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Executive Summary

The Lifebrain consortium pools a set of participant cohorts recruited in longitudindies from
RATFSNBY G 9dzNRLISIY O2dzyUNASAZI YR LINPOBARSA aR
representative of the general population in the different countries. The Survey of Health, Ageing
and Retirement in Europe (SHARE) has less detail@@xtensive measures of cognitive funcgpn

but a larger sample recruited to be representative of the population aged 50+ yearsragsthective
countries. To provide a context for assessing the patterns in the Lifebrain cohorts, this report
presentsa series of descriptive analyses of the patterns in the SHARE data.

The SHARE data contain observations of more thar®@@0ndividuals from 27 countries and Israel,
many of whom participated in multiple waves of this ongoing study. Using the easySH&RE da
includng a subset of variables measured consistently over time assess how performance on
tests oforientation, recall (immediate and delayeddnd numeracy vary by age, and how the age
trajectory differs across identifiable groups defined by sexintry, household income decile and
educationalevel

For orientation, participants are asked to give the current yesnth, date and day of weekhe

ability to answer all items correctly decreases with age, with some 50% unable to answer all
guestiors correctly at age 90 years. The measure shows substantial variation across countries, with
about 15% of Swiss respondents ageebB0years failing at least one item wieasthe same is true

for more than 40% of the Spanish respondents in the same age gBubstantial differences were

also seen across educational groups, vdasthe sexes performed similarly.

For recall, an improved performance at low but not at high ages was seen for both females relative
to men and for individuals in higlmcome househlus relative to lower income households.
Differences betweerducational groups persisted into high age groups. These relative differences
between groups were typically similacrosscountries, although the average ageslated patterns
themselves showedubstantial variation across countries.

For numeracyandopposite to recallmalesgenerallyscoredhigherthan women and this difference
appeared to persisat high ages. The differences between participamgifferent household
income deciles were siitar to what was seen for recall, with improved performance in participants
from high income households at young ages and smaller differences at high ages. The pattern by
educationallevelwas also similar to that of recall, with persistently raised perfance at all ages
amongthose with higher educational attainment. For numeracy, too, there was evidence of country
level differences in botlaveragelevek and trajectories However,analyses of how the group
differences themselves differed by country wérard to interpret due to the more limited variation
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in the numeracy indicatgmwhich resulted in noisy estimates and roredible ageelated patterns

in several cases.

Finally, assessing the associations between cognitive scores and indicators ofiiaiiyns, all
measures of cognitive ability have statistically significant associations with daily living and functions,
with orientation measures having a particulaldyge association with the ability to perform daily
fAGAY3 GFala a¥y@EOKZY F2@REEA VAL | QgzHG YSRAOF GA2Y
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List of acronym/abbreviations

ERIC European Research Infrastructure Consortia
NIPH Norwegian Institute of Public Health

SHARE Survey on Health And Retirement Europe
uUio University of Oslo
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1. Introduction

The Lifebrain consortium aims to pool a set of participant cohorts recruited into longitudiinks

of cognition and imaging (magnetic resonance imaging = MRI) of the é&cemss Europe. These
RFGF N3 G@RSSLXE 0 fibere big & Btyoiidatkoh éaéh partitipaNtN@udirig
cognitive measures and MRI scans, but the samples are small relative to the populations studied
and may not be representative of thespectivepopulatiors.

We analysedata from the Survey of Health, Agg and Retirement in Europedata thatare
GakKlffz2gpééody d&BRIABYyaS 27F KI A uiktioFbBtaSangerY S &
sample recruited to beepresentativeof the populationabove 50 years of age participating
countries

The pupose of theSHAREBNalyses is to examine

a) how neasures of cognitive functiorsse associated with age, sex, and socioeconomic status
b) how these associations differ across countraasl
c) to what extent they are associated with differencefdalth and everyday functia

Thisnew informationwill be valuable for an integrated view of the Lifebraiohorts, e.g. by
indicating possible differences between nations or groups that can be assessed in greater detall
using the deeper data availabla these smallercohorts The analyses will also be helpful in
assessing whether national differences apparent in the Lifebrain data are consistent with the
patterns in the populatiorrepresentative SHARE data. If they are not, this swaygestthat the
differences in the Lifebrain data might reflect differences in national sampling schemes and
population representativeness.

1.1. Description of deliverable

D4.1- Epidemiological analysis across European cohorts

Lead:Frisch; Participants: UIQJPHM12-M18)

Task:Usemultivariate regression analysis and multilevel/hierarchical modelsxisting European
Research Infrastructure Consortia (ERICs; data frorstineey of Health, Ageing and Retirement
in Europe, SHARE) to arsaly

1. how cognitive performance diffsby socioeconomic status (SE®xand age

2. how these patterns differ across regions/countries

3. the extent to which the cognitive outcomes are associated with differencheaith and
everyday functions

| Page| 6 LifebrainDeliverable 4.1
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1.2. Objectives

Present the results of descriptive apsés of associational patterns in the SHARE data relevant to
the Lifebrain consortium.

2.0verview of data and approach

2.1. Data source

We useSHAR#MHata, a crossnational panel database with individual level data on health, socio
economic statusind social ad family networks includingnore than 120,000 individuals aged 50 or
olderfrom 27 European countries and Isrg€igurel and Figure2).

6000 -

4000 -

count

2000~

60 80 100
first age
Figurel. Age distribution irthe SHARE sampl&he figure shows theumberof participants aged 50i the
sample by integer age at recruitment

The sample recruitment strives to achieve a populatiepresentative sample from each country,
and the measures of cognitive and physical performance combined with a broad set of covariates
capturing backgroundfactors allowing assessment of across and withmdividual change

trajectories and how these correlate across grode$ined bycohorts, countries, socieconomic
levels, etc.
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Figure2. Number ofparticipants by country and nurber of waves participatedlhe figure shows the full sample
size from each country, broken down by the number of wdeegachparticipant.

O -

Whereasthe survey instruments that provide indicators of cognitive and physical performance are
cruder and lessnformative than the irdepth testing employed in the Lifebragohorts the large
populationrepresentative samples may nonetheless compensate sufficiently for the St
identify associations that can be assessed in more detail within the Lifetiatin

We use easySHARE. Tdasasetcontainsa subset of the variables in a single longitudinal dataset,
avoiding "the need for complex merging of waves and modtl@$is approach was chosen due to
the complexity of combining the waxdata directly, ashis wouldrequire extensive work to assess
comparability of items over time, etc. lllustrating this, the Stata code used to generate the panel
data set runs to more than 4700 lines of code.

2.2. Outcome variables

The easySHARE dataset contains four vasaigitecting cognitive function:
1 orienti - orientation to date, month, year and day of week
9 recall 1- 10 words list learning first trial
9 recall 2- 10 words list learning delayed recall
1

numeracy-y dzZY SN} O&é a02NBa ol &aSO02ylableinywaasd) G2 NJ o0

L easyShare release guide 6.0.0
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Orientation Erienti) is a variable capturing "orientation to date, month, year and day of week",
and measures how many of these four tinmelicators people could correctly identify.

Both the recall tests provide scores ranging frono @®, denoting the number of items recalled
from a set of 10 immediately after hearing a litdalll) and with a delayrécall?).

The numeracy testmcludea set of mathematical problems the respondents were asked to solve
in their head Numeracy Icontains 4 questions involving percentages and shavesperacy 2
involves subtraction (repeatedly subtracting 7 from 100). The numeracy 1 items vary in
complexity, as shown by the two following items:

T

If the chance of getting a disease is 10 percent, how rpanple out of 1000 (one thousand)
would be expected to get the disease?

A second hand car dealer is selling a car for 6,000 [some currency]. Thishsdeof

what it costs new. How much did the car cost new?

For health andlaily lifefunctions, the easySHARE data contagveralsummary measuresf
health and functioning relevant for older populations. We employ the following:

T

T

Daily livingadla- activities of daily living). Items like "Dressing, including putting on shoes

and socks", "Bathing ahowering", "Eating, such as cutting up your food"

Livingc instrumental: (iadzla instrumental activities of daily living index 2). Items like

"making telephone calls", "Taking medications”, "Managing money"

Finemotor(finemotor). L (i S Y & icking GipSmaltichih from tablé éCutting up food,

ddressing including shoes and sacks

Grossmotorgrossmotoy. il SYa &adzOK +a a2Ff1Ay3 mnn YSGSN
GASHGGAY3T Ay 2N 2dzi 2F O0SRés aol GKAYyIkaKz2e¢S
LGmusclélgmuscle- large muscle index)tems such asitting for about two hours",

"Getting up from a chair after sitting for long periods”, "Pulling or pushing large items like

a living room chair"

Mobility (mobilityind). Itemssuch as "walking 100 metres", "Walg across a room" and

using stairs

Due to the low number of respondents aged belowys@ars of agdindividuals recruited due to
being spouses of other participants) and above 90 (few individuals, and often affected by strong
floor effects in the cognive measures) were excluded from the regression sample.
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2.3. Background variables

Given the Lifebrain focus on ageing and lifespan, patterns relating to age are a primary interest.
These patterns may themselves differ by other background variables. Theesor@eyed in this
report are:

1 Sex

1 Household income decile (current household income relative to own country participants).
This measure was missing from wave 3. A simple interpolation and rounding was used to
assign scores for wave 3 for participants obsérin multiple waves.
Educationg based on the ISCELY coding of education
1 Country

=

2.4. Analysis strategy

Our main focus is to assess how the association between cognitive function and age differs across
different groups. The analyses are descriptive andsahunference based on the identified
Faa20AFdA2ya A& y2i 6FNNI'yGSRe ¢2 aSS GKAAZI A
different factors that will be reflected in the data.

2.5. Limitations precluding causal inference

The dataincludeof a largenumber of individuals of different ages, from different countries, with
different covariates (household income, educatisey, scored on different measures of cognitive
function (rientation, recall, numeracy). The different measures of cogaifiunction are assumed

to be imperfect measures of some latent ability/trait (e.g. memory, cognitive ability). We assume
that these latent traits have a distribution across individuals, and that some of this variation is
systematically related to age amdbserved covariates.

Change over time

We expect the mental capacities reflected in the cognitive scores to change over time within
individualsdue toageing. This change may differ across participants in ways systematically related
to background and currég environment/behaviour. Such effects may be bidirectional: individuals
with poor cognitive performance or rapid decline in cognitive funatignmay be selected out of
employment, for instance, whereas employment may support cognitive abilities by megjuir
workers to perform cognitively stimulating tasks, enriching their social environment through
colleagues, or involving physical activity with beneficial effects on health and daily fungtion
Because the characteristics of jobs have changed over tioe to automation, technological
progress, outsourcing of routine work to ndturopean countries, etc., such mechanisms may also
have shifted over time and differ across cohorts and nations.

| Page| 10 LifebrainDeliverable 4.1
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Cohortdifferences

An additional issue concerns cohort differeacés evidenced most famously by the Flynn effect,
cognitive scores on the same test conducted with participants at a fixed age may show trends over
time across birth cohorts. Because a substantial part of thevagiation in the SHARE data is across
individuals, such cohort differences will potentially confound -agjated patterns. As an extreme
illustration, if IQ scores were constant after conscription testing, an agraggipant assessment

of agerelated decline would display the Flyerfifect in reverse with lower scores of old participants
reflecting pure cohort differences rather than actual withidividual decline.

To assess the presence of actual witmdividual changes, we may use individual fixed effect
modelsadjustingfor constant indivdual level differences. This is not sufficient to avoid the cohort
issue, however, as the withindividual variation in age is substantially less than thesupn across

which we want to assess functioning/hile a participant may be observed repeatedtyross a 10

year period, we are interested in seeing how the outcome measures change across a 40 year period.
The withinindividual estimates of change across the full age span is consequently based on young
cohorts in the lower part of the age range aaldl cohorts in the higher part of the rang€o see

how this matters, consider a model where individual ability decreases at an increasing rate after
a2YS GLISIF]1 @SFENEéeé YR ¢gKSNB GKAa RSOftAYyS Aa a
improved health and functioning. In this case, the agkated curve inferred from withifiamily
variation would fail to represent the true shape of the decline and would compress and distort the
agerelated decline as younger cohorts showed less decline thawltter cohorts at the same age.

Retest effects

Repeated measures of the same individual introduce further issues in the cognitive scores, as
LI NOAOALI yia aKz2g aNBOISaGée STFSOGAar oKSNBoe
GKAa OYYNBPSt BR2T2NE Ay Ydzf GAGEFENRIGS FylrfgasSasx
ddzOK a aNBGSadg STFFSOGa INB 2y | gSNIF ABthisikS &l
incorrect, the adjustment will influence the shape of ideetifiage trajectories. If, for instance,

retest effectsare systematically smalléor high performersperhaps because these people tend to

work in occupations where the relevant cognitive skills are frequently exercised, this would lead to
excessive decles estimated for these groups. Alternatively, if retest effects are smaller at advanced
ages, because the task familiarity and learning from one testing session decays more rapidly when
cognitive skills are reduced, we would systematically overestimatel¢ieBne at higher ages.

Group composition differences

Another issue is introduced when we assessiaiged decline across groupeangingcomposition

over time. This is evidently an issue for education, where young cohorts systematically have higher
educationallevels(Figure3). If there is sorting on cognitive ability into education, and if this sorting
has weakened or shifted over time as educational systems have expanded, theelatgd
trajectories assoctad with specific educational levels will be confounded.
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If selection on cognitive ability has weakened due to expansion of the educational system, the age
related decline observed across individuals with high education would be underestinveth

the high performance of old cohorts reflecting a more selected {pigiformance subpopulation

rather than an actual difference in decline.

Austria Belgium Croatia Czech Republic Denmark.

1.00-
0.75-
0.50 -
026~

0.00
Estonia France Germany Greece Hungary

1.00-
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0.25-

0.00
edu

Ireland Israel Italy Luxembourg Netherlands TeHanY EeBOR Sge

1 =
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9509 B upper secondary
0.25- B Lower secondary
0.00- ] Primary education

Poland Portugal Slovenia Spain Sweden B rone
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0.00- . . . . 5 . . . . . . . . . . .
0 20 40 60 0 20 40 60 0 20 40 60 0 20 40 60

Switzerland

1.00~
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0.00

Ten year cohort group by birth decade 19xx (first observation)
Figure3. Educationalevelby birth cohort decade and countrWe group respondents by countand birth
cohort (L0year groups; Those born 190910, 191em pH N X X0 FyR adK2 g (1 KSeveRA & (i NR
within each cohort.

A related issue should be noted with household income deBgeausehis income shifts over time

and is systematally reduced with age, individuals in highest income deciles at young ages are not
directly comparable to those with the highest income decile at higher éggare4). Individuals in

a high-incomedecile at highages will differ systematically from the individuals iligh-income
decile at lower ages, as those with declining cognitive function would be expected to shift
downwards in the income distribution as their productivity decline.
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Figure4. Current household income decile at first observation by country and birth cohort de'ééelgroup
respondents by country and birth cohoftqyear groups; Those born 19010, 191em b n X X0 Yy R &
the distribution of household income deciléfast measurement within each cohort.
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Representativeness

Whereas the SHARE projestfocusedn achiewnga populationrepresentative sample from each
country, we cannot exclude the possibility that the sampling yields data more or less representative
of the underlying population at different ages or for different subgroups. This may be the result of
systematic selection bias (e.g. sample inclusions criteria leaving out groups with pathologies, or
systematic selection on unobserved factors when paratign is voluntary). With repeated
observations over time (panel data), there may be systematic selection out of participatdrop

out (attrition bias).

2.6. Statistical models and presentation of results

Whereasthe above comments note some serious liatibns regarding how the results may be
interpreted, they should not be misconstrued as robbing pnesentanalyses of any relevance. By
identifying patterns of association, w&ovide a context vihere more finegrained analyses of the
Lifebrain cohort came evaluated.

We use multivariate leasti I dzt NBa NBINBaaiAzya 2y alftt RFEGE X
individual variation.These modelsllow usflexiblyto specify patterns of ageelated decline and

their variation with observed variates.
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Thenumber of coefficients in such models, however, expands greatly as we allow interactions at
higher levels to assess, e.g., how the -agere corelations changewhen interacted with
educationallevel and how these interactions vary by country (three lemétraction terms). To
display the results, we present plots of how the predicted average score (with confidence intervals)
across age differs by different groups.

Central issas in these models areow we model the age trajectory and retest effects. Moid
artefacts in the results driven by overly narrow functional forms on the trajectories (e.g. second or
third-order polynomials in ageyve use a spline formulation that typically results in more stable
estimates in line with the patterns in the underlg data. These splines are in turn interacted with
variates of interest in separate models.

In addition, we assess systematigroup differences in ageelated trajectories using within
individual variation in scores. Indte data, the retest effects arparticularly difficult to control for,
becausel KS G FANR UG & 02 NB éyeatsdannatibeNiBell © Mnfeilthé detestffecHBB R ¢ n
participants who havetheir second or third scoreeasuredat this age Becausgyoor controk for

retest effects wil bias the slope identified from withimdividual variation, these analyses are not
intended to provide accurate estimates of the aggated decline trajectorybut rather to assess
whether there are differences across groy@sd how trese relateto the patterns in the other
analyses

Whereasthe most common method for analysing withimit variation remains regression models
with fixed effects(equivalent to estimating separate constant terms for each yiitese models
proved overly sensitive to theamsy data for cognitive outcomes. As an alternative strategy, we
specified a Bayesian model with hierarchical Gaussian processes across geymsuntry,
education income deciles

Weuse &LIX AYS & GKS o0 &AA a-trafectoE SA AN | @i & y BdaNI A OA
the development within each groug allowed to differ from this average trajectofjhe deviation

from the average agérajectory is modelled as a Gaussian Proeesis an exponentiated quadratic
kernel which serveto snooth parameter values. E.g. if a group has a higher decline than average
at age 60, 61, 63 and 6 arsbut a low number of observations indicates mtreaseat age 62
yearg G KSyYy (GKAa& LlpuNdd Yndlplhde) @AefpaiarkeBS estimatesfor the
surrounding ages. The data are used to estimate the extent to which paranmetessmilarand

how far the covariance extends.

The data for this modedre individual change observations. For instance, an individual observed
three times would be represead with two observationsone for the change from the first to the
second observation, and one for the change from the second to the third observation. The group
assigned to each change observation is based on the covariates measured at the firstwb the t
time-points involved. For sexgountry and educationalevel this will not matter, as these are
typically fixed over time within an individual. For income decile, however, this means that we assess
whether people in different income deciles will be pretdd to change differently in the future. If

| Page| 14 LifebrainDeliverable 4.1
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we instead had used the second observed income decile for each change observation, we would be

assessing whethgreople in different deciles would be predictediiave changedlifferently in the
recent past.

3. Results pooled across countries

3.1. Orientation

An imperfect score on the orientation testay signathe beginning of serious cognitive impairment

(e.g. beginning dementiaS 4SS fAYAGSR GFNAIFGA2Y Ay GKS &
getting a pefect score in their 50s. For this measure, we restrict ourselves to displaying how scores
differ in the 8690yearsage category across differegtoups.The ability to answer all four questions
correctly declines with increasing rapidity across age grokjgife5), although the share with
imperfect scores in the 890 age group shows substantial variation across countfegife6),
education Figure7), and to a lesser extent by sexigure8) and incomeKigure9).

0.75-
factor(correct_items)
—0
® 0.50- — 1
2
c — 2
— 3
0.25- — 4
4__.--——-—-——-/__/_\
0.00 -
50 60 70 80 90

age _int

Figureb. Share with different orientation scores by age at first observatida display the share with 0, 1, 2, 3
or 4 correct items on the orientatiotest by integer age.
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Figure6. Share of participants aged 8D yearswith non-perfect orientation score at first observation by
country
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Figure7. Share of participants aged &0 yearswith non-perfect orientation score at first observation by
educationalevel Categories are ordered by the share without full score.
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Figure8. Share of participants aged &0 yearswith non-perfect orientation score at first observation by sex
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Figure9. Share of participants aged &0 yearswith non-perfect orientation score at firstbservation by
income decile
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3.2. Recall

Assessing the score distribution of the two recall measures for the first observation of each
individual, the scores on both are symmetrically distributed for yloeing age groups, with a
tendency towardsasymmetryat high ages Based on a visual inspection of the distribution at
advanced agefrigurel0), the left-hand side of the distribution (low scorers) increases in length
and thickensSpeculatively, this may be thoughtad a normal distribution that at advanced ages

¢ is distorted by an increasing share of the populasifting into a second grougharacterized by
more rapid decline in cognitive functioninGonsistent with this, the distribution of recall 1 score at
different agesis largely symmetric at all ages for those with perfect scores on the orientation test
(Figure 11), whereas the tendency towards a lefikewed asymmetric distribution is more
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pronounced the fewer pentation items a respondent successfully answerdedsum, this gives us
a sample witha pronounced floor effect especially on the delayed recall testvith more than
50% of respondents scoring 0 on the delayed test after agee@6s(Figurel?).

recall 1 recall 2

3 e
o 03 Z
S reRmm— | [ EE——— | | O
o Y-
& 03- 3
R CR— | | [ S ] [ .
O a5-
© 04-
0 93 . 3

3 I S

- ---.--——_' . . --I-_T— ; -

0.0 25 5.0 7.5 10.0 0.0 2.5 5.0 75 10.0
recall

FigurelO. Distribution of recall scores by ten year age groufise figure displays the distribution of the SHARE
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Figurell. Score distribution for recall by orientation score and age group. Each column shows thebdisbn
of recaltl scores for the subset of participants with the orientation score shown in the column heading.
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Figurel2. Share with maximum and minimum score on recall measures by age
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Rather than perform analyses for each of the two recall scores separately, we ahdlgsaim of
the two variablesassuminghat they are both measures of a similar underlying memory trait (the
two scoreshavea correlation coefficient 0d.68and decline irparallel¢ seeFigurel3).

Average items recalled

50

measure
— Delayed

---- Immediate

60 70 80 90 100

Age
Figurel3. Average recall scores at first observation by age

There are clear retest effects that indicate inagped scores for each repeated testing of the same
AYRAGARdzZIE @ ¢2 &dK2g¢g UGUKA&AX ¢S aLXAd GKS RIEGE Ay
2F SIFOK AYRAGARdzEE YR | GLIz2NE gAGKAYE al YLX S
decline curve in the within sample using an individual fixed effect model, we compare the observed
declines over age between different models:

1 Across variation onlg no control for retestrequired, as we use only first observation of
each individual
1 Within variation only

0]
o)
o)
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No control¢ A model ignoring retest effects
Evertested¢! Y2 RSt gAGK | aAy3afS Rdzyye F2N a

Fully flexible dummy specificatiapA set of dummy variables, one for each possible

@I fdzS 2F GLINA2NI 0Sadacé
Evertested with first two observations only; Uses only data from thérst two

observations of each individdal O2 Yy i NRff Ay 3 FT2NJ aSOSNI (S
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The results show that a failure to caat for previous tests generatean apparent score increase

with age from he withinvariation (Figurel4), and that this apparent increasgas also present
whenwe only contrded¥ 2 NJ 6 SA y 3 The@hsisdble QuininSspedification results én

curve similar to the oneoundusing only thdirst two observationgrom eachindividual butrequires

5 parametersFurther testing (not showngvealed that this model yields largely identical results to

one requiring onlywo parametersA dummyA Y RA OF G A y 3  aaScaeSidedt iordine8S R¢ |
effect of 4 dzY 0 SNJ 2 F LINB @A 2dza (Sadadeé ¢KAa ALISOATAOL
the coefficients of the flexible dummy set, which indicates tte first retest effect is particularly

large, wheeas each later additiond testing increases the score by a similar amoufihis
formulation was used for the remainder of the analyses.

b23S GKI G SleiblgdumrkySpedificatizirévéaleda different decline curvérom the
within-individual change than what wedind usingthe pure acrossndividual data. This may reflect
cohort differences or variation in the retestfect across agethe retest coefficients average across

age, and if retest effects are larger for young respondents this will underestimate the datline
young ages and overestimate the decline at high ages.

0.0-
model
— Across
"§ 254 — Within (first two obs) - controlled for prior testing
= —— Within - controlled for prior testing
© —— Within - controlled for times tested
— Within - no retest adjustment
-5.0-
50 60 70 80 90

age

Figureld. Agerelated decline in recall indicated by across and within individual information

The analyses iRigurel4 identify the differences across age using a dummy set with one variable
for each integer age. This enss that the curves display the variation from the data without being
forced into a specific functional fore.g.,a linear or polynomial change with age

| Page| 21 LifebrainDeliverable 4.1



X8 Healthy minds from 0-100 years: Optimising the use of European
brain imaging cohorts
Lifebrain

The drawback of such an approach is that it requires large samples, as seen by itredible
trajectories at the advanced ages where sample sizes are small. As we want to interact-the age
trajectory with an increasing number of variablegyre structure needs to be imposed on the shape

of the age trajectory. To avoid artefacts from a polynomiacsioication,which can lead to non
credible extrapolations at high agese use a quadratic spline function

Pooling all the data, we control for retest effects a@stimate group differences by adding a) a
dummy set indicating which group an individualdngs to (a level effect) and b) interacting the age
splines with the dummy set (allowing for different age trajectories). We find

1 Overallpredicted differencen average recally ageis estimated with negligible confidence
bands(Figurelb)

1 Higher recall scores for females, with convergence at high éggarel6). Nostatistically
significantdifference was foundvith the Bayesian model to compare males and females
using withinindividual changes=jgurel?).

1 Higher recall scores for individuals with high household incoaresconvergence at high
ages(Figurel8). Nostatistically signi€ant difference was found whewith the Bayesian
model to compare individuals with different income deciles (using the income decile at wave
T when assessing changes from T to T + 1 for any individual observed in both).

1 Higher recall scores for those Wihigh education, with limited indication of convergence at
high ageqFigurel9). The Bayesian modetvealedno statistically significantifferences
between the two based owithin-individual variation.

The lackof statistically significant differences across groups when using wildimidual change

data may haveseveral explanations. The@mplest explanation is a lack efatistical power for
detecting group differences in the SHARE data when using a modedvbils strong functional
FaddzYLWiAz2ya o0& Y2RSttAy3a INRdAzZLI RSOAII GA2Yya FNP
As shown by the results contrasting males and femdtegu(el?), the curve for females iselow

that of males as we would expect from the least squares model, but the credibility intervals of the
estimated trajectories are sufficiently large treate large overlapilternatively, it may reflect that

there are other explanations behind the cargence seen in the least squares results, such as
cohort-differences, sample representativeness, etc.

As noted, changing selection into education means that these trajectories should not be taken to

establish a longerm protective effect of educationhecause the high ages come from cohorts
where the selection to educatiolpy cognitive ability probably wasronger.
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Figurel5- Predicted trend in average recall across full sample

Figurel6. Predicted trend in average recall by sex
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