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Executive Summary 
 

The Lifebrain consortium pools a set of participant cohorts recruited in longitudinal studies from 

ŘƛŦŦŜǊŜƴǘ 9ǳǊƻǇŜŀƴ ŎƻǳƴǘǊƛŜǎΣ ŀƴŘ ǇǊƻǾƛŘŜǎ άŘŜŜǇέ Řŀǘŀ ƻƴ ǊŜƭŀǘƛǾŜƭȅ ǎƳŀƭƭ ǎŀƳǇƭŜǎ ǘƘŀǘ Ƴŀȅ ƴƻǘ ōŜ 

representative of the general population in the different countries. The Survey of Health, Ageing 

and Retirement in Europe (SHARE) has less detailed and extensive measures of cognitive functions, 

but a larger sample recruited to be representative of the population aged 50+ years in the respective 

countries. To provide a context for assessing the patterns in the Lifebrain cohorts, this report 

presents a series of descriptive analyses of the patterns in the SHARE data. 

The SHARE data contain observations of more than 120 000 individuals from 27 countries and Israel, 

many of whom participated in multiple waves of this ongoing study. Using the easySHARE data 

including a subset of variables measured consistently over time; we assess how performance on 

tests of orientation, recall (immediate and delayed), and numeracy vary by age, and how the age 

trajectory differs across identifiable groups defined by sex, country, household income decile and 

educational level.  

For orientation, participants are asked to give the current year, month, date and day of week. The 

ability to answer all items correctly decreases with age, with some 50% unable to answer all 

questions correctly at age 90 years. The measure shows substantial variation across countries, with 

about 15% of Swiss respondents aged 80-90 years failing at least one item whereas the same is true 

for more than 40% of the Spanish respondents in the same age group. Substantial differences were 

also seen across educational groups, whereas the 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 high income households relative to lower income households. 

Differences between educational groups persisted into high age groups. These relative differences 

between groups were typically similar across countries, although the average age-related patterns 

themselves showed substantial variation across countries. 

For numeracy, and opposite to recall,  males generally scored higher than women and this difference 

appeared to persist at high ages. The differences between participants in different household 

income deciles were similar 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 

educational level was also similar to that of recall, with persistently raised performance at all ages 

among those with higher educational attainment. For numeracy, too, there was evidence of country 

level differences in both average levels and trajectories. However, analyses of how the group 

differences themselves differed by country were hard to interpret due to the more limited variation 
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in the numeracy indicator, which resulted in noisy estimates and non-credible age-related patterns 

in several cases. 

Finally, assessing the associations between cognitive scores and indicators of daily functions, all 

measures of cognitive ability have statistically significant associations with daily living and functions, 

with orientation measures having a particularly large association with the ability to perform daily 

ƭƛǾƛƴƎ ǘŀǎƪǎ όǎǳŎƘ ŀǎ άŜŀǘƛƴƎΣ ŎǳǘǘƛƴƎ ǳǇ ŦƻƻŘέΣ άǘŀƪƛƴƎ ƳŜŘƛŎŀǘƛƻƴǎέ ŀƴŘ άƳŀƴŀƎƛƴƎ ƳƻƴŜȅέύΦ 
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1. Introduction  
 

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

of cognition and imaging (magnetic resonance imaging = MRI) of the brain across Europe. These 

Řŀǘŀ ŀǊŜ άŘŜŜǇέ ōǳǘ ǇƻǘŜƴǘƛŀƭƭȅ άƴŀǊǊƻǿέ; there are a lot of data on each participant, including 

cognitive measures and MRI scans, but the samples are small relative to the populations studied 

and may not be representative of the respective populations.   

We analyse data from the Survey of Health, Ageing and Retirement in Europe, data that are 

άǎƘŀƭƭƻǿέ ōǳǘ άōǊƻŀŘ,έ ƛƴ ǘƘŜ ǎŜƴǎŜ ƻŦ ƘŀǾƛƴƎ ŦŜǿŜǊ ƳŜŀǎǳǊŜǎ ƻŦ ŎƻƎƴƛǘƛǾŜ Ŧunction but a larger 

sample recruited to be representative of the population above 50 years of age in participating 

countries.    

 

The purpose of the SHARE analyses is to examine  

 

a) how measures of cognitive functions are associated with age, sex, and socioeconomic status;  

b) how these associations differ across countries; and  

c) to what extent they are associated with differences in health and everyday functions.  

 

This new information will be valuable for an integrated view of the Lifebrain cohorts, e.g. by 

indicating possible differences between nations or groups that can be assessed in greater detail 

using the deeper data available in these smaller cohorts. The analyses will also be helpful in 

assessing whether national differences apparent in the Lifebrain data are consistent with the 

patterns in the population-representative SHARE data. If they are not, this may suggest that 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: UIO, NIPH (M12-M18) 

Task: Use multivariate regression analysis and multilevel/hierarchical models on existing European 

Research Infrastructure Consortia (ERICs; data from the Survey of Health, Ageing and Retirement 

in Europe, SHARE) to analyse  

1. how cognitive performance differs by socioeconomic status (SES), sex and age  
2. how these patterns differ across regions/countries 
3. the extent to which the cognitive outcomes are associated with differences in health and 

everyday functions 
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1.2. Objectives 
 

Present the results of descriptive analyses of associational patterns in the SHARE data relevant to 

the Lifebrain consortium. 

 

2. Overview of data and approach 
 

2.1. Data source 
 

We use SHARE-data, a cross-national panel database with individual level data on health, socio-

economic status and social and family networks including more than 120,000 individuals aged 50 or 

older from 27 European countries and Israel (Figure 1 and Figure 2).  

 

 
Figure 1. Age distribution in the SHARE sample. The figure shows the number of participants aged 50+ in the 

sample by integer age at recruitment 

 

The sample recruitment strives to achieve a population-representative sample from each country, 

and the measures of cognitive and physical performance combined with a broad set of covariates 

capturing background factors allowing assessment of across and within-individual change 

trajectories and how these correlate across groups defined by cohorts, countries, socio-economic 

levels, etc. 
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Figure 2. Number of participants by country and number of waves participated. The figure shows the full sample 

size from each country, broken down by the number of waves for each participant. 

 

Whereas the survey instruments that provide indicators of cognitive and physical performance are 

cruder and less informative than the in-depth testing employed in the Lifebrain cohorts, the large 

population-representative samples may nonetheless compensate sufficiently for the SHARE-data to 

identify associations that can be assessed in more detail within the Lifebrain data. 

We use easySHARE. This dataset contains a subset of the variables in a single longitudinal dataset, 

avoiding "the need for complex merging of waves and modules1". This approach was chosen due to 

the complexity of combining the wave-data directly, as this would require extensive work to assess 

comparability of items over time, etc. Illustrating 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 variables reflecting cognitive function: 

¶ orienti - orientation to date, month, year and day of week 

¶ recall 1 - 10 words list learning first trial  

¶ recall 2 - 10 words list learning delayed recall 

¶ numeracy - ƴǳƳŜǊŀŎȅ ǎŎƻǊŜǎ όŀ ǎŜŎƻƴŘ ƛƴŘƛŎŀǘƻǊ όάƴǳƳŜǊŀŎȅнέύ ƛǎ ŀǾŀƛlable in waves 4-6) 

                                                 
1 easyShare release guide 6.0.0 
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Orientation (orienti) is a variable capturing "orientation to date, month, year and day of week", 

and measures how many of these four time-indicators people could correctly identify. 

Both the recall tests provide scores ranging from 0 to 10, denoting the number of items recalled 

from a set of 10 immediately after hearing a list (recall1) and with a delay (recall2). 

The numeracy tests include a set of mathematical problems the respondents were asked to solve 

in their head. Numeracy 1 contains 4 questions involving percentages and shares, Numeracy 2 

involves subtraction (repeatedly subtracting 7 from 100). The numeracy 1 items vary in 

complexity, as shown by the two following items: 

¶ If the chance of getting a disease is 10 percent, how many people 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]. This is two-thirds of 

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

 

For health and daily life functions, the easySHARE data contain several summary measures of 

health and functioning relevant for older populations. We employ the following: 

¶ Daily living (adla - activities of daily living). Items like "Dressing, including putting on shoes 
and socks", "Bathing or showering", "Eating, such as cutting up your food" 

¶ Living ς instrumental: (iadzla - instrumental activities of daily living index 2). Items like 
"making telephone calls", "Taking medications", "Managing money" 

¶ Finemotor (finemotor). LǘŜƳǎ ƭƛƪŜ άǇicking up small coin from tableέ, άCutting up foodέ, 
άdressing including shoes and socksέ 

¶ Grossmotor (grossmotor). IǘŜƳǎ ǎǳŎƘ ŀǎ ά²ŀƭƪƛƴƎ млл ƳŜǘŜǊǎέΣ ά²ŀƭƪƛƴƎ ŀŎǊƻǎǎ ǊƻƻƳέΣ 
άƎŜǘǘƛƴƎ ƛƴ ƻǊ ƻǳǘ ƻŦ ōŜŘέΣ άōŀǘƘƛƴƎκǎƘƻǿŜǊƛƴƎέΣ ά/ƭƛƳōƛƴƎ ƻƴŜ ŦƭƛƎƘǘ ƻŦ ǎǘŀƛǊǎέ 

¶ LGmuscle (lgmuscle - large muscle index). Items such as "sitting 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). Items such as "walking 100 metres", "walking across a room" and 
using stairs 
 

Due to the low number of respondents aged below 50 years of age (individuals recruited due to 

being spouses of other participants) and above 90 (few individuals, and often affected by strong 

floor effects in the cognitive 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. The ones employed in this 

report are: 

¶ Sex 

¶ 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 observed in multiple waves. 

¶ Education ς based on the ISCED-97 coding of education 

¶ 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 and causal inference based on the identified 

ŀǎǎƻŎƛŀǘƛƻƴǎ ƛǎ ƴƻǘ ǿŀǊǊŀƴǘŜŘΦ ¢ƻ ǎŜŜ ǘƘƛǎΣ ƛǘ Ƴŀȅ ōŜ ƘŜƭǇŦǳƭ ǘƻ ŘŜǎŎǊƛōŜ ōǊƛŜŦƭȅ ŀ άŎŀǳǎŀƭέ ŀŎŎƻǳƴǘ ƻŦ 

different factors that will be reflected in the data. 

 

2.5. Limitations precluding causal inference 
 

The data include of a large number of individuals of different ages, from different countries, with 

different covariates (household income, education, sex), scored on different measures of cognitive 

function (orientation, recall, numeracy). The different measures of cognitive function 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 and observed covariates.  

Change over time 

We expect the mental capacities reflected in the cognitive scores to change over time within 

individuals due to ageing. This change may differ across participants in ways systematically related 

to background and current environment/behaviour. Such effects may be bidirectional: individuals 

with poor cognitive performance or rapid decline in cognitive functioning may be selected out of 

employment, for instance, whereas employment may support cognitive abilities by requiring 

workers to perform cognitively stimulating tasks, enriching their social environment through 

colleagues, or involving physical activity with beneficial effects on health and daily functioning. 

Because the characteristics of jobs have changed over time due to automation, technological 

progress, outsourcing of routine work to non-European countries, etc., such mechanisms may also 

have shifted over time and differ across cohorts and nations. 
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Cohort differences 

An additional issue concerns cohort differences. As 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 the age-variation in the SHARE data is across 

individuals, such cohort differences will potentially confound age-related patterns. As an extreme 

illustration, if IQ scores were constant after conscription testing, an across-participant assessment 

of age-related decline would display the Flynn-effect in reverse, with lower scores of old participants 

reflecting pure cohort differences rather than actual within-individual decline. 

To assess the presence of actual within-individual changes, we may use individual fixed effect 

models adjusting for constant individual level differences. This is not sufficient to avoid the cohort 

issue, however, as the within-individual variation in age is substantially less than the age-span across 

which we want to assess functioning: While a participant may be observed repeatedly across a 10 

year period, we are interested in seeing how the outcome measures change across a 40 year period. 

The within-individual estimates of change across the full age span is consequently based on young 

cohorts in the lower part of the age range and old cohorts in the higher part of the range. To see 

how this matters, consider a model where individual ability decreases at an increasing rate after 

ǎƻƳŜ άǇŜŀƪ ȅŜŀǊΣέ ŀƴŘ ǿƘŜǊŜ ǘƘƛǎ ŘŜŎƭƛƴŜ ƛǎ ǎƛƳǇƭȅ ǎƘƛŦǘŜŘ ǘƻ ŀ ƘƛƎƘŜǊ ŀƎŜ ŦƻǊ ƭŀǘŜǊ ŎƻƘƻǊǘǎ ŘǳŜ ǘƻ 

improved health and functioning. In this case, the age-related curve inferred from within-family 

variation would fail to represent the true shape of the decline and would compress and distort the 

age-related decline as younger cohorts showed less decline than the older cohorts at the same age.  

Retest effects 

Repeated measures of the same individual introduce further issues in the cognitive scores, as 

ǇŀǊǘƛŎƛǇŀƴǘǎ ǎƘƻǿ άǊŜǘŜǎǘέ ŜŦŦŜŎǘǎΣ ǿƘŜǊŜōȅ ǘƘŜȅ ǎȅǎǘŜƳŀǘƛŎŀƭƭȅ Řƻ ōŜǘǘŜǊ ƛƴ ƭŀǘŜǊ ǘŜǎǘǎΦ ²ƘŜǊŜŀǎ 

ǘƘƛǎ Ŏŀƴ ōŜ άŎƻƴǘǊƻƭƭŜŘ ŦƻǊέ ƛƴ ƳǳƭǘƛǾŀǊƛŀǘŜ ŀƴŀƭȅǎŜǎΣ ǘƘƛǎ ǿƛƭƭ ƴŜŎŜǎǎŀǊƛƭȅ ǊŜƭȅ ƻƴ ŦǳǊǘƘŜǊ ŀǎǎǳƳǇǘƛƻƴǎ, 

ǎǳŎƘ ŀǎ άǊŜǘŜǎǘ ŜŦŦŜŎǘǎ ŀǊŜ ƻƴ ŀǾŜǊŀƎŜ ǘƘŜ ǎŀƳŜ ŀŎǊƻǎǎ ƛŘŜƴǘƛŦƛŀōƭŜ ǎǳōƎǊƻǳǇǎ ƛƴ ǘƘŜ Řŀǘŀέ. If this is 

incorrect, the adjustment will influence the shape of identified age trajectories. If, for instance, 

retest effects are systematically smaller for high performers, perhaps because these people tend to 

work in occupations where the relevant cognitive skills are frequently exercised, this would lead to 

excessive declines 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 overestimate the decline at higher ages. 

Group composition differences 

Another issue is introduced when we assess age-related decline across groups changing composition 

over time. This is evidently an issue for education, where young cohorts systematically have higher 

educational levels (Figure 3). If there is sorting on cognitive ability into education, and if this sorting 

has weakened or shifted over time as educational systems have expanded, then age-related 

trajectories associated 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 underestimated, with 

the high performance of old cohorts reflecting a more selected high-performance subpopulation 

rather than an actual difference in decline. 

 
Figure 3. Educational level by birth cohort decade and country. We group respondents by country and birth 
cohort (10 year groups; Those born 1900-1910, 1910-мфнлΣ Χύ ŀƴŘ ǎƘƻǿ ǘƘŜ ŘƛǎǘǊƛōǳǘƛƻƴ ƻŦ ŜŘǳŎŀǘƛƻƴŀƭ level 

within each cohort. 

 

A related issue should be noted with household income decile. Because this income shifts over time 

and is systematically reduced with age, individuals in highest income deciles at young ages are not 

directly comparable to those with the highest income decile at higher ages (Figure 4). Individuals in 

a high-income decile at high ages will differ systematically from the individuals in a high-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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Figure 4. Current household income decile at first observation by country and birth cohort decade. We group 

respondents by country and birth cohort (10 year groups; Those born 1900-1910, 1910-мфнлΣ Χύ ŀƴŘ ǎƘƻǿ 
the distribution of household income decile at first measurement within each cohort. 

 

Representativeness 

Whereas the SHARE project is focused on achieving a population-representative 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 participation is voluntary). With repeated 

observations over time (panel data), there may be systematic selection out of participation or drop 

out (attrition bias). 

 

2.6. Statistical models and presentation of results 
 
Whereas the above comments note some serious limitations regarding how the results may be 

interpreted, they should not be misconstrued as robbing the present analyses of any relevance. By 

identifying patterns of association, we provide a context where more fine-grained analyses of the 

Lifebrain cohort can be evaluated. 

We use multivariate least-ǎǉǳŀǊŜǎ ǊŜƎǊŜǎǎƛƻƴǎ ƻƴ άŀƭƭ ŘŀǘŀΣέ ŎƻƳōƛƴƛƴƎ ōƻǘƘ ŀŎǊƻǎǎ ŀƴŘ ǿƛǘƘƛƴ-

individual variation. These models allow us flexibly to specify patterns of age-related decline and 

their variation with observed variates.  
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The number of coefficients in such models, however, expands greatly as we allow interactions at 

higher levels to assess, e.g., how the age-score correlations change when interacted with 

educational level, and how these interactions vary by country (three level interaction terms). To 

display the results, we present plots of how the predicted average score (with confidence intervals) 

across age differs by different groups. 

Central issues in these models are how we model the age trajectory and retest effects. To avoid 

artefacts in the results driven by overly narrow functional forms on the trajectories (e.g. second or 

third-order polynomials in age), we use a spline formulation that typically results in more stable 

estimates in line with the patterns in the underlying data. These splines are in turn interacted with 

variates of interest in separate models. 

In addition, we assess systematic group differences in age-related trajectories using within-

individual variation in scores. In these data, the retest effects are particularly difficult to control for, 

because ǘƘŜ άŦƛǊǎǘ ǎŎƻǊŜέ ƻŦ ǇŀǊǘƛŎƛǇŀƴǘǎ ŀƎŜŘ сл years cannot be used to infer the retest-effect of 

participants who have their second or third score measured at this age. Because poor controls for 

retest effects will bias the slope identified from within-individual variation, these analyses are not 

intended to provide accurate estimates of the age-related decline trajectory, but rather to assess 

whether there are differences across groups, and how these relate to the patterns in the other 

analyses. 

Whereas the most common method for analysing within-unit variation remains regression models 

with fixed effects (equivalent to estimating separate constant terms for each unit), these models 

proved overly sensitive to the noisy data for cognitive outcomes. As an alternative strategy, we 

specified a Bayesian model with hierarchical Gaussian processes across groups (sex, country, 

education, income deciles).  

We use ŀ ǎǇƭƛƴŜ ŀǎ ǘƘŜ ōŀǎƛǎ ŦƻǊ ŜǎǘƛƳŀǘƛƴƎ ŀƴ άŀǾŜǊŀƎŜ ŀƎŜ-trajectoryέ ŦƻǊ ŀƭƭ ǇŀǊǘƛŎƛǇŀƴǘǎΣ ǿƘŜreas 

the development within each group is allowed to differ from this average trajectory. The deviation 

from the average age-trajectory is modelled as a Gaussian Process with an exponentiated quadratic 

kernel, which serves to smooth parameter values. E.g. if a group has a higher decline than average 

at age 60, 61, 63 and 64 years but a low number of observations indicates an increase at age 62 

yearsΣ ǘƘŜƴ ǘƘƛǎ ǇŀǊŀƳŜǘŜǊ ǿƛƭƭ ōŜ άpulled into placeέ ōȅ ǘƘŜ parameter estimates for the 

surrounding ages. The data are used to estimate the extent to which parameters are similar and 

how far the covariance extends. 

The data for this model are individual change observations. For instance, an individual observed 

three times would be represented with two observations; one 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 first of the two 

time-points involved. For sex, country and educational level 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 predicted to change differently in the future. If 



 

 | P a g e | 15 L i f e b r a i n D e l i v e r a b l e  4 . 1.  

 

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

we instead had used the second observed income decile for each change observation, we would be 

assessing whether people in different deciles would be predicted to have changed differently in the 

recent past.  

3. Results pooled across countries 
 

3.1. Orientation 
 

An imperfect score on the orientation test may signal the beginning of serious cognitive impairment 

(e.g. beginning dementia). WŜ ǎŜŜ ƭƛƳƛǘŜŘ ǾŀǊƛŀǘƛƻƴ ƛƴ ǘƘŜ ǎŎƻǊŜǎ ŀǘ άƭƻǿέ ŀƎŜǎ ǿƛǘƘ ŀƭƳƻǎǘ фл҈ 

getting a perfect score in their 50s. For this measure, we restrict ourselves to displaying how scores 

differ in the 80-90 years age category across different groups. The ability to answer all four questions 

correctly declines with increasing rapidity across age groups (Figure 5), although the share with 

imperfect scores in the 80-90 age group shows substantial variation across countries (Figure 6), 

education (Figure 7), and to a lesser extent by sex (Figure 8) and income (Figure 9). 

 

 
Figure 5. Share with different orientation scores by age at first observation. We display the share with 0, 1, 2, 3 

or 4 correct items on the orientation test by integer age. 
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Figure 6. Share of participants aged 80-90 years with non-perfect orientation score at first observation by 

country 

 

 
Figure 7. Share of participants aged 80-90 years with non-perfect orientation score at first observation by 

educational level. Categories are ordered by the share without full score. 
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Figure 8. Share of participants aged 80-90 years with non-perfect orientation score at first observation by sex 

 

 

 

 
Figure 9. Share of participants aged 80-90 years with non-perfect orientation score at first observation by 

income decile 

 

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 the young age groups, with a 

tendency towards asymmetry at high ages. Based on a visual inspection of the distribution at 

advanced ages (Figure 10), the left-hand side of the distribution (low scorers) increases in length 

and thickens. Speculatively, this may be thought of as a normal distribution that ς at advanced ages 

ς is distorted by an increasing share of the population shifting into a second group characterized by 

more rapid decline in cognitive functioning. Consistent with this, the distribution of recall 1 score at 

different ages is largely symmetric at all ages for those with perfect scores on the orientation test  

(Figure 11), whereas the tendency towards a left-skewed asymmetric distribution is more 
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pronounced the fewer orientation items a respondent successfully answered. In sum, this gives us 

a sample with a pronounced floor effect ς especially on the delayed recall test ς with more than 

50% of respondents scoring 0 on the delayed test after age 90 years (Figure 12).  

 

 
Figure 10. Distribution of recall scores by ten year age groups. The figure displays the distribution of the SHARE 

ǎŀƳǇƭŜ ǊŜŎŀƭƭƛƴƎ лΣ мΣ ΧΣ мл ƛǘŜƳǎ ŀǘ ŦƛǊǎǘ ǇŀǊǘƛŎƛǇŀǘƛƻƴΦ 
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Figure 11. Score distribution for recall-1 by orientation score and age group. Each column shows the distribution 

of recall-1 scores for the subset of participants with the orientation score shown in the column heading. 

 

 
Figure 12. 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 analysed the sum of 

the two variables assuming that they are both measures of a similar underlying memory trait (the 

two scores have a correlation coefficient of 0.68 and decline in parallel ς see Figure 13). 

 

 
Figure 13. Average recall scores at first observation by age 

There are clear retest effects that indicate improved scores for each repeated testing of the same 

ƛƴŘƛǾƛŘǳŀƭΦ ¢ƻ ǎƘƻǿ ǘƘƛǎΣ ǿŜ ǎǇƭƛǘ ǘƘŜ Řŀǘŀ ƛƴǘƻ ŀ άǇǳǊŜ ŀŎǊƻǎǎέ ǎŀƳǇƭŜ ǳǎƛƴƎ ƻƴƭȅ ǘƘŜ ŦƛǊǎǘ ƻōǎŜǊǾŀǘƛƻƴ 

ƻŦ ŜŀŎƘ ƛƴŘƛǾƛŘǳŀƭ ŀƴŘ ŀ άǇǳǊŜ ǿƛǘƘƛƴέ ǎŀƳǇƭŜ όƻƴƭȅ ǊŜǇŜŀǘŜŘƭȅ ǎŀƳǇƭŜŘ ƛƴŘƛǾƛŘǳŀƭǎύΦ 9ǎǘƛƳŀǘƛƴƎ ǘƘŜ 

decline curve in the within sample using an individual fixed effect model, we compare the observed 

declines over age between different models: 

¶ Across variation only ς no control for retest required, as we use only first observation of 
each individual 

¶ Within variation only 
o No control ς A model ignoring retest effects 
o Ever-tested ς ! ƳƻŘŜƭ ǿƛǘƘ ŀ ǎƛƴƎƭŜ ŘǳƳƳȅ ŦƻǊ άŜǾŜǊ ǘŜǎǘŜŘέ 
o Fully flexible dummy specification ς A set of dummy variables, one for each possible 
ǾŀƭǳŜ ƻŦ άǇǊƛƻǊ ǘŜǎǘǎέ  

o Ever-tested with first two observations only ς Uses only data from the first two 
observations of each individualΣ ŎƻƴǘǊƻƭƭƛƴƎ ŦƻǊ άŜǾŜǊ ǘŜǎǘŜŘέ ǳǎƛƴƎ ŀ ǎƛƴƎƭŜ ŘǳƳƳȅ 
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The results show that a failure to control for previous tests generated an apparent score increase 

with age from the within-variation (Figure 14), and that this apparent increase was also present 

when we only controlled ŦƻǊ ōŜƛƴƎ άŜǾŜǊ ǘŜǎǘŜŘΦέ The fully flexible dummy specification results in a 

curve similar to the one found using only the first two observations from each individual but requires 

5 parameters. Further testing (not shown) revealed that this model yields largely identical results to 

one requiring only two parameters: A dummy ƛƴŘƛŎŀǘƛƴƎ άŜǾŜǊ ǘŜǎǘŜŘέ ŀƴŘ a coefficient for a linear 

effect of άƴǳƳōŜǊ ƻŦ ǇǊŜǾƛƻǳǎ ǘŜǎǘǎΦέ ¢Ƙƛǎ ǎǇŜŎƛŦƛŎŀǘƛƻƴ ŎŀǇǘǳǊŜǎ ǘƘŜ ǳƴŘŜǊƭȅƛƴƎ ǇŀǘǘŜǊƴ ǎƘƻǿƴ ōȅ 

the coefficients of the flexible dummy set, which indicates that the first retest effect is particularly 

large, whereas each later additional testing increases the score by a similar amount. This 

formulation was used for the remainder of the analyses. 

bƻǘŜ ǘƘŀǘ ŜǾŜƴ ǘƘŜ άŦǳƭƭȅ flexible dummy specificationέ revealed a different decline curve from the 

within-individual change than what we found using the pure across-individual data. This may reflect 

cohort differences or variation in the retest-effect across ages; the retest coefficients average across 

age, and if retest effects are larger for young respondents this will underestimate the decline at 

young ages and overestimate the decline at high ages. 

 

 
Figure 14. Age-related decline in recall indicated by across and within individual information 

The analyses in Figure 14 identify the differences across age using a dummy set with one variable 

for each integer age. This ensures that the curves display the variation from the data without being 

forced into a specific functional form (e.g., a linear or polynomial change with age).  
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The drawback of such an approach is that it requires large samples, as seen by the non-credible 

trajectories at the advanced ages where sample sizes are small. As we want to interact the age-

trajectory with an increasing number of variables, more structure needs to be imposed on the shape 

of the age trajectory. To avoid artefacts from a polynomial specification, which can lead to non-

credible extrapolations at high ages, we use a quadratic spline function.  

Pooling all the data, we control for retest effects and estimate group differences by adding a) a 

dummy set indicating which group an individual belongs to (a level effect) and b) interacting the age 

splines with the dummy set (allowing for different age trajectories). We find: 

¶ Overall predicted difference in average recall by age is estimated with negligible confidence 
bands (Figure 15) 

¶ Higher recall scores for females, with convergence at high ages (Figure 16). No statistically 
significant difference was found with the Bayesian model to compare males and females 
using within-individual changes (Figure 17). 

¶ Higher recall scores for individuals with high household incomes and convergence at high 
ages (Figure 18). No statistically significant difference was found when with 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).  

¶ Higher recall scores for those with high education, with limited indication of convergence at 
high ages (Figure 19). The Bayesian model revealed no statistically significant differences 
between the two based on within-individual variation. 

The lack of statistically significant differences across groups when using within-individual change 

data may have several explanations. The simplest explanation is a lack of statistical power for 

detecting group differences in the SHARE data when using a model that avoids strong functional 

ŀǎǎǳƳǇǘƛƻƴǎ ōȅ ƳƻŘŜƭƭƛƴƎ ƎǊƻǳǇ ŘŜǾƛŀǘƛƻƴǎ ŦǊƻƳ ŀ άŎƻƳƳƻƴ ǘǊŀƧŜŎǘƻǊȅέ ǳǎƛƴƎ Dŀǳǎǎƛŀƴ tǊƻŎŜǎǎŜǎ. 

As shown by the results contrasting males and females (Figure 17), the curve for females is below 

that of males as we would expect from the least squares model, but the credibility intervals of the 

estimated trajectories are sufficiently large to create large overlap. Alternatively, it may reflect that 

there are other explanations behind the convergence 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 long-term protective effect of education, because the high ages come from cohorts 

where the selection to education by cognitive ability probably was stronger. 
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Figure 15 - Predicted trend in average recall across full sample 

 

 
Figure 16. Predicted trend in average recall by sex 








































