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Abstract
Background/Aims: Early dementia diagnosis is a considerable challenge. The present study
examined the predictive value of cognitive performance for a future clinical diagnosis of late-
onset Alzheimer's disease or vascular dementia in a random population sample. Methods:
Cognitive performance was retrospectively compared between three groups of participants
from the Betula longitudinal cohort. Group 1 developed dementia 11-22 years after baseline
testing (n = 111) and group 2 after 1-10 years (n = 280); group 3 showed no deterioration to-
wards dementia during the study period (n = 2,855). Multinomial logistic regression analysis
was used to investigate the predictive value of tests reflecting episodic memory performance,
semantic memory performance, visuospatial ability, and prospective memory performance.
Results: Age- and education-corrected performance on two free recall episodic memory
tests significantly predicted dementia 10 years prior to clinical diagnosis. Free recall perfor-
mance also predicted dementia 11-22 years prior to diagnosis when controlling for education,
but not when age was added to the model. Conclusion: The present results support the sug-
gestion that two free recall-based tests of episodic memory function may be useful for de-
tecting individuals at risk of developing dementia 10 years prior to clinical diagnosis.
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Introduction

Advances in treatments and the possible prevention of dementia onsetincrease the impor-
tance of early diagnosis. Memory failureis one of the earliestindications of dementia, suggesting
that neuropsychological assessment may be an important diagnostic tool [1]. Several studies
show that loss of episodic memory functions is a core feature of the entire dementing process
[2-5].Research on early signs of dementia have proposed that tests reflecting episodic memory
performance could potentially distinguish between normal aging and a progression towards
dementia up to 6 years prior to dementia onset [3]. Findings further indicate that tests utilizing
a free recall-based assessment appear to be the most effective in early disease stages [6]. The
dementing process also involves other cognitive functions, including semantic memory - e.g.
fluency, verbal ability, and visuospatial ability [2, 7]. However, the tests of these functions have
a weaker predictive value than episodic memory tests [8, 9].

Notably, the most common dementia disorders - Alzheimer’s disease (AD) and vascular
dementia (VaD) - seemtoimpact performance equally on cognitive tests. For example, Fahlander
etal. [10] showed that patients with AD and those with VaD did not differ in their performance
on tests reflecting episodic memory, semantic memory, and visuospatial ability [11, 12]. Key
remaining questions include how early a forthcoming clinical diagnosis of dementia can be
predicted based on cognitive performance, and which tests are the most sensitive.

The present study aimed to investigate early cognitive signs of a future dementia diag-
nosis. Using data from a random population sample, we investigated the possibility of using
performance on cognitive tests to differentiate between normal aging and signs of dementia
development 10 or even 20 years prior to a clinical dementia diagnosis. A second aim of our
study was to investigate potential differences in cognitive test performance between indi-
viduals who would be diagnosed with AD and those who would be diagnosed with VaD. Based
on previous results [10], we did not expect to find a significant difference. Neuropsychological
tests likely show differing sensitivities in predicting a dementia diagnosis, especially with
varying time between testing and diagnosis [5, 6, 8]. We hypothesized that the earliest signs
of upcoming dementia would be apparent in the performance of free recall rather than cued
recall tests. Moreover, the duration between testing and dementia diagnosis can influence
test performances reflecting other cognitive domains, e.g. fluency and visuospatial ability [6,
8]. We hypothesized that performance on a broader range of cognitive tests would have the
potency to discriminate participants at risk of dementia closer to the clinical diagnosis.

Subjects and Methods

Participants and Clinical Diagnosis of Dementia

The Betula Project is an ongoing population-based prospective study that was started in
1988 with the general aim of investigating the development of memory functions and health
across the adult lifespan and the specific aim of exploring risk factors and early signs of
dementia, including cognitive data patterns. The cohort is described in detail by Nilsson and
colleagues [13, 14]. Briefly, 6 samples of participants (S1-S6) were randomly recruited from
the population of a community of about 100,000 inhabitants in northern Sweden, representing
a culturally and ethnically homogenous sample. Since the initial testing occasion, participants
have been reexamined in 5-year intervals. Each test wave (T1: 1988-1990; T2: 1993-1995;
T3: 1998-2001; T4: 2003-2005; T5: 2008-2010) included health examinations, extensive
cognitive testing, and a careful evaluation of the current status with regard to dementia. Alto-
gether, this protocol provided data enabling the study of early cognitive signs up to 20 years
prior to a clinical dementia diagnosis - the longest length of time studied to date.
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Table 1. Characteristics of the participants

193

Controls Dementia 1-10 Dementia 11-22 Statistics

Subjects, n 2,855 280 111
AD,n 188 56
VaD, n 92 55
Mean age at inclusion (range), years 57.3(35-90) 74.6(40-90) 66.1 (35-80) F2 2853 =230.9,p < 0.001
Mean age at dementia diagnosis (range), years 80.5 (47-94) 80.5 (57-95) F1,390=0.067,p=0.80
Mean time from initial testing to dementia

diagnosis, years 5.6 14.2 F1,390=850.1,p < 0.001
Male, % 47.2 335 38.4 x?(2)=17.5,p<0.001
Female, % 52.8 66.5 61.6
Mean education (SD), years 10.4 (4.3) 7.7 (3.0) 7.9 (2.8) F2,2853=71.2,p <0.001
APOE €4, n (%) 681 (22) 111 (39) 42 (38) %% (2)=43.0,p<0.001

For the present study, we utilized data from Betula study cohorts S1, S2, S3, and S4,
including cognitive measures obtained at the baseline testing occasion (T1, T2, or T3). We
included participants who developed dementia (AD or VaD) at least 1 year after their initial
testing. As controls, we included participants who did not develop dementia during the study
period and who were part of the same cohorts and testing occasions as the included indi-
viduals with dementia. The included individuals were categorized into three subgroups based
on dementia status and time elapsed until dementia diagnosis: group 1 (dementia 11-22), i.e.
individuals diagnosed with dementia 11-22 years afterinclusion (n=111); group 2 (dementia
1-10), i.e. individuals diagnosed with dementia 1-10 years after inclusion (n = 280), and
group 3, i.e. controls (n = 2,855). Table 1 shows the participants’ characteristics.

The dementia diagnosis was based on established core criteria that imply impairment in
several cognitive domains - such as memory, language, reasoning, personality, and visuo-
spatial abilities - reducing functional capacity and interfering with activities of daily living
[15]. The diagnostic procedure adopted a conservative approach using a combination of
predetermined clinical signs according to international guidelines. AD and VaD were diag-
nosed in accordance with the DSM-IV criteria [15]. However, the clinical picture and the
course of the disease were decisive for the diagnostic distinction. The dementia subtypes AD
and VaD were not diagnosed unless there was a dominating progressive nature of the course.
Age at onset was defined retrospectively based on when the disorder first manifested to the
extent that the severity of cognitive impairment was sufficient to adversely affectindependent
functioning consistent with dementia.

Dementia diagnosis in the Betula study has previously been described [16]. During the
study period (T1-T5; 1988-2010) retrospective analyses of clinical signs and symptoms
were performed by evaluations of medical records providing information on all the medical
consultations and examinations conducted. Results obtained by neuroimaging, PET, CSF
biomarkers, or confirmation at autopsy were taken into account when such information was
available in the medical records. The procedure was applied to all participants at baseline and
every 5th year to identify early symptoms, cognitive and functional performance over time,
and the year in which the individual fulfilled the overall criteria for dementia. A research
geropsychiatrist coordinated the diagnostic evaluation and was responsible for the final diag-
noses throughout the study period, ranging from inclusion up to T5 or, for the deceased
participants, up to the date of death. At test waves T1, T2, and T3, up to 4 additional geropsy-
chiatrists participated in the evaluation process, thereby establishing a solid ground for a
diagnostic consensus. The research geropsychiatrist had access to all investigational mate-
rials available in the medical records.

KARGER



PR RINY Dement Geriatr Cogn Disord Extra 2015;5:191-202
Ddc:él I.Itentla DOI: 10.1159/000381535 © 2015 S. Karger AG, Basel
and Geriatric
Cognitive Disorders www.karger.com/dee

Boraxbekk et al.: Free Recall Episodic Memory Performance Predicts Dementia Ten
Years prior to Clinical Diagnosis: Findings from the Betula Longitudinal Study

In addition to the medical record screening, the study participants were interviewed for
2-3 h by an experienced research nurse and also tested cognitively approximately 1 week
afterwards by a cognitive test leader for another 2-3 h. The observations made at the health
and cognitive evaluations formed the basis for a decision on performing a more extended
diagnostic evaluation. If a participant scored <24 points on the MMSE or dropped in cognitive
performance from high to normal/low or from normal to low compared with the previous
examination, he or she was considered at higher risk than those participants passing without
any remark. Also, ifa participant expressed subjective memory impairment and if the research
staff objectively noticed confusion or other cognitive loss of function, participants were
considered at risk. Participants at risk were subjected to a careful evaluation and, in some
cases, to an extended clinical examination for further evaluation of the cause of the changes
in behavior or performance.

At T5, an extensive quality assurance of the dementia diagnosis was performed in that all
medical records of those with an established dementia diagnosis were blindly reevaluated
with regard to consistency of dementia type and age at onset. A comparison between the
previously diagnosed subtypes and the newly proposed ones showed that approximately
95% were congruent with the previously given diagnosis. In those cases where the diagnoses
differed, it was evident that the reevaluated diagnoses at T5 were more reliable, probably due
to the longer follow-up time. The diagnostic evaluation at T5 showed that 444 of a total of
4,069 individuals from Betula cohorts S1-S5 had developed a dementia disorder, with a clear
preponderance of AD (55%) and VaD (34%). Participants with frontal lobe dementia (0.7%),
Lewy body dementia (1.8%), or Parkinson’s dementia (2.5%) were diagnosed on basis of
extensive examinations performed by the treating neurologist. Participants that did not fulfil
the criteria for either AD or VaD or any of the other subtypes received the diagnosis ‘dementia
not otherwise specified’ (3.4%). However, these subtypes were outside the scope of the
current study. Furthermore, the reevaluation showed that only 19 (0.4%) of all 4,445 Betula
participants (S1-S5) were found to be improperly included in the study (dementia in progress
at inclusion), which provides a strong support for the diagnostic evaluation method used.

Neuropsychological Tests

In the Betula cohort, the memory test battery was administered by trained psychometri-
cians. On each testing occasion, the duration of the testing session was 1.5-2 h for each partic-
ipant. In most instances, memory testing and health examinations occurred in dedicated rooms
at the Department of Psychology, Umed University. However, a small number of elderly indi-
viduals were unable to visit the laboratory for various reasons and were therefore tested in
their homes. For a test to be included in the Betula study, it had to meet the major criteria of
being rooted in extant theories of memory and being sensitive to various memory deficits in
old age. Most of the tests utilized were designed especially for the Betula study and were thor-
oughly tested in many previous experiments, demonstrating moderate-to-high reliabilities and
stability coefficients [17, 18]. The present study included only tests that were administered in
exactly the same manner across testing occasions. The subtests characterized below were used
in the present study in the order described. The complete list of available tests and detailed
descriptions of the testing procedures are reported by Nilsson and colleagues [13, 14, 19].

Prospective Memory

Thefirsttestadministered wasaninstructionregarding the subsequenttest of prospective
memory (PROSP). Participants were instructed to remind the experimenter at the end of the
session to sign a piece of paper. This test was an event-based prospective memory task, which
was included in the Betula study based on previous findings of decreasing performance as a
function of age [20].
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Episodic Memory: Sentence Learning with and without Encoding Enactment

The participants were asked to learn two lists of 16 short sentences (e.g. ‘lift the pen’).
Each sentence was visually presented on an index card for 8 s. For one of the lists, the partic-
ipants were asked to enact each presented sentence, whereas no enactment was required for
the other list [21]. Each list presentation was immediately followed by administration of a
free recall test. These tasks are referred to as free recall of sentences with enactment (SPTB)
and without enactment (VTB). The second free recall test was followed by a cued recall test
of the nouns presented in each of the two lists [22]. This provided us with two additional
measures of episodic memory performance: cued recall for sentences that were initially
learned with enactment (SPTCRC) and for sentences initially learned without enactment
(VTCRQ).

Word Fluency: Semantic Memory with Time Requirements

First, the participants were asked to generate as many words as possible starting with
the letter ‘A’ in 1 min (FLUA). They were then asked to generate as many 5-letter words as
possible that started with the initial letter ‘M’ in 1 min (FLU5M). In the last fluency task, the
participants were asked to list as many professions starting with the letter ‘B’ as possible in
1 min (FLUPB) [23].

Visuospatial Memory: Block Design

This test (BLOCK) is a subtest of the Wechsler Adult Intelligence Scale (WAIS) [24], which
shows age-related differences in performance [25]. The participants were asked to position
red and white blocks such that the blocks matched a pattern shown on a picture (maximum
of 9 designs).

Prospective Memory

This test (PROSP) was administered to assess whether participants remembered to
remind the experimenter about the task given at the beginning of the testing session. If they
remembered it without any cue, they received 4 points for prospective memory. If they failed
to remind the experimenter, they were cued regarding this task in two steps [20]. Two tests
were administered by the nurse at the health examination.

Vocabulary, Semantic Memory

The participants were given a list of 30 target words, together with an additional 5 words
for each target word. The task was to indicate which of the 5 words were synonymous with
the target word (SRB) [26].

Mini-Mental State Examination
This series of tests was followed by the MMSE [27], the final test used in the present
study.

Statistical Analysis

To compare the mean scores on the various tests across groups - and to thereby assess
which tests seemed suitable for subsequent classification/discrimination models - we
performed one-way ANOVAs for each cognitive test, using the test score as the outcome
variable and the dementia group as the factor. For each outcome variable, the normal distri-
bution was visually inspected, and Levene’s test of homogeneity of variances across groups
was performed. Depending on the outcome, this test was followed by a parametric or a
nonparametric ANOVA (Kruskal-Wallis). In the event of finding no overall group difference
with respect to the mean score, the test in question was considered to likely be ill-suited for
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our classification purpose. Toreduce multiple testingissues, we used the Bonferronicorrection
when examining differences across groups.

The present study employed multinomial logistic regression analysis to investigate
whether single-time-point cognitive data could be used to predict dementia up to 10 years or
up to 22 years prior to clinical diagnosis. Such analysis enabled the determination of which,
if any, of the selected cognitive tests significantly influenced the likelihood of being included
in any of the dementia groups. The dependent variables were the three groups, with the
nondemented group selected as the reference group, and the cognitive tests were used as the
predictor variables. All tests were added simultaneously to the model. Previous studies have
reported that low education is a strong predictor of developing dementia [28, 29]; thus, we
immediately controlled for educational level by adding this variable to the model. We also
controlled for age. Our final analysis aimed to determine whether cognitive testing could be
used to discriminate between the dementia subtypes (AD and VaD) using ANOVAs on each
cognitive test, with dementia subtype as the factor. All analyses were performed using SPSS
19 software with a significance level of p < 0.05.

Results

Analysis of Variance

Allvariables were normally distributed. The results obtained from Levene’s test suggested
that the SPTB, VTB, VTCRC, MMSE, SRB, and BLOCK tests did not satisfy the assumption of
variance homogeneity across groups; therefore, these tests were analyzed using the Kruskal-
Wallis procedure. The remaining tests were subjected to a standard parametric ANOVA. For
all the tests examined, the mean unadjusted scores at inclusion in the Betula study showed
significantbetween-group differences (p <0.001), suggesting thatall tests could be considered
for subsequent classification/discrimination modeling (see table 1). Furthermore, post hoc
testing revealed that in the SPTB, SPTCRC, VTB, VTCRC, BLOCK, and PROSP tests, the controls
performed significantly better than the other groups, and group 1 (dementia 11-22)
performed better than group 2 (dementia 1-10). For the SRB, FLUPB, and MMSE tests, perfor-
mance did not differ between the controls and group 1 (dementia 11-22), but both the
controls and group 1 performed better than group 2 (dementia 1-10). For the FLUA and
FLUSM tests, the controls performed better than the two other groups, with no differences
between group 1 (dementia 11-22) and group 2 (dementia 1-10) (table 2). Regarding the
dementia subtypes, none of the cognitive tests showed significant differences between AD
and VaD (all p > 0.05) (table 3).

Multinomial Logistic Regression Analysis

The results of the backward elimination step indicated that the cued recall tests (VTCRC
and SPTCRC) and two of the fluency tests (FLUPB and FLUA) had no significant overall
influence in the model or on inclusion in the dementia groups. Although the mean scores on
these tests significantly differed between the three groups, the tests could not be used to
predict dementia onset. These tests were thus removed from the model.

Analyses controlling for education showed that the following tests were significant for
determining inclusion in group 1 (dementia 11-22): free recall of enacted sentences (SPTB;
estimated OR=0.92,p =0.039,95% CI: 0.84-0.99) and vocabulary (SRB; estimated OR=1.06,
p=0.020,95% CI: 1.01-1.11). For SRB, the OR was in an unexpected direction - that is, when
fitting a model with all the variables included, a higher score on SRB increased the odds of
inclusionin the dementia group. This was surprising, since the mean SRB score in the dementia
group was lower than in the control group. When a model was fit with only SRB, it failed to
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Table 2. Unadjusted cognitive performance across groups

Variable Controls Dementia 1-10 Dementia 11-22 ANOVA

SPTB 8.5 (3.2) 5.3 (2.8) 7.3 (2.8) Fz 2852 = 158.6, p < 0.001
SPTCRC 9.9 (2.8) 7.2 (2.9) 8.9 (2.5) F 2850 =127.6,p < 0.001
VTB 4.8 (2.7) 2.6 (1.9) 42 (2.3) Fy 2854 = 92.4,p < 0.001
VTCRC 6.1 (3.3) 3.9 (2.7) 5.3(3.1) F2 2853 =74.7,p < 0.001
SRB 21.7 (5.3) 18.7 (6.4) 21.1 (5.0) F 2848 = 54.3,p < 0.001
FLUA 11.1 (4.8) 8.5 (4.5) 9.5 (4.5) Fz, 2852 = 44.5,p < 0.001
FLUSM 5.4 (3.1) 4.3(2.9) 4.9 (3.0) Fy, 2850 = 20.3,p < 0.001
FLUPB 4.6 (2.2) 3.5(2.1) 42 (2.1) Fy 2852 = 38.1,p < 0.001
BLOCK 26.5(10.9) 17 (8.3) 23.4(8.3) Fz 2851 = 114.6, p < 0.001
PROSP 3.0(1.1) 2.3 (1.1) 2.7 (1.1) F 2847 = 62.3,p < 0.001
MMSE 27.8(1.9) 26.3 (2.3) 27.7 (1.7) Fy 2852 = 78.2,p < 0.001

Values are means (SD). Data represent ANOVA results over controls, group 2 (dementia 1-10), and group
1 (dementia 11-22). Bonferroni post hoc analyses revealed that for SPTB, SPTCRC, VTB, VTCRC, BLOCK, and
PROSP there were significant (p < 0.05) differences between all groups. For SRB, FLUPB, and the MMSE,
group 2 (dementia 1-10) performed significantly higher than group 1 (dementia 11-22). For FLUA and
FLUSM, the controls performed significantly higher than dementia group 2 (dementia 1-10) and group 1
(dementia 11-22).

Table 3. Performance on

L Variable AD VaD ANOVA

cognitive tests presented

S(_eparately fo.r participants SPTB 5.8 (2.9) 5.8 (3.0) F1 330 = 0.001, p = 0.9

diagnosed with AD and VaD SPTCRC 7.7 (2.9) 7.6 (2.9) F1380=0.2,p=0.7
VTB 3.1(2.2) 3.1(2.0) F1,380=0.04,p=0.38
VTCRC 4.5 (3.0) 3.9 (2.8) Fy 380 = 3.2, p = 0.08
SRB 19.3 (6.0) 19.3 (6.4) Fy 389 =0.001,p=0.9
FLUA 8.9 (4.5) 8.6 (4.6) F1,389=0.3,p=0.6
FLUSM 4.5 (2.9) 4.3(2.9) F1,389=0.7,p=04
FLUPB 3.8(2.2) 3.6 (2.0) F1,380=0.7, p=0.4
BLOCK 18.4 (8.4) 19.4 (9.3) F1389=12,p=0.3
PROSP 2.4 (1.1) 2.4 (1.1) Fi,380=0.2,p=0.7
MMSE 26.7 (2.2) 26.8 (2.3) F1,389=0.3,p=0.6

Values are means (SD). Participants diagnosed with AD and those
diagnosed with VaD showed no significant differences in performance
on any of the cognitive tests.

reach significance (p = 0.275). Thus, SRB was unable to predict dementia onset in group 1
(dementia 11-22). SPTB also failed to predict dementia in group 1 when age was added as a
covariate.

Analyses controlling for education showed that the following tests were significant for
determining clinical dementia diagnosis within 1-10 years: free recall of both enacted
sentences (SPTB; estimated OR = 0.83, p < 0.0005, 95% CI: 0.78-0.88) and not enacted
sentences (VTB; estimated OR = 0.85, p < 0.0005, 95% CI: 0.79-0.92), prospective memory
(PROSP; estimated OR = 0.80, p < 0.0005, 95% CI: 0.70-0.90), fluency (FLU5M; estimated
OR = 1.06, p = 0.023, 95% CI: 1.01-1.12), visuospatial memory (BLOCK; estimated OR =
0.96, p < 0.0005, 95% CI: 0.94-0.98), MMSE results (estimated OR = 0.92, p = 0.030, 95%
CI: 0.86-0.99), and vocabulary (SRB; estimated OR = 1.05, p = 0.001, 95% CI: 1.02-1.09).
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Fig. 1. Age- and education-corrected values from two free recall episodic memory tests (SPTB and VTB) were
significantly lower 6-10 years and 1-5 years before dementia diagnosis. There was no significant difference
between controls and those individuals that would be diagnosed with dementia within 11-22 years. Bars
indicate 95% CI. n.s. = Nonsignificant.

The McFadden pseudo-R? for this model was 0.14. Once again, SRB showed an unexpected
direction, such that a higher score increased the odds of inclusion in the dementia group.
The FLUSM fluency test also showed this direction. However, fitting a model with only
FLU5M or SRB yielded the expected results for both SRB (estimated OR = 0.92, p < 0.0005,
95% CI: 0.90-0.93) and FLU5M (estimated OR = 0.89, p < 0.0005, 95% CI: 0.85-0.93) - in
other words, a higher score significantly decreased the odds of developing dementia within
10 years from testing.

Notably, education failed to predict inclusion in group 2 (dementia 1-10) (p = 0.075).
With age added as a covariate, the following tests remained significant: episodic free recall of
enacted sentences (SPTB; estimated OR = 0.90, p = 0.001, 95% CI: 0.85-0.96), episodic free
recall of sentences without enactment (VTB; estimated OR = 0.90, p = 0.011, 95% CI: 0.83-
0.98), and prospective memory (PROSP; estimated OR = 0.87, p = 0.042, 95% CI: 0.77-0.99).
The McFadden pseudo-R? for this model was 0.17. Thus, SPTB, VTB, and PROSP showed good
predictive values up to 10 years before clinical dementia diagnosis, even after controlling for
education and age.

Control Analysis

Since low education and old age are strong predictors of future dementia, we further
investigated how education- and age-corrected cognitive data diverged between those that
would be diagnosed with dementia and healthy controls. To this end, we subdivided group 2
(dementia 1-10) into two groups: those clinically diagnosed within 1-5 years (n = 133) and
those clinically diagnosed 6-10 years (n = 147) after testing. We then used ANOVA to compare
these two subgroups to the healthy controls and to group 1 (dementia 11-22) with regard to
education- and age-corrected performance on the tests that significantly predicted dementia
diagnosis (SPTB, VTB, and PROSP).

The results showed that age- and education-corrected episodic free recall of sentences
with and without enactment (VTB and SPTB) were significantly lower in those that would
become demented within 6-10 years and within 1-5 years than in healthy controls (fig. 1).
Furthermore, SPTB performance also significantly differentiated between the two subgroups
(p <0.0005), and the impact of VTB approached significance (p = 0.061). Performance on the

KARGER

198



Dement Geriatr Cogn Disord Extra 2015;5:191-202

DOI: 10.1159/000381535 © 2015 S. Karger AG, Basel

and Geriatric i
Cognitive Disorders www.karger.com/dee

Boraxbekk et al.: Free Recall Episodic Memory Performance Predicts Dementia Ten
Years prior to Clinical Diagnosis: Findings from the Betula Longitudinal Study

prospective memory task PROSP was lower in the subgroup of individuals that would be
clinically diagnosed with dementia within 1-5 years than in all other groups. As expected, we
detected no difference between those who would be demented within 11-22 years and
healthy controls.

Discussion

The present work investigated early cognitive signs of a forthcoming dementia diagnosis
using representative large-scale cohort data from the Betula study. Our findings strengthen
previous indications that free recall tests reflecting episodic memory performance are
affected early in the dementing process. Most importantly, our results show the possibility of
detecting these impairments 10 years prior to diagnosis, which is substantially earlier than
the previously reported detection about 6 years prior to diagnosis. The present findings also
support the suggestion that episodic memory tests may identify at-risk individuals irre-
spective of the dementia subtype, i.e. AD and VaD. These data strengthen the large body of
research suggesting that AD and VaD equally affect cognitive performance even at an early
subclinical disease phase [10, 12, 29, 30].

In the present study, we used single-time-point data rather than investigating trajec-
tories of memory decline. Both approaches are important for investigating the association
between cognition and dementia. However, in studies investigating the rate of decline,
memory performance often reaches plateaus where no change is noticed until the appearance
of a sudden decline [31, 32]. Thus, it has been argued that data from a single time point may
be particularly useful for identifying individuals at risk of dementia prior to clinical diagnosis
[33, 34]. Recent data suggest that VaD involves faster deterioration of cognitive functions
than AD [35]. Therefore, it is possible that a different study design could reveal other differ-
ences between these two subtypes.

Neuroimaging and CSF studies clearly show that it is possible to predict dementia devel-
opment, and they have enhanced our understanding of the underlying pathophysiological
processes [36]. For example, it has been suggested that biological changes (e.g. hippocampal
atrophy and A burden) occur within memory-relevant regions in the medial-temporal lobe
up to 15 years prior to the time at which dementia can be clinically diagnosed [37-39].
However, although these techniques are promising for initial evaluations [40], such exami-
nations are usually not accessible to those who are not already identified as at-risk indi-
viduals. Moreover, there are as yet no longitudinal studies of participants randomly selected
from a population. Instead, the data supporting these techniques have primarily been
obtained from studies of participants at an increased genetic risk of dementia (see e.g.
Bateman et al. [37]).

Our present findings imply that easily conducted neuropsychological tests - such as tests
of free recall episodic memory performance - constitute a reliable marker for identifying indi-
viduals at risk of dementia 10 years prior to diagnosis. The main strengths of this study
include the large sample size of individuals diagnosed with dementia who were randomly
selected from the population and the length of follow-up from initial cognitive testing to diag-
nosis. The results emphasize that tests of episodic function have differing predictive value at
early disease stages, with more demanding tasks apparently being more sensitive to detecting
a forthcoming dementia diagnosis. Compared with cued recall, free recall is associated with
lower retrieval support, which likely caused the differing predictive values between these
two tests. As cognitive tests are accessible to most clinicians, free recall episodic memory
testing may be a useful tool for the large-scale identification of individuals in need of further
assessment and preventative treatment strategies. One limitation of the present study is that
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information on other biomarkers (e.g. AB burden or structural brain imaging) was not
available, and thus the exact relationship between cognitive markers and other biomarkers
remains to be examined in future studies.

There are several ethical considerations related to the identification of individuals at risk
of a future dementia diagnosis, and some authors have raised strong concerns that such
methods may lead to overdiagnosis and potentially harm people [41]. There is a clear need
to develop an ethical framework for future clinical implementation, including key questions
such as whether individuals wish to know whether they are at risk [42]. Additionally, creating
a valid interface between cognitive measures and other early biomarkers is complicated by
the requirements for proper tests and appropriate cut-offs [43]. Even though treatments are
not yet available, the work of operationalizing the criteria, determining appropriate cut-off
scores [44, 45], and identifying the specificity and sensitivity of different tests is already
important [45]. Understanding the sensitivity of the available tests requires obtaining
converging evidence from screening different types of early markers, which would likely
reduce the risk of both false-positive and false-negative results in a clinical setting. Old age
together with low education may still be the strongest predictor of dementia risk. However,
our presentresults showed that, correcting for age and education, free recall episodic memory
predicted dementia 10 years prior to the actual clinical diagnosis. These results must be repli-
cated in other settings in order to increase their generalizability.

Our results only partially supported the ability to identify individuals at risk of dementia
up to 22 years prior to diagnosis based on cognitive test performance. The cognitive score on
one of the free recall tests, SPTB, could indeed identify individuals who would be clinically
diagnosed with dementia between 11 and 22 years after initial cognitive testing, even after
controlling for education. Although the OR for this test was close to 1, suggesting a low
predictive value, the SPTB test uses a finely graded scale which instead gives the test a
reasonably good predictive value. However, when controlling for age, the test could not
predict dementia this far ahead of diagnosis. Hence, the present data do not support the
suggestion that cognitive testing may be a reliable marker for dementia up to 22 years prior
to its onset.

Ithaspreviously been suggested thatthe transition to dementiainvolvesaglobal cognitive
breakdown affecting multiple cognitive domains [8]. Our present results provide limited
support for this hypothesis. Three tests - FLUSM (fluency), BLOCK (visuospatial ability), and
the MMSE - significantly predicted dementia up to 10 years prior to diagnosis when controlling
for education. However, these tests ceased to be significant when age was added to the model.
Hence, based on the present findings, the MMSE, which is a commonly used test in clinical and
research settings, does not predict dementia onset over a time period of 10 years. The present
data showed that prospective memory testing predicted dementia up to 10 years prior to
diagnosis. Prospective measures have previously been suggested as a potential marker for
dementia [46], which is rational, since dementia involves components that influence multiple
neurocognitive systems [47]. However, the control analysis of age- and education-corrected
performance on prospective memory tests did not differ for individuals who would develop
dementia compared to healthy controls.

In summary, the present novel results demonstrate that free recall tests of episodic
memory measured at a single time point - irrespective of dementia subtype (AD or VaD), age,
and educational level - provide a marker for future dementia 10 years prior to its onset. This
represents a substantial improvement over previous studies that have only reported such a
capability 6 years prior to dementia onset. The present findings are encouraging as they
indicate that easily conducted psychometric tests could play an essential role in multilevel
preclinical diagnostics.
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