-
R as a measure of general intelligence because years of formal education might not be a
direct indicator of cognitive abilities due to generational expectations, especially in this age
group. Using the WRAT-R as a measure of general cognitive function did not yield
significant differences between e4 and non-g4 participants. Similar to the results from the
Luciano study [62], we found no difference in the performance on a battery of traditional
cognitive tests based on €4 status and dropout/finisher group controlling for age and gender.
Taking this information into consideration, we propose that the NINL is a unique test and
more sensitive than other traditional cognitive tasks and can be used to detect effects of €4
on cognition.

There was a significant difference in the change in NINL score between baseline and the 6
or 18 month in non-e4 and €4 finishers. In fact, NINL scores of €4 finishers did not
significantly change, suggesting a protective effect of €4 in the participants that remained in
the study. As there was no significant change between the 6- to 18- month sessions, our data
suggests that the most important change occurred between the baseline session and the 6-
month session and would likely be detectable during a 6 or 12 months follow up visit in a
clinical setting. No difference was observed in the NC or NI NINL sub-scores between non-
€4 and &4 finishers or dropouts across time for, but there was a significant difference in the
NL sub-score. Thus, the change of a familiar image to a novel location was difficult for the
€4 dropouts to identify. The addition of the spatial component increases the sensitivity of the
NINL task over other object recognition tasks. Consistent with this, in our mouse studies
novel location recognition is more sensitive to effects of age in C57BL6/J wild type female
and male mice [33] and effects of castration in male mice expressing apoE4 [34]. Perhaps
related to the difficulty of €4 dropouts to identify a novel location change, in the baseline
session, €4 dropouts had significantly more incorrect ‘NC’ answers, thus inflating their NC
scores. The €4 dropouts might have more often used the NC sub-score as a default when
they either did not notice a change or did not know the correct answer than the €4 finishers.

In contrast to the differences between non-e4 and €4 dropouts and finishers in the NINL
task, very little variation was observed in the Memory Island task. In the baseline study,
there was an effect of €4, which disappeared when the data was analyzed separately for
dropouts and finishers. Furthermore, performance on the Memory Island task was not a
predictor of dropouts of the study. In addition, no difference was observed between the non-
¢4 and &4 finishers in the MMSE scores at the baseline and 18-month sessions. The spatial
navigation and computer use involved in the Memory Island, but not NINL, test might have
contributed to this difference in test sensitivity.

Cortisol has been suggested to play a role in hippocampal atrophy [41]. In our initial study
[6], cortisol correlated with cognitive performance in only the male study participants. As
such, we hypothesized that cortisol would be a predictor of study dropout. However, unlike
apoE genotype and NINL score, cortisol was not a predictor of study dropout. Therefore,
while cortisol might be a predictor of cognitive performance on some tasks it cannot be
assumed to be a predictor for overall cognitive decline.
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Another hormone suggested to enhance cognitive function is testosterone [47-50], yet there
are contradicting reports about testosterone’s role in cognitive function and the potential role
in cognitive impairment [45, 63-66]. In our study, testosterone levels did not correlate with
performance on the object recognition test. In addition, there was no difference in
testosterone levels of the dropout and finisher groups. The only observed differences in
testosterone levels were in the baseline session between non-g4 and e4 participants. These
data suggest that testosterone is not an indicator of cognitive performance on the NINL task.

Although neither cortisol nor testosterone had an effect on performance in the NINL test,
over the course of the longitudinal study both hormones decreased in the finisher population.
The decrease in cortisol levels occurred between the baseline and the 6 months sessions, but
was not significantly changed between the 6- and 18-month sessions. This observation could
be due to a decrease in anxiety levels as the participants were participating in the tests for
the second time and were more familiar with the study design. In both male and female
finishers, salivary testosterone levels were significantly lower in the 18-month than the
baseline session, demonstrating an age-related decline in testosterone levels in the oldest-old
population [67, 68]. However, no difference was observed in salivary testosterone levels of
the finisher group between the baseline and 6-month session.

We began our study with 114 participants in the baseline session. Of the 114 participants, 26
were g4 carriers, or 22.8% of the study population, which is a similar distribution of other
studies of healthy elderly people [69-72]. We demonstrate that €4 had a significant effect on
dropout rate and that total NINL score was a predictor of whether participants would drop
out of the study. There is a small possibility that the participants did not return to the study
because they became ill or passed away. Alternatively, although test performance was not
communicated to the study participants in any way, it is conceivable that the participants
who performed poorly on the cognitive tasks were aware of their performance deficiencies
and therefore did not return.

Within the group of €4 participants, there were two distinct groups; participants who
performed well on the NINL test and returned for all three sessions and participants who
performed poorly and did not return for all three sessions. It is possible that the finishers
were more familiar with the tests and this familiarity contributed to their test performance
during follow up test sessions. Remarkable, the dropouts who participated in two study
sessions had significantly lower scores in the second session, suggesting that if test
familiarity contributed to test performance during follow up visits it did so differently in
dropouts and finishers. In any event, these results suggest that the NINL test is sensitive to
detect cognitive decline associated with the 4 allele. Recent evidence supports the concept
of distinct e4subgroups, based on the presence and amount of cognitive decline, when the
cognitive decline occurs during AD, where brain atrophy is found, and the amount of brain
atrophy [73-75]. Currently, it is not clear what causes the divergence, but there seem to be
two likely possibilities; an interaction with a genetic factor besides apoE4 and the individual
health and cognitive history.

In summary, in this study, participants with €4 were more likely to drop out of the study than
non-g4 participants. Furthermore, €4 participants with a low NINL score were more likely to
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drop out of the study than &4 participants with high NINL score. Therefore, NINL could be a
valuable tool to assess pre-clinical cognitive decline.
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Figure 1.
Total NINL scores for all sessions. In dropouts and finishers, there was a genotype x session

interaction. * indicates that a score was significantly lower in the baseline session at <
0.05. n=114
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Figure 2.

Change in total NINL scores of non-¢4 and 4 dropouts and finishers (non-e4 n=72; g4 n=
16) between the baseline and the follow-up sessions. In finishers, there was a genotype x
session interaction. Decreased scores resulted in a negative change value (-). n= 114
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Figure 3.
Incorrect ‘no change’ (NC) responses. In the baseline session, €4 dropouts had significantly

more incorrect ‘NC’ responses than non-e4 dropouts, non-e4 and &4 finishers. * indicates
significance in the baseline session at < 0.05 7=114
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Figure 4.

A. Inset shows average ‘novel location’ (NL) sub-scores over all three sessions. B. Total

novel location (NL) sub-scores in the 3 individual sessions. In dropouts and finishers, there
was a genotype x session interaction. * indicates a significantly lower collapsed score over
time at < 0.05. n=114
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Figureb.

Salivary cortisol levels in dropouts and finishers. In dropouts and finishers, there was a
significant decrease in hormone levels over the sessions £< 0.05. n= 107
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Figure®6.
Salivary testosterone levels in dropouts and finishers. In dropouts and finishers, there was a

significant decrease in hormone levels over the sessions £< 0.05. 7= 105
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Table 1

Cognitive test scores of non-g4 and €4 dropouts and finishers?

non-e4 &4 Dropouts non-e4 €4 Finishers
Dropouts Finishers

MMSE 27.67+0.20 27.36+053 27.64+0.17 26.60+0.41
(Baseline)
MMSE (18 27.72+0.22 28.30+0.50
month)
BAIY 5.00+1.15 3.00+0.81 4.01+044 467%121
WRAT-R? 55.27+2.89 56.00+3.09 58.00+1.00 59.14+1.76
SSEb 6.86 +0.35 6.72+0.52  6.88+0.21 7.07+0.34
ssgb 6.73+0.51 727+042 658+0.24  6.53+047
RT 0.41+0.04 0.39+0.02 0.38+0.01 0.41+0.03
Faces 68.78£2.13  68.27+227 7065+0.82 70.47+181

Family PicturesC 67224635 5036682 7281271 4573%545
Baseline NINL ~ 1828+125 1457412g% 1840+052 18.93+0.90
6 month NINL 16.60 + 1.20 13.38 + 1.42* 16.82 + 0.56 19.47 +£0.98

18 month NINL 16.65+0.58 19.13+1.17

aScores in mean + SEM from Mini-Mental State Evaluation (MMSE), Beck Anxiety Index (BAI), Wide Range Achievement Test-Reading
(WRAT-R), Spatial Span Forward (SSF), Spatial Span Backward (SSB), Reaction Time (RT), Family Pictures, Faces, and Novel-Image-Novel-
Location (NINL) were compared between non-e4 and £4 dropouts and finishers. NINL was the only cognitive task that demonstrated a difference in
performance between non-g4 and &4 dropouts and finishers.

indicates 6 missing scores due to participants dropping out before the test was administered. 7= 108
(- . . .
indicates there was an effect of sex on the test score which was lost using the current analysis.

*
indicates score of 4 dropouts was significantly less than score of non-e4 dropouts, non-¢4 finishers, and €4 finishers in the baseline session (P <
0.05).
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Table 3
NINL subscores
non-g4 ¢4 Dropouts  non-e4 €4 Finishers
Dropouts Finishers

NC Subscore

S1 6.6+0.3 6.3+0.5 6.3+0.5 6.6 +0.5
S2 6.3+0.3 56+04 58+0.2 6.4+0.4
S3 57+0.2 6.8+0.3
NI Subscore

S1 58+0.7 3510 58+0.3 6.7+0.3
S2 45+0.7 40+0.8 52+03 70+04
S3 52+0.3 6.3+0.7
NL Subscore

S1 57+0.3 49+0.8 6.2+0.2 5.6+0.6
S2 57+0.3 3.8+0.9 57+0.3 6.4 +0.6
S3 57+03 6.7 +0.6
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