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Abstract
Our study aimed to enhance understanding of memory decline (MD) in old age by evalu-
ating longitudinal effects of personal and national contributing factors. We used data col-
lected by the Survey of Health, Ageing and Retirement in Europe (SHARE) from 12
European countries and Israel. Our sample included 11,930 retirees aged 50+, interviewed
at baseline and four years later. MD was evaluated by the change in the number of recalled
words from first to second interview. Except for gender, all of our explanatory variables
had a significant unique effect on MD – age, education, type of occupation, European
geographical region, early retirement, time elapsed from retirement, reason for retirement,
active lifestyle, re-employment, health/function status, depressive symptoms, and decline
in physical and mental health – over the four years of the study. Our findings indicate that
MD can be postponed by national policies such as those which prolong years of education
and participation in the workforce, and by social interventions directed to promote active
lifestyles in late life, especially in Mediterranean and Eastern European nations.
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Introduction
Since the mid-20th century, we have been witness to a worldwide unprecedented
and continuing increase in life expectancy. However, the achievement of reaching
this long-desired goal is accompanied by a decline in physical and cognitive func-
tioning, and attenuation in meaningful activities and social contacts in later life (e.g.
World Health Organization (WHO), 2017a, 2017b; Zeng et al., 2017). The harmful
effects of these developments on the ever-growing population of older adults, their
families and society impose significant challenges for ageing nations, some of which
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are striving to ensure a reasonable level of quality-of-life for all parties involved,
while attempting to reduce the related economic burden.

The process of decline in health and functioning in later life is a multifactorial
phenomenon affected by biological changes, physical and social environments, per-
sonality, education and lifestyle, along with cultural features and societal policies,
many of which are interrelated (e.g. Scarmeas and Stern, 2003; Adam et al.,
2007). Some of the detrimental effects of these aspects can be prevented or reduced
by societal policies regarding retirement, pensions, taxation, etc. (Rohwedder and
Willis, 2010; Rechel et al., 2013), as well as by psycho-social interventions on vari-
ous societal levels – national, community and personal (Hultsch et al., 1999;
Livingston et al., 2017).

Currently, cognitive decline (CD) is one of the major problems faced by ageing
societies. The prevalence of CD increases significantly with ageing (WHO, 2017a;
Alzheimer’s Association, 2018). With the exception of one study (Coe et al., 2012),
mandatory retirement and early retirement policies have been repeatedly reported
as macro-factors that are negatively associated with people’s cognitive functioning
(e.g. Adam et al., 2007; Rohwedder and Willis, 2010; Bonsang et al., 2012;
Mazzonna and Peracchi, 2012; Fisher et al., 2014; Petersen et al., 2018). For
many people, retirement is a significant event causing major changes in routine
life, which may accelerate the progression of CD (Bonsang et al., 2012;
Mazzonna and Peracchi, 2012). However, two more recent meta-analyses (Meng
et al., 2017; Zulka et al., 2019) report conflicting findings regarding the relationship
between retirement and CD across large-scale international studies. Such inconsist-
encies lead to a need for studies directed towards understanding the exact mechan-
isms which can explain the contradictory relationships between retirement and CD.

One of the explanations for these inconsistencies can be the fact that most of the
studies in this area did not include relevant life changes after retirement and their
positive or negative influences on CD (e.g. in Rohwedder and Willis, 2010; Zulka
et al., 2019). For instance, there are indications that an active lifestyle including leisure
activities, cognitive stimulation and physical exercise can moderate and even improve
cognitive functioning in later life and after retirement (e.g. Salthouse, 2006; Hertzog
et al., 2008; Koepsell and Monsell, 2012; Lifshitz-Vahav et al., 2017). Further research
is therefore needed in order to enhance this body of knowledge.

The purpose of this study is to evaluate longitudinal relationships between a ser-
ies of well-established correlates of CD and memory decline (MD) among retirees
living in various European countries. We intend to assess the unique long-term
associations of a series of national, personal and behavioural factors with MD, as
well as the associations of changes in relevant factors over four years.

CD in old age

Dementia and depression are the most common mental health diseases in late life
(WHO, 2017b). These conditions are often interrelated (Byers and Yaffe, 2011), and
both lead to decline in functioning of older adults and in their independence. High
levels of incidence and prevalence of dementia diseases are reported globally
(Livingston et al., 2017). By the end of 2017, approximately 50 million people
worldwide were estimated to have dementia, with an estimated 10 million
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additional people diagnosed with dementia each year (WHO, 2017a). The preva-
lence of dementia diseases increases sharply with age (Ferri et al., 2005; WHO,
2017a; Petersen et al., 2018). For instance, in North American and European coun-
tries, this percentage increases from a range of 1.3–1.7 per cent among people aged
65–69 to a range of 24.5–30.1 per cent among people aged 85 and older (Ferri et al.,
2005). Cognitive impairment conditions are especially difficult to cope with (Reisberg
et al., 1982; George and Gwyther, 1986) due to the symptoms involved, which include
losses in memory, orientation in time and place, personality and communication abil-
ities, and later in the process, also decline in physical functioning, all of which lead to
complete dependency (Alzheimer’s Association, 2018). The current absence of effect-
ive medical means for prevention or cure of dementia diseases intensifies the threat of
dementia and the related burden and frustration for all parties involved.

Facets of cognitive impairment in old age

Cognitive impairment is assessed based on various dimensions such as memory,
fluency, reasoning, executive functioning, numeric abilities, speed of processing,
etc. (Salthouse, 1985; Banks and Mazzonna, 2012; Nyberg et al., 2012). Our
study focuses only on the weakening of memory, which is one of the earliest symp-
toms to be recognised as a sign of decline in cognitive functioning. This symptom is
often overlooked because the onset of forgetfulness is gradual (WHO, 2017a),
begins rather early in life (Schaie, 1989) and is often perceived as a part of normal
ageing. In the last century, various types of memory have been studied, including
primary, procedural, semantic and declarative (e.g. Tulving, 1995). One of the
main distinctions in memory types is between episodic memory referring to long-
term memory of experienced events that can be located in time and space, and
working memory defined as the temporary maintenance, storage and updating of
representations. Weakening in both types of memory begins around age 60 and
continues to worsen with age (Nyberg et al., 2012).

A diagnosis of mild decline in a number of cognitive functions including memory
and orientation in time and/or familiar places is called Mild Cognitive Impairment
(MCI) (WHO, 2017a). The prevalence of MCI increases with age, starting with
6.7 per cent among the young-old (aged 60–64) and escalating to more than 25
per cent in the age range of 80–84 (Petersen et al., 2018). People diagnosed with
MCI are at increased risk of developing dementia diseases over a relatively short per-
iod in comparison to people in the same age group who are not diagnosed with MCI
(Roberts and Knopman, 2013; Petersen et al., 2018). However, people with MCI may
benefit from interventions such as cognitive training and physical exercise, which can
slow the pace of further decline and, in some cases, even improve the clinical expres-
sion of cognitive impairment (Koepsell and Monsell, 2012; Livingston et al., 2017).
For this reason, early diagnosis of MCI is important.

National and personal factors related to CD

National policies and cultural aspects play an important role in decisions that may
appear to be purely related to personal choice. Mandatory retirement and benefits
provided to early retirees are good examples of macro factors influencing personal
choices. Considering that retirement accelerates decline in cognitive functioning,
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early retirement causes this degenerative process to commence even earlier
(Rohwedder and Willis, 2010; Bonsang et al., 2012). Furthermore, according to
Rohwedder and Willis (2010), CD may even begin when people are still on the
job – known as ‘on-the-job retirement’. This happens because awareness of
approaching retirement causes workers to stop investing in work-related training
and developmental activities. Study results indicate that the largest drop in CD
occurs with retirement (Bonsang et al., 2012), and that delaying retirement by
one year is associated with a 3.1 per cent lower risk of dementia even when adjust-
ing for potential confounders (Dufouil et al., 2014). These findings, along with the
indication that CD increases the longer people are in retirement (Mazzonna and
Peracchi, 2012), lead to the conclusion that national encouragement to delay retire-
ment for as long as possible has the potential to postpone CD among elderly per-
sons (Rohwedder and Willis, 2010). However, longitudinal comparisons among
countries on these issues are lacking (Mazzonna and Peracchi, 2012).

An additional factor which exemplifies a country’s influence on personal choices
is the educational system. For instance, Banks and Mazzonna (2012) report that the
reform in England of adding one year of mandatory education resulted in improved
cognitive functioning years later, especially among less-educated men. The positive
roles of education and occupational attainment in the preservation of cognitive
functioning endure even after retirement (Scarmeas and Stern, 2003; Banks and
Mazzonna, 2012; Mazzonna and Peracchi, 2012, 2017; Stern, 2012; Fisher et al.,
2014; Ihle et al., 2016). Stern (2012) suggests that higher levels of education and
lifelong experience in occupational attainments and/or intensive leisure activities
provide a greater cognitive reserve, which in turn increases tolerance to pathology
and enables ageing people to be more resilient to degenerative brain changes. Such
reserves delay or mask the clinical appearance of dementia symptoms. Thus, people
with higher levels of education and intellectually stimulating cognitive activities
such as those in higher levels of occupation prior to retirement, suffer from greater
underlying disease pathology (Meng and D’Arcy, 2012), and a steeper level of CD,
in comparison to people with less cognitive reserve (Stern, 2012).

Regarding physical and mental health, studies show that changes in mood, expos-
ure to difficult life events or acute physical conditions have been reported as causes of
temporary and reversible CD (e.g. Fong et al., 2009). More severe and enduring
decline in cognitive performance has been found to correlate with decline in object-
ively evaluated physical health (Livingston et al., 2017; Ihle et al., 2018), self-perceived
health, the presence of stress, chronic psychological distress and behavioural disorders
such as apnea (e.g. Petersen et al., 2014), as well as more severe conditions including
various chronic diseases and comorbidity with its related polypharmacy (De Ronchi
et al., 2007; Livingston et al., 2017; Alzheimer’s Association, 2018; Mangin et al.,
2018). In some studies, a causal relationship has been demonstrated between emo-
tional disorders and cognitive performance. For instance, depression was reported
as a risk factor, prodromal and accompanying symptom of CD (Paterniti et al.,
2002; Dotson et al., 2010) and Alzheimer’s dementia (Enache et al., 2011).

Concerning demographic characteristics, as presented above, the most conspicu-
ous relationship is reported between age and the process of ageing and CD, while
inconsistent findings are reported for the association between gender and CD (e.g.
Petersen et al., 2014; Ding et al., 2015).
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National differences in cognitive functioning

Countries differ in reported incidence and prevalence of MCI (Rohwedder and
Willis, 2010; Roberts and Knopman, 2013), as well as in the prevalence of various
types of CD. For instance, an analysis of data from the Survey of Health, Ageing
and Retirement in Europe (SHARE) indicates that except for orientation in time,
people living in Mediterranean countries have lower scores in all cognitive domains
(Mazzonna and Peracchi, 2012). The reasons for such differences may derive from
the multiplicity of cultural, national and personal factors affecting CD. On the
national level, factors such as employment, pension and taxation policies, political
conditions, health and education systems, cultural perception such as preference for
active or inactive lifestyle, and nutrition habits following retirement may be asso-
ciated with patterns of behaviour which in turn influence cognitive functioning.
For instance, although active lifestyle is associated with lower risk for CD, people
in Southern European countries have opposite perceptions regarding leading an
active lifestyle after retirement compared to people in Northern countries
(Börsch-Supan et al., 2008). Knowledge about the effects of such cultural aspects
on CD following retirement is limited and needs to be expanded upon.

On the personal level, national variability in cognitive functioning may be
explained by genetics, physical and mental health status, subjective wellbeing and
health-related lifestyle – including level of involvement in physical, intellectual
and social activities. For instance, lower estimates of MCI prevalence in Finland
and Germany compared to the USA on comparable measures (Ward et al.,
2012) can be explained by various interactions among the national characteristics
related to CD in old age (retirement policies, education systems and other relevant
policies), as well as genetic and lifestyle-related cultural features.

The diversity in incidence and prevalence of MCI among countries may also
derive from methodological aspects such as lack of agreement on terminology of
MCI (Ward et al., 2012), differences in the criteria used for diagnosing MCI,
and in research methods including variability in study designs, samples and statis-
tical analyses of specific age groups (Roberts and Knopman, 2013).

Previous international comparisons of CD determinants focused mainly on
national regulations governing mandatory retirement policies, pension eligibility
rules, taxation, and economic characteristics such as income, consumption and
wealth, job characteristics and educational systems (e.g. Adam et al., 2007;
Börsch-Supan et al., 2008; Rohwedder and Willis, 2010; Banks and Mazzonna,
2012; Bonsang et al., 2012; Fisher et al., 2014; Mazzonna and Peracchi, 2017).
Less attention has been paid to the effects of health systems and cultural and
health-related behaviours on CD, as well as to the interactions among these factors
(Börsch-Supan et al., 2008; Winblad et al., 2016).

Based on the previous reports’ findings regarding associations between retirement
and CD, and related explanative theories such as ‘cognitive reserve’, ‘use it or lose it’
or ‘on-the-job retirement’, as well as the rather scarce literature on factors attenuating
CD, our study aims to simultaneously assess the unique longitudinal contribution of
early retirement and a series of established personal and national policy characteris-
tics to the explanation of changes in MD over a relatively short period (four years)
among European retirees living in various countries. Specifically, we hypothesised
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that among retirees, the explanatory power of early retirement as a factor associated
with memory change after four years would remain statistically significant even when
controlling for indicators of physical and mental health, lifestyle, socio-demographic
characteristics, time since retirement, reason for retirement and the changes in these
factors over four years, as well as national affiliation. We also hypothesised that in
these multivariate analyses the explanatory power of early retirement would differ
among retirees living in groups of nations which vary in their welfare regimes, but
would remain powerful in each of these groups and add to the explanation of MD.

Method
Participants and procedures

For this study we used the SHARE database. SHARE is a multi-disciplinary, cross-
national bank of survey data on health, psycho-social and economic variables gath-
ered in several waves (Börsch-Supan et al., 2013).

The current study is based on data from two interviews collected at approxi-
mately four-year intervals. For the 12 European countries included in this study
(Austria, Germany, Sweden, Netherlands, Spain, Italy, France, Denmark,
Switzerland, Belgium, Czech Republic, Poland), we used data from Wave 2
(Time 1 (T1) in our study – gathered during 2006–2007) and from Wave 4
(Time 2 (T2) in our study – collected in 2011). For Israel, we used data from
Wave 1 (T1 – collected during 2005–2006) and from Wave 2 (T2 – 2009–2010).
This enabled us to estimate longitudinal relationships between variables evaluated
at baseline and MD, as well as changes over a four-year period in some of the rele-
vant variables and MD. Our sample was comprised of 11,930 persons aged 50+
who were retirees at T1 and were interviewed again four years later.

Measures

Memory change: number of recalled words
In each of the SHARE waves a list of ten words was read to the participants, who
were asked to immediately repeat all of the words that they remembered. Next, they
were asked some questions on other topics following which they were asked to
repeat the previously presented words that they still remembered. The final score
of recalled words was the sum of the number of words remembered both times,
ranging from 0 (no words remembered) to 20 (all words remembered). A more
detailed explanation regarding the methodological aspects of measuring cognitive
ability using the SHARE data is provided by Börsch-Supan et al. (2008). Our
dependent variable was calculated as the change in the recalled words from T1
to T2. The scale for this variable ranged from −20 indicating that the participant
did not remember any of the words at T1, but remembered them all at T2 (= max-
imal cognitive gain), 0 denoting that the participant remembered the same number
of words at both times (no change) and +20 denoting that the participant remem-
bered all of the words at T1 and none at T2 (= maximal CD).

Socio-demographic characteristics
Data were collected on age, gender, education (years of schooling), early retirement
from the labour force, years from retirement at T1 and job before retirement. Early
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retirement was constructed as a dichotomous variable. First, age of retirement was
calculated based on the reported date of retirement and date of birth. This actual
retirement age was then compared to the official retirement age in the participant’s
country in the year that the person retired. The final dummy variable was con-
structed as 0 when the participant retired on time or belatedly, according to the
official retirement age, or 1 when he or she retired early (Litwin and Tur-Sinai,
2015). Years from retirement were estimated by the years that passed since the par-
ticipant retired from the labour force until T1. Job before retirement was constructed
as a dichotomous variable: 0 when the participant was considered a blue-collar
worker such as a skilled agricultural or fishery worker, craft and related trades
worker, plant and machine operator or assembler, elementary occupation, etc.,
and 1 when the participant engaged in a white-collar job such as a legislator, senior
official or manager, professional, technician or associate professional, clerk, service
worker, shop and market sales worker, etc.

Physical and mental health status
Health variables at T1 included self-rated health on a 1–5 scale (ranging from 1
excellent to 5 poor); disability in activities of daily living (ADL) was assessed by
the number of reported difficulties with getting dressed, bathing, ambulating at
home, eating, sitting down and standing up, and using the bathroom; instrumental
activities of daily living (IADL) were assessed by the number of reported difficulties
with performing daily tasks related to maintaining an independent lifestyle, this
includes difficulty with preparing hot meals, shopping for groceries, making tele-
phone calls, taking medications, doing work around the house or garden and man-
aging money; depressive symptoms were evaluated by the EURO-D scale – a
validated measure of depression, which is based on assessments of 12 self-reported
depressive symptoms such as trouble sleeping, irritability, appetite, fatigue and abil-
ity to concentrate. The scale ranges from 0 to 12 (Prince et al., 1999).

Active lifestyle
Active lifestyle was assessed by the number of reported activities from a list includ-
ing volunteer labour, charitable activity, in-service or training activity, involvement
in sports clubs, social clubs or some other club, religious organisations, or some
political or community activity; post-retirement employment was assessed based
on responses to a question asking about the participant’s employment status at
T2 (scored as 0 for not being employed and 1 for being employed); reason for
retirement was assessed based on responses to the question: ‘for which reasons
did you retire?’ Responses to this question received one of three scores: 0 for retire-
ment due to structural reasons (e.g. becoming eligible for public pension, private
occupational pension or private pension, having been offered an early retirement
option/window with special incentives, or being made redundant); 1 for retirement
due to health reasons (retiring because of one’s own ill health, or the ill health of a
relative or friend); 2 for both structural and health reasons (at least one of the struc-
tural reasons in addition to at least one of the health reasons). The list of response
options also included wishes to retire at the same time as a spouse, spend more time
with family and to enjoy life. Because only 61 participants reported any of these last
three reasons, we did not include them in our analyses.
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Country/region
The 13 countries included in the SHARE data were divided into four geographical
regions according to classification based on groupings of countries with similar
socio-economic regimes (Antonova et al., 2015): Eastern (Czech Republic,
Poland), Central (Austria, Germany, France, Switzerland, Belgium), Northern
(Sweden, Netherlands, Denmark) and Mediterranean (Spain, Italy, Israel).

Changes in physical and mental health and functioning
Changes were assessed based on responses to the same questions at T1 and T2. The
potential scale for change in self-rated health ranged from −5 to +5, for change in
ADL from −6 to +6; for change in IADL the scale ranged from −7 to +7; for change
in depressive symptom the scale ranged from −12 to +12. The negative scores
denoted improvement in health/function at T2, 0 denoted no change, and positive
scores denoted decline in health and/or function.

Changes in active lifestyle
Changes were assessed based on responses at T1 and T2 to the same question
regarding number of various activities. The potential scale for changes in active life-
style ranged from −7 to +7: negative scores denoting engagement in more activities
at T2, 0 denoting no change and positive scores denoting engagement in less activ-
ities at T2.

Data analysis methods

Univariate associations between MD – the dependent variable – and the independ-
ent explanatory variables were examined using Pearson, Spearman or chi-square
tests. Hierarchical multivariate linear regression analyses were performed to explain
changes in memory over the four-year period. In the first ordinary least squares
model, the change in memory was analysed as a function of the series of explana-
tory variables assessed at T1, and the changes that occurred in them between T1
and T2. To the second model, we added the variables of active lifestyle after retire-
ment, change in active lifestyle and employment. To the third model we added the
blocks of countries divided according to welfare regimes and to the fourth model
we added interactions between the welfare regimes and early retirement status.
Data were analysed using Stata version 15.1 (StataCorp, College Station, TX).

Results
Descriptive characteristics of the research population at baseline (T1) are presented
in Table 1. The average number of words remembered (about nine out of 20) indi-
cates medium or poor retention. More than 87 per cent (N = 10,379) of respon-
dents noted that they had retired from work at or after the official age. Among
participants who retired early, the average number of years of potential work lost
due to early retirement was 7.3 years (standard deviation (SD) = 4.9). The average
age was close to 69 (SD = 9.2, range = 52–84) and more than half of the participants
were women. The average number of years of education was 11.2 (SD = 4.3). About
70 per cent of the participants rated their health as ‘good’, ‘very good’ or ‘excellent’,
and most participants reported no ADL or IADL limitations. The reported number
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Table 1. Comparison between the study participants (interviewed at Time (T1) and Time (T2)) and those
who dropped out of the study at T2

Characteristics at T1

Outcome at T2

F / χ2Study sample Dropped out

N (%) 11,930 (73.2) 4,363 (26.8)

Dependent variable:

Number of recalled words (SD) 8.9 (3.4) 8.2 (3.7) 652.9***

Independent variables:

Early retirement (among retired) (%):

Yes 12.4 21.1 135.8***

No 87.6 78.9

Socio-demographic:

Mean age in years (SD) 68.9 (9.2) 66.5 (10.2) 6.2***

Gender (%):

Women 56.1 55.0 13.6**

Men 43.9 45.0

Mean years of education (SD) 11.2 (4.3) 10.3 (4.6) 121.2***

Health:

Self-perceived health (%):

Excellent 10.8 8.5 388.2***

Very good 20.6 19.2

Good 38.2 34.3

Medium 22.9 25.6

Poor 7.5 12.4

Mean ADL limitations (SD) 0.1 (0.5) 0.3 (0.9) 541.6***

Mean IADL limitations (SD) 0.2 (0.8) 0.3 (1.2) 160.7***

Mean depressive symptoms (SD) 2.1 (2.1) 2.3 (2.4) 18.5***

Retirement reason (%):

Structural 77.2 76.9 1.3

Health 18.6 18.8

Structural and health 4.2 4.3

Mean years from retirement (SD) 2.8 (2.6) 2.7 (2.3) 1.7

Job before retirement (%):

Blue collar 31.6 31.9 0.4

White collar 68.4 68.1

Mean active lifestyle (SD) 0.9 (1.0) 0.7 (0.5) 2.4*

Notes: SD: standard deviation. ADL: activities of daily living. IADL: instrumental activities of daily living.
Source: Survey of Health, Ageing and Retirement in Europe (SHARE) – Israel (2005/2006, 2009/2010), Europe (2006/2007, 2011).
Significance levels: * p < 0.05, ** p < 0.01, *** p < 0.001.
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of depressive symptoms was very low as well. About 77 per cent of the respondents
reported that they had retired due to structural reasons, 19 per cent because of
health reasons and 4 per cent due to both structural and health reasons. Less
than half of the participants reported having an active lifestyle.

A significant number of participants (4,363) dropped out at T2, most of them
due to non-response (81.3%) and others due to death (18.7%). In this study, we
included data only from the retirees who participated in the study at both T1
and T2. Examination shows that the number of recalled words among those who
responded at both times was significantly higher than among the drop-out respon-
dents at T1. Compared to participants who remained in the study, people who
dropped out, despite being younger in age, were a weaker group in terms of physical
and mental health and functioning, and were less active in their daily lives
(Table 1). In addition, among those who participated at both T1 and T2, we
excluded a relatively small number of people (61) who reported that they retired
early in order to spend more time with family, to enjoy life or at the same time
as their spouses – categories which had no relevance to health or laws for manda-
tory retirement.

A comparison among social and geographical regions for the T1 study variables
is presented in Table 2. The average score for memory was significantly higher
among retirees who lived in the Northern European bloc of countries in compari-
son to that of retirees who lived in all other regions, especially in comparison to
those who lived in the Mediterranean countries. Regarding early retirement,
while 18.5 per cent of participants from Eastern European countries retired before
reaching the official retirement age, only around 11 per cent reported early retire-
ment in the other regions. With the exception of age and gender, the comparison
among geographical regions revealed significant variance in most socio-
demographic characteristics and health factors. While the average education level
of participants living in Northern and Central European countries was nearly iden-
tical, it was significantly lower among retirees living in Eastern European and
Mediterranean countries. Nearly 49 per cent of participants from Eastern
European countries and about 35 per cent from Mediterranean countries assessed
their state of health as medium or poor, compared to only around 21–26 per cent of
participants living in Northern and Central European countries. Accordingly, par-
ticipants from Eastern European countries also reported a significantly higher
number of ADL and IADL limitations compared to participants living in the
other European regions. The level of depressive symptoms was also higher
among participants living in the Eastern European countries than among those liv-
ing in Northern Europe.

Regarding reasons for retirement, while 23.5 per cent of participants from
Northern countries reported retiring due to health problems, similar reasons
were reported only by around 13.9 per cent in Eastern European countries.
Retiring for structural reasons was reported by 82.7 per cent of participants from
Eastern European countries compared to around 71 per cent in Northern countries.
The number of years since retirement was higher among participants living in
Mediterranean and Eastern European countries than among participants living
in Northern Europe. In all four regions, most of the retirees were employed in
white-collar jobs before retirement; a higher proportion of those employed in blue-
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Table 2. Descriptive characteristics (at Time 1) of the sample by blocks of similar nations

Northern Central Mediterranean Eastern F / χ2

N 2,868 4,421 2,557 2,084

Dependent variable:

Number of recalled words (SD) 10.2 (3.2) 9.1 (3.4) 7.6 (3.3) 8.1 (3.3) 439.6***

Independent variables:

Early retirement (among retired) (%):

Yes 10.6 11.5 11.2 18.5 85.7***

No 89.4 88.5 88.8 81.5

Socio-demographic:

Mean age in years (SD) 68.9 (9.2) 69.2 (9.2) 69.1 (9.2) 68.6 (8.8) 2.5

Gender (%):

Women 56.6 56.9 55.2 54.8 4.7

Men 43.4 43.1 44.8 45.2

Mean years of education (SD) 12.2 (3.8) 11.8 (4.1) 9.6 (5.1) 10.6 (3.4) 290.8***

Health:

Self-perceived health (%):

Excellent 18.9 9.4 9.4 2.2 1,400.3***

Very good 27.4 21.0 18.2 11.5

Good 32.4 43.2 37.0 37.7

Medium 18.2 21.1 26.9 29.9

Poor 3.1 5.3 8.5 18.7
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Table 2. (Continued.)

Northern Central Mediterranean Eastern F / χ2

Mean ADL limitations (SD) 0.1 (0.4) 0.1 (0.5) 0.1 (0.6) 0.3 (0.7) 43.6***

Mean IADL limitation (SD) 0.1 (0.5) 0.2 (0.6) 0.2 (0.7) 0.4 (0.9) 11.5***

Mean depressive symptoms (SD) 1.7 (1.7) 2.1 (2.0) 2.3 (2.2) 2.7 (2.4) 142.5***

Retirement reason (%):

Structural 71.2 76.1 79.1 82.7 81.5***

Health 23.5 19.6 17.4 13.9

Structural and health 5.3 4.3 3.5 3.4

Mean years from retirement (SD) 1.7 (1.8) 2.5 (2.3) 4.1 (3.7) 3.1 (2.1) 136.7***

Job before retirement (%):

Blue collar 27.8 30.2 31.6 39.6 83.1***

White collar 72.2 69.8 68.4 60.4

Mean active lifestyle (SD) 1.4 (1.2) 1.1 (1.2) 0.6 (0.9) 0.4 (0.7) 209.4***

Notes: SD: standard deviation. ADL: activities of daily living. IADL: instrumental activities of daily living.
Source: Survey of Health, Ageing and Retirement in Europe (SHARE) – Israel (2005/2006, 2009/2010), Europe (2006/2007, 2011).
Significance levels: * p < 0.05, ** p < 0.01, *** p < 0.001.
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collar jobs before retirement were from Eastern European countries. The average
score for leading an active lifestyle was higher among the participants from
Northern Europe and lower among the participants from Eastern Europe.

Turning to the dynamic aspects of the study, the distribution of the memory
change variable was found to be close to normal, with an average score of −0.052
(SD = 3.45) and a median of 0 (see Figure 1). Over the years, a stable level of memory
was found among only 13 per cent of the participants, whereas the proportion of par-
ticipants whose memory improved (about 43%) was found to be almost identical
(44%) to that of participants with MD (Table 3). The distributions of the changes
in the study variables show that they are centred to the mean (see Figure 2).

Around 32 per cent of participants reported deterioration in their self-rated
health, while 23 per cent reported an improvement. Deterioration in ADL was
found among 8.6 per cent and improvement in ADL among 5 per cent of partici-
pants. Deterioration in IADL was found among 13.1 per cent of participants and
improvement in IADL was found among 6.2 per cent of participants. Depressive
symptoms worsened among 40 per cent of the participants but improvement was
reported by 35 per cent of them. About 25 per cent of participants in all regions
reported that they returned to the labour force over the years and 43.5 per cent
reported improvement in active lifestyle (Table 3).

A comparison among the geographical regions of European countries showed an
inter-regional variance. The Northern countries were typified by the highest per-
centage of participants who reported decline in their memory over time, whereas
the percentage of those who reported improvement in memory was found to be
highest in Central European countries. This is probably because the average
score of recalled words at baseline was highest in Northern nations. However,
the ratio of participants who noted deterioration in ADL or in IADL was lowest
in Northern countries and highest in Eastern European countries. The highest per-
centage of improvement in active lifestyle was reported in Eastern nations (61.8%)

Figure 1. Distribution of change in memory during the four years of the study among retirees.
Source: Survey of Health, Ageing and Retirement in Europe (SHARE) – Israel (2005/2006, 2009/2010), Europe (2006/
2007, 2011).
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Table 3. Changes in the study variables between Time 1 and Time 2 (T2)

Geographical region

F / χ2All Northern Central Mediterranean Eastern

Percentages

Health (change):

Number of recalled words:

Improvement 43.3 39.3 46.6 44.2 41.3 64.6***

No change 13.0 13.4 13.1 12.6 12.8

Deterioration 43.7 47.3 40.3 43.2 45.9

Self-perceived health:

Improvement 22.5 23.6 20.5 22.0 26.2 169.9***

No change 45.8 43.2 47.6 45.1 47.1

Deterioration 31.7 33.2 31.9 32.9 26.7

ADL problems:

Improvement 4.6 3.3 4.6 3.8 8.3 287.6***

No change 86.8 90.6 85.8 88.2 80.6

Deterioration 8.6 6.1 9.6 8.0 11.1

IADL problems:

Improvement 6.2 4.4 5.5 6.1 11.0 328.5***

No change 80.7 85.6 82.1 78.6 71.9

Deterioration 13.1 10.0 12.4 15.3 17.1
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Depressive symptoms:

Improvement 34.7 33.2 32.6 37.4 38.6 324.5***

No change 25.2 29.5 24.4 23.8 21.5

Deterioration 40.1 37.3 43.0 38.8 39.9

Active lifestyle:

Improvement 43.5 37.3 45.0 35.5 61.8 805.1***

No change 53.4 61.8 53.0 56.9 35.2

Deterioration 3.1 0.9 2.0 7.6 3.0

Employment (at T2):

Yes 25.5 31.7 23.7 27.9 15.3 241.5***

No 74.5 68.3 76.3 72.1 84.7

Notes: ADL: activities of daily living. IADL: instrumental activities of daily living.
Source: Survey of Health, Ageing and Retirement in Europe (SHARE) – Israel (2005/2006, 2009/2010), Europe (2006/2007, 2011).
Significance level: *** p < 0.001.
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and the lowest in Mediterranean countries (35.5%). Daily involvement in sports or
social clubs, and volunteering were the most frequently reported activities (16.7 and
16.6%, respectively). The ratio of participants who retired but returned to work was
found to be lowest (15.3%) in Eastern European countries and highest (31.7%) in
the Northern countries.

Univariate analyses between the independent variables and memory change
showed that except for gender, all of the study variables significantly correlated
with memory change (MC). More specifically, a significantly greater MD was
found among participants who reported early retirement along with lack of active
lifestyle or who reported stopping their active lifestyle at T2, while returning to
employment after retirement correlated with decreases in MD. Participants who
reported that their reason for retirement was related to health problems were
found to have a significantly greater decline in memory compared to participants
who retired due to structural reasons. Poor physical and mental health variables
and the declines in them after four years correlated significantly with MD, so
that the worse the reported health and function (self-rated health, ADL and
IADL) at T1, and the greater the decline in them, as well as the increase in depres-
sive symptoms, the greater also the decline in memory.

Hierarchical regression models were constructed to assess the unique contribu-
tion of each of the study variables, including changes in some of them over the four
years of the study (changes in active lifestyle, employment, and physical and mental
health), to the explanation of change in the number of remembered words between
T1 and T2 (Table 4).

Figure 2. Changes in study variables between Time 1 and Time 2. (a) Self-perceived health change; (b)
depressive symptoms change; (c) activities of daily living change; (d) instrumental activities of daily living
change.
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Table 4. Ordinary least squares regression models explaining memory change in number of recalled
words between Time 1 (T1) and Time 2 (T2)

Model 1 Model 2 Model 3 Model 4

β values (standard errors)

Total words (T1) 0.564*** 0.572*** 0.579*** 0.583***

(0.01) (0.01) (0.01) (0.01)

Gender1 0.007 0.006 0.005 0.006

(0.07) (0.07) (0.07) (0.07)

Age2 0.192*** 0.193*** 0.207*** 0.210***

(0.05) (0.05) (0.01) (0.01)

Education −0.148*** −0.136*** −0.127*** −0.124***

(0.08) (0.09) (0.01) (0.01)

Self-perceived health 0.081*** 0.052*** 0.060*** 0.059***

(0.05) (0.05) (0.04) (0.05)

Self-perceived health
(change)

0.057*** 0.052*** 0.049*** 0.046***

(0.04) (0.04) (0.04) (0.04)

ADL problems 0.014 0.012 0.011 0.010

(0.08) (0.08) (0.07) (0.08)

ADL problems
(change)

0.011 0.009 0.013 0.012

(0.05) (0.05) (0.05) (0.05)

IADL problems 0.079*** 0.070*** 0.067*** 0.068**

(0.06) (0.06) (0.06) (0.06)

IADL problems
(change)

0.109*** 0.100*** 0.098*** 0.097***

(0.04) (0.04) (0.04) (0.04)

Depressive symptoms 0.053*** 0.052*** 0.052*** 0.046**

(0.02) (0.02) (0.02) (0.02)

Depressive symptoms
(change)

0.080*** 0.077*** 0.077*** 0.075***

(0.02) (0.02) (0.02) (0.02)

Retirement reason:3 0.013** 0.013** 0.011** 0.010**

Health (0.05) (0.06) (0.06) (0.05)

Structural 0.011** 0.009** 0.009** 0.007**

Structural and
health

(0.06) (0.05) (0.07) (0.05)

Early retirement 0.048*** 0.048*** 0.045***

(0.12) (0.12) (0.12)

Years from retirement 0.023** 0.021** 0.020** 0.020**

(0.08) (0.08) (0.07) (0.07)

(Continued )
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The results of the regression analyses (Model 1) indicate that the higher the
number of words recalled at T1, the greater the MD at T2 (β = 0.564). While gender
was not related to memory change over time, we found that memory declined with
age (β = 0.192) but improved the higher the participants’ level of education was

Table 4. (Continued.)

Model 1 Model 2 Model 3 Model 4

Job before
retirement4

−0.005* −0.005* −0.004* −0.004*

(0.003) (0.003) (0.003) (0.003)

Active lifestyle −0.085*** −0.068*** −0.107***

(0.04) (0.12) (0.12)

Active lifestyle
(change)

0.053*** 0.042*** 0.089***

(0.08) (0.10) (0.10)

Employment −0.09*** −0.007*** −0.007***

(0.05) (0.05) (0.05)

Mediterranean region Ref. Ref.

Eastern region −0.001 −0.013

(0.11) (0.12)

Central region −0.075*** −0.073***

(0.10) (0.11)

Northern region −0.044** −0.036**

(0.12) (0.12)

Mediterranean
region × Early
retirement

0.017**

(0.14)

Eastern region × Early
retirement

0.038***

(0.21)

Central region × Early
retirement

0.025***

(0.16)

Northern region ×
Early retirement

0.004*

(0.10)

Adjusted R2 0.2867 0.2913 0.2972 0.2991

N 11,516 10,231 10,231 10,231

Notes: The dependent variable is the change in memory (number of recalled words) between T1 and T2. Higher score
represents a decline in memory. Higher score in each health variable (including the change variables) represents a
poorer condition. 1. Gender: 1 = male, 0 = female. 2. Aged 50+ at T1. 3. Retirement reason: 0 = structural reason, 1 = health
reason, 2 = structural and health reasons. 4. Job before retirement: 0 = blue collar, 1 = white collar. ADL: activities of daily
living. IADL: instrumental activities of daily living. Ref.: reference category.
Source: Survey of Health, Ageing and Retirement in Europe (SHARE) – Israel (2005/2006, 2009/2010), Europe (2006/2007,
2011).
Significance levels: * p < 0.05, ** p < 0.01, *** p < 0.001.
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(β =−0.148). Regarding health and function, the poorer the reported health was at
T1, the greater the MD was over time (β = 0.081). Similarly, decline in self-rated
health over time correlated with MD over time (β = 0.057). The more IADL limita-
tions a person had at T1, the greater the MD at T2 (β = 0.079). Increase in IADL
limitations over time was also related to decline in memory (β = 0.109). The higher
the reported number of depressive symptoms at T1, the greater the MD at T2 (β =
0.053). Consistently, the worse a person’s depression was after four years, the
greater the memory loss (β = 0.080). MD was higher among participants who
reported retiring due to health issues or because of a combination of health and
structural reasons. Although we controlled for all of the above-mentioned personal
variables, as well as the changes in them over time, MD was greater among parti-
cipants who reported early retirement at baseline (β = 0.048). The higher the
number of years from retirement at T1, the greater the MD at T2 (β = 0.023).
Finally, MD was higher among participants who were employed in blue-collar
jobs than among those who were employed in white-collar jobs before retirement
(β =−0.005) (Table 4, Model 1). In the second regression equation we added the vari-
ables of active lifestyle, change in active lifestyle and employment after retirement from
the labour force (Table 4, Model 2). Our results also indicate that compared to active
retirees, participants who were not active in their daily lives (such as in volunteering,
charitable service, in-service or training activities, physical exercise, social activities,
religious or political organisation, or other community activities) or whose number
of fields of activities decreased during the four years of the study (at T2) reported
greater MD (β =−0.085 and β = 0.053, respectively). Participants who chose to return
to the labour force after retirement suffered from less MD over time (β =−0.009).
Model 3 examines the contribution of living in a certain group of countries, beyond
the contributions of all of the other personal variables. In contrast to the previous
finding based on a univariate comparison of all retirees in the four European regions
(Table 3), which indicated that MD was greatest in Northern countries, this model
shows that when early retirement is controlled for, the degree of MD over time is
lower among retirees living in the Central or Northern regions compared to retirees
living in the Mediterranean region of Europe (β =−0.075 and β =−0.044, respect-
ively). Finally, in order to assess whether geographic region of residence has a specific
contribution to MD among early retirees compared to people who retired at or after
the official retirement age, we added an interaction variable between region of resi-
dence and early retirement. Since this variable captures all possibilities of early retire-
ment, it should not be generalised together with the ‘early retirement’ variable;
therefore, we removed the latter variable from the frame of estimation in the
model. Model 4 shows that in all the geographical regions the tendency for MD
over time is stronger among participants who reported early retirement in comparison
to participants who retired on time or later. It should be noted that although the
increase in the explained variability in Models 3 and 4 is quite low, the unique con-
tributions of the additional variables are statistically significant.

Discussion
This study was designed to evaluate determinants of MD after four years among
European and Israeli retirees by simultaneously assessing the explanatory power
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of a relatively wide series of personal and nation-related characteristics evaluated at
baseline (socio-demographic, physical and mental health, active lifestyle, early
retirement, reason for retirement, time passed from retirement and national social
policy/geographical region), as well as the explanatory power of changes in active
lifestyle, and physical and mental health four years after retirement.

Our results lend support to some of the previous studies by showing that in gen-
eral, gender is not related to MD. For instance, although our findings refer only to
MD, no significant gender difference has been found in the prevalence or incidence
of Alzheimer’s disease, which is the most prevalent dementia disease in old age
(Hebert et al., 2001). Also, similar to previous reports (e.g. Spaniol et al., 2006;
Nyberg et al., 2012), we found that ‘working memory’ does decline with ageing
among retirees aged 50 years and older. After a follow-up of only four years, a sig-
nificant decline in working memory occured among about 44 per cent of European
retirees, which indicates that in our range of ages (52–84), this process occurs quite
rapidly and supports previous findings regarding retirees (e.g. Mazzonna and
Peracchi, 2012, 2017). However, we also found a significant percentage of retirees
whose memory had improved over time (43%), along with improvements in health
and depressive symptoms (among about 32 and 35%, respectively). This raises the
importance of studying the factors that contribute to both the decline and the
improvement in memory over time, factors which may not always be the same.
For instance, while CD can occur following retirement (Rohwedder and Willis,
2010; Bonsang et al., 2012), improvements can derive from interventions directed
towards enhancing specific areas of functioning, such as cognitive exercise (e.g.
Koepsell and Monsell, 2012; Livingston et al., 2017). Interventions such as these
may be of particular importance after retirement.

Results of our univariate and multivariate analyses further indicate that MD is
greater among early retirees than among people who retire on time or later, as
reported earlier (e.g. Rohwedder and Willis, 2010). Also, MD is greater among peo-
ple who have retired earlier due to health problems, and among retirees who stay in
retirement longer, in support of Mazzonna and Peracchi’s (2017) findings. The
decline in cognitive functioning that comes after leaving the workforce probably
derives from the related losses of social relationships, purpose in life, self-esteem
and decline in income, all of which are major contributors to people’s subjective
wellbeing (e.g. Carmel, 2001; Diener et al., 2003; Carmel et al., 2016). These factors,
along with various indicators of subjective wellbeing, have significant direct and
indirect effects on mental and physical health (e.g. Steptoe and Wardle, 2005;
Blanchflower and Oswald, 2008; Tovel et al., 2017). Accordingly, and similar to pre-
vious reports (Davydow et al., 2014; Petersen et al., 2014; Baumgart et al., 2015;
Alzheimer’s Association, 2018), we also found significant associations between
indicators of physical health/functioning and depression, and between depression
evaluated at baseline, and MD after four years. These identified associations are
in line with previous reports about the associations between depression and CD
(e.g. Steffens and Potter, 2008; Dotson et al., 2010; Byers and Yaffe, 2011).

The bidirectional relationships between MD and physical or emotional health
were also found in evaluating the changes in these variables over time, so that
the greater the decline in physical health and functioning and in depressive symp-
toms during the four years of study, the greater the MD was. We also found support
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for previous reports on the attenuating power of both level of education and occu-
pational attainments for CD (Livingston et al., 2017; Mazzonna and Peracchi,
2017). These repeated findings lend support to the theory of cognitive reserve,
according to which people with high levels of education, and people who have
careers with demanding intellectual requirements, accumulate a cognitive reserve
that enables them to be more resilient in the face of degenerative brain changes
(Ihle et al., 2016). The cognitive reserve often masks the underlying disease path-
ology (Meng and D’Arcy, 2012), causing steeper CD (Ihle et al., 2018) and delayed
diagnoses of dementia (Stern, 2012). Accordingly, we found that type of occupa-
tion –white- versus blue-collar employment, which regularly correlates with level
of education – has a unique contribution to MD, so that MD is greater among blue-
collar workers in comparison to white-collar workers. This finding contradicts the
finding of Mazzonna and Peracchi (2017). However, our studies differ in almost all
the methodologically important factors: the composition of the sample, the years of
the SHARE data collection, the included countries, the outcome variable, and prob-
ably the internal composition and frequencies of the various occupations within
each group of workers.

As expected, based on previous findings (e.g. Scarmeas and Stern, 2003; Adam
et al., 2007; Hertzog et al., 2008; Banks and Mazzonna, 2012; Mazzonna and
Peracchi, 2012; Meng and D’Arcy, 2012; Lifshitz-Vahav et al., 2017), an active phys-
ical and/or social lifestyle after retirement was also found to correlate with MD.

Following our division of European countries according to a classification based
on four groupings of countries with similar socio-economic characteristics
(Antonova et al., 2015), our results indicate that while the four regions do not differ
in age or gender, retirees’ memory is better and the level of education is higher in
the Northern and Central countries compared to the Mediterranean countries.
In addition, the highest percentage of early retirees is reported in Eastern countries,
as well as the lowest percentage of participants who are employed at T2.
Furthermore, our findings also show the highest prevalence of ADL limitations
and depressive symptoms among retirees in this same block of countries. In add-
ition, the percentage of people reporting at T2 that they are leading an active life-
style is highest in Northern and Central European countries and lowest in the
Mediterranean countries. All of these findings indicate that in comparison to the
Northern and Central European nations, Eastern European nations and to a lesser
degree the Mediterranean countries are disadvantaged in fundamental indicators of
quality of life, including education and physical and mental health status.
Furthermore, according to our findings and previous reports (e.g. Börsch-Supan
et al., 2008; Mazzonna and Peracchi, 2012), these nations rank lowest on the factors
that can attenuate CD, including education level, retiring on time or later, and
maintaining an active lifestyle. Thus, the identified differences in memory level
between the Northern and Central European nations in comparison to the
Eastern and Mediterranean nations can be partially explained by these nations’
rankings on both types of factors: factors associated with CD and those associated
with preservation of cognitive functions or postponing CD.

Regarding MD over a four-year period, our findings indicate that the regional
division of countries adds an additional unique and statistically significant contri-
bution to the explanation of memory change, even when controlling for factors
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such as age, education, physical and mental health, early retirement, time from
retirement, reason for retiring and active lifestyle, all of which are significantly asso-
ciated with MD and well-established correlates of CD. The contribution to the
explanation of MD gained through dividing the examined countries into blocks,
although relatively small, leads us to suggest the existence of additional socio-
cultural features relevant to MD. We grouped the various countries based mainly
on a socio-economic perspective (Antonova et al., 2015). However, countries in
the same blocks are also similar in social aspects, cultural perceptions, beliefs
and the derived norms of behaviour, all of which are associated with CD. For
instance, compared to Northern European countries, in the Mediterranean coun-
tries older adults have higher expectations for close and warm family relations,
including involvement in family matters and support in old age; probably because
of this, they also experience higher levels of loneliness (Wallace et al., 2015). The
difference in cultural perceptions of ‘good retirement’ in the various regions is
another example which contributes to the understanding of our results regarding
the difference between residents of Northern and Mediterranean nations in relation
to leading an active lifestyle. While in Mediterranean nations retirement is generally
viewed as a time of rest and relaxation, in the Northern countries it is viewed more
as a period to enjoy leisure activities, physical exercise and volunteering
(Börsch-Supan et al., 2008). Such unique features should be further explored in
each of the four regions.

In sum, except for gender, each of our study variables had a significant unique
contribution to the explanation of memory change after four years. However,
although we have studied a relatively wide range of personal and nation-related fac-
tors, our multivariate regression models have explained 29–30 per cent of the vari-
ability in memory change over four years. This indicates that further
multi-disciplinary research among ageing populations is needed in order to assess
the additional combined genetic, psycho-social and socio-cultural features that dir-
ectly or indirectly affect MD and CD, and the degree and rate of changes in them
over time.

Future studies should also refine the measures of some of the important contri-
butors to cognitive functioning. For instance, we assessed active lifestyle as the
number of types of activities in which a person is involved. Considering that life-
styles can be changed through relevant interventions, it is important to deepen
the investigation of active lifestyle by increasing the number of studied activities
and assessing which of the activities – and what intervals of participation – are
effective in reducing CD. The white- versus blue-collar jobs variable can also be
improved by more specific evaluations of the various occupations included in
each of these categories.

Limitations of the study

Our findings should be cautiously interpreted since we have focused only on a sin-
gle dimension of cognition: working memory. This limitation prevents us from
generalising our findings to a wider range of CD. Furthermore, considering that
in our study some participants experienced improvements in memory after four
years, and based on previous reports indicating that MD or even a diagnosis of
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MCI can be reversed (Petersen et al., 2014), and despite our finding that the longer
the period since retirement, the greater the MD, we cannot assuredly predict the
degree of further deterioration of cognitive functioning among retirees, in general,
or among early retirees, in particular. Hence, future analyses using similar longitu-
dinal data should examine changes in MD and CD over longer periods of time by
using more than two measurements. Considering the apparent bidirectional asso-
ciations of changes among physical health, depression and cognitive functioning
(e.g. Byers and Yaffe, 2011; Livingston et al., 2017), and despite the longitudinal
design of the study, we cannot disregard a potential reversed direction of causality
from MD to decline in physical and mental health during the four years of the
study. Generalisation of the results is also limited due to the attrition at T2 of retir-
ees who were physically and cognitively weaker. In addition, measure of MD may
be overly sensitive since change in memory from T1 to T2 is based on a change that
can be as minimal as one word recalled/not recalled. However, even when we used a
measure of two recalled/not recalled words instead of one, our results were similar
in the hierarchical regression analyses. Furthermore, although we used a one-word
scale and studied only a single facet of CD, the factors found to uniquely explain
MD over time, while controlling for the wide range of other relevant factors
(most of which are well established), indicate that such a minor change in recalled
words may be a sign of further CD. We hence suggest considering the studied fac-
tors for prevention and treatment of CD.

Conclusion

Although there is still much more to learn about the phenomenon of CD over time
in older adults, our longitudinal findings show that declines in physical and emo-
tional health and functioning negatively correlate with MD, while education and
active lifestyle, through re-employment or other physical/social activities, attenuate
these associations. Our comparative analyses among blocks of countries indicate
that the quality of a country’s educational and medical systems is related to the cog-
nitive functioning of its citizens. Moreover, our analyses show that early retirement
plays a unique and important role in MD, and that this occurs in each of the
studied European regions even when controlling for many relevant personal and
behavioural factors. These findings lend support to our hypotheses and lead us
to suggest postponing CD by focusing on what we know through repeated findings
and are able to implement.

Considering that CD is a multifactorial phenomenon, nations can act on several
levels, including promoting policies directed towards prolonging years of manda-
tory and free education and improving their health systems (Livingston et al.,
2017). Through laws, pension and taxation policies, nations can increase the num-
ber of years of participation in the workforce (Rechel et al., 2013). In addition to
raising the age of mandatory retirement or cancelling it, nations can introduce pol-
icies and programmes designed to encourage people to postpone retirement, for
instance, by adjusting work conditions to accommodate the inevitable physical
and mental changes which occur at older ages. Changing cultural beliefs and beha-
viours is difficult, but if such changes are related to health, they can be achieved
through public health education messages and primary/secondary prevention
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programmes. We also suggest promoting interventions which have been reported to
be effective in improving cognitive functioning among people with MCI, including
interventions based on cognitive exercise (e.g. Belleville et al., 2006), physical exer-
cise (e.g. Smith et al., 2013) or combined methods (e.g. Byers and Yaffe, 2011;
Ngandu et al., 2015; Köbe et al., 2016; Livingston et al., 2017). For example, main-
taining an active lifestyle and physical health can be facilitated by making exercise
facilities and training personnel available and accessible in public settings.
Implementing such policies and interventions seems to be of special importance
for Mediterranean and Eastern European nations.
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