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Abstract
Objectives:  Previous studies have shown the importance of individual markers of cognitive reserve, such as education and 
occupation, for cognitive health in old age. However, there has been only little investigation so far on how this relationship 
varies across contexts.
Methods:  We analyzed data from the Survey of Health, Ageing, and Retirement in Europe, using second-order latent 
growth models, to assess the moderating role of welfare regimes on the relationship between education and occupation 
skill level in explaining overall cognitive functioning and decline in old age. Our sample includes 13 European countries 
using data from 5 regular waves of the survey (2004–2007 and 2011–2015) and 2 retrospective ones (2008–2009 and 
2017). Cognitive functioning was modeled as a latent variable measured by immediate and delayed recall, verbal fluency, 
and numeracy.
Results:  74,193 participants were included from the survey. Our analysis showed that the association of education 
with cognition was weaker overall in Scandinavian countries, but stronger in Southern European countries, relative to 
Bismarckian ones. However, educational differences in the decline of cognition were more pronounced only in Scandinavian 
compared to Bismarckian countries. Additionally, higher-skilled occupations in Scandinavian countries had better overall 
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functioning compared to the same occupations in Bismarckian countries, but there was no difference in the decline in cog-
nitive functioning.
Discussion:  Our findings indicate that the associations of cognitive functioning and its decline with individuals’ cognitive 
reserve markers (education and occupational skill level) vary according to welfare regimes, showing the importance of con-
textual factors in cognitive aging processes.

Keywords:   Cognition, Cognitive reserve, Life course, Life span, Welfare states
  

With an increasing life expectancy leading to an aging pop-
ulation, the number of older adults affected by cognitive 
impairment has increased. Maintaining good cognitive 
functioning in old age is crucial for ensuring autonomy and 
preserving overall health in old age (Hartley et al., 2018; 
Rowe & Kahn, 1997; Sardella et al., 2020). It is thus im-
portant to study and comprehend factors influencing not 
only the level of cognitive functioning but also its decline 
over time to better understand how it can be preserved in 
old age.

In this regard, the concept of cognitive reserve (Stern, 
2002) postulates that cognitive engagement throughout an 
individual’s life, including educational and occupational 
attainment, promote brain health as they may increase an 
individual’s reserve capacity and thereby possibly com-
pensate for brain damage, neurological loss, and patho-
logical decline such as dementia (Stern, 2012). Specifically, 
interindividual differences in the effective recruitment 
of neural networks and cognitive processes are hypothe-
sized to explain differences in individuals’ capacity to cope 
with or compensate for decline or pathology (Bartres-Faz 
& Arenaza-Urquijo, 2011; Stern, 2009, 2012). For indi-
viduals with healthy cognitive functioning, such reserve 
mechanisms may contribute to the adaptation of brain 
activity as task difficulty level is increased (Stern, 2012). 
Empirical evidence has shown that greater cognitive stim-
ulation in young adulthood and midlife, such as attaining 
higher educational levels and pursuing a cognitively de-
manding working life, is related to better overall cognitive 
functioning at older ages, even when suffering from neu-
rological diseases such as dementia supporting the cogni-
tive reserve hypothesis (Ihle et al., 2020; Opdebeeck et al., 
2016; Wilson et  al., 2019). However, research relating 
cognitive reserve to changes in cognitive functioning over 
time is less clear. Some studies have found that higher levels 
of cognitive reserve are associated with a steeper decline 
in cognitive functioning (Hall et al., 2007; Mungas et al., 
2018), while, increasingly, more recent studies have found 
little to no change or a less steep decline regardless of cog-
nitive health (Lövdén et  al., 2020; Nyberg et  al., 2021; 
Seblova et al., 2020; Wilson et al., 2019).

Importantly, there is less research on the contextual fac-
tors that might play a role in modulating cognitive aging, 
despite their importance for individuals’ health across the 
life span (Baltes et  al., 1999) that could thus potentially 
shape the relationship between cognitive reserve and cog-
nitive decline. One of the most crucial contextual factors 
affecting people’s lives is welfare state arrangements or 

welfare regimes (Esping-Andersen, 1990), which can deter-
mine the extent and access to social services and programs. 
Nordic countries, for instance, have more egalitarian and 
universal systems, while in Continental European, or 
Bismarckian, countries they are often closely linked to oc-
cupational position (Esping-Andersen, 1990). Compared 
to Bismarckian countries, Southern European countries 
can be further distinguished by the greater importance of 
informal and family arrangements to deal with unequal ac-
cess to welfare provisions (Ferrera, 1996).

Even once people have entered working life, in Nordic 
countries, individuals have generally more lifelong learning 
opportunities and are more likely to engage in them than 
in other welfare regimes (Boeren, 2016). However, it is pos-
sible that such policies could contribute to accentuating 
inequalities in cognitive functioning as more educated in-
dividuals are more likely to participate in, and benefit 
from, these types of programs, especially in older cohorts 
(Tikkanen & Nissinen, 2016).

A large body of work exists in public health and epide-
miology showing differences between the different types of 
welfare states in relation to health and quality of life in old 
age (Kim, 2017; McCartney et al., 2019; Niedzwiedz et al., 
2014) with Nordic countries generally having less ine-
quality in many, but not all, health outcomes. Nevertheless, 
most previous research on health inequalities, including 
cognitive health, in relation to welfare regimes has princi-
pally focused on overall, or level, differences. Consequently, 
there has been comparatively less research on the role of 
different welfare state types in relation to change in health 
outcomes over time, that is, slope differences. Sieber et al. 
(2020) showed that, for self-rated health (SRH), there is a 
convergence as people age as differences in health trajec-
tories between types of welfare states decline. This suggests 
that contextual factors may play a larger role in the build-up 
of health differences earlier on in life than in their decline in 
old age. This is in line with the “age-as-leveler” hypothesis 
that posits that health in older individuals is mainly deter-
mined by age rather than other sociodemographic charac-
teristics or resources (House et al., 1994). What has been 
lacking up until now, and what will be the key contribution 
of this study, is a large-scale investigation directly assessing 
the moderating role of macro-level factors on the associ-
ation of cognitive reserve with changes in cognitive func-
tioning over time in older individuals.

To our knowledge, the relationship between types of 
welfare states and markers of cognitive reserve has so far 
not been systematically investigated in detail, especially 
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in relation to changes in cognitive functioning over time 
with studies (Barbosa et al., 2020; Cermakova et al., 2018; 
Formanek et al., 2019; Grasshoff et al., 2021) only doing 
simple country comparisons, using cross-sectional data, 
or describing changes in cognitive functioning over time 
without considering cognitive reserve markers. Thus, our 
study has two goals: to investigate whether the relationship 
between indicators of cognitive reserve—education and 
job skill level—and overall cognitive functioning is mod-
erated by context, that is, welfare regimes, and whether 
context also moderates the relationship between cognitive 
reserve and change in cognitive functioning over time. In 
terms of hypotheses that can be formulated, previous work 
has found that education-related inequalities are generally 
smaller in countries with more egalitarian welfare regimes. 
Consequently, we would expect that higher levels of edu-
cation are associated with a smaller advantage in overall 
cognitive functioning in Scandinavian countries relative 
to other welfare regimes (H1). The evidence is less clear 
for job skill level. There are indications that workers at all 
levels are generally more involved in the production process 
in Nordic countries. Moreover, in more egalitarian welfare 
regimes, even occupations that are predominantly manual 
are associated with strong training programs that can con-
tinue during individuals’ careers, which are less common 
in countries with lower levels of labor market policy inter-
vention such as Liberal economic or Southern European 
countries. Therefore, similarly to education, we would ex-
pect that the higher-skilled jobs would have a weaker as-
sociation with the overall level of cognitive functioning in 
more (compared to less) egalitarian welfare regimes (H2). 
As for change over time, recent studies increasingly suggest 
that indicators of cognitive reserve such as education are 
not associated with cognitive decline. Therefore, we would 
not expect to see any differences between welfare regimes 
(H3). This is further reinforced by evidence supporting the 
“age-as-leveler” hypothesis which suggests that contextual 
factors matter less as people age.

To investigate these hypotheses, the present study lever-
ages the large cross-national data provided by the Survey of 
Health, Ageing and Retirement in Europe (SHARE) from 
which we analyzed a sample of 74,193 individuals from 
13 different countries using a second-order latent growth 
curve model within the structural equation modeling 
framework. We will focus on describing between-individual 
differences in cognitive functioning in relation to cognitive 
reserve across different contexts.

Method

Participants and Sample

Our data were taken from seven waves of the SHARE that 
is a biennial panel survey of individuals aged 50 and older, 
and their partners, in Europe and Israel (Börsch-Supan 
et  al., 2013). The main interview was conducted using 
computer-assisted personal interviewing with additional 

data collected with a drop-off self-administered question-
naire. In the third and seventh waves, the SHARE collected 
retrospective life course data from participants as part of 
the SHARELIFE module that used a life history calendar 
approach. The first wave of data collection occurred in 
2004–2005, and 2017 for Wave 7.

The sample used for this study included individuals 
aged between 50 and 90 (mean 64.0, SD 10.0 at baseline) 
living in one of 13 European countries (Austria, Belgium, 
Denmark, France, Germany, Greece, Italy, Luxembourg, the 
Netherlands, Portugal, Spain, Sweden, and Switzerland). 
We selected these countries because they all participated 
in at least one wave of the retrospective life course module 
(Wave 3 and/or Wave 7) and represent countries with rel-
atively stable welfare state arrangements. All countries 
except Portugal, which joined the survey in Wave 4, and 
Luxembourg, which joined in Wave 5, were part of the 
SHARE from the first wave. Additionally, the Netherlands 
left the survey after the fifth wave. We also excluded par-
ticipants who joined the survey in the sixth (only one 
complete cognitive functioning module) or seventh waves 
(incomplete cognitive functioning module). This left us 
with a sample of 74,193 respondents (see Supplementary 
Figure 1).

Cognitive Functioning

We used four indicators to measure cognitive functioning: 
immediate recall, delayed recall, verbal fluency, and a nu-
meracy test. Descriptive statistics for these variables and in-
formation on the assessment of these indicators in SHARE 
are given in Supplementary Table 2. The full cognitive func-
tioning module was conducted in Waves 1, 2, 4, 5, and 6.

Covariates

Our main explanatory variable was the welfare regime of 
respondents’ country of residence. Following the typology 
of Ferrera (1996), we grouped the 13 countries of residence 
in our sample into three welfare regimes: Bismarckian 
(Austria, Belgium, France, Germany, Luxembourg, the 
Netherlands, and Switzerland), Scandinavian (Denmark 
and Sweden), and Southern European (Greece, Italy, 
Portugal, and Spain).

Two variables served as cognitive reserve markers: ed-
ucation and the skill level of the respondents’ main job as 
indicated in the life history calendar. Education was meas-
ured using the 1997 version of the International Standard 
Classification of Education (ISCED). We treated it as a 
continuous variable ranging from 0 (no completed educa-
tion) to 6 (second-stage tertiary education). We used each 
respondent’s highest reported level of education across all 
waves. Job skill level was categorized in accordance with the 
four skill levels in the International Standard Classification 
of Occupations (ISCO) using the single-digit ISCO code of 
respondents’ main job over the life course. From this, we 
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created a binary variable distinguishing between high-skill 
occupations, skill levels 3 and 4, and low-skill occupations, 
skill levels 1 and 2.

Our control variables included respondents’ sex, base-
line (first measurement) age, SRH, and EURO-D depression 
scores. In the models, we centered age at 65, SRH at 3, and 
the EURO-D scale at 3. We also included binary variables 
indicating whether respondents ever smoked for at least a 
year and whether they consumed alcoholic beverages at 
least 3–4 times a week in the months prior to any survey 
interview. Descriptive statistics are given in Table 1.

Statistical Analysis

We estimated a linear curve-of-factors (McArdle, 1988), 
or second-order, latent growth curve model to study the 
level of, and change in, cognitive functioning. This type of 
growth curve model allowed us to model change over time 
in multidimensional constructs directly rather than creating 
an aggregate outcome (calculating a sum or mean, for in-
stance) providing less biased results and better detecting 
change over time (von Oertzen et al., 2010).

We specified the model with strong factorial invariance 
by constraining the factor loadings, factor variances, and 
indicator means to be equal across measurements. The 
means of the first-order factors measuring cognitive func-
tioning were all set to zero so that the second-order latent 
variables, the slope and intercept, could capture change in 
the factors measuring cognitive functioning. The residual 
errors for each indicator were allowed to covary across 
all measurements. The indicators of cognitive functioning 
were standardized using the means and standard deviations 
from the first measurement to deal with scaling differences. 

A  simplified path diagram of the model is shown in 
Supplementary Figure 2.

We regressed the intercept and slope factors on the 
covariates, and we included interaction effects between 
the welfare regime variable and education, and between 
welfare regime and job skill level to test whether the as-
sociation with cognitive reserve varied across welfare re-
gimes. The models were estimated using full-information 
maximum likelihood with robust standard errors using the 
lavaan package (Rosseel, 2012) in R (R Core Team, 2021).

Results

Model Estimates

Model estimates are displayed in Table 1. The reference in-
dividual is male, with a baseline age of 65, an upper sec-
ondary level of education (ISCED-3) with a low-skill job, 
living in a Bismarckian country, who never smoked, and 
does not drink frequently. The model fit indices are pre-
sented in Supplementary Material.

Level Differences (Intercept Factor)

Here we discuss the overall time-constant effects of the main 
explanatory variables: welfare regime and cognitive reserve. 
The welfare regime coefficients in Model 1 showed that indi-
viduals in Scandinavian countries had a higher overall level of 
cognitive functioning relative to those in Bismarckian coun-
tries while it was lower in Southern European countries. As 
for our two indicators of cognitive reserve, education, and job 
skill level, we found that a higher level of education was asso-
ciated with a higher overall level of cognitive functioning and 
individuals whose main occupation was classified as highly 
skilled also had a better overall level of cognitive functioning.

The interaction effects of welfare regime type with edu-
cation in Model 2 were significant and showed that higher 
levels of education in Scandinavian countries had a less pro-
nounced association with the level of cognitive functioning 
compared to Bismarckian countries. In other words, ed-
ucational differences in the overall level of cognitive func-
tioning were smaller in Scandinavian countries. This can be 
seen in Figure 1A, where the distance between the lines for 
ISCED-3 and ISCED-6 at the first measurement is smaller 
for Scandinavian countries than Bismarckian ones. It was the 
opposite case for Southern European countries, where higher 
levels of education gave a greater advantage in relation to 
cognitive functioning relative to Bismarckian countries. For 
job skill level, the interaction terms show that a high-skill job 
in Scandinavian countries is associated with a higher overall 
level of cognitive functioning compared to Bismarckian 
countries. This result may be potentially explained by life-
long learning programs and other forms of adult education 
disproportionately favoring individuals with more skilled 
employment in Nordic countries, where such programs are 
more common (Tikkanen & Nissinen, 2016).

Table 1.  Descriptive Statistics for Covariates; Means and 
Standard Deviations (in parentheses) for Continuous 
Variables, Percentages for Categorical Variables

Welfare regime  
 � Bismarckian; Scandinavian; 

Southern European
56.9%; 15.6%; 27.6%

Age at baseline 64.0 (10.0)
Sex  
  Male; female 46.5%; 53.5%
Self-rated health 3.0 (1.1)
EURO-D 2.3 (2.2)
Education 2.7 (1.6)
Job skill level  
  Low; high 73.0%; 27.0%
Ever smoked  
  No; yes 52.5%; 47.5%
Frequent drinking  
  No; yes 61.2%; 38.8%
Part of refreshment sample  
  No; yes 35.8%; 64.2%
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Differences in Change Over Time (Slope Factor)

The results from Model 1 showed that in Scandinavian and 
Southern European countries, cognitive decline was more 
pronounced than in Bismarckian countries. In the case of 
Scandinavian countries, this finding provides some evi-
dence supporting the “age-as-leveler” hypothesis. Looking 
at the indicators of cognitive reserve, higher levels of edu-
cation were associated with a more pronounced decline in 
cognitive functioning, while jobs with a higher skill level 
were associated with a less pronounced decline. However, 
Model 2 suggests that this counter-intuitive relationship is 
largely driven by Southern European countries.

In Model 2, the interaction of education with wel-
fare regimes showed that a higher level of education in 
Scandinavian countries leads to a less pronounced decline 
in cognitive functioning than in Bismarckian countries. We 
observed the opposite relationship for Southern European 
countries. The effect of education on change in cognitive 
functioning is nonsignificant in Bismarckian countries for 

individuals with the reference profile. Differences in tra-
jectories between the reference (ISCED-3) and the highest 
(ISCED-6) level of education are illustrated in Figure 1A.

As for job skill level, the interaction term for 
Scandinavian and Southern European countries was 
nonsignificant. This suggests that, for individuals with 
the reference sociodemographic profile, there is no differ-
ence in the relative advantage of having had a high-skill 
job between Scandinavian or Southern European, and 
Bismarckian countries. Figure 1B shows the trajectories of 
cognitive decline in relation to job skill level for Model 2.

Discussion
The goal of this study was to investigate the potential inter-
action between macro-level contextual factors and cogni-
tive reserve in relation to individual cognitive aging. More 
particularly, we explored the influence of welfare state ar-
rangements on differences in the level of cognitive func-
tioning as well as the potential for contextual factors to 
modify the association between cognitive reserve and cog-
nitive functioning over time.

Differences in the level of cognitive functioning were 
broadly in line with previous findings. As shown by Model 
1 in Table 2, we found that individuals, with our reference 
profile, in Scandinavian countries had a generally higher 
level of cognitive functioning relative to the Bismarckian 
and Southern European welfare regimes. Bismarckian 
countries also showed higher levels of cognitive functioning 
than Southern European countries. These overall level dif-
ferences between welfare regimes follow patterns that are 
generally observed for other health outcomes (Eikemo 
et al., 2008; Kim, 2017; Niedzwiedz et al., 2014). Our re-
sults are also in accordance with the cognitive reserve lit-
erature in that higher levels of education (Ihle et al., 2016; 
Wilson et al., 2009, 2019) and jobs with higher skill levels 
(Andel et al., 2015; Fisher et al., 2014; Opdebeeck et al., 
2016) are associated with a better overall level of cognitive 
functioning.

Importantly, the interaction effects suggest that the as-
sociation of cognitive reserve with the level of cognitive 
functioning changes depending on the context. While indi-
viduals in Scandinavian countries showed better cognitive 
functioning overall, their advantage, relative to individuals 
in Bismarckian countries, was reduced or even disappeared 
the higher the level of education, which is in line with H1. 
While at first glance this may be somewhat surprising, 
there is evidence from other health outcomes that show 
similar patterns in Scandinavian countries (Leopold, 2016; 
Niedzwiedz et al., 2014). In fact, Leopold (2016) found that 
smaller educational differences are primarily found among 
older individuals in Sweden but not younger generations. 
The author argues that the less pronounced educational 
difference in Sweden among older cohorts is related to so-
cial policies that aim to reduce inequality at earlier stages 
of life which entails a long-lasting reduction in inequalities 
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across the whole life course. Interestingly, this is not the 
case for job skill level as we find that highly skilled employ-
ment in Scandinavia provides a stronger protective effect, 
going against H2. This might be due to lifelong learning 
programs being used by more educated and more skilled 
workers, while such programs are less prevalent in other 
European welfare regimes.

When comparing the different welfare regimes in rela-
tion to change in cognitive functioning, we found that the 
relative advantage of Scandinavian countries compared to 
Bismarckian ones decreased over time. This is especially 
noteworthy as it shows that macro-level advantages do not 
necessarily persist over time and that welfare state arrange-
ments that favor better cognitive functioning in earlier life 
stages do not necessarily continue to do so as people age. 
This dovetails with Sieber et al. (2020), who showed that 
past life course factors, as well as welfare state arrange-
ments, tend to become less pronounced with aging. Our 
results also corroborate those of Formanek et al. (2019), 
who found that individuals from Scandinavian countries 
experience a steeper decline in cognitive performance. 
Conceptually, the decrease of the relative advantage of 
Scandinavian countries could be explained by the “age-as-
leveler” hypothesis that considers that in older age, health 
is more directly tied to age rather than other characteris-
tics. Furthermore, Baltes and Smith (2003) contend that the 
older individuals get, the more difficult, and the less effi-
cient, any form of intervention aiming to combat cognitive 
decline is. Thus, we could expect the differences between 
welfare regimes may narrow over time as it becomes in-
creasingly difficult to reverse or attenuate declines due to 
aging through policy intervention. Nevertheless, this is not 
entirely the case, as our results showed that the gap be-
tween Southern European and Bismarckian countries grew 
in the case of our reference profile.

Concerning our first indicator of cognitive reserve, edu-
cation, the estimates for Model 1 showed that there was a 
small negative association between education and change 
in cognitive functioning. While this is in line with certain 
studies showing that the protective role of education de-
creases as people age (Hall et  al., 2007; Mungas et  al., 
2018; Opdebeeck et al., 2016), the relationship is not pro-
nounced, which dovetails with recent studies showing a 
small, often inconsistent, association between education 
and greater declines in cognitive functioning in old age 
(Lövdén et al., 2020; Nyberg et al., 2021; Seblova et al., 
2020; Wilson et al., 2019). Model 2 further shows us that 
this significant negative association seems to be primarily 
driven by countries in the Southern European welfare re-
gime group. Moreover, the interaction effects suggest that 
the cognitive reserve hypothesis, in terms of decline, might 
be more applicable to Nordic countries than to other types 
of welfare regimes, which is supported by previous research 
(Foverskov et al., 2018).

As for the second indicator of cognitive reserve, job 
skill level, our results are in line with the expectations of 

the cognitive reserve hypothesis as jobs with higher skill 
levels, which demand more cognitive resources, are asso-
ciated with a less pronounced decline in cognitive func-
tioning (Fisher et al., 2014; Pool et al., 2016), though this 
association is not consistently found (Aartsen et al., 2019; 
Rusmaully et al., 2017), indicating that it may be shaped by 
certain contextual factors.

The interaction effects in Model 2, which allowed us to 
test H3, suggest that the association between education and 
change in cognitive functioning may vary across welfare re-
gimes. More specifically, relative to Bismarckian countries, 
a higher level of education in Scandinavia confers a greater 
advantage because cognitive decline over time is attenu-
ated the higher the level of education. This dovetails with 
findings that higher levels of education can compensate 
for declines in cognitive functioning over time to some de-
gree (Clouston et al., 2020). Regarding Southern European 
countries, the interaction effect being negative indicates 
that a higher level of education leads to a sharper decline 
in cognitive functioning relative to Bismarckian countries.

Thus, our results suggest that the effect of education is 
context-dependent and therefore the association between 
cognitive decline and education is not necessarily the same 
across all country contexts. In light of the typology of wel-
fare state policies we employ here (Esping-Andersen, 1990; 
Ferrera, 1996), more generous welfare states can be viewed 
as being associated with greater educational inequalities 
when looking at changes in cognitive functioning over 
time. This counterintuitive result may be due to welfare 
states providing better aid to more frail individuals, which 
extends their life expectancy but also makes educational 
differences persist for longer (Huijts & Eikemo, 2009). 
Another possibility also considered by Huijts and Eikemo 
(2009) is that a higher level of education is required to fully 
benefit from all the services and programs offered by the 
Scandinavian welfare system, thus providing a compara-
tive advantage to more educated individuals over time. 
Furthermore, there is evidence that more egalitarian wel-
fare arrangements do not necessarily lead to better absolute 
health behaviors and outcomes, but rather decrease relative 
differences (Mackenbach, 2020), which is in line with our 
findings for cognitive decline.

As for job skill level, we found no significant differ-
ence between Scandinavian or Southern European and 
Bismarckian countries in relation to the association be-
tween the skill level of individuals’ main job over the life 
course and cognitive decline, suggesting that, unlike educa-
tion, the protective effect of a more cognitively demanding 
job on declines in cognitive functioning may be similar 
across different welfare regimes.

Taken together, our results indicate that the effects of 
cognitive reserve on the overall level of cognitive func-
tioning and subsequent decline vary across the different 
welfare systems. They highlight the importance of taking 
into account contextual factors when investigating rela-
tionships between cognitive reserve and cognitive health. In 
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terms of overall cognitive functioning, educational differ-
ences are less pronounced in Scandinavian countries than 
in Bismarckian or Southern European countries. The effect 
of education on cognitive change also differs across wel-
fare states as it is more pronounced in Scandinavian coun-
tries than in Bismarckian or Southern European ones. This 
suggests that while more redistributive welfare regimes can 
attenuate differences in cognitive functioning related to ed-
ucation in earlier life phases, this is no longer the case for 
later life stages where inequalities in these countries do not 
decrease as people age. Our results also seem to be in line 
with the “Nordic paradox,” which suggests that health in-
equalities stemming from differences in the level of educa-
tion are not necessarily the smallest in Nordic countries, 
especially in older cohorts (Mackenbach, 2017).

Consequently, we find some support for the long-term 
effects of cognitive reserve hypothesis in Scandinavian 
countries in terms of cognitive decline, but not in other 
countries where the “age-as-leveler” hypothesis seems to be 
more relevant when using education as a marker of cogni-
tive reserve. Our results, therefore, suggest the additional 
importance of cognitive stimulation during individuals’ 
working life in order to attenuate the decline of cognitive 
functioning. However, policies that provide additional ed-
ucation in later stages of life, such as lifelong learning, may 
exacerbate rather than attenuate educational differences in 
cognitive decline.

Nevertheless, our results, as illustrated in Figure 1, 
showed that cognitive reserve accumulated at earlier life 
stages provides a long-lasting advantage in cognitive func-
tioning in old age in all welfare regimes. Moreover, unlike 
for cognitive decline, higher levels of cognitive reserve are 
associated with a better overall level of cognitive func-
tioning across all welfare regimes, indicating that policies 
that encourage higher education, for example, can con-
tribute to better cognitive outcomes in all contexts.

There are nonetheless limitations to our study. First, we 
used retrospective data to assess respondents’ highest level 
of education as well as their main occupation and coun-
tries of residence during the life course. Nevertheless, recall 
bias for the retrospective SHARELIFE modules is generally 
low (Garrouste & Paccagnella, 2011). Second, this is a cor-
relational study. However, because we were mainly inter-
ested in comparing between-individual differences rather 
than within-individual differences, this is a trade-off that 
needed to be made. Third, there is a potential learning or 
retest effect, even if SHARE attempted to reduce it by using 
randomized word lists for the recall tests. This may lead 
us to potentially underestimate declines in cognitive func-
tioning. Fourth, there is also a risk of selection bias as we 
only included individuals who joined in Wave 5 or earlier. 
Nevertheless, the use of full-information maximum like-
lihood to include all cases meeting our selection criteria, 
including those with missing information on covariates, 
helps to reduce the introduction of additional biases due to 
missing information similarly to multiple imputation.

Despite these limitations, our study contributes to the 
literature on health and aging in general, as well as cog-
nitive reserve and cognitive functioning in particular, by 
explicitly testing the moderating role of contextual factors 
on the relationship between cognitive reserve and cogni-
tive functioning both in relation to its overall level and 
change over time using a large cross-national sample. The 
effect sizes (Supplementary Table 1) for the intercept and 
slope factors are large and medium, respectively, once the 
interactions are included. Thus, our results underscore the 
importance of taking into account the moderating role of 
contextual factors, especially when studying the relation-
ship between cognitive reserve as measured by educational 
attainment.
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Supplementary data are available at The Journals of 
Gerontology, Series B: Psychological Sciences and Social 
Sciences online.
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