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Primacy and Cognitive Decline

Abstract

One of the cognitive changes associated with Alzheimer’s disease isatitimiof the primacy
effect, i.e., the tendency towards better recall of items studied earlystrc@nhpared to the rest.
We examined whether learning and recall ofmacy words predicted subsequent cognitive
decline in 204 elderly subjects who were m@mented and cognitively intact when first
examined. Our results show that poorer primacy performance in the Rey AubBital
Learning Test delayed recall trials, matt in immediate recall trials, is an effective predictor of
subsequent decline in general cognitive function. This pattern of performance oterjeied

as evidence that failure to consolidate primacy items is a marker of cognitiveedec
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Introduction
A majorchallengen aging research iheearlydiscriminaton between healthy and pathological
aging especially when it concerns the development of Alzheimer'ssig@d). Both healthy,
cognitively intact elderly (e.g., Light, 1991) and individuals in @reical stages of AD (e.g.,
Albert, Moss, Tanzi & Jones, 2001) present a worsening of episodic memory perfarmance
However, although episodic memory disturbannesdvanced age are not necessarily a
symptom of disease or dysfunction, several studies have highlighted how subtlegmemor
differences across cognitively intact elderly subjects can help to idémigg who are more
likely to convert to AD (e.g., Albert, Blacker, Moss, Tanzi & McArdle, 2007).
A recent repor{La Rue, Hermann, Jones, Johnson, Ashtana & Sager, 2008; but see also
Howieson et al., 201@mphasized the role of serial position effects in free recall as a potential
predictor of pathological aging. Serial position effects refer to a conynotiserved pattern in
free recall, where items learned early in a study list (primacy items) ansl léarned towards
the end of the study list (recency items) are recalled better than items leatimedhidle
(Murdock, 1962; Glanzer, 1972). Despite some disagreements (e.g., Neath, 2010), most
researchers support a dual account of primacy and recency effects, ighistihese effects as
based on different underlying cognitive (e.g., Glanzer, 1972) and neural (e.ganA%iPiolich,
2007; Rushby, Barry & Johnstone, 2002) mechanisms.
Lesions to the hippocampus have been associated with a conjoint reduction of the effietacy
and an intact or exaggerated recency effect (BagideMarrington, 1970; Hermarat al.,
1996; Milner, 1987), a pattern also observed in patients with AD (Bayley et al., 2000; Bigler
Rosa, Schultz, Hall & Harris, 1989; Carlesimo, Fadda, Sabbadini & Caltagirone, 1996; Foldi,

Brickman, Schaefer & Knutelska, 2003; Gainotti, Marra, Villa, Parlato & Gtiad998),
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presumably reflecting early decline of hippocampal function in this type oémtean(Jack et al.
1997, 1999; Killianny et al. 2000).

La Rue et al. (2008) compared free recall performance across two groupsiof, feeghitvely
intact subjects aged between 40 and 65: of these, 623 subjects had a parent who developed AD
and 157 did notHaving a family history of AD is considered a strong risk factor for(Berti et

al., in press Prince, Cullen & Mann, 1994; Silverman, Ciresi, Smith, Marin & Schndiger,
2005). La Rue et al. tested subjects’ free recall performance with the Regrix\irbal

Learning Test (AVLT), which requires learning and recalling a ligtotinrelated words. They
defined primacy as words 1-4 iretstudy list and recency as words12 In their results,

subjects with a family history of AD did not differ from controls in measurestaf tecall, but
showed a greater recency effect and a poorer primacy effect than their cotst€ibear known
risk factors, such asPOE &4 (e.g., Blennow, de Leon & Zetterberg, 2006; Farrer et al., 1997)
and depression (e.g., Wilson et al., 2002) were not found to influence memory performance in
these two groups.hese results suggest that the analysis of serial position effects nededl

tasks, and of primacy effects in particulaay be a valuable tool to identify subjects who are at
risk of cognitive decline or dementia.

In terms of the cognitive processes that are involved in the primacy dffere,is no clear
theoreticakconsensus, although the most widely accepted explanation relies on the notion of
increased rehearsal of early list items as compared to items learned afterwacis(RA71;
Glanzer, 1972). Primacy words, being the first on the list, would thereforétdeor@ more
opportunities for rehearsal, which in turn would lead to better encoding and, subsequently, to
easier retrieval. It follows that a failure to retrieve primacy words, motieasoa failure to

retrieve words from any other portion of the list, may signal emergingtosgdisfunction.
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This should be especially true in delayed recall tasks, where short-lived mgmoocegses would
be less likely tde in play, and memory consolidation would be more likely to have either
occurred or not (see al§Somar BobesBascara, ConejereGoldberg,Davies& Goldberg,

2011, for a similar argumet Consolidation (McGaugh, 2000) refers to the idea that memory
traces require time and protein synthesis to become established and resistarfetence, and

it is functionally dependent on the hippocampal formation, consisting of hippocampus, dentate
gyrus, subiculum and entorhinal cortex (Wixted, 2004). Therefore, we hypothesize that poor
retrieval ofprimacy itemsin the absence of any symptsof dementia, will predict increased
risk of decline in cognitive function later in lifen addition, we also anticipate that poor primacy
recallshould be especially predictive of cognitive decline wihénobserved in delayeecall
tasks, rather than in tasks of immediate memory, as it meflatt afailure to consolidate and,
possibly, hippocampal dysfunction.

To test tlese hypothese we examined the level of general cognitive functomgitudinally in a
sample of volunteers who were cognitively intact and healthy at the prelinvisérgbaseline),
who then returned for up to four folloup visits. We also tested for interactions of free recall
measures with relevant factors (includiiBOE &4, family history of AD, age and time from

first visit) on the course of general cognitive function over tikgea measure of memory
performance, we employelde AVLT (cf., LaRue et al., 2008whereasve used the minmental
state exam (MMSE) te¢Folstein Folstein& McHugh, 1975as a measure of general cognitive
function. The MMSE tesis commonly used in both research (e.g., Yaffe et al., 2011) and
clinical practice as an index of general cognitive function and cognitivendeti addition, it is
highly correlated with both other general function tests (e.g., CDR; Juva, SulkRirguntti,

Ylikoski, Valvanne & Tilvis, 1994) and measures of brain atrophy (e.g., Frederiksen et al., 2011,
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Kovacevic, Rafil & Brewer, 2009)Ve expected that failure to recall primacy words in the
delayed trials, at the first study visit, would be predef cognitive decline at consecutive
visits, but not failure to recall primacy words in the learning trials, which index dhatee
memory performance

Methods
SubjectsA pool of 853 participants, who volunteered in the Memory Evaluation Research
Initiative (MERI) and were tested at the Nathan Kline Institute, Orangeburgyabravailable.
TheMERI programwasestablished in 2003 WYP in collaboration with Rockland County, NY,
and has been providirigee memory and cognitive evaluations to individuiatsn the local
community.From the totalpool of 853 subjects, who participated in the MERHdferent dates
during the 2003-201idme span we extracted 204 totabpticipants who fell within thenclusion
criteria set for this study (see Table for agraphic information): over 60 years of agje
baseline (age rangB0- 91) at least one follow up visign MMSE score of 28 or highat
baselingand no major clinical condition, psychiatric iliness, or symptoms of demantia,
baselineas establishenh an interview by a boardertified geriatric psychiatrist (NPhubjects
received no compensation. Each subject returned for at least one follow-up pisat|yyone to
two years after the previous visit, for a maximum of four follow-up visitangius a grand total
of 625 visits, including baseline (79 subjects came for exactly one follow-up, 61 for twa, 36 f
three and 28 for four; in total, 204 subjects came for the baseline and visit 2 sessions, 125
subjects came for visit 3, 64 subjects caorevisit 4 and 28 subggs came for visit 5; see
Tablg. The follow up times ranged from half a year to 7 years, with mean 3.6 yelnseaian
3.2 years. One hundred seven subjects reported a prior family history of ARi@nye)via

direct questioning. In addition, 58bjects carried the APOE &4 allele, out of 161 subjects for
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whom genotype information was available €BZ2, 90 €3/e3, 50 €3/e4, 5 €4/e2 & 4 €4/e4).
Procedure After providing informed consent, subjects’ vitals were examined, Masddrawn
for APOE genotypingand a general medical intake questionnaire was conducted to obtain
family and medical history informatigand to assess the presence of memory complaimes
MMSE score waslso collected at this stage. The MMSE test meguihe subject to respond to a
30 item questiomaire, addressing different cognitive argagentation (time & place),
Registration (i.e., shoterm memory), Attention and Calculatidrecall, Language, and
Copying (.e.,figure drawing) Memory was then tested as part afeuropsychological battery,
whichwas largely the same for all subjects, lasted ~ 2 handalsoincluded psychomotor
tasks (e.g., grooved pegboard), executive function tasks (e.g., digit symbalusohgest, trail
making A &B), and language tasks (e.g., verbal fluentythe AVLT, subjects are read the
same list of 15 unrelated words five times and are asked to recall theimarddiately after
each presentation; subjects are encouraged to recall all the words on theddingneiords

they have already reported in previous trials. After the fifth recal| subjects are read an
interference list (15 new unrelated words) and asked to recall this list iatelgdfter
presentation. Subsequently, subjects are reqtor&ee recall words from the original five study
trials (i.e., 15 words) without hearing the word list again. Twenty minutes laét@mntd of the last
recall trial, subjects are asked again to free recall the 15 study wardghiedirst five trials
(delayed recall task). Finally, subjegtsrform a2-alternative forced choice task. One of three
alternative versions of this test, using different word lists for the initial piagsm the
interference trial, and the new words in thal@rnative forcegathoice task, was assigned
randomly to each participant. The three alternative versions were rotataddamaly, so that

each subject received a new list in each of three consecutive visits.
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Study Design and AnalysiShe outcome variable in our modelas MMSE score at followp
visits. The main question was whether recall performance (AVLT) of amyfisgeortion of the
15-word list (in particular, primacy words) at baseline was especialliygtire of subsequent
MMSE decline. In addition, we examihehether APOE &4 carrier status, reported family

history of AD, age at baseline and time since the baseline visit affected exéalhance or
moderated the effect of serial position. For these purposes, we examined gecrmboth the
five AVLT learning trials, which index immediate memory performance, and the delagedtl re
trial.

We used linear mixed models suitable for longitudinal data, implemented in R (R peealo
Core Team, 2010). In all modeMMSE scores at followup were modeled as arfction of
baselindIMSE, baseline age, time from baselared AVLT measures were included as fixed
effects; random subject effects were included to account for correlatioadretie repeated
observations on the same suhj&ihce all subjects’ MMSE scores at baseline were within 2
points of the maximum possible value of 30, the residuals from our models were nggativel
skewed and did not follow a normal distribution, as assumed by the models. Thereforanwe re
the models after applying a Box-Cox transformation to the MMSE scores to maksitheals’
distribution more consistent with the normality assumption. This adjustment leditpbieg
change in the results, which is consistent with the observation of Gelman and Hill {2807) t
normality is tle least important of the standard linear model assumptions. We have therefore
chosen to report the results based on untransformed data,avbiofore readily interpretable.
We adopted a twstage modeling strategy. The first stage entailed main effedslsyan which
the AVLT measure was either: a) the total number of words recalled out of bh&;t)rmber of

words recalled from among tiiest four (primacy) words; c) the number recalled from among
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the middle seven words (middle); or d) the numberliet&om among théastfour (recency)
words. As the results (described later) indicated that primacy recall watscalpdy strong
predictor of MMSE decline, we then used primacy as our predictor of interest irctimel se
stage.
The second stage conged interaction models: first, a tinpeimacy interaction, and then
exploratory models with interactions among time, primacy, and a third variable whgchithar
€4 carrier status, family history of AD, or age at baseline. The same two-Stage modeling
procedure was used with learning trial recall as the predictor of interdisis icase, each
memory measure was obtained by summing over the five learning trials.nplke size for the
basic model was 204 subjects with a total of 421 follow-up visits. Due to a small amount of
missing information from the delayed recall and fribra learning trials tests, analyses in the
various alternative models included 2-4 fewer subjects. Finally, we also éitlel mvith both the
delayeadtrial and learningrials primacy variables together to assess relative predictive power.
Results
Main efects modelsThe predictor of interest in the initial main effects modelsaté&er recall
of all the words presentergcall of primacy words, recall ofiddle words, orecall of recency
wordsfor the baseline delayed trial. In each case, a significantly posita ébetter baseline
recall associated with higher follemp MMSE scores) wa®und. The coefficient estimates
were 0.17 (Wald t-statistic = 4.98, p<.001) for total words, 0.51 for primacy (t = 5.18, p<.001),
0.24 (t=3.63, p<.001) for middle and 0.36 (t = 3.37, p<.001) for recenmeaning for
instance, that controlling fmovariates adescribed above, subjects with one more primacy
word recalled at baseline had MMSE scores 0.51 points higher (i.e., less decline)age at

follow up visits.These parameter estimates can be converted to effect size estimates by dividing

10
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by 0.74, the standard deviation of the MMSE at baseline. Thus, for example, the eéféat si
each primacy word recalled @s69.These results indicate that pringdtad a somewhat stronger
predictive effect than middle words or recency words. Note that the issue cdsleffeeedom

for Wald tstatistics in linear mixed models is controversial (Verbeke & Molenbergh8):20

since our sample was fairly large, we based-aklpes on a standard normal approximation.

To examindurtherthe importance of recall of primacy vs. other words further, we fitted two
additional models: the first included both primacy and recency, while the second aniohitie
primacy and number of ngsimacy words recalled. In each case, the primacy effect was
notably stronger than that of the other recall variable. In the primacy vecyeoemparison, the
Wald tstatistics were 4.13 [p<.001] for primacy and 1.52 [p=.13] for recency; in the primacy vs
non-primacy comparison, the Wald t-statistics were 3.30 for primacy [p<.001] vs. 1.41][p=.16
for non-primacy. Tests of contrasts in these models did not find significant ddés&etween

the effects (e.g., a significantly larger effeEpamacy than of recency), but these results do
suggest that delayed recall performance at the primacy position may helelabre

predictive of MMSE change from baseline.

The results for the learning trials were quite different, as predicted. Theeffects total,

primacy, middle and recency models produced coefficients 0.054 [t=4.18, p<.001], 0.12 [t=3.46,
p<.001], 0.068 [t=3.49, p< .001], and 0.072 [t=1.63, p=.10], respectively, suggesting that, unlike
in the delayed recall task, primacy was aatronger predictor than middle words. In the two
additional models as above, primacy was found to be relatively more predictivedbacyre

(Wald tstatistics: 3.54 [p<.001] vs. 1.87 [p=.061] for primacy vs. recency), but not more
predictive than nomptimacy words in general (2.28 [p=.022] vs. 2.47 [p=.014] for primacy vs.

nonfprimacy). The results from the learning trials, in summary, suggest that pniatatlyis not

11
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especially predictive of decline in measures of immediate memory.

To examine the refave importance of primacy recall in the delayed trial vs. primacy recall in the
five learning trials, we included these two predictors in the mixed effectslmsiotultaneously
(again adjusting for baseline age and MMSE and for time since baselirta}. tmadel, delayed
recall primacy remained a significant predictor [t=3.82, p<.001], whereaagyim the learning
trials was no longer significant [t=0.41, p=.680]. However, the contrast between theselitbr
not yield a significant difference.

Interaction models For the delayed trial, we found a nearly significant tprigzacy interaction
effect [p=.089] such that the speed of decline of MMSE over time was faster fartswinj
poorer delayed primacy recall at baseline. Figure 1 shows rhadetestimates of expected
MMSE score at the-13- and Syear marks, given baseline delaytedl recall of 0, 2, and 4
primacy words. Inspection of the figure suggests that subjects wittcpprimacy recall at
baseline (all 4 primacy words recalled) areaverageinchanged at follow-up; recalling only 2
primacy words is associated with cognitive decline, and recalling nonesaied with faster
decline.

In addition, we observed significant&y interactions among time, primacy, and either age at
bazline [p=.037] or family history [p=.001]. Theseay interactions indicate that the
relationship between primacy recall and rate of decline described above gesfayrolder
subjects than for younger subjects, which is hardly surprising. More intergstmg|
relationship is also stronger for subjects with a reported family histor{pdhan for those
without.

For purposes of the above model, family history was defined as any family meitibe

dementia. When we refitted the model with materimgtbhy (mother with dementia) only,

12
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instead of any fany history, the three-way interaction remained significant (p=.003); in
contrast, using paternal history only did not yield a significant interactiendid/not find the
APOE e4-carrier status to interact with primacy or time in its effect on MMSE coldsethe
AVLT learning trials, we did not observe a tippemacy interaction or a thregay interaction
with age, but we did find a threeay interaction among time, primacy and family history
[p=.003] in the same direction as for the delayed recall tirathis case, the corresponding
significant interaction was not observed with maternal or paternal history.

General considerations and summaBur results suggest that MMSE decline is more strongly
associated with a failure to retrieve primacy wordhendelayed recall trial, rather thany of

the subsequent words. In particular, the predictive power of detagedrimacy can be gauged
by comparing coefficients of determinatid®?) for ordinary linear models predicting MMSE at
follow-up. With baseline MMSE, age and time in the model, 12.6% of the variance imexplai
adding delayedrial primacy raises the explained variance to 17.9%ohtrast, primacy recall
during the learning trials is not especially predictive of decline, agdneral not as predictive
as delayed primacy, presumably indicating that {rgh memory processes may be more
indicative of healthy memory function than shtatm processes based on immediate memory.
In addition, the effect of primacy recall appears to be saofay subjects with a reported family
history of AD.

Figure 2 presents seripbsition curves for the 70 “decliners” (i.e., subjects whose mean follow-
up MMSE score was lower than their baseline score) and the 134l&atiners,” (a) in the
delayed trigs and (b) averaged over the five learning triatse @ifference in recall between
decliners and non-decliners is more pronounced in the primacy portion of the delayaadve

than at any other locations along the curves for either the learningael#lyed trials. This

13



Primacy and Cognitive Decline

provides visual confirmation of the conclusions based on our linear mixed effects models.
It may be noted that despite the MMSE score declines in many subjects, the M&&nsgbre
at visit 5 was unchanged from baseline (see Tabhe}.reflects the fact that the 28 subjects who
had five visits had a marginally significantly higher mean MMSE score atif@agiean those
who did not (mean = 29.480.13 vs. 29.18 0.06; Wilcoxon test p=.09). This also raises the
possibility that oufindings are impacted by systematic differences among subjects vigredtf
numbers of follow-up visits, due either to time trends in recruitment or to diffareintipout.
However, by conducting Krusk&lfallis tests, we found no significant assoaas between
number of follow-up visits and baseline age, baseline MMSE, primacy recall onrhiadea
trials and, most importantly for us, primacy recall on the delayed tea2@an each case); in
other words, we found no evidence of a relationship between follow up duration and subjects
characteristics that could possibly bias the results.

Discussion
Our results confirm that the analysis of serial position effects in defegedecall tasks may be
helpful in the identification of elderly individuals who, despite being cognitiveactrt
baseline, are more likely to show cognitive decline over time. In our results, egteyt
subjects who had no dementia at baseline and an MMSE score of at least 28, poor recall of
primacy words in the delayed recall trial emerged as the better predidexliofe in the MMSE
score over follow-up visits, as compared to failure to recall subsequent words.
A potential criticism of our metid lies in the use of the MMSE test to measure general
cognitive function. The MMSE test is made up of eight separate categoriel,attieimpt to
address different cognitive areas, including memory. In fact, thréesé tasks (i.e., Recall,

Registration and Repetition) are eminently related to memory timctherefore, it may bihat

14
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our outcome measure, the MMSE score, is naturally dependent on our assumed predictor,
primacy recall, which in itself is memobased. However, two main reasons made us choose
MMSE over other potential alternatives. First, the MMSE test is widely usduhical practice

as a measure of cognitive function and, therefore dié iactothe instrument most clinicians
would adopt when evaluating cognitive performance in elderly patients. Secoraljvietlie
baseline MMSE scores to correlate significantly, in our sample, with thesgliigbol

substitution test score [r=.251; p<.001], which is not reliant on memory at all and has also bee
employed as a measure of generalntidge function in research, especially with older adults
(e.g., Salthouse, 1992; Knopman, Mosley, Catellier & Coker, 2009).

Another potential issue with our results lies within the relatively small change isB/ddore
reported as a function of time and primacy recall (see Fijunehich was within a span of three
points. Tombaugh (2005) has argued that, over aylag-span, as is our case, a significant
change in MMSE should be of at least four points. However, a few considerations should be
made First of all, all our subjects were cognitively intact at baseline, with an initiaBHEMcore
of at least 28; therefore, it is to be expected that, if changes are observedetat@redyr short
period of time, these are likely to be subtle. Secondly, and more importantly, unlike in
Tombaugh’s study, our subjects volunteered to return for examinations, often conkirigrbac
visits separated by just one year. Due to this, it is possible that our subjextenvihe whole,
less likely to decline, at leasver a limited period of time, than the subjects in Tombaugh’s
study, as our subjects all still displayed enough cognitive capabilities both tteindigtact for a
follow up visit, and to be motivated to participate in testiftgerefore, considerindgpat we
observed significantly greater decline in general cognitive functiaf@asction of delayed

primacy recall performance, despite thgh level of function of our participants, an important
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clinical and empirical question to address in future studies should be whether threqfatter
results that we present here can be replicated with a population of non-demented iisdividua
whose baseline MMSE is below 27, or with subjects with mild cognitive impairment. We
anticipate that, in these latigopulations, the drop in performance over time for subjects with
poor primacy as compared to subjects with good primacy should be more severe than with our
current sample.

La Rue et al. (2008) found that subjects with a family history of AD did not ditier €orirols

in measures of total recall, but showed poorer performance at the primawy @egnsistent

with La Rue et al.’s results, we found family history to moderate the effelelayed primacy
recall on speed of cognitive decline: namely, this effectstranger for subjects who reported a
family history of AD. Importantly, in the delayeécall trial, we found that family history
moderated the effect of primacy recall on rate of decline only when origgrfadim the mother,
but not from the father. This finding is consistent with an abundance of literature imglitest
elderly individuals with a maternal history of AD, rather than a paternal ist&D, show

early neurological and biological signs of AD progression (e.g., MosBenrt, Swerdlow, Pupi,
Duara& de Leon, 2010). In addition, also consistent with La Rue et al.’s results, we didadot fi
the APOE e4-carrier status to interact with primacy in affecting cognitive decline.

In addition to memory consolidation, the hippocampus has been found to be also especially
important for the dynamic between pattern separation and pattern completion&\3tssh,
2011); pattern separation refers to the ability of discriminating between sitaitzs, whereas
pattern completion refers to merging similar items into a single representatiorgifitpg@eocess
tends to affect pattern separatiorolder participanthiave been found teeed more dissimilarity

between item#$o be able tanaintain an adequate level of discriminatibmthis respect, if the
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primacy advantage is due to the primacy items being inherently more distinctivieetha

learned later in the listanalogously to what is suggested by discrimination hypotheses of serial
position effects (e.g., Brown, Neath & Chater, 2007; Murdock, 196@)may bethenthata

decline in pattern separatiaouldlead to a potentialisappearance of the primacy effaad,
therefore, signahippocampal dysfunction. Althoughpattern separatidmased account of our
results, unlike an account based on consolidation, does not app&pfaimwhy in our data
primacy was only a predictor of cognitive decline when teistékde delayed task, future

research should consider possible links between serial position effects, the imippsead

pattern separation.

Aging, both normal and pathological (e.g., AD), is associated, in varying degréess bdf

episodic memoryOf clinical importance, however, is the issue of how much - or what kind of -
memory loss is indicative of the latter. In our paper, we show that highly fumgjaoron-
dementealder individuals appear to show significantly greater decline in genernaitiveg

function over time when their baseline delayed primacy recall performapoerisAs poor
performance at the primacy position has been associated with hippocampattigaf

(Baddeley & Warrington, 1970; Hermann et al., 1996; Milner, 1987) and hapguad atrophy
occurs early in the pathophysiology of AD (Convit et al. 1993), our results suggesethaty
performance for the early list items can be a behavimlséd way to assess hippocampal
integrity; and that poor delayed primacy recall performance should be considered as a sign of

potential forthcoming generalized cognitive decline.
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Table Demographics. Number of subjects (i.e., N); Age in years (mean and standard deviation);

MMSE score (with standard deviation); Gender (proportion of females); and Years atibduc

(with standard deviation), as a function of visit, when applicable.

Baseline Visit 2 Visit 3 Visit 4 Visit 5
N 204 204 125 64 28
Age 71.5 (6.3) 73.3 (6.3) 75.0 (6.3) 76.4 (6.5) 77.3(7.1)
MMSE 29.2 (0.7) 29.0 (1.7) 28.9 (2.2) 29.0 (2.5) 29.2 (1.4)
Gender 56%
Years of 15.0 (3.1)
Education
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Figure 1 Model-based estimates of expected MMSE scores at the 1, 3 and 5 year marks,
assuming the average baseline MMSE score for the given number of prviumiatsy The three

lines represent different numbers of primacy words recalled in the lmadelewyed trial (4 words
recalled, 2 words recalled, or O words recalled) with 95% confidence intervals. Téub ldw
represents the maximum MMSE score of 30.

Figure 2 Serial position curves for the delayed recall trial (a) and the learning)ri@n the
x-axis is reported the word serial position from 1 to 15. Vertical dotted lines seffeairimacy
region (words 1-4) from the middle region (words 5-11) and the recency region (words 12-15).
On the y-axis, the proportion of correctly recalled words per position is rdp®it® serial

position curves are drawn; one curve reports the performance of subjects whmaittiained

the same level of MMSE ovée subsequent visits, or improved (no decline), whereas the other

curve depicts the performance of subjects who declined.
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