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Abstract

This research aims to better understand the association of personality traits (PT)—Openness to Experience, Conscientious-
ness, Extraversion, Agreeableness, and Neuroticism—with health literacy (HL) skills of adults aged 58 years and older in a
nationally representative sample from Switzerland. Analyses were conducted on a subsample (n=1546) of respondents liv-
ing in Switzerland from wave 8 (2019/2020) of the Survey of Health, Ageing, and Retirement in Europe (SHARE). PT were
assessed with the Big-Five inventory ten (BFI-10). HL was measured using the short version of the European Health Literacy
Survey questionnaire (HLS-EU-Q16). We used multivariable regressions to explore how respondents' PT are independently
associated with (1) the HLS-EU-Q16 and (2) seven sub-indices derived from this HL scale. Results demonstrated that even
when controlling for social, regional, and health characteristics, PT were significantly associated with HL among older
adults in Switzerland. More open individuals showed better HL. competencies. By contrast, individuals who scored higher on
neuroticism expressed more difficulties regarding concrete health-relevant tasks or situations. These findings call for public
health policies targeting older adults with lower levels of openness who are less likely to engage in self-examination, and
individuals with higher levels of neuroticism who tend to experience more negative emotions. Moreover, health information
and communication strategies content development that accounts for different personality types and addresses the needs of
individuals with low levels of openness and high neuroticism may help improve HL among older adults whose personalities
may otherwise put them at a disadvantage in handling health information.
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Introduction

Individuals’ ability to find, understand, appraise, and use
health information to handle health-related issues for them-
selves and others is reflected by their health literacy skills
(Santana et al. 2021). Health literacy is, therefore, viewed as
an important factor in ensuring patient autonomy, improving
patient satisfaction, and achieving better outcomes in terms
of health and healthcare (Kickbusch et al. 2013; Nielsen-
Bohlman et al. 2004; Okan et al. 2019). Albeit health lit-
eracy is important throughout individuals’ life course, health
literacy is particularly central at an older age. Aging popu-
lations are characterized by the increasing importance of
physical and cognitive decline and rising rates of chronic
disease. In such context, health literacy skills are particularly
important since they influence how older adults recognize
their health issues, communicate with healthcare providers,
and make medical decisions (Ladin et al. 2018). Moreover,
health literacy is also a strong predictor of health dispari-
ties between individuals and is associated with sociodemo-
graphic factors such as age, language, education, and social
status (Levin-Zamir et al. 2016; Meier et al. 2022; Schaef-
fer et al. 2017; Sgrensen et al. 2015). Health literacy skills
are relevant for individuals’ health behavior, and despite the
crucial role of health literacy in maintaining a good qual-
ity of life during the life course, little is known regarding
interindividual differences in health literacy levels related to
personality. Previous research mostly highlighted the impor-
tance of social factors and health status for health literacy
(Kickbusch et al. 2013); however, little research has explored
the role of personality and its association with health literacy
(Iwasa and Yoshida 2020). Based on the Swiss Survey of
Health Ageing and Retirement in Europe (SHARE) dataset,
this study aims to fill this gap.

The Big Five personality construct is a well-established
frame of reference in psychology (e.g. John and Srivastava
1999; McCrae and Costa 2003; McCrae and John 1992).
It assesses how individuals position themselves relative to
a list of statements. It aims to better understand individual
differences in personality along five principal dimensions:
Openness to experience, Conscientiousness, Extraversion,
Agreeableness, and Neuroticism (John et al. 2008). Individu-
als with higher openness to experience tend to be more crea-
tive and open to new propositions or new intellectual experi-
ences. Individuals with higher levels of conscientiousness
tend to be more meticulous, responsible, hardworking, and
more goal oriented. More extraversion is related to sociable,
outgoing, and talkative individuals. Then, individuals with
higher levels of agreeableness are usually more compliant
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and altruistic; they tend to act in a cooperative and unselfish
manner. Finally, individuals with neurotic tendencies expe-
rience a chronic level of emotional instability and prone-
ness to psychological distress; they may more frequently
suffer from negative emotions such as anger, worry, and
sadness. Personality traits thus reflect constant patterns of
differences in how individuals think, feel, and behave (Rob-
erts et al. 2007). In the context of healthy aging, personal-
ity traits play some crucial roles: they are associated with
older adults’ healthcare utilization (Friedman et al. 2013;
Hengartner et al. 2016; Nolan et al. 2019); positive health
behaviors (Marks and Lutgendorf 1999), preventive health-
care use (Aarabi et al. 2021), negative health behaviors and
outcomes such as alcohol consumption (Hakulinen et al.
2015a, b), smoking behavior (Hakulinen et al. 2015a, b),
risk of diabetes (Jokela et al. 2014), functional impairments
(Chapman et al. 2012; Hajek and Konig 2021; Krueger et al.
2006) and risk of death (Jokela et al. 2013). Recent evi-
dence also showed that personality traits were associated
with precautionary behavior against COVID-19 (Airaksinen
et al. 2021). As personality traits shape individuals’ feelings,
thinking, and behaviors and influence how individuals adjust
to health-related issues, personality traits’ associations with
individuals’ health literacy levels need to be further explored
to promote health in older adults. A better understanding of
the role of personality traits allows healthcare providers to
tailor their communication with patients.

Based on the research mentioned above, personality
dimensions are theoretically relevant to understanding better
health literacy levels. Interindividual personality differences
might directly or indirectly influence individuals’ health lit-
eracy because personality is related to broad temperamen-
tal tendencies. These general temperamental tendencies
determine individuals’ cognitions, affects, and experiences.
Therefore, each individual will interpret health-related issues
and their surroundings differently. Personality traits will also
influence how individuals deal with their health challenges.
Moreover, personality traits will impact the way individuals
experience different exposure to health-related outcomes.
More concretely, from a theoretical perspective, the role of
personality traits in shaping the ways individuals gain access
to age and context-specific information from various sources
seems to be obvious. In that sense, the different personal-
ity traits might be related to the way individuals are able
to discriminate between multiple sources of information;
personality traits influence how individuals understand and
personalize health information that has been obtained; and
finally, interindividual personality differences influence an
individual’s ability to apply relevant health information for
personal benefit appropriately.
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Research questions and hypotheses

The objective of this study is to shed light on the role of
personality traits and their associations with health lit-
eracy. However, conceptually, health literacy is composed
of several subdimensions and components. Therefore, one
important further aim of our research is to better understand
the association of personality traits not only with general
health literacy levels but also with seven key subdimensions
of health literacy: 1. Healthcare; 2. Disease prevention; 3.
Health promotion; 4. Accessing/obtaining health informa-
tion; 5. Understanding health information; 6. Processing/
appraising health information; and 7. Applying/using health
information.

To this end, we explore the following hypotheses: Since
openness is linked with motivation to seek new experiences
and to engage in self-examination (e.g. John and Srivas-
tava 1999), we expect this personality trait to be related
to the ease of finding health-related information. By con-
trast, lower levels of openness should be linked to feeling
more comfortable with familiar and traditional experiences
(e.g. John and Srivastava 1999). Besides conscientiousness
is generally a major indicator of health, well-being, and lon-
gevity (e.g. John and Srivastava 1999), this trait is a deter-
minant of maintaining long-term goals. Therefore, we argue
that it might help individuals to address long-term conse-
quences of the increasing frailty in aging or undergo long-
term treatment in case of illnesses. Extraversion is, among
other dimensions, linked with self-confidence (e.g. John
and Srivastava 1999) and may thus contribute to processing
and or appraising health-related issues and information with
calm. Individuals who score higher on agreeableness tend to
express more prosocial orientation, which likely allows them
to have a large social network. Thus, these individuals may
be exposed to a wide variety of sources of health information
that could challenge their ability to discriminate between
various sources of information. Finally, individuals with a
high degree of neuroticism may express poorer reactions
to illnesses and negative emotions. Such individuals may
address health-related issues with negative emotions such as
anxiety, anger, guilt, and depression, leading them to express
poorer health literacy (e.g. John et al. 2008).

Objectives of the present study

Given the potential separate benefits of health literacy
and certain personality traits on health, studying the rela-
tionship between personality and health literacy can help
highlight key opportunities and challenges for policies
and interventions to promote healthy aging. Exploring the
correlation between health literacy and personality traits
among an aging population helps to better understand how

older individuals’ attitudes resulting from their personal-
ity may be associated with health literacy skills and, thus,
health behaviors. Despite the available literature on the
benefits of health literacy (Kickbusch et al. 2013; Nielsen-
Bohlman et al. 2004; Okan et al. 2019) and the association
of personality traits with a large array of health behav-
iors (Aarabi et al. 2021; Chapman et al. 2012; Hajek and
Konig 2021; Hakulinen et al. 2015a, b; Hakulinen et al.
2015a, b; Jokela et al. 2013; Krueger et al. 2006; Marks
and Lutgendorf 1999), there are, as far as we know, no
existing national representative studies to date that com-
prehensively describe the direct relationship between
health literacy and personality traits among older adults.
To the best of our knowledge, only one study based on a
sample of community-dwelling older Japanese individu-
als investigates the associations between health literacy
and its correlates, notably personality (Iwasa and Yoshida
2020). This lack of research on this field and the lack of
representative studies based on random samples of older
individuals lead us to address this gap in the literature.
The aim of our research is to explore the correlations
between health literacy and individuals’ personality traits
in the Swiss-SHARE dataset. Our study presents several
strengths: first, the question under interest is studied on a
nationally representative sample of adults aged 58 years
and older. The second strength is to consider a population
that is not limited to community-dwelling individuals but
older individuals in various kinds of accommodations.
Finally, our study includes people at different stages of the
aging process, i.e., people at the end of their professional
career, young old, and the oldest old (Baltes and Smith
2003). These characteristics of our study provide greater
scope for our results.

Methods
Study design and sample

Our data come from SHARE, which collects information
on the health, socioeconomic status, and social networks
of individuals aged 50 years and older using Computer-
Assisted Personal Interviewing (CAPI). SHARE is a bien-
nial population-based longitudinal study that started in
2004 and now includes 27 European countries and Israel
(Borsch-Supan et al. 2013). SHARE samples are designed to
be nationally representative of the target population of adults
50 years and older; thus, they are periodically refreshed to
remain representative. Each survey round contains an inter-
nationally harmonized in-person interview and an optional
country-specific paper-and-pencil self-administrated
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questionnaire. Our analyses are based on SHARE wave 8
data collected between October 2019 and the beginning of
March 2020. They include respondents from Switzerland
who participated in both the main questionnaire and the
national paper-and-pencil self-administered questionnaire,
which contained our health literacy outcome measure. On
two occasions, respondents consented to participate in our
study, first when they agreed to schedule an interview and
second when they attended the in-person interview. We only
include respondents aged 58 and older since the last refresh-
ment sample for SHARE Switzerland was in 2011. The 8"
wave of SHARE included 2005 targeted respondents or their
partners which means that the individuals’ response rate is
81%; among them, 94.3% also completed the national paper-
and-pencil self-administrated questionnaire (N=1891).
Excluding respondents younger than 58 years old (partners
of target respondents) and those with missing responses on
variables used in the analysis, our final analytical sample
counts 1546 respondents.

Measures
Outcome variables

Health literacy Health literacy is assessed by the short ver-
sion of the European Health Literacy Survey—HLS-EU-Q16
(Pelikan et al. 2019) developed by the HLS-EU consortium.
This scale consists of 16 items of concrete health-relevant
tasks or situations that respondents have to evaluate on a
4-point Likert scale with possible answers ranging from
“very easy,” “fairly easy,” “fairly difficult,” to “very dif-
ficult” (Appendix 1). Each item is dichotomized (Pelikan
et al. 2019) with a value of “0” if respondents expressed any
difficulty (“fairly difficult” or “very difficult””) and “1” other-
wise. Respondents with a maximum of one or two missing
values on the 16 items are included in the analysis, with
the missing values treated as a “0”. Adding all binary vari-
ables allows the construction of an aggregate health literacy
score ranging from O to 16, which can be divided into three
categories, i.e., inadequate (0-8), problematic (9—12), and
sufficient health literacy (13—16). The internal consistency
for the whole health literacy scale is excellent as shown by
the Cronbach alpha (a=0.91). Moreover, health literacy is
composed of a large set of dimensions. To this end, the scale
provides seven sub-indices measuring health literacy within
three domains, i.e., healthcare («=0.83), disease prevention
(x=0.75), and health promotion (x=0.79), as well as four
stages of information processing, i.e., accessing/obtaining
health information (a¢=0.72), understanding health infor-
mation (a=0.78), processing/appraising health information
(a=0.67) and applying/using health information (ax=0.65).
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All the sub-indices present good to excellent internal con-
sistency as shown by the Cronbach’s alphas ranging from
0.65 to 0.90. As the sub-indices contain a different num-
ber of items, they are standardized on a scale from a mini-
mum of 0 to a maximum of 50, following the formula:
Index = (mean — 1) X 50/3 (Sgrensen et al. 2015).

Explanatory variable

Personality Personality traits were assessed using the
10-item version of the Big Five Inventory (BFI-10; Rammst-
edt and John 2007), an abbreviated version of the Big Five
Inventory (John et al. 1991) developed by Rammstedt and
John (2007). The BFI-10 is available in the general SHARE
questionnaire. This extra short personality measure is spe-
cifically designed for large multi-topic panel surveys with
great time constraints. Despite its brevity, the instrument
has shown acceptable psychometric properties, meaning that
it is a good compromise to measure personality. The scale
contains two items for each of the five factors: Openness to
Experience, Conscientiousness, Extraversion, Agreeable-
ness, and Neuroticism. Respondents evaluate statements
regarding their personality on a 5-point scale with possible
answers: “strongly disagree”, “disagree”, “neither agree”,
“not disagree”, “agree”, and “strongly agree” (Appendix 2).
Each personality trait is thus evaluated on a scale from 1 to
5.

Independent and controlled variables

We adjusted the analysis for gender (0 =male, 1 =female),
age group (58—-64 years, 65-74 years, 75+years), and educa-
tion level (low =0-2, secondary =34, tertiary = 5-6) using
the “International Standard Classification of Education”
(Hoffmeyer-Zlotnik and Wolf 2003). We also controlled
for the presence of a partner in the household (0 =has a
partner, 1 =has no partner), the self-perceived financial
situation as measured by the question: "Is your household
able to make ends meet?" with answers being coded as
1 =*“easily”, 2 =“fairly easily”, and 3 =“with difficulty”.
The language used to answer the questionnaire helps to
differentiate Switzerland’s three main linguistic regions
(Swiss-German, French, or Swiss-Italian). Further infor-
mation on the living environment comes from a variable
assessing whether respondents lived in an urban or rural
area (O =urban, 1 =rural). Finally, we added two variables
assessing respondents’ health status: first, a measure of self-
rated health (1 =“poor/fair”, 2 ="*“good”, 3 ="“very good/
excellent”); second a measure of the respondent’s difficulties
with a range of activities of daily living (ADL) evaluating
if respondents had any limitations (O=no, 1 =yes) with a
list of activities (ADL; Katz et al. 1963; Steel et al. 2003).
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Statistical methods

As advised, cross-sectional weights provided in the SHARE
data (Borsch-Supan 2022) have been used to calibrate the
sample to obtain descriptive statistics representative of
the population of interest. We also determined the distri-
bution of health literacy scores per personality traits level
using weighted proportion. Partial associations between
health literacy levels with respondents’ personality traits
and sociodemographic characteristics were estimated using
unweighted ordinary least squares (OLS) regression (health
literacy score) and multivariable ordered probit model

Table 1 Characteristics of the study population, adults aged 58+,
SHARE Switzerland, 2019/2020, n= 1546

Unweighted Weighted

N % 95% CI
Gender
Male 726 51.8 [47.4-56.1]
Female 820 48.2 [43.9-52.6]
Age groups
58-64 years 375 49.8 [44.7-54.9]
65-74 years 635 26.9 [23.8-30.2]
75+ years 536 233 [20.6-26.3]
Education
Low 279 16.1 [13.2-19.6]
Secondary 968 63.4 [58.7-67.8]
Tertiary 299 20.5 [16.7-24.9]
Partnership status
Has a partner 1151 70.5 [65.9-74.7]
No partner 395 29.5 [25.3-34.1]
Make ends meet
Easily 856 56.9 [52.2-61.6]
Fairly easily 490 30.2 [26.2-34.6]
With difficulty 200 12.8 [10.0-16.3]
Language
German 1106 71.0 [66.1-75.4]
French 385 26.1 [21.8-31.0]
Italian 55 2.9 [1.9-4.3]
Living area
Urban 709 41.7 [37.0-46.6]
Rural 837 58.3 [53.4-63.0]
Self-rated health
Poor/fair health 297 16.9 [13.8-20.4]
Good health 660 38.9 [34.5-43.6]
Very good/excellent health 589 44.2 [39.2-49.4]
ADL limitations
No 1437 93.5 [91.1-95.3]
Yes 109 6.5 [4.7-8.9]

Unweighted and weighted number of observations for the whole sam-
ple. N=number; CI=confidence interval

(health literacy grouped), reporting results in terms of aver-
age marginal effects (AME). By testing these associations on
two different statistical models, we can examine the robust-
ness of our estimates. In addition, we used unweighted OLS
regression to determine the partial association between the
standardized health literacy score and its seven sub-indices
with respondents’ personality traits and sociodemographic
characteristics. Finally, as the SHARE study surveyed the
targeted respondents and the partner, we accounted for the
possibility of dependencies in the observations by cluster-
ing the estimated standard errors at the household level. The
analyses were performed using STATA/SE 17.0 (STATA
Corporation, College Station, TX) with statistical signifi-
cance levels of *p <0.05, **p <0.01, ***p <0.001.

Openness to experience

high it
medium —
low —

Conscientiousness

high Hi
medium [
low —_

Extraversion

high —
medium —
low —

Agreeableness

high B
medium —
low —
Neuroticism
high —
medium —
low —

0 2 4 6 8 10 12 14 16

Fig. 1 Health literacy’s weighted average scores per personality traits
levels and 95% confidence intervals, adults aged 58+, SHARE Swit-
zerland, 2019/2020, n=1546. The health literacy score ranges from 0
to 16, while the personality traits levels are regrouped into three cat-
egories: low (1; 1.5; 2), medium (2.5; 3; 3.5) and high (4; 4.5; 5)
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Results

Table 1 displays the numbers for both the unweighted and
the weighted sample. Our weighted analytical sample con-
tained 48.2% of women (Table 1); the average age was
71.6 years old (SD: 8.4), with 26.9% of respondents aged
between 65 and 75 years old and 23.3% older than 75 years
old. Regarding the education level, 16.1% had a low level of
education, 63.4% had a secondary level education, and the
remaining respondents had at least a tertiary education. Most
respondents had a partner (70.5%), no financial difficulties
(87.1%), came from the German-speaking part of Swit-
zerland (71.0%) and lived in a rural area (58.3%). Finally,
most respondents self-rated their health as good or excellent
(83.1%), and 6.5% had one or more difficulties with ADL.

The weighted distribution of health literacy scores for
each personality trait level showed significant associations
for three of the five traits (Fig. 1). Individuals expressing
being more open to experiences (p <0.001) and those with
higher levels of extraversion seemed to have higher health
literacy levels (p =0.026), while respondents with higher
scores on neuroticism tended to have lower health literacy
scores (p=0.031).

Table 2 presents the partial associations of health literacy
with respondents’ personality traits and sociodemographic
characteristics. Regarding personality traits, individuals
with a higher degree of openness to experiences were more
likely to have higher health literacy scores (p <0.001) and
were less likely to have problematic and inadequate levels of
health literacy (p <0.001). Respondents expressing higher
neuroticism had lower health literacy scores (p <0.01) and
were more likely to have problematic and inadequate levels
of health literacy (p <0.05). Concerning the associations
with individuals’ social, regional, and health characteris-
tics, multivariable analyses indicated that—holding other
characteristics fixed—health literacy was lower in men,
individuals with low levels of education, individuals with
trouble making ends meet, and those with poor self-rated
health or ADL limitations.

The second part of the analysis considers the link between
personality traits and the sub-dimensions of the health lit-
eracy scale for whom hypotheses have been developed. The
associations between the standardized health literacy score
and the seven standardized sub-indices with respondents’
personality traits and sociodemographic characteristics
yielded similar results regarding gender, education, self-
rated health, ADL limitations, openness to experience, and
neuroticism (Table 3). However, we also found some statis-
tically significant associations with other personality traits.
Respondents with a lower level of conscientiousness were
more likely to report greater ease in understanding health
information (p < 0.05). Having a higher level of extraversion
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was associated with higher health literacy scores (p <0.05),
higher healthcare-related health literacy (p <0.01), facili-
ties in obtaining health-related information (p <0.001),
and greater ease in applying health information (p <0.05).
Finally, respondents with higher levels of agreeableness had
lower healthcare-related health literacy (p <0.05) and were
more likely to report difficulties appraising health informa-
tion (p <0.05).

Discussion

To the best of our knowledge, our study is the first repre-
sentative population-based study exploring the associations
between different personality traits and the level of health
literacy among older adults. When considering the entire
health literacy scale, we found that individuals expressing
being more open to experiences were more likely to have
higher health literacy levels. This result may reflect that
more open individuals tend to seek new experiences that
might help them to access specific information from various
sources, to seek appropriate healthcare services, and to find
health-related information (e.g. John et al. 2008; John and
Srivastava 1999), which are crucial components of effective
health literacy. More open individuals also have a more fluid
style of awareness (e.g. John et al. 2008) that allows them to
make new associations between distantly related ideas that
might help them adopt a more comprehensive understand-
ing of their health status. In addition, more open individuals
tend to engage in self-examination (e.g. John and Srivastava
1999), which may make them more aware of their health sit-
uation and help them better appraise and use health-related
information.

Second, individuals with higher scores on neuroticism
were more likely to have inadequate health literacy. Individ-
uals with higher scores on neuroticism are also more prone
to negative emotions, express lower emotional intelligence,
and are at risk for mental disorders such as phobia, depres-
sion, panic fears, and other anxiety disorders (e.g. John et al.
2008), which may involve decreased motivation and inter-
personal activities. These characteristics might slow down
or diminish individuals’ ability to seek, understand and
appraise health-related information, as well as negatively
influence their judgment and decision. Finally, neuroticism
is a function of the limbic system activity (Eysenck 1983)
which means that individuals with a higher neuroticism
score have a reactive sympathetic nervous system that is
more sensitive to the environment around them. Individu-
als with higher neuroticism might overreact and become
very anxious when facing health-related information from
different healthcare providers; in addition, facing health
related-outcomes such as the symptoms of an illness can also
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Table 2 Partial associations OLS regression  Oprobit (problem-  Oprobit (inad-

of health literacy with (HL score) atic) AME (SE) equate) AME
respondents’ personality (SE)
traits and sociodemographic
characteristics, adults aged Gender (male)
58+, SHARE Switzerland, Female 0.64%%* —0.03%#%* —0.06%**
2019/2020, n=1546 0.14) 0.01) 0.01)
Age group (58-64 years)
65-74 years 0.12 -0.01 -0.01
(0.19) (0.01) (0.02)
75+years —-0.08 0.01 0.02
(0.21) (0.01) (0.02)
Education (low)
Secondary 0.33 -0.02 -0.03
(0.22) (0.01) (0.02)
Tertiary 1.03%%* —0.05%%* — 0.1 1%
(0.24) (0.01) (0.03)
Partnership status (has a partner)
No partner 0.19 —-0.01 -0.02
(0.18) (0.01) (0.02)
Make ends meet (easily)
Fairly easily -0.19 0.01 0.02
(0.17) (0.01) (0.02)
With difficulty —0.85%* 0.04* 0.06*
(0.27) (0.02) (0.02)
Language (Swiss-German (ch))
French (ch) 0.09 0.00 0.01
(0.19) (0.01) 0.02)
Swiss-Italian (ch) -0.34 0.01 0.02
(0.48) (0.03) (0.05)
Living area (urban)
Rural —-0.12 0.01 0.02
(0.15) (0.01) (0.02)
Self-rated health (bad health)
Good health 0.597% —-0.02 —-0.04
(0.23) (0.01) (0.02)
Very good/excellent health 1.13%%* —0.06%** —0.10%**
(0.23) (0.01) (0.02)
ADL limitations (no)
Yes —1.83%#* 0.12%%* 0.13%#%*
(0.39) (0.03) (0.02)
Openness (Big Five personality inventory) 0.29%** —0.027%** —0.03***
(0.08) (0.00) 0.01)
Conscientiousness (Big Five personality inventory) 0.01 0.00 0.00
(0.11) (0.01) (0.01)
Extraversion (Big Five personality inventory) 0.08 —-0.00 -0.01
(0.08) (0.00) (0.01)
Agreeableness (Big Five personality inventory) -0.15 0.01 0.01
(0.10) (0.01) (0.01)
Neuroticism (Big Five personality inventory) —0.23%* 0.01%* 0.02*
(0.08) (0.00) (0.01)
Observations 1546 1546 1546

Ordinary Least Squares (OLS) regression of the Health Literacy (HL) score on the covariates, and an opro-
bit regression of the three-category HL score on the covariates. The table shows average marginal effects
(AMESs) and standard errors in brackets with significance level: *p <.05, **p <.01, ***p <.001
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Table 3 Partial associations of health literacy sub-indices with respondents’ personality traits and sociodemographic characteristics, adults aged
58+, SHARE Switzerland, 2019/2020, n=1546

HL score Healthcare Disease Health Access/obtain  Under-standing Process/ Apply/use (ai)
(hc_hl) prevention promotion (oi) (ui) appraise(pi)
(dp_hl) (hp_hl)
Gender (male)
Female 1.77%%% ] .54%%:% 1.76%*% 2.19%#:* 2.03%#* 1.57%%% 2. 17 1.44%*
(0.36) (0.39) 0.43) (0.46) 0.43) (0.38) (0.50) (0.44)
Age group (58-64 years)
65-74 years  0.25 0.43 0.41 —-0.25 0.10 0.49 -0.33 —0.10
(0.49) (0.50) (0.58) 0.61) (0.58) (0.49) (0.66) (0.58)
75+years —0.06 0.98 -0.72 —-1.05 —0.56 —0.02 -0.03 0.52
(0.54) (0.55) (0.65) 0.67) (0.65) (0.55) 0.71) (0.63)
Education (low)
Secondary 1.09* 1.00 1.14 1.16 0.90 1.44%* 0.83 0.88
(0.53) (0.56) (0.64) (0.70) (0.63) (0.56) 0.71) (0.64)
Tertiary 3.57x*%k 3 35kk 3.34%5% 4.23%%x 3.15%%% 4.38%#%* 2.92%* 3.16%%*
(0.65) (0.66) (0.79) (0.88) (0.78) 0.67) (0.89) (0.80)
Partnership status (has a partner)
No partner 1.02* 0.87 1.10* 1.17* 0.72 1.27** 1.03 0.88
(0.46) (0.48) (0.55) (0.58) (0.56) 0.47) 0.61) 0.57)
Make ends meet (easily)
Fairly easily = —0.92* —0.98* —1.20* —0.48 —1.19* —0.90* —-0.95 —0.58
0.43) (0.45) (0.52) (0.55) (0.52) (0.44) (0.58) (0.52)
With difficulty —2.27%%% —2 78%%*%* —-1.71* —2.08%* —3.82%%%* —2.32%%* —1.06 —-1.33
(0.65) (0.70) (0.76) (0.82) (0.81) (0.65) (0.84) (0.79)
Language (German (ch))
French (ch) —0.68 —1.02* 0.07 —1.00 —1.06 —1.40%* 1.01 —-041
(0.48) (0.50) 0.57) (0.60) (0.58) 0.47) (0.62) (0.58)
Italian (ch) -1.73 -0.93 —2.64* —2.00 —-2.26 —-2.77* 0.48 -1.16
(1.19) (1.20) (1.32) (1.46) (1.44) (1.36) (1.40) (1.19)
Living area (urban)
Rural —0.28 -0.15 -0.24 —-0.55 —0.08 —0.55 0.08 -0.36
(0.39) (0.40) (0.46) (0.48) 0.47) (0.39) 0.51) 0.47)
Self-rated health (poor/fair health)
Good health ~ 1.13* 0.87 1.07 1.64* 1.45* 0.89 1.29 0.99
(0.53) (0.58) (0.63) 0.67) (0.66) (0.55) 0.71) (0.64)
Very good/ 2.86%** D DQH** 2.64% % 4. 13%** 3.06%#* 2.54%% 3.89%#:* 2.20%*
excellent (0.58) (0.62) (0.68) 0.73) (0.72) (0.59) (0.78) (0.70)
health
ADL limitations (no)
Yes —3.48%*k% 4 D3k —2.48%* —3.42%* —4.40%%* —3.00%%* —2.85%%* —3.84%%*
(0.83) (0.95) (0.96) (1.11) 0.97) 0.91) (1.05) (1.10)
Openness 101k (. 8]%*** 1.09%3 1.24%3%:* 1. 143 1.04%3% 1.02%#: 0.74%*
(0.22) 0.22) (0.26) (0.28) (0.26) (0.22) (0.30) (0.26)
Conscientious-  0.48 0.46 0.51 0.47 0.33 0.57* 0.48 0.48
ness 0.27) 0.27) (0.32) 0.37) (0.32) 0.27) 0.37) (0.32)
Extraversion 0.44* 0.67%* 0.32 0.17 0.827%:%* 0.08 0.49 0.57*
0.21) 0.22) (0.24) 0.27) (0.25) (0.22) (0.28) (0.25)
Agreeableness  —0.47 —0.54* —-043 —-0.41 —0.44 -0.39 —0.72% -0.44
(0.25) 0.27) (0.30) (0.33) (0.32) (0.25) (0.35) (0.30)
Neuroticism —0.70%**  —(.75%** —0.66%* —0.67%* —0.87%#%* —0.51* —0.94%%* -0.61%*
(0.20) 0.21) (0.24) (0.26) (0.25) 0.21) (0.26) (0.25)
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Table 3 (continued)

HL score Healthcare Disease Health Access/obtain  Under-standing Process/ Apply/use (ai)

(hc_hl) prevention promotion (oi) (ui) appraise(pi)
(dp_hl) (hp_hl)

Constant 20.23%%%  3].41%** 27.09%** 28.09%** 28.55%%* 32.18%** 24.58%%* 28.88%#*

(1.93) (2.06) (2.20) (2.51) (2.29) (2.00) (2.52) (2.23)
Observations 1546 1546 1546 1546 1546 1546 1546 1546

Regressions of the standardized health literacy score and the sub-Indices on covariates. Sub-indices abbreviations: health care (hc_hl), disease
prevention (dp_hl), health promotion (hp_hl), access/obtain health information (oi), understanding health information (ui), process/appraise
health information (pi), apply/use health information (ai). Estimates and standard errors in parentheses, significance level: *p <.05, **p <.01,

w5p < 001

generate extra negative emotions. Therefore, higher levels
of neuroticism may undermine their health literacy skills.

One strength of our study is that we adopt a rather detailed
perspective by also considering the multiple sub-dimensions
of health literacy linked with respondents’ personality traits.
Some of our hypotheses align with the results: respondents
with higher levels of conscientiousness were more likely to
report greater ease in understanding health information. This
finding may reflect that conscientious individuals tend to be
more organized and more goal-oriented (e.g. John and Sriv-
astava 1999), which helps them to better understand health-
related issues and behave accordingly. Respondents with
higher levels of agreeableness were more likely to report
difficulties regarding healthcare-related health literacy and
to report difficulties appraising health information. Individu-
als with higher levels of agreeableness are generally more
trusting, tolerant, compliant, and cooperative (e.g. John and
Srivastava 1999). For those individuals, difficulties apprais-
ing health information might be generated by their social
network, which may transmit conflicting health informa-
tion: being more trusting (e.g. John and Srivastava 1999)
may reduce individuals’ capacity to appropriately appraise
and select health information from individuals surrounding
them. Finally, individuals with higher levels of extraversion
have higher health literacy scores, especially in the health-
care domain, which might be linked with self-confidence.
Higher competence in obtaining health information may
stem from being more talkative and having higher social
capacity. Their greater ease in applying health information
may originate from higher levels of self-confidence of these
individuals (e.g. John and Srivastava 1999).

Limitations

Despite its numerous strengths, our study suffers from sev-
eral limitations. Firstly, HLS-EU-Q16 (Pelikan et al. 2019)
and the Big Five Inventory Ten (BFI-10; Rammstedt and
John 2007) are subjective measures that may be subject
to reporting heterogeneity and bias in case of systematic
reporting differences. Regarding the health literacy scale,

respondents may over or underestimate their skills. However,
subjective health literacy assessments seem to be the most
appropriate method for self-administered paper-and-pencil
questionnaires, as when using test-based evaluations, it is not
possible to prevent respondents from consulting the internet
or asking household members to help them answer the ques-
tions, which could significantly bias the results from a more
test-based approach to assessing health literacy. In addi-
tion, the short version of the HLS-EU-Q16 questionnaire
has several advantages, including convenience and valid-
ity (Eronen et al. 2019; Lorini et al. 2019). Indeed, health
literacy represents individuals' rating of their perception of
their own health-related skills. In that sense, health literacy
is linked with self-efficacy and control beliefs of individuals'
healthcare-related tasks (Berens et al. 2022). Future research
should, however, better target other aspects of the health
literacy construct: more objective components of health lit-
eracy should be studied to have a more comprehensive and
exhaustive understanding of the complexity of this construct.

Regarding the BFI-10 (Rammstedt and John 2007),
despite its brevity, the instrument has shown acceptable
psychometric properties (Steyn and Ndofirepi 2022). High
reliability and validity when measuring individuals' per-
sonality traits have been demonstrated (Rammstedt and
John 2007). That is, albeit ultra-short personality meas-
ures present the advantage of avoiding items redundancy
and allowing the measurement of psychological construct
in surveys when time is severely limited, they are, to some
extent, inferior to regular personality assessment (Gosling
et al. 2003; Rammstedt and John 2007). They should not
substitute to them. A disadvantage of extra short personality
trait measures is their inability to assess individual facets of
multi-faceted constructs of personality traits (Gosling et al.
2003). In addition, psychological scales were originally con-
structed for personal assessment purposes with question-
naires administered to individuals by trained professionals.
In large interdisciplinary surveys like SHARE, these scales
must be adapted to assess psychological constructs in the
whole population (Rammstedt and Beierlein 2014). Moreo-
ver, it is trained interviewers, but not trained psychologists
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or psychotherapist, who administer or read the surveys
questions (Ryser 2023). Furthermore, recent research based
on lexical studies of personality structure emphasized the
importance of the Ashton and Lee (2014) HEXACO six-
factor model. This model partially overlaps the big five
model but highlights the importance to considers an addi-
tional Honesty-Humility factor in future research (Ashton
et al. 2014). Finally, personality traits are relatively enduring
patterns with biological bases (McCrae and Costa Jr 1996),
and despite previous research supporting personality traits’
one-direction associations with health literacy (Iwasa and
Yoshida 2020), reverse causality cannot be ruled out. The
study design does not allow causality to be determined.
However, reverse causality should be better explored and
understood in future research, especially in light of recent
developments in the research of the evolution of personality
traits over the life span (e.g. Graham et al. 2020) and as a
function of life events (Bleidorn et al. 2018).

Lastly, selection effects and attrition add concerns about
the representativeness of SHARE samples. However, this
problem is common in all longitudinal and population-based
surveys (Banks et al. 2011). Moreover, considerable effort
is being made to minimize these biases in the SHARE sur-
vey in Switzerland. Furthermore, missing responses did not
appear to be a significant concern in our study as it was
relatively low (18.2%). No population group appeared to
be systematically over-represented among the respondents
excluded from our analyses because of item non-response.

Conclusion

Previous research has shown that one-third of Swiss older
adults have difficulty managing their health (Meier et al.
2022). Low levels of health literacy negatively impact indi-
viduals’ quality of life, particularly in older adults with a
more vulnerable health status (Ladin et al. 2018). In our
study, we found that individuals with relatively low openness
to experience and high neuroticism were particularly at risk
of presenting inadequate health literacy levels. Public health
policies should focus on individuals with lower openness
levels, which is linked with a lower capacity to engage in
self-examination, and those displaying higher neuroticism,
which may be more anxious when dealing with health-
related information. These policies should thus incorporate
personality traits in the personalization of services, such as
in health or eHealth communication tools for the general
population and the training of healthcare providers. For
instance, public health policies aiming at improving health
literacy could be more convincing or nudge-driven for older
adults with low openness as well as more factual and calm-
ing for those with high neuroticism.

@ Springer

Appendices

Appendix 1: The 16 items from the HLS-EU-Q16 scale Pelikan,
Ganahl, Van den Broucke, Sorensen (2019):

First, we would like to ask you how comfortable you feel when deal-
ing with health-related information
For you, how easy or difficult is it to...

LT ITS

Answer categories: “Very easy”, “Fairly easy”, “Fairly difficult”,
“Very difficult”

Healthcare

1. Understand your doctor’s or pharmacist’s instructions on how to
take a prescribed medicine?

2. Follow instructions from your doctor or pharmacist?

3. Understand what doctor says to you?

4. Find out where to get professional help when you are ill?

5. Find information on treatments of illnesses that concern you?

6. Use the information the doctor gives you to make decisions about
your illness?

7. Judge when you may need to get a second opinion from another
doctor?

Disease prevention

8. Understand health warnings about behaviour such as smoking,
low physical activity, and drinking too much?

9. Understand why you need health screenings?

10. Find information on how to manage mental health problems like
stress or depression?

11. Decide how you can protect yourself from illness based on
information in the media?

12. Judge if the information on health risks in the media is reliable?
Health promotion
13. Understand advice on health from family members or friends?
14. Judge which everyday behaviour is related to your health?
15. Find out about activities that are good for your mental well-
being?
16. Understand information in the media on how to get healthier?

Appendix 2: The items from the Big Five personality inventory
(BFI-ten Rammstedt and John 2007):

Openness to I see myself as someone who has few artistic

experience interests
I see myself as someone who has an active imagi-
nation
Conscientious- I see myself as someone who tends to be lazy
ness I see myself as someone who does a thorough job
Extraversion I see myself as someone who is reserved

I see myself as someone who is outgoing, sociable

Agreeableness I see myself as someone who is generally trusting

I see myself as someone who tends to find fault
with others

Neuroticism I see myself as someone who is relaxed, handles

stress well
I see myself as someone who gets nervous easily

LTI

Answer categories: “Disagree strongly”, “Disagree a little”, “Nei-
ther agree nor disagree”, “Agree a little”, “Agree strongly”
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Abstract

Gerontechnology as multidisciplinary research has expanded in recent years due to its significant role in ensuring better care
and improved quality of life for older adults and their caregivers. With a substantial increase in studies on reasons behind
less inclination of older individuals to accept gerontechnology, barriers to its non-acceptance appear to be persistent. In
addition, there is a dearth of research on the adoption of gerontechnology from the perspectives of social caregivers, given
that caregivers bear a substantial burden in the form of chronic stress, which adversely affects their health and that of older
people. Therefore, the aim of this study is to present a holistic perspective of older adults and their caregivers by systemati-
cally reviewing literature on gerontechnology acceptance. Adopting the preferred reported items for systematic and meta-
analysis (PRISMA) framework, publications specifically on gerontechnology from 2002 to 2022 in Scopus, Web of Science
and PubMed, that focused on older people (50 years and above) and caregivers (informal and formal) were reviewed. We
critically evaluated 25 publications and synthesised them thematically. The results highlight that gerontechnology acceptance
by older adults and their social caregivers is highly contingent on certain personal, physical, socio-cultural and technological
indicators. However, this paper concludes that a generalised policy approach for gerontechnology and a better quality of life
may be ineffective, considering that older adults and social caregivers constitute two heterogeneous groups.

Keywords Gerontechnology - Older persons - Social caregivers - Health-related well-being - Life quality

Introduction

One of the greatest global concerns for healthcare and social
institutions is the ageing population (WHO 2018). While
demographic trends differ among countries and regions of
the world, the ageing population is increasingly becoming
a challenge in both developed and developing countries
(Scott et al. 2019). Policymakers have proposed gerontech-
nology: a creative, multidisciplinary solution to deal with
this challenge by linking ageing and technology. Conceptu-
ally, gerontechnology denotes a scientific study of ageing,
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examining the biological, psychological and sociological
factors associated with the ageing process (Halicka and Surel
2021), which can help older adults identify and slow down
the effects of age-related physical and cognitive difficul-
ties (Sale 2018). Gerontechnology therefore has enormous
potential to ensure better care and improved quality of life
(QoL) for older adults.

Although gerontechnology is supportive of daily life, it
is widely recognised that older people do not show as much
interest in adopting new technologies as younger populations
(e.g. Gulla et al. 2015; Wu et al. 2015; Yusif et al. 2016).
Several studies have been conducted over the last few dec-
ades to investigate the numerous reasons why older individu-
als are less inclined to use gerontechnology (e.g. Berkowsky
et al. 2017; Chen and Chan 2014). However, barriers to the
non-acceptance of gerontechnology by older people appear
to be persistent (Lee and Tak 2022). This is attributable to a
misconception as to which gerontechnologies are desirable
for older adults, as well as the factors and perspectives that
determine their usage or non-usage (Harris et al. 2022). In
addition, social caregivers often play a vital role in assisting
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community-dwelling older adults in managing their health
(Bevilacqua et al. 2020; Papetti et al. 2014). Studies have
demonstrated that the growing, caring needs of an ageing
society can be met by increasing not only the technologies
developed to assist older people but also the number of car-
ers (Cook et al. 2020; Robinson et al. 2020). By virtue of
this, past studies have established that gerontechnology can
be a useful tool for caregivers in several ways, including peer
networking, professional support and resource identification
(Hopwood et al. 2018; McHugh and Lawlor 2012). Further-
more, caregivers bear a substantial burden in the form of
chronic stress, which adversely affects their health and that
of older people (Adelman et al. 2014). However, there is
a dearth of research on the adoption of gerontechnology
from the perspectives of social caregivers. Most previous
studies exploring caregivers’ perspectives have focused on
telehealth and assistive technologies for all populations (e.g.
Cook et al. 2018; Mostaghel 2016; Peek et al. 2014).

Given the important role of social caregiving, the per-
ceived needs and challenges of gerontechnology in older
adults and their social caregivers remain important for social
policy interventions. Until now, no systematic review of ger-
ontechnology has provided evidence for these two differ-
ent groups. In our study, instead of focusing only on older
adults, the main objective is to systematically review evi-
dence on the opinions of older adults and social caregivers
on gerontechnology acceptance. Secondly, this review also
discusses the effects of gerontechnology on better QoL and
social caregiving for older adults. We believe our findings
will benefit various stakeholders, such as designers, engi-
neers and researchers, to study and fully develop gerontech-
nology products and services. This, in turn, will reduce the
care burdens of social caregivers and enhance the QoL for
older adults, particularly in regions where the ageing popula-
tion is rising exponentially.

Methods

This systematic review was carried out in accordance with
the suggested step-by-step strategy outlined in the PRISMA
guidelines (Moher et al. 2009), ensuring the reliability, use-
fulness and scientific soundness of the review (Hale and
Griffiths 2015). A detailed description of the procedure is
provided in the following subsections.

Search strategy
We conducted an extensive search in Scopus, Web of Sci-
ence and PubMed to cover empirical studies that reported

on the adoption of gerontechnology among older people
(50 years and above) and caregivers (informal caregivers

@ Springer

Table 1 Search string of key terms

Order of search Terms

Gerontechnology AND adoption
Gerontechnology AND caregivers OR social care
Gerontechnology AND health

Gerontechnology AND quality of life OR wellbe-
ing OR happiness

B

and nursing homes). These databases were selected due
to their prominence and contributions to ageing, geron-
technology and geriatrics issues. The review specifically
focused on four broad search terms: (1) ‘gerontechnology’,
(2) ‘adoption’, (3) ‘older adults’ and (4) caregivers. While
some reviews (e.g. Mostaghel 2016; Peek et al. 2014;
Yusif et al. 2016) had focused on the generic term ‘tech-
nology’, we specifically focused on the terminology ‘ger-
ontechnology’ to ensure that those publications captured
are specifically focused on the technologies to assist older
adults. To keep our search as broad as possible, the review
limited the search string to the fields of title, abstract and
keywords in each database. The combination of the key
terms with Boolean operators, for example, in Scopus,
included: (‘gerontechnology’) AND (‘adoption’), (‘ger-
ontechnology’) AND (‘caregivers’) OR (‘social care’),
(‘gerontechnology’) AND (‘health’), (‘gerontechnology’)
AND (‘well-being’) OR (‘quality of life’) OR (‘happi-
ness’) OR (‘life satisfaction’). Table 1 explains how the
final search string of the key terms used in the review was
arrived at. To ensure a comprehensive search, the review
was limited to a 20-year publication period (2002—-2022)
in all databases.

Eligibility criteria

Guided by the aims and objectives of the review, all pub-
lications were subjected to predetermined inclusion and
exclusion criteria. Studies were included if they examined
the reasons for the adoption of gerontechnology. Studies
that examined whether and how gerontechnology reduces
caregivers’ burden were also included. In addition, stud-
ies that were empirical, employing qualitative, quantita-
tive or both methodologies, and written or published in
English were also included. Furthermore, those studies
that considered older people or/and caregivers as study
populations were included. Following the inclusion crite-
ria, the review excluded studies that were focused on tech-
nologies for all populations and not on gerontechnology as
an intervention for reducing caregivers’ burdens. Moreo-
ver, empirical studies that involved individuals or groups
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other than older people and caregivers were excluded. The
review also excluded reviewed papers, theoretical and con-
ceptual articles. Lastly, articles published in a non-English
language were in the exclusion criteria.

Screening

In the initial stage, the database search was conducted by
two independent researchers (HG and OSA). Subsequently,
the studies’ titles and abstracts were screened based on the
predetermined inclusion and exclusion criteria. Then, an
expert researcher was consulted to resolve all discrepancies
in the required studies that met the inclusion criteria. All
outstanding issues were discussed with the two researchers
and resolved under the supervision of the expert researcher.
All studies were exported into Microsoft Excel software,
where duplicates were eliminated. In the final stage, the full
text of the various studies was screened after duplication
removal. Two independent researchers managed the screen-
ing at this stage and decided which studies should finally be
included in the review.

Data extraction and quality appraisal

After the final screening stage, a data extraction guide on
the topic was developed following previous studies (e.g.
Merkel and Kucharski 2019; Sundgren et al. 2020). The two
independent researchers developed separate extraction tem-
plates for the articles; however, upon discussion, consensus
was reached, and the templates were aggregated into one
data extraction template (see Table 2). The methodologi-
cal validity of all publications selected for inclusion were
evaluated using the Mixed Methods Appraisal Tool, 2018
version (MMAT). The appraisal tool was selected because
it was designed for the appraisal of systematic reviews
that include qualitative, quantitative and mixed methods
studies (Hong et al. 2018). Besides, it is extensively clear,
designed to allow the authors evaluate the reliability and
validity of all included publications. Therefore, for each
study, a scoring logic of ‘yes’ was assigned as an indication
of satisfying a quality criterion. Any study that received a
“no” in the scoring logic did not meet the quality standards.
On the other hand, if the paper did not present sufficient
information to determine whether a criterion was met, or
if the information reported was ambiguous, then the study
was assigned the “Can't tell” response (see Table 3). The
authors followed up for supplementary papers or contacted
the authors to request for more clarification. As prescribed
in the MMAT guidelines (Hong et al. 2018), a sensitive
analysis of contrasting the results of the ratings of each
criterion was followed to better inform the quality of all
included studies.

Data analysis

Once the data extraction template was complete, the next
stage was to analyse the data. A thematic analysis approach
was conducted iteratively by the two independent research-
ers. The researchers developed themes and presented them to
one another to reach a collective understanding. Finally, with
an expert researcher’s consultation, the data’s thematic areas
were reviewed and concluding themes were formulated.

Results

First, this section of the review captures the process of col-
lation and the selection of studies. Second, it presents the
results on the characteristics of the reviewed studies. Finally,
it presents the synthesis of the results thematically according
to the research questions.

Collation and selection of studies

The results of the search yielded a total of 552 articles.
All articles were exported in CSV Excel file format. After
removing duplicate articles, 144 citations remained for title
screening. In the next phase, the abstracts of 235 potentially
eligible titles were examined. Then, 52 full texts were con-
sidered for inclusion, of which only 25 were included in the
synthesis and review (Fig. 1).

Description of reviewed studies

The findings in Table 2 demonstrate that out of the 25 stud-
ies, 10 were qualitative, 12 adopted a quantitative approach,
and 3 employed a mixed-method design. Pertaining to study
context, most studies were conducted in Europe (n=9). This
was followed by those conducted in Asia (n=7), Africa
(n=5) and North America (n=4). Out of the 25 studies,
five focused on caregivers as study participants, and two
focused on both older persons and caregivers. The remaining
18 studies extensively focused on older persons.

Moreover, outcomes of gerontechnology adoption on
older people’s QoL were conceptualised to encompass
healthcare and well-being issues (n=4), as well as health
attitudes and behaviours (n=2). Most studies also reported
the exact age of older adults to include 55 years or more
(n=21). However, one study conceptualised the ages of
older workers from 40 years and over. In this article, the
justification for including 40-year-old persons was not
reported, although it had included a substantial number of
older persons aged 50 years and above. In this review, three
main theoretical models were espoused: the technology

@ Springer
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Table 3 (continued)

Quality criteria for qualitative studies

Studies

No

Is the interpretation of results Is there coherence between
sufficiently substantiated by

data?

Are the findings adequately
derived from the data?

Are the qualitative data

Is the qualitative approach
appropriate to answer the
research question?

qualitative data sources, col-

collection methods adequate
to address the research ques-

tion?

lection, analysis and interpreta-

tion?

Yes Yes Yes Yes

Yes

22 Turnbull et al. (2021)

No. Studies

Quality criteria for mixed-method studies

Are divergences and incon- Do the different components of

Are the outputs of the

Is there an adequate rationale  Are the different components

for using a mixed method

the study adhere to the quality

sistencies between quantita-
tive and qualitative results

adequately addressed?

integration of qualitative

of the study effectively inte-

criteria of each tradition of the

methods involved?

design to address the research grated to answer the research and quantitative components

question?

adequately interpreted?

question?

Yes Yes Yes Yes

Yes

Yes

Huang et al. (2021)

23

Yes No No

Yes

Joseph et al. (2018)

24
25

Yes No Yes

No

Delbreil and Zvobgo (2013) Yes

acceptance model (n=15), the senior technology acceptance
model (n=1) and unified theory of acceptance and use of
technology (n=4). Regarding the study design, most studies
were either cross-sectional (n=10) or exploratory (n=28).
Only a few studies adopted experimental (n=4) and mixed-
method study designs (n=3). A descriptive summary of the
reviewed articles is provided in Table 2.

Gerontechnology adoption by older adults
and caregivers

This part of the review discusses the first research question
about gerontechnology acceptance by older adults and car-
egivers. Findings of the thematic analysis revealed three
primary themes: evaluation of gerontechnology, proxies of
gerontechnology acceptance and barriers to gerontechnol-
ogy acceptance. The results of each category are provided
in the sections that follow.

Evaluation of gerontechnology

When older adults discussed gerontechnology, studies
indicated more positive attitudes (e.g. Lebron et al. 2015;
Turnbull et al. 2021; Wilson et al. 2021) than negative atti-
tudes when they perceived the benefits of using gerontech-
nology. In some studies, gerontechnology received unfa-
vourable attitudes when older adults had no explicit idea
of the technology (Abdul Rahman et al. 2021). Beyond
attitudes, the studies also emphasised that positive interest
was tied to specific gerontechnologies. Gerontechnologies,
which improve the overall health of older adults, were pre-
ferred when compared to those that were peculiar to some
medical conditions of older adults. In this context, provid-
ing health information with the aid of digital devices was
considered promising and acceptable (Turnbull et al. 2021)
compared to other devices, such as fall detection devices
(Abdul Rahman et al. 2021), intelligent wireless sensor
systems (IWSS) among home-dwelling older (Cohen et al.
2016) or smart home voice (Portet et al. 2013), which may
only apply to older adults who experience those peculiar
medical conditions.

In contrast, Halicka and Surel (2021) observed that the
most important gerontechnologies were those that dealt
with older people’s health and safety. Devices related to
older adult care and social connectedness took third and
fourth place, respectively, followed by mobility, recrea-
tional, and health informative devices. Housing and digital
accessibility devices were the least important groupings.
Some studies demonstrated caregivers’ evaluation of ger-
ontechnology, while others denoted a positive attitude
towards gerontechnology to enhance the QoL of older
adults (Chen and Chan 2013; Delbreil and Zvobgo 2013;
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Portet et al. 2013) or reported caregivers’ dissatisfaction
with the performance and inappropriateness of the tech-
nologies (Cohen et al. 2017).

Predictors of gerontechnology acceptance
In this section, the following three main sub-themes were

identified: technology usability, technology user-friendli-
ness and social factors.
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Technology usability

One critical motivation for gerontechnology acceptance
was technology usability. For instance, studies found that
older adults used technology for communication, cooking,
supporting daily activities and entertainment (Delbreil and
Zvobgo 2013; Huang et al. 2021; Portet et al. 2013; Menghi
et al. 2017). Similarly, authors describe gerontechnology
acceptance as a caveat to meeting the personal needs of older
adults in several domains of life (e.g. Arthanat et al. 2019;
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Jarvis et al. 2020; Reitsma et al. 2019). These studies are
indicative that the need for good health, accomplishment,
independence and peace of mind precipitates the usability
of technology by older adults.

Other noteworthy studies have highlighted that older
adults’ thoughts on technology use were induced by their
willingness to invest in technology (Peek et al. 2016) and
frequency of use of the technology to increase the fre-
quency of communication with their significant others
(Wilson et al. 2021). Besides personal benefits, geron-
technology usability was inextricably tied to social ben-
efits. The literature reports that the perceived usability of
gerontechnology would be feasible if it would contribute
to the creation of new jobs and bring measurable benefits
to the QoL of human health (e.g. Halicka and Surel 2021;
Wilson et al. 2021). Apart from older adults, studies report
that caregivers’ usefulness of gerontechnology was rated
as significant in enhancing the health and safety of older
adults (e.g. Cohen et al. 2016; Delbreil and Zvobgo 2013).
As reported in the literature, caregivers’ experiences of
gerontechnology usability were linked with older adults’
mental health and associated physical disabilities. In sum,
the review emphasises that the perceived usability of ger-
ontechnology could have personal and social benefits. In
terms of social benefits, older adults stress the contribution
of gerontechnology in maintaining their social networks,
particularly with their families and children (Peek et al.
2016).

Technology user-friendliness

Another key finding connected to the boosters of gerontech-
nology adoption was user-friendliness. The findings in the
review support the argument that perceived ease of use had
a significant and positive influence on the usefulness of tech-
nology and that ease of use and usefulness predicted positive
attitudes towards using gerontechnology (Halicka and Surel
2021). However, in some studies, the user-friendliness of
gerontechnology was found not to culminate in the actual
usage behaviour of older adults, even when it was expected
that usage should be easy and effortless (Chen and Chan
2013).

In contrast to these studies, some studies claim that the
user-friendliness of gerontechnology ensures safety and
is necessary to guarantee usage behaviour (Delbreil and
Zvobgo 2013). Instead, in the literature, some authors were
concerned that older adults perceived personal proficiency
in operating technology as a determinant of ease of use. For
example, depending on the operational proficiency of older
adults, entertainment devices, the internet, communica-
tion devices and microwave ovens were mentioned in the

literature as unique gerontechnology devices that were either
user friendly or unfriendly (e.g. Peek et al. 2016). In one
pertinent study, perceived ease of use was tied to the ability
of technology to connect older adults to significant others
(Jarvis et al. 2020).

Social factors

In addition to user-friendliness, some studies claim that
the availability of social support from significant others is
indispensable in technology acceptance and usage (Chen and
Chan 2014; Jarvis et al. 2020; C)zsungur 2022; Peek et al.
2014). Tu and Liu (2021) added that older adults require
proper guidance, assistance and resources from caregivers
to use gerontechnology effectively. Beyond the scope of
these studies, Chen and Chan (2014) linked older adults’
technology adoption to attaining favourable social outcomes,
for instance, the enhancement of one’s image. This implies
that using gerontechnology prevents older adults from being
labelled outdated.

Barriers to gerontechnology acceptance

This section discusses six sub-themes that capture the
barriers to gerontechnology acceptance. They encompass
personal and behavioural factors, economic factors, techno-
logical factors, cultural and environmental factors and situ-
ational or dispositional factors. Details of the sub-themes
are discussed below.

Personal and behavioural factors

From the analysis, negative self-evaluated beliefs inhibited
gerontechnology acceptance behaviour (Freiesleben et al.
2021; Joseph et al. 2018). For instance, Chen and Chan
(2013) found gerontechnology non-usage to be connected
to low literacy levels, as it would require older adults to
acquire specialised knowledge. The review also established
that older adults with lower levels of self-efficacy and
anxiety tend to be more likely to use gerontechnology and
consider such technology useful and easy to use (Halicka
and Surel 2021). Moreover, the authors explain that older
adults have greater anxiety and believe they have little con-
trol over the technologies. It is evident that older adults feel
more anxious and less competent; therefore, they are more
resistant to using gerontechnology (Chen and Chan 2014;
Jarvis et al. 2020; Wilson et al. 2021). As a result, older
adults need assistance when they have difficulties. However,
they may also be anxious and reluctant because they do not
want to cause inconvenience to their caregivers (Chen and
Chan 2013). Older adults have information anxiety caused
by their physical health information, considering it to be
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undermining the tranquillity of their minds (Reitsma et al.
2019). Older adults’ quest to be independent, safe, have per-
sonal contact and domestic needs (household chores, hob-
bies, and voluntary work) were personal indicators in favour
of gerontechnology (Huang et al. 2021; Portet et al. 2013).

Beyond older adults’ needs, studies also reiterated that
caregivers are anxious that accepting gerontechnology would
render older adults indolent (Portet et al. 2013; Reitsma et al.
2019). Arthanat et al. (2019) also identified marital status,
home security and internet ownership as the personal pre-
dictors of gerontechnology unacceptance. Despite these, the
review found that factors such as gender (mostly females),
concerns about home security and a sense of independence
contributed to gerontechnology adoption. The review also
highlighted that cognitive and physical decline was observed
to limit older adults’ use of gerontechnology, especially
in certain types of technologies, such as household appli-
ances and mobile devices (Ha and Park 2020; Jarvis et al.
2020; Peek et al. 2016). Regarding personal factors, some
studies explained that physical features, such as visibility,
complexity, feedback, exploration, and recognition, are pre-
dominant factors in older adults’ adoption of gerontechnol-
ogy (Ngaruiya et al. 2021; Wilson et al. 2021). Pertaining
to caregivers, the review found that discrepancies between
patients’ needs and gerontechnology devices discouraged
acceptance (Freiesleben et al. 2021; Huang et al. 2021). It
is important to emphasise that socio-demographic factors
such as age, health and education predicted gerontechnology
acceptance; however, in all, older adults’ adoption intention
was moderately low in the review.

Economic constraints

Another aspect of the findings is related to the economic
constraints on gerontechnology non-usage. Though the
role of promotional activities or advertising messages and
visuals preceded gerontechnology acceptance (Freiesleben
et al. 2021), the review’s findings attributed the non-usage
of gerontechnology to cost of the product or service (Chen
and Chan 2013, 2014). That is, if the cost of the product or
service, training or education fees, and maintenance costs
exceed the acceptable range for older adults, users would
refuse to use the technology (Peek et al. 2016). In addi-
tion, the study discovered that older adults preferred to buy
gerontechnology products and services locally because they
were cheaper rather than those available on the internet
(Peek et al. 2014). Interestingly, the review indicates that
older adults receive financial support from family members,
implying that the responsibility for elderly care lies with the
family rather than the government. Therefore, they may face
greater financial constraints when using technology (Chen
and Chan 2014).
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Technological constraints

Gerontechnology properties related to size, language,
weight, reliability, and language of others that older adults
perceived as unfavourable affected adoption intention (Jarvis
et al. 2020; Peek et al. 2016). Detailing technological con-
straints, Cohen et al. (2017) mentioned that caregivers’
difficulty in managing alert messages from gerontechnol-
ogy devices increased work demands, particularly for older
patients with mental health problems, who were often una-
ble to remember or explain the reason for their behavioural
change. This resulted in either under- or overestimation of
older patients’ risks of declining health status, resulting in
either irrelevant notifications or the absence of notifications
in real cases of declining health status.

Cultural and environmental factors

Based on the analysis, the review explored environmental
and cultural factors constraining gerontechnology accept-
ance. First, when discussing mobility aids and means of
transport, Peek et al. (2016) mentioned that older adults were
concerned about road safety, which led to their unacceptance
of these types of technology. Second, the literature has found
that culture and online communication constrain gerontech-
nology acceptance (Cohen et al. 2016). Wilson et al. (2021)
observed that older adults felt that gerontechnologies, espe-
cially those with social benefits, were a useful tool to con-
nect to others but that it did not replicate spending time with
one another. Culturally, older people are concerned with
their roles in contemporary society and how they can use
technology to bridge the intergenerational gap (Ngaruiya
et al. 2021). Chen and Chan (2013) found that acceptance
and usage of gerontechnology were more difficult for older
adults because they were not familiar with their generation
compared to the younger generation.

Situational or dispositional factors

The thematic analysis also explored situational or disposi-
tional factors in relation to gerontechnology usage. Regarding
situational factors, an individual’s current circumstance or
situation beyond his or her control was found to impact ger-
ontechnology acceptance (Peek et al. 2016). It has also been
found that the use of one type of technology competes with
the use of other types (Joseph et al. 2018; Peek et al. 2016).
For example, Peek et al. (2016) highlighted that, for some
types of technology, older adults’ choice of a landline phone
was because they were more familiar with it compared to that
of a mobile phone—a technology for the present generation.
Abdul Rahman et al. (2021) indicated that the situational
barriers included lack of assistance, lack of time, limited
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exposure to modern technology and inaccessibility and influ-
ences of secondary resources. Unlike older adults, caregivers
were concerned that most gerontechnology devices could not
support caregiving in emergency situations (Freiesleben et al.
2021). In addition to situational constraints, some disposi-
tional factors were also identified from the findings. Chen and
Chan (2013) found forgetfulness to use devices as one of the
dispositional barriers to gerontechnology. For example, the
study mentions that most older adults cannot remember the
passwords of their electronic devices.

Gerontechnology and the QoL of older adults

In this section, the review discusses the thematic findings
regarding the impact of gerontechnology adoption on better
elderly care and QoL. Two main themes were identified: a
healthy lifestyle and social wellness.

Healthy lifestyle

Pertaining a healthy lifestyle, the results are ambivalent. The
findings were indicative of the fact that gerontechnology
adoption affects the QoL of older adults. For example, Del-
breil and Zvobgo (2013) assert that caregivers’ confidence
in gerontechnology improves older adults’ QoL and lightens
the caregivers’ burden. In support of this, Freiesleben et al.
(2021) observed that caregivers held favourable views on
locating technologies to increase older adults’ QoL. Reitsma
et al. (2019) also confirmed that older adults who used ger-
ontechnology to monitor their health had an average active
lifestyle, with all of them either walking or cycling regu-
larly. Therefore, the healthy lifestyle of older adults in this
instance could cause them to satisfy other life needs when
compared with those who are less active. This study further
supported the idea that, when provided with information
about physical activity, older adults can validate their abili-
ties and qualities and fulfil their need for accomplishment
(Reitsma et al. 2019).

Although the impact of quality differs from one type of
gerontechnology used to another, a study by Portet et al.
(2013) emphasised that the acceptability of a smart home
equipped with audio processing technology has enormous
potential to ease everyday life for older adults. Moreover, in
this study, most of the needs of elderly people were linked to
better security at home. Conversely, while this arrangement
was expected to produce an independent lifestyle, caregivers
were concerned that it would render older people less inde-
pendent by encouraging an idle lifestyle and further dete-
riorating their health conditions further (Freiesleben et al.
2021; Portet et al. 2013). Furthermore, findings suggest that
using gerontechnology might essentially be a source of risk
for older adults who may extensively be exposed to adverse
health conditions or a loss of life (Halicka and Surel 2021).

Social wellness

It is evident from the findings that gerontechnology was used
to enhance existing connections with, as opposed to with-
drawal from, society, which has the potential to increase life
satisfaction and reduce mental health issues (Wilson et al.
2021). In Wilson et al. (2021), access to and use of geron-
technology, such as digital devices and social media, were
valued as tools for social connection. Surprisingly, older
adults who were neither lonely nor isolated used technology
to connect with others significantly more often than those
who experienced loneliness, isolation, or both (Wilson et al.
2021). For older adults who were conservative and preferred
face—face communication, Halicka and Surel (2021) men-
tioned that gerontechnology posed a threat to their social
relations to a large extent. However, the review shows that
the use of gerontechnology is evident specifically in online
visual communication tools as a medium for connecting with
friends and family when face-to-face communication is not
possible (Wilson et al. 2021).

Discussion

First, this review has highlighted that older persons’ and car-
egivers’ attitudes towards gerontechnology are ambivalent.
In contrast to many extant studies that conclude on posi-
tive attitudes towards gerontechnology usage (e.g. Cohen
et al. 2016, 2017; Yow et al. 2018), analysis of the review
recognises both positive and negative attitudes towards ger-
ontechnology. Positive attitudes towards gerontechnology
are related to the benefits of using gerontechnology, such as
abating health, social and family challenges. Unfavourable
or negative attitudes towards gerontechnology pertained to
older adults’ lack of explicit ideas about the technology, dis-
satisfaction with its performance and its inappropriateness.

This review has identified that older people’s opinions
regarding gerontechnology are important determinants of
adoption intentions. This is more crucial, especially when
positive attitudes towards gerontechnology may result in
higher usage and negative attitudes resulting in lower usage
(Chen and Chan 2013, 2014). Thus, efforts to change the
negative opinions of older adults regarding gerontech-
nology should be given greater consideration. While this
review underscores the indispensable role of positive atti-
tudes towards gerontechnology adoption, some studies have
argued that they may not lead to its usage (Kazanavi” and
Lesauskait 2019; Lim et al. 2016). Furthermore, substantial
number of studies have shown that users’ opinions before
and after using gerontechnology are diverse (Merkel and
Kucharski 2019; Sundgren et al. 2020). Notably, some stud-
ies have demonstrated that the role of social influences on the
intention and usage of gerontechnology is substantial in the
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initial stages of adoption. However, this weakens over time
as users familiarise and gain proficiency with the technology
(Peek et al. 2016). Similarly, other studies acknowledged
that users have positive attitudes towards gerontechnology
at the post-usage stage when their health condition improves
after usage, although they might have had negative attitudes
at the pre-usage stage. The improvement in attitudes towards
gerontechnology from pre-usage to post-usage may stimulate
continuous usage of the technology (Jansson and Kupiainen
2017; Peek et al. 2016). To facilitate the continued usage and
acceptance of gerontechnology products and services, addi-
tional longitudinal research is required to better understand
users’ full gerontechnology adoption life cycle.

In the review, the self-efficacy and anxiety of older people
are significant barriers to adoption of gerontechnology. The
results are consistent with extant studies that demonstrate
that individuals with lower levels of self-efficacy and higher
levels of anxiety towards gerontechnology have a lower
acceptance rate of the same (e.g. Latikka et al. 2019; Lee
and Tak 2022). However, research indicates that the effects
of self-efficacy and anxiety of older people on gerontechnol-
ogy are more powerful when mediated by user-friendliness
and the benefits of the technology (Chen and Chan 2013,
2014; Latikka et al. 2019; Williams and Rhodes, 2016). In
contrast to these studies, some studies have argued that older
adults’ previous experience and frequency of use of a similar
technology tend to increase levels of self-efficacy and reduce
levels of anxiety (Kim et al. 2021; Peral-Peral et al. 2020).
In general, the review suggests that there are significant dif-
ferences in self-efficacy and anxiety when discussing tech-
nology in general compared to specific types of technology.

As reiterated in the review, financial resources obstruct
the adoption of gerontechnology. Mostly, older adults and
caregivers find it challenging to purchase and maintain ger-
ontechnology products and services because they are often
costly. Consistent with the exchange theory, various studies
(e.g. Lee 2014; Lee and Tak 2022) are consistent with the
argument that older adults and caregivers are constrained
financially as they appraise the costs of technology vis-a-
vis its prospective profits in adoption intention and usage.
Furthermore, Chen and Chan (2013) found that since the
burden for elderly care falls on the families of older people
rather than the government, especially those with relatives
in care homes, they may face greater financial constraints
when it comes to using gerontechnology. However, some
studies posit that, unlike caregivers, older adults are often
late adopters. When a gerontechnology is introduced, it is
labelled as highly innovative, complex, and highly priced;
however, as the technology is used over time, it becomes
accessible because it tends to be less innovative, simple and
cheap (Arthanat et al. 2019; Lee and Kim 2017; Price et al.
2013). Therefore, it is imperative to say that incentives and
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subsidies provided by policymakers and stakeholders may
improve the acceptance rate of gerontechnology.

While gerontechnology usability is critical in adoption
intention, the review shows that technological factors pose
various hurdles to overcome. Technological factors encap-
sulated in several design features make gerontechnology
easier to control and manage. However, many design sys-
tems that have interfaces difficult to read, understand and
control fail to comply with usability guidelines (Lee 2014).
This is supported by studies conducted in Hong Kong and
China, which found that older people do not even know the
English alphabet well (Chen and Chan 2013, 2014), mak-
ing it difficult for them to use electronic equipment with
English interfaces. For caregivers, difficulty with technical
characteristics resulted in either under- or overestimation
of older patients’ risks of declining health status (Fris-
ardi and Imbimbo 2011). The review demonstrates that
caregivers do not have complete knowledge of the techni-
cal features of gerontechnology, as corroborated in other
studies (McHugh and Lawlor 2012; Melkas et al. 2020).
Therefore, it is vital to consult caregivers while designing
gerontechnology to understand their specific problems and
address them comprehensively.

As previously stated, social capital networks are expedi-
ent in assisting older adults’ efficient use of gerontechnology.
This is substantiated by the fact that older adults with physi-
cal and cognitive decline, such as dementia, may be unable
to use the gerontechnology (Guisado-Fernandez et al. 2019;
Kim et al. 2021) without support from social relationships.
While the role of social capital in older adults’ care for a
health condition cannot be underestimated, it is essential
to recognise that gerontechnology adoption and usage is an
indication that older adults want to increase autonomy and
compensate for age-related health deficiencies (Kohlbacher
and Herstatt 2011).

The review demonstrates that gerontechnology accept-
ance by older adults and caregivers facilitates better elderly
care and life quality. For older adults, gerontechnology
acceptance and usage depend on the personal and social
benefits of products and services. However, gerontechnol-
ogy usage for caregivers is found to be contingent on the
efficiency of the product or service, which can enhance the
health and safety of older adults. The implication is that
older adults and caregivers are more likely to adopt ger-
ontechnology when they expect it to result in favourable
outcomes. This raises the possibility that more optimistic
users about any specified gerontechnology perceive it as
more beneficial and easier to use compared to less favour-
able users (Godoe and Johansen 2012).

Moreover, these findings also support the notion that
gerontechnology offers older adults, particularly cohorts
of older persons in care homes, the opportunity to sustain
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their independence by ageing actively and ageing in place
(Ollevier et al. 2020). This necessitates that social caregivers
understand these new technology and the potential benefits
for older adults’ health promotion and assistance (Schmitter-
Edgecombe et al. 2013). Thus, the studies examined in this
review highlight the importance of professional training and
development for social caregivers regarding the use of exist-
ing and emerging gerontechnologies to create more ecologi-
cally valid, impartial, and frequent measures of change when
monitoring older people’s healthy functioning.

Implications for further research agenda

Overall, both older workers and caregivers agree that a posi-
tive attitude towards gerontechnology is a means to enhance
the QoL of older people. However, studies on the attitudes
and perceptions of social caregivers and health profession-
als towards gerontechnology acceptance have received little
attention so far. Therefore, future studies should investigate
the factors of gerontechnology acceptance or unacceptance
by social caregivers and health professionals. The paper
highlights that the most important gerontechnology products
and services are those that deal with older people’s health
and safety.

Further research can also investigate the structural fac-
tors that differ between these technologies and their stages
of usage among older adults and social caregivers. More
specifically, a longitudinal study is required on how changes
in the factors identified in this review affect older adults’ and
social caregivers’ attitudes and beliefs regarding the use of
gerontechnology.

It is invariably reasonable to appreciate that various stud-
ies identified in the review proposed theoretical models to
explain older people’s adoption of gerontechnology. Factors
identified in frameworks such as the technology adoption
model (TAM), senior technology adoption model (STAM)
and unified theory of acceptance and use of technology
(UTAUT) were found to impact gerontechnology adoption
by both older adults and caregivers. However, these models
acknowledge that some factors may not be able to predict
gerontechnology acceptance and usage. For instance, con-
sistent with TAM, STAM and UTAUT, some studies in the
review underscored the influence of attitudinal factors such
as technology usability and user-friendliness in adoption.
However, other studies found that personal, technologi-
cal, and environmental factors were imperative in adoption
and usage rather than attitudinal factors. This suggests the
relevance of other factors that explain the unacceptance or
acceptance of gerontechnology, regardless of the adoption
intention of older people and social caregivers.

Thus, the review identified many mediating factors that
explain the relationship between gerontechnology accept-
ance and the QoL of older adults. Hence, further studies

employing quantitative methodology can investigate the
moderating or mediating relationships between these factors
and the strength of their relationships with each other. For
example, a positive self-perception of ageing and satisfaction
with life would increase the possibility of using technology.
In return, using technology can also increase older users’
well-being and self-evaluation. Future qualitative studies
can deepen studies on older adults’ and social caregivers’
reasons for using or not using gerontechnology, regardless
of their adoption intentions. In addition, more qualitative
research is needed to better understand how older adults
evaluate and decide between the various gerontechnology
options available to them when faced with challenges in the
domain of independent living. The paper also supports that it
is important to study the use of technology by older adults’,
including understudied populations, such as the oldest-old
and rural older adults, since these populations may have dif-
ferent health and technology needs.

Strengths and limitations

Our study has several strengths. First, this review offers a
comprehensive evidence on gerontechnology acceptance and
usage by focusing on the perspectives of both older persons
and social caregivers, compared to many systematic reviews,
which are predominantly themed on the older population.
Second, the inclusion of studies that evaluate the effect of
gerontechnology usage by older individuals and social car-
egivers contributes to scholarship by presenting systematic
evidence that goes beyond gerontechnology usage intentions
or adoption. In addition to theoretical evidence on geron-
technology intention or behaviour, evidence from this review
informs policy or practice to ensure better elderly care and
quality of life. Furthermore, the inclusion of both quantita-
tive and qualitative study designs improves the quality of
this review by removing any potential methodological bias
and extending the scope and depth of evidence on the topic.

However, we acknowledge that our review has some
limitations. First, we acknowledge that since this study was
limited to publications in English language, there remains a
possibility of missing other relevant studies and insights in
some languages. In addition, the search strategy was exclu-
sively restricted to peer-reviewed publications, excluding
possibly relevant dissertations, conference presentations
and book chapters. As we adopted a thematic approach in
analysing the studies, we admit that there were no statistical
or other quantitative techniques of analyses. Nonetheless,
the thematic analysis goes beyond the narrative approach
of mere descriptions and summary of the main features of
included studies. Rather, the review explored the similarities
and differences between studies, assessed their contributions
to extant literature, and the practice or policy implications
for future discourse on gerontechnology.
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Conclusion

Through a systematic approach, this paper contributes to
scholarship by extending knowledge of the experiences of
both older adults and social caregivers regarding the accept-
ance and unacceptance of gerontechnology. This paper con-
cludes that the impact of gerontechnology acceptance on
both older adults and social caregivers is highly depend-
ent on certain personal, socio-cultural, technological and
physical factors. Furthermore, since older adults and social
caregivers constitute two heterogeneous groups, a unitary
or all-purpose policy approach for gerontechnology and a
better QoL may be ineffective.
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Abstract

Emotion regulation is proposed to have a salient role in optimal aging. However, currently used measures of emotion regu-
lation have not been validated for older adults. Therefore, we evaluated the psychometric properties of the Difficulties in
Emotion Regulation Scale—short form (DERS-16) in a large Norwegian sample consisting of individuals between 70 and
95 years (n=2525). Tests of internal consistency, reliability, assessment of intra-domain correlations, and confirmatory
factor analyses were performed. Construct validity was further investigated by assessing concurrent associations between
DERS-16 and well-established measures of psychological disorders, psychological health, and well-being (five-item version
of Geriatric Depression Scale, Geriatric Anxiety Inventory—short form, and OECD guidelines on measuring subjective
well-being). All subscales derived from the instrument showed adequate internal consistency. Furthermore, we obtained a
theoretically consistent factor structure, in which a bifactor model combining a general emotion regulation factor and five
additional domain-specific facet-factors had superior model fit. As expected, difficulties in emotion regulation correlated
positively with symptoms of depression and anxiety, and negatively with psychological health and well-being. Associations
were generally of moderate strength. We can thus conclude that the DERS-16 demonstrates excellent psychometric proper-
ties when used in samples with older adults and may safely be employed in studies of emotion regulation difficulties in the
older segment of our population.

Keywords Emotion regulation - Validation - Psychometric properties - DERS-16

Introduction

The way people relate to and regulate their emotions is asso-
ciated with psychological health. A common definition of
emotion regulation is “the processes by which individuals
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influence which emotions they have, when they have them,
and how they experience and express these emotions” (Gross
1998, 2015). Empirical evidence points out emotion regula-
tion as a general transdiagnostic factor that may explain the
development and maintenance of psychological disorders
(Aldao et al. 2010). Numerous self-report questionnaires
have been designed to assess emotion regulation (John and
Eng 2014). However, most of these questionnaires have been
designed using samples with younger adults. The validity of
emotion regulation assessment with older adults is therefore
unclear.

One of the most frequently used measures of emotion
regulation is the Difficulties in Emotion Regulation Scale
(DERS-36; Gratz and Roemer (2004)). The DERS-36 is a
36-item questionnaire designed to measure emotion regula-
tion abilities. Results from studies that explore the psycho-
metric properties, and the factorial structure of the DERS-36
are not conclusive (Lee et al. 2016; Osborne et al. 2017).
Additionally, attempts have been made to design shorter
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versions of the DERS-36, to reduce the administration time
and the burden for research participants and patients. Sub-
sequently, shorter forms of the DERS-36 based on improved
psychometric properties have been developed. One of these
is the DERS-16 (Bjureberg et al. 2016), which omits one of
the original subscales (emotional awareness) and is short-
ened down to 16 items.

The DERS-16 measures emotion regulation difficulties
across five dimensions: (1) emotional clarity and under-
standing; (2) acceptance of emotions; (3) engaging in goal-
directed behavior when experiencing emotions; (4) refrain-
ing from impulsive behaviors when experiencing emotions,
and (5) access to effective and situationally appropriate
strategies to regulate emotions. Several attempts have been
made to investigate the psychometric properties and factor
structure using Confirmatory Factor Analyses (CFA), but the
results are inconsistent. Studies have demonstrated accept-
able fit when examining the factor structure of the DERS-16
using a five-factor model, both in university students (Sha-
habi et al. 2018; Yigit and Guzey Yigit 2019) and hospi-
talized patients with severe psychiatric disorders (Charak
et al. 2019). In contrast, poor or marginal fit indices for the
five-factor model was found in studies that used samples that
were large and community-based (n>700) (Miguel et al.
2017; Sorman et al., 2022), and outpatients with psychosis
(Lawlor et al. 2021). Finally, two studies found satisfactory
fit using a five-factor model when omitting two items from
the strategy-factor in their analyses, hence testing a 14-item
version of the DERS-16 (Lawlor et al. 2021; Westerlund and
Santtila 2018).

Concerning other models, Shahabi et al (2018) tested a
second-order model including the five factors in addition to a
higher-order emotion regulation difficulties factor. However,
the model showed poor fit. More recently, several studies
have evaluated a bifactor solution of the DERS-16, with five
factors in addition to a general emotion regulation difficul-
ties factor. Sérman et al. (2022) found good and superior
fit in comparison to the five-factor solution. Similar results
have been found in studies using clinical samples with eat-
ing disorders, including adult women (Nordgren et al. 2019)
and adolescent girls (Monell et al. 2022). This is in line
with factor-analytic investigations with the DERS-36, where
best fit is typically demonstrated using a bifactor solution in
comparison to five-factor and second-order models (Hallion
et al. 2018; Osborne et al. 2017).

Regarding construct validity of the DERS-16, stud-
ies show promising results, as self-reported difficulties in
emotion regulation correlate with symptoms and severity
of depression (Burton et al. 2022; Skutch et al. 2019) and
anxiety (Shahabi et al. 2018; S6rman et al. 2022). In sum,
former factor-analytic investigations show somewhat mixed
results, of which heterogeneity in terms of types of statistical
models and sample characteristics are common.

@ Springer

Another concern regarding studies based on the DERS-
16, is the lack of older adults in the study samples. Although
five studies included smaller sub-samples of older adults
(Charak et al. 2019; Lawlor et al. 2021; Miguel et al. 2017;
Sorman et al. 2022; Westerlund and Santtila 2018), the exact
distribution of age groups in these studies are unclear, and
most studies do not consider age as a possible contributor
to the results. An exception is Miguel et al. (2017) who
included a sample with individuals ranging in age from 18
to 70 years and found a negative correlation between age and
DERS-16. That is, the older the individuals, the lesser self-
reported emotion regulation difficulties. In line with Miguel
and colleagues, Westerlund and Santtila (2018) found that
younger individuals (<40 years old) reported significantly
more difficulties with emotion regulation compared with
older individuals (> 40 years old). However, their study
included a small sample of older adults (n=59), raising
questions about the validity of this finding.

Overall, the lack of older adults in validation studies
utilizing the DERS-16 raises concerns regarding the valid-
ity of the instrument specifically for this age group. Stud-
ies suggest that age is an important moderator in terms of
emotional processing. For example, laboratory investigations
show that older individuals recognize negative emotions less
accurate than younger adults (Mill et al. 2009). Also, older
individuals choose different emotion regulation strategies
than younger individuals when experiencing negative emo-
tions. For instance, one study showed that older individu-
als exhibited a greater preference for choosing distraction
as a strategy for regulating their emotions compared to
younger adults when exposed to negative-valanced images.
This preference was further linked to higher levels of well-
being among the older adult sample (Scheibe et al. 2015).
Moreover, studies have suggested that the experience of
negative affect decreases as a function of age (Furnham and
Cheng 2019). One study demonstrated that older individu-
als reported fewer negative emotions during an unpleasant
social interaction compared to their younger counterparts.
This was further supported by lower levels of psychophysi-
ological arousal among the older group (Luong and Charles
2014). Additionally, older individuals experience less nega-
tive and more positive affect in daily life (Hay and Diehl
2011) along with more stability in emotional states (Brassen
et al. 2011). Finally, older adults attend to and remember
positive stimuli and exhibit less attention to negative stimuli
compared to younger adults (Reed et al. 2014). Based on
such findings, it has been hypothesized that emotion regula-
tion difficulties decrease as an effect of age, partly because
of changes in personal goals when time left in life is per-
ceived as limited (Carstensen et al. 1999). In support of this
hypothesis, studies with heterogeneous age groups report
that self-reported emotion regulation difficulties as measured
by the DERS-36 decreases with age (Giromini et al. 2017;
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Orgeta 2009). Against this backdrop, it appears imperative to
test whether the assessments of self-reported emotion regu-
lation that we use in clinical and empirical work are valid
also in older populations.

The aim of the present study was to examine the internal
structure of scores from the DERS-16 by analyses of inter-
nal consistency and confirmatory factor analyses (CFA) in a
sample of individuals who were 70 years or older, and test-
ing four factor-analytic models: (1) a unidimensional model
based on the assumption of a general emotion regulation
difficulties factor; (2) a five-factor model; (3) a hierarchical
model and (4) a bi-factorial model consisting of a general
emotion regulation difficulties factor together with all five
factors was assessed. Based on prior studies, we hypoth-
esized that the single-factor solution would have the poor-
est fit, while the proposed factor models with five distinct
emotion regulation facets and the higher-order model would
be confirmed with acceptable fit indices. Based on prior
results from studies with the DERS-36 (Hallion et al. 2018;
Osborne et al. 2017) and DERS-16 (Monell et al. 2022; Nor-
dgren et al. 2019; Sorman et al. 2022), we predicted that the
bifactor solution would demonstrate superior fit compared
to the other models.

The second aim of the study was to examine construct
validity of the DERS-16 with relevant external correlates.
For example, difficulties in self-reported emotion regulation
has been shown to be associated with major depressive dis-
order (Joormann and Stanton 2016; Visted et al. 2018) and
anxiety disorders (Cisler and Olatunji 2012). Similarly, other
studies have found positive correlations between symptoms
of depression and anxiety and the DERS-16 (Bjureberg et al.
2016; Shahabi et al. 2018; Yigit and Guzey Yigit 2019).
However, no prior studies have investigated the construct
validity of psychological health using measures validated
specifically for older individuals. We hypothesized to find
positive relationships between self-reported emotion regu-
lation difficulties and measures of depression and anxiety,
and negative relationships between self-reported emotion
regulation difficulties and well-being.

Method
Participants and procedures

A representative sample of 81,170 individuals from among
224,000 adult inhabitants in the City of Bergen in Western
Norway were invited in April 2020 to participate in a study
surveying the impact of lockdown on daily life and health
during the COVID-19 pandemic. The individuals invited to
participate were drawn from the Contact and Reservation
Registry through the Norwegian Digitalization Agency. In
total, 29,535 individuals consented to participate in the first

wave of the study. Out of these, 3917 first wave responders
were over 69 years old. For the present validation study, all
3917 home-dwelling seniors (age > 69 years) were invited to
fill out an online questionnaire package involving psycho-
logical health and well-being.

The ethics committee Regional Ethics Committee West-
ern Norway approved the study (Reference: 131560). The
study was conducted according to the guidelines of the
Declaration of Helsinki. All participants consented before
participation.

Measures

Difficulties in Emotion Regulation Scale-16 item version
(DERS-16) (Bjureberg et al. 2016). The DERS-16 con-
sist of 16 items that assess the following facets of emotion
regulation difficulties: (1) nonacceptance of negative emo-
tions (three items, labelled NONACCEPT); (2) inability to
engage in goal-directed behaviors when experiencing nega-
tive emotions (three items, labelled GOALS); (3) difficulties
controlling impulsive behaviors when experiencing nega-
tive emotions (three items, labelled IMPULSE); (4) limited
access to emotion regulation strategies (five items, labelled
STRATEGIES); and (5) lack of emotional clarity (two items,
labelled CLARITY). The items are rated on a 5-point Likert-
scale (from 1: almost never to 5: almost always). The total
score (DERS-TOTAL) is derived by summing all individual
item responses, and subscale scores are derived by summing
up all item responses within each subscale. Higher scores
reflect greater levels of emotion regulation difficulties. The
DERS-36 has been translated into Norwegian (Dundas et al.
2013).

The five-item version of Geriatric Depression Scale
(GDS-5) (Hoyl et al. 1999). The GDS-5 was used to measure
symptoms of depression. The participants respond on a two-
point rating scale (0—1; e.g. “Do you often feel helpless?”
and “Do you feel pretty worthless the way you are now?”).
Higher scores (maximum 5) reflect greater depressive symp-
toms. The GDS-5 has been translated into Norwegian, and
validated for use with Norwegian participants (Eriksen et al.
2019).

The short form of the Geriatric Anxiety Inventory (GAI-
SF; (Byrne and Pachana 2011) was used to measure symp-
toms of anxiety. It consists of five items (e.g., “I worry a
lot of the time” and “I often feel nervous™), requiring a yes
(agree) or no (disagree) answer. Responses are summed and
higher total score reflect greater anxiety. The GAI-SF has
been translated and validated to be used in Norway (Molde
et al. 2017).

Subjective well-being was measured using two items from
the OECD Guidelines on measuring Subjective Well-being
(OECD 2013). Participants respond on a scale from 0 to 10
(0: not at all satisfied/not at all worthwhile, 10: completely
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satisfied/completely worthwhile) on the following two items:
(1) Overall, how satisfied are you with life? (2) Overall, to
what extent do you feel the things you do in your life are
worthwhile? Higher scores reflect higher well-being.

Statistical analyses
Preliminary analyses and reliability

Frequency and descriptive analyses on background vari-
ables, mental health, and well-being were conducted on
both included and excluded participants. T-test analyses on
indices of mental health and well-being were performed to
assess possible disparities between included and excluded
participants. Descriptive analyses were performed with
means and standard deviations for each item of the DERS-
16. Moreover, skewness and kurtosis, means, standard devi-
ations and Cronbach’s alpha values for each subscale was
computed. In this study we adhered to the recommended
spectrum (skewness < 3 and kurtosis < 10) (Kline 2016). We
calculated Pearson correlation coefficients for all subscales.
Preliminary analyses and correlation coefficients were cal-
culated using IBM STATISTICS SPSS version 28.

Factor analysis and model fit

Four confirmatory factor analyses (CFA) were carried out
based on structural equation modelling (SEM): (1) a single-
factor, unidimensional “Emotion Regulation Difficulties”
solution; (2) a five-factor facet solution; (3) a hierarchical
model with a higher-order general factor and five second
order facet factors, and finally; (4) a bifactor model, includ-
ing the five facet factors in addition to a general emotion
regulation difficulties factor at the same level. The fit indices
used to assess model fit were comparative fit index (CFI),
Tucker Lewis Index (TLI), and Root Mean Square Error of
Approximation (RMSEA). We used the recommendations
of Hu and Bentler (1999) in terms of the interpretation of
the fit indices: values of >0.95 on CFI and TLI and values
of <0.06 on RMSEA was considered as acceptable fit indi-
ces. The CFA analyses were performed using IBM STATIS-
TICS AMOS version 27.

Associations with external correlates
Bivariate correlations were computed between all facets of
the DERS-16, and indices of depression (GDS-5), anxiety

(GAI-SF), and subjective well-being (OECD) were used
to assess associations with relevant external variables. To

@ Springer

assess the explained variance of the DERS-16 in the exter-
nal variables, we calculated R? (r * r) for strongest obtained
correlations.

Results
Recruitment and preliminary analyses

Of the total 3917 participants that were invited, 914 respond-
ers did not answer or did not want to participate. Of the 3003
resulting participants, 478 respondents did not complete the
DERS-16 or had missing data on DERS-16 and were omit-
ted from further analyses. Thus, 2525 were included in this
study (65% response rate). See Table 1 for demographic,
mental health, and well-being characteristics of the included
participants. Overall, the included sample reported low lev-
els of depression and anxiety, and relatively high levels of
well-being. The characteristics of the 478 respondents that

Table 1 Demographic and background characteristics of participants
(n=2525)

n %
Gender
Male 1356 54
Female 1169 46
Age
70-74 1271 51
75-79 750 30
80-84 309 12
>85 176 7
Domestic status’
Living alone 1007 42
Living with others 1336 58
Usage of health services prior month
Familiy doctor 13 1
Nursing service or home care 16 1
Hospital services 8 >1
COVID-19 related variables
In quarantine prior month 141 6
COVID-19 infection prior month 63 3
Mental health and well-being indices M (SD)
Depression (GDS-5) 2455 0.79 (1.02)
Anxiety (GAI-SF) 2478 0.57 (1.19)
Well-being (OECD) 2507 15.28 (3.73)

GDS-5, Five item Geriatric Depression Scale; GAI-SF, Geriatric
Anxiety Inventory short form; OECD, OECD Guidelines on measur-
ing Subjective Well-being

"Total n was 2373 (missing data from 152 participants)
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Tab!e? Means and. standard Factor ltemno Item M SD
deviations for each item of the
DERS-16 Clarity 1 I have difficulty making sense out of my feelings 1.36 0.56
2 I am confused about how I feel 1.18 0.43
Goals 3 When I am upset, I have difficulty getting work done 1.56 0.69
7 When I am upset, I have difficulty focusing on other things 1.61 0.72
15 When I am upset, I have difficulty thinking about anything else 1.69 0.81
Impulse 4 When I am upset, I become out of control 1.32 0.58
8 When I am upset, I feel out of control 1.23 0.52
11 When I am upset, I have difficulty controlling my behaviors 1.21 048
Nonaccept 9 When I am upset, I feel ashamed with myself for feeling that way 1.34 0.61
10 When I am upset, I feel like I am weak 1.27 0.55
13 When I am upset, I become irritated with myself for feeling that way 1.57 0.73
Strategies 5 When I am upset, I believe that I will remain that way for a long time 1.17 0.54
6 When I am upset, I believe that I’ll end up feeling very depressed 1.14 044
12 When I am upset, I believe that there is nothing I can do to make 1.26 0.57
myself feel better
14 When I am upset, I start to feel very bad about myself 142 0.67
16 When I am upset, my emotions feel overwhelming 143 0.71

were excluded from analyses are presented in Additional
file 1: Table S1. Independent samples T-tests revealed no
significant differences between the excluded group and
the included group in terms of anxiety (t(303)=— 1.56,
p=0.12) or well-being (t(369)=1.50, p=0.14). However,
the excluded group had elevated depression levels compared
to the included sample (t(293) =— 2.03, p=0.04).

The means and standard deviations for all items are pre-
sented in Table 2.

Reliability

The range of skewness of the DERS-16 was 1.3-2.5, and
2.4-7.3 for kurtosis. Internal consistency was acceptable,
with Cronbach’s alpha values ranging from 0.66 to 0.79 on
subscales and 0.92 for the total scale. See Table 3 for cor-
relations and Table 4 for descriptive statistics, distribution,
and internal consistency values.

Table 4 Means, distribution and internal consistency of the DERS-16

Mean SD Skewness Kurtosis o
Clarity 2.53 0.86 2.17 7.11 0.66
Goals 4.86 1.87 1.29 241 0.79
Impulse 3.75 1.31 2.51 8.79 0.78
Strategies 6.44 2.18 2.34 7.31 0.79
Nonaccept 4.18 1.56 2.01 5.88 0.76
Total 21.76 6.48 1.82 4.70 0.92

o, Cronbach's alpha. The mean values of each subscale of the DERS-
16 were computed by summing responses within each subscale

Confirmatory factor analyses

First, the unidimensional model indicated poor fit
(RMSEA =0.10; CFI=0.85; TLI=0.83). The five-factor facet
model had fair fit (RMSEA =0.08; CFI=0.92; TLI=0.90).

Table 3 Person correlation coeffecients between five factors of the DERS-16

Clarity Goals Impulse Strategies Nonaccept
Clarity -
Goals 0.49 -
Impulse 0.48 0.66
Strategies 0.56 0.70 0.65 -
Nonaccept 0.51 0.52 0.52 0.65 -
Total 0.68 0.87 0.80 0.90 0.80

All Pearson correlations p <.001
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Table 5 Model fit indices for 2

. X df p value RMSEA CFI TLI
different factor models of the
DERS-16. RMSEA presented Single factor model (uni- 2873.52 104 > 0.000 0.10 0.85 0.83
with 95% confidence interval dimentional)
Five factor model 1587.43 94 > 0.000 0.08 0.92 0.90
Higher order model 1691.00 99 > 0.000 0.08 0.91 0.90
Bifactor model 546.10 78 > 0.000 0.05 0.97 0.96

The higher-order or hierarchical model showed a similar fit
to the five-factor facet model (RMSEA =0.08; CFI=0.91;
TLI=0.90). Finally, when assessing the five-factor facet
model with the addition of a general factor (bi-factor model),
we found clearly superior fit compared to the other models
(RMSEA =0.05; CFI=0.97; TLI=0.96). See Table 5 for fit
indices for all confirmatory factor analyses.

49

nonaccept

Fig. 1 Bifactor model of DERS-16 items with standardized factor loadings

@ Springer

The bi-factor model is graphically represented with stand-
ardized factor loadings in Fig. 1. In this model, the five facet
factors CLARITY, GOALS, IMPULSE, STRATEGIES and
NONACCEPT load on every item of each factor, alongside
the general emotion regulation difficulties factor (TOTAL-
factor, represented in Fig. 1 as DERS).

39
e GLARITY 2 |
e[ GoALs 2 |

63
e WPULSE 2 |

STRATEGIES_5

NONACCEPT _1

—3| NONACCEPT_2

NONACCEPT_3
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Table 6 Correlations with other variables

GDS-5 GAI-SF OECD
DERS-total 0.37#%** 0.497%#* — 0.39%%*
DERS-clarity 0.31%%** 0.41%%%* — 0.30%#*
DERS-goals 0.29%#* 0.40%** — 0.34%%%
DERS-impulse 0.297%%% 0.35%%* — 0.31%**
DERS-nonaccept 0.26%** 0.347%%% — 0.25%**
DERS-strategies 0.37%#%* 0.49%%%* —0.37%%*

GDS-5, Five item Geriatric Depression Scale; GAI-SF, Geriatric
Anxiety Inventory short form; OECD, OECD Guidelines on measur-
ing Subjective Well-being

#Hkp < 001

Associations with external correlates

The correlations between all DERS-16 scales and depres-
sion (GDS-5), anxiety (GAI-SF) and well-being (OECD) are
presented in Table 6. As expected, the associations between
self-reported emotion regulation difficulties, depression, and
anxiety were positive and generally of moderate strength
(Cohen 1988). Moreover, the associations between self-
reported emotion regulation difficulties and well-being were
negative, and mostly of moderate strength. The strongest
correlations across the three convergent construct-varia-
bles were found for the DERS-TOTAL (explaining 14%,
24%, and 15% of the variance in depression, anxiety, and
well-being, respectively) and the subscale STRATEGIES
(explaining 14%, 24% and 14% of the variance in depression,
anxiety, and well-being respectively).

Discussion

The DERS-16 is a promising questionnaire for measuring
emotion regulation difficulties in research and clinical set-
tings. However, no prior studies have validated the use of
the DERS-16 in samples of older adults. Hence, we investi-
gated the psychometric properties of the DERS-16 in a large
sample of older individuals. Overall, our results suggest that
the DERS-16 has acceptable psychometric properties when
applied with older adults. Moreover, DERS-16 showed good
construct validity, as difficulties with self-reported emotion
regulation was substantially and positively correlated with
symptoms of depression and anxiety, and equally substan-
tially, but negatively correlated with well-being.

When considering the scores on DERS-16 of our sample,
they were considerably lower (mean total score (M)=21.76)
compared to previous investigations using younger commu-
nity samples, including Bjureberg et al. (2016; M =42.90
and 33.57) Miguel et al. (2017; M =44.57), Shahabi et al.
(2018; M =32.92), Sorman et al (2022; M =29.13) and Yigit

and Guzey Yigit (2019; M=38.71). This lends support to
previous findings that aging is associated with changes in
emotional experience, and that increasing age is associated
with decreased difficulties in emotion regulation (Giromini
et al. 2017; Miguel et al. 2017; Westerlund and Santtila
2018). The lower self-reported difficulties in emotion reg-
ulation could possibly also account for the fact that older
individuals typically report higher well-being and life satis-
faction compared to younger adults (Carstensen et al. 2011).
Taken together, our finding of lower self-reported difficulties
in emotion regulation in older adults show that DERS-16
scores should be corrected for age to avoid underestima-
tion of older individuals’ difficulties with emotion regula-
tion (Giromini et al. 2017). This was well demonstrated in a
study that included older individuals with generalized anxi-
ety disorder that showed lower levels of self-reported emo-
tion regulation difficulties (measured with the DERS-36)
compared to younger adults who met the same diagnostic
criteria (Staples and Mohlman 2012).

The analyses of skewness, kurtosis and Cronbach’s alpha
showed that the DERS-16 demonstrated acceptable degrees
of reliability (Kline 2016). In terms of internal consistency,
all subscales except CLARITY had values over 0.75. The
CLARITY subscale had an alpha of 0.66. It is likely that this
is due to the fact that this scale consist of only two items, and
lower number of items on a scale commonly result in lower
Cronbach’s alphas (Tavakol and Dennick 2011).

The results from our confirmatory factor analyses were
comparable with prior findings. In line with previous
results, the five-factor model demonstrated similar fit indi-
ces (Miguel et al. 2017; S6rman et al. 2022). However, we
did not replicate previous findings that showed superior fit
indices for the five-factor model (Shahabi et al. 2018; West-
erlund and Santtila 2018; Yigit and Guzey Yigit 2019). One
possible explanation for the mixed results may be charac-
teristics of the included samples across studies. The stud-
ies that found acceptable factor analytic fit indices for the
five-factor solution had smaller sample sizes (n=201 and
n=316) and recruited younger adults that were university
students. The studies that did not find support for the five-
factor model had larger samples (n=725 and n=_843) and
had a community sample with a wider age range. Larger and
more representative samples may therefore have affected the
results, which may also account for the finding in the current
study. We did, in line with recent investigations find superior
fit for the bifactor model (Monell et al. 2022; Nordgren et al.
2019; Sorman et al. 2022). This is also consistent with find-
ings that used the original DERS-36 (Hallion et al. 2018;
Osborne et al. 2017). The main defining feature of a good fit-
ting bi-factor model is that it lends credence to the existence
of an overarching global level factor that cuts across facet
domains, while simultaneously validating any theoretically
distinct lower-level facet scores. It thus mirrors the typical
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structure of instruments that operates with both an over-
all score and separate subscale scores, as do the DERS-16.
Essentially, our CFAs thus indicate that both the total score
of the DERS-16 and the five subscale scores are structurally
valid with older individuals.

The results also support the external validity of the
DERS-16, as we found significant correlations with symp-
toms of depression, anxiety, and well-being. This is also
in line with other investigations which found similar cor-
relation coefficients between the DERS-16 and measures of
depression and anxiety (Bjureberg et al. 2016; Shahabi et al.
2018; Yigit and Guzey Yigit 2019).

Although the current study provided evidence for the
psychometric validity of the DERS-16 in a sample of older
adults, it has several limitations that need to be addressed
in future research. First, the study was conducted during the
COVID-19 pandemic, during which the population faced
several restrictions such as reduced contact with others and
demands for social distancing. However, only a small pro-
portion of our sample was directly affected by COVID-19,
either through direct infection or isolation in quarantine.
Nonetheless, the prolonged threat of infection and increased
isolation may have resulted in increased stress, which in turn
could have affected the scores of the DERS-16. Second, as
the study was conducted in Norway the generalizability of
the results to other cultures may be limited. Thus, to add a
comparative perspective to our study, similar investigations
should be conducted across countries and cultures. Similarly,
our sample reported low rates of depressive and anxiety
symptoms, along with high rates of well-being. Therefore,
future investigations should include older individuals within
different clinical populations. Higher scores in clinical popu-
lations in comparison to healthy older individuals would
further increase the validity of the DERS-16, and in addition
clarify whether the clinical cut-off values should be lowered
when considering self-reported emotion regulation difficul-
ties in older individuals. Second, all measures in the current
study were based on self-report questionnaires, which could
be associated with biases such as social desirability and fab-
rication. Meanwhile, this study also has several strengths; it
is based on a large sample randomly pulled from the general
population of older adults, with a relatively large age span.
Furthermore, the study has systematically used instruments
that have been validated for use by older individuals.

In conclusion, this study was conducted with a large
sample of older adults and provides evidence that DERS-
16 has satisfactory psychometric properties when employed
with older individuals. The DERS-16 exhibits acceptable
factor-analytic fit indices and demonstrates adequate con-
struct validity, given that the questionnaire correlates with
measures of psychological health and well-being. This study
indicates that age should be considered when examining
emotion regulation. Further research is necessary in other
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cultures and among various subgroups of older individuals,
including clinical populations.
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Abstract

Research from a range of disciplines highlights the need to adopt a life course perspective that considers earlier life courses
to explain outcomes in later life (e.g. later life health, cognitive ageing or retirement behaviour). This includes a more com-
prehensive assessment of earlier life courses over time and of how they are shaped by societal and political contexts. But
quantitative data with detailed information on life courses that allow to address these questions are rare. Or, in case the data
are available, the data are rather difficult to handle and appears to be underused. This contribution introduces the harmonized
life history data from the gateway to global ageing data platform from two European Surveys, SHARE and ELSA, with data
from 30 European countries. Besides providing some details on the collection of life history data in the two surveys, we also
describe the way how raw data were rearranged in a user-friendly state sequence format and additionally give some exam-
ples based on the resulting data. This illustrates the potential of collected life history data from SHARE and ELSA, clearly
going beyond the description of single aspects of the life course. By providing harmonized data of two prominent studies
on ageing in Europe in a user-friendly format, the gateway to global ageing data platform provides a unique data source that
is easily accessible for research, and permits to study life course and their links to later life in a cross-national perspective.

Keywords Life course - Life history data - SHARE - ELSA - Sequence data

exposed to a specific factor in a life domain, for example, if
she/he worked under specific working conditions, but also to

Background

Understanding how individual life courses unfold and how
they may influence later life (e.g. health, economic situation,
labour market participation) are central topics of various
disciplines involved in ageing research, including sociology,
epidemiology and psychology (Kuh et al. 2014). The inter-
est, hereby, is not only to know whether a person was once
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study entire trajectories, with information on the timing, the
duration and the sequential character of different exposures
over time, as well as the interlink of these aspects with other
life domains (e.g. work-family trajectories). Another interest,
hereby, is to investigate if historical, societal and political
contexts shape these histories, for example, if country dif-
ferences of histories exists that can be linked to different
national policies. Both ideas correspond to a life course
perspective and have gained increasing importance over the
last decades across disciplines (Bernardi et al. 2019; Elder
et al. 2003). Specifically, this concerns the idea of a holistic
perspective on entire histories and the necessity to study
histories in the light of their social and political contexts in
which they unfold.

Quantitative data to address these topics, though, require
detailed cross-national information for an extended time
frame that can be linked with information on later life. This
type of data is still relatively rare, and prospective cohort
studies with long observation periods only partially help
to overcome this shortcoming. Reasons are because some
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of the cohorts (especially birth cohort studies) have yet to
reach older ages, or because the richness of prospective data
with its information on histories is restricted to the number
of waves of data collection (and the life stages covered in
the data). Also, data from cohort studies are often not com-
parable between countries, thus preventing cross-national
comparisons. An attempt to overcome these limitations is to
supplement the data collection of ongoing cohort studies on
ageing by retrospective interviews that additionally collect
life history data. In these interviews, participants are asked
about their lives before entering the study, for example,
entire employment histories the respondent previously had.

An increasing number of studies conduct such life his-
tory interviews, including two significant studies of ageing
in Europe ageing: the English Longitudinal Study of Age-
ing (ELSA) (Steptoe et al. 2013), and the Survey of Health,
Ageing and Retirement in Europe (SHARE) (Borsch-Supan
et al. 2013a). Both studies are part of the international family
of Health and Retirement studies around the world, which
are all developed in close coordination, with a focus on har-
monizing research methods and study designs to allow for
cross-national comparisons. Importantly, both studies not
simply collect life history data through structured ques-
tions as part of their face-to-face interview. Instead, based
on advances in research on autobiographical memories (for
an overview see: Smith et al. 2021), the collection of data
occurs with the help of a graphical representation of the
life course (or a “calendar”). This calendar is visible to par-
ticipants on a computer screen in the interview and consists
of a two-dimensional grid, where the x-axis describes the
temporal dimension (e.g. years), and the y-axis different
domains of the life course (e.g. children, employment or
housing). When filling this calendar during the interview,
respondents have the possibilities to cross-reference between
different histories (e.g. job when first child was born), as
well as major “landmark events” are provided (e.g. year of
moon landing) that help to memorize the life course. Surely,
recall bias remains an issue, and some information (e.g. atti-
tudes and beliefs questions) are difficult to be asked retro-
spectively. But there is widespread consensus that calendar
interviews contribute to better quality and more accurate ret-
rospective information (Axinn et al. 1999; Belli 1998; Belli
et al. 2007; Blane 1996; Drasch & Matthes 2011; Freed-
man et al. 1988), for example, when asking about socio-
demographic conditions or employment histories (Baum-
garten et al. 1983; Wahrendorf et al. 2019). Also, compared
with prospective data collection (where question wording
and order in the interview may change across waves of data
collection), retrospective data make sure that information
(referring to different time points) is equally assessed.

Life history data have now been collected for nearly
100,000 respondents across Europe as part of SHARE
and ELSA. Thereby, the domains or different topical areas

@ Springer

covered across the life course range from family life and
partnership relationships, housing histories and geographi-
cal mobility, to employment histories (including paid work
and home or family work) to health histories with informa-
tion on major periods of poor health or disability. This pro-
vides remarkable opportunities for comparative life courses
research, specifically, for studying previous life courses in a
cross-country perspective including the association between
life course factors (e.g. patterns of family formation) and
various later life outcomes (e.g. health, later life cognitive
functioning, retirement behaviour, financial situation). How-
ever, albeit the data are freely available for research pur-
poses, the richness and full potential of the data are still not
fully exploited. One important reason may be the difficulty
associated with learning multiple surveys, and—specifi-
cally in case of life history data—the complex data structure
resulting from life history interviews (see below for details).
This structure requires extensive data management in each
survey to provide information on entire histories, that allow
to fully exploit the longitudinal nature of the data.

For these reasons, the gateway to global ageing data
(sponsored by the National Institute on Aging) was devel-
oped as a platform to make data more accessible to research-
ers and to facilitate cross-country analyses among surveys
of ageing, especially those using the Health and Retirement
Study (HRS) and its international sibling studies around the
globe. One major achievement of the platform, hereby, is
to provide harmonized datasets from participating surveys,
accompanied by extensive documentations of questionnaires
and the provision of all codes to create these harmonized
data (Lee et al. 2021). Such harmonized data have now also
been developed for the life history data from SHARE and
ELSA, and—in contrast to the raw data provided by the sin-
gle surveys—were released in a user-friendly sequence data
format (see below for details).

In this article, we introduce the harmonized life history
data from SHARE and ELSA provided by the gateway to
global ageing data platform, and give some illustrative
examples of resulting data to show its potential for life
courses research.

Life history data in SHARE and ELSA

ELSA began in 2002 in England (not covering the entire
UK), and SHARE in 2004, with ongoing waves of data col-
lection in two-year intervals and new respondents (so-called
“refreshers”) being added subsequently to maintain popu-
lation representation in both surveys. The two studies rely
on nationally representative samples of individuals aged 50
and older (based on probability household samples where
respondents and partners are interviewed). This corresponds
to a target population of persons born in 1952 or earlier
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for ELSA and in 1954 or earlier for SHARE (in the first
waves, respectively). While SHARE started in 12 countries
(11 European countries and Israel), new countries joined
SHARE in the subsequent years, with 29 participating coun-
tries since study onset. For detailed data resource profiles of
ELSA, see (Steptoe et al. 2013), and for SHARE (Borsch-
Supan et al. 2013a).

In addition to regular waves which focus on current life
circumstances of participants at moment of data collection,
both surveys also had life history interviews. In ELSA, this
was firstly conducted between March and October 2007 (in
addition to the core interview in wave 3), and in SHARE

between autumn 2008 and summer 2009 (as a separate life
history interview in place of a core interview, often also
referred to as “SHARELIFE”) (Borsch-Supan et al. 2013b).
In addition, wave 7 of SHARE repeated the life history
survey for all respondents (and countries) who were not
part of wave 3. More details can be found in the respective
methodological volumes of SHARE (Bergmann et al. 2019;
Schroder 2011) and ELSA (Ward et al. 2009). A number of
completed life history interviews in the two studies, includ-
ing mean age and sex distribution for each country, are pre-
sented in Table 1. In sum, comparable life history data exist

Table 1 Completed life history

. . . Survey  Country Wave 3 Wave 7 Total
interviews for the harmonized
data from the gateway to global No Age Sex % No Age Sex %
ageing data, incl. mean age and
sex distribution (Mean) Male Female (Mean) Male Female No
ELSA England 7855 (66.7) 46.7 533 - - - - 7855
SHARE  Austria 994 (66.2) 450 550 2693 (66.8) 463 537 3687
Germany 1918 (66.2) 457 543 2982 (66.7) 46.7 533 4900
Sweden 1961 (66.4) 473 527 2129 (67.0) 48.1 519 4090
Netherlands 2258 (64.9) 472 528 - - - - 2258
Spain 2271 (66.6) 458 542 3424 (67.4) 463 537 5695
Italy 2528 (66.3) 452 548 3000 (66.7) 458 542 5528
France 2500 (66.2) 451 549 2186 (66.6) 456 544 4686
Denmark 2144 (65.1) 472 528 1961 (66.1) 479 52.1 4105
Greece 3090 (66.4) 464 536 1160 (67.1) 459 542 4250
Switzerland 1324 (65.6) 463 537 1648 (66.4) 474 52.6 2972
Belgium 2865 (659) 460 540 3333  (66.5) 46.8 532 6198
Israel - - - - 2131 (653) 464 53.6 2131
Czechia 1816 (64.4) 449 551 3292 (65.9) 456 544 5108
Poland 1939 (63.8) 435 565 3559 (65.1) 44.1 559 5498
Ireland 855 (659) 48.0 520 - - - - 855
Luxembourg - - - - 1250 (65.2) 485 515 1250
Hungary - - - - 1538 (66.7) 424 57.6 1538
Portugal - - - - 1282 (68.2) 444 55.6 1282
Slovenia - - - - 3691 (66.0) 463 537 3691
Estonia - - - - 5115 (66.7) 40.1 60.0 5115
Croatia - - - - 2408 (66.1) 445 555 2408
Lithuania - - - - 2035 (659) 397 603 2035
Bulgaria - - - - 1998 (66.0) 444 55.6 1998
Cyprus - - - - 1233 (65.4) 478 522 1233
Finland - - - - 2007 (66.3) 464 53.6 2007
Latvia - - - - 1734 (664) 39.0 61.0 1734
Malta - - - - 1261 (65.8) 476 524 1261
Romania - - - - 2114 (66.1) 444 556 2114
Slovakia - - - - 2077 (64.4) 443 557 2077
Total 36,318 63,241 99,559

ELSA =English Longitudinal Study on Ageing; SHARE=Survey of Health, Ageing and Retirement in

Europe

Values for mean age and sex proportions are based on weighted data and use latest version of SHARE (ver-
sion B.3) and ELSA (version A.2) of the Gateway to Global Aging Data platform

@ Springer



25 Page 4 of 8

European Journal of Ageing (2023) 20:25

for 99,559 respondents from 30 countries across Europe,
where most histories were conducted in wave 7 of SHARE.

Data structure and domains covered

As part of the life history survey respondents provided infor-
mation for five domains: employment, partnership, children,
health and accommodation. As an example, in the case of
employment histories, all respondents gave information on
each paid job they had till the moment of the interview and
details for periods when they were not in paid employment
(e.g. gap between two jobs). For each of these job spells (or
spells when not working), the data contain information on
the year when the respective spell started and ended, and
variables that specify the spell (e.g. in self-employment,
doing home or family work, or retired). The same type of
information was collected for accommodation spells or for
partnerships. Based on this “spell data format”, though,
it is quite complicated for non-experienced researcher to
derive simple statistics, for example, to know what the exact
employment situation of a person was at age 40. For some
respondents, this information may be stored in the second
job spell—and for others the information may be given in the
provided details for the period when not working between
the second and the third job. Technically, this requires exten-
sive data management where the provided spell information
of each individual (with differing numbers of spells between
individuals) is used to ascertain a specific state at a given age
(based on a defined list of possible states). Further readings
with additional information on spell data, its management
and analyses can be found elsewhere (Blanchard et al. 2014;
Kroger 2015; Ritschard & Studer 2018).

Therefore, to facilitate the use of life history data, the
gateway provides harmonized life history data in a state
sequence format, where—for each domain covered in the
interview—data are rearranged in a less complex and more
intuitive state sequence format. This means that the datasets
contain a discrete state variable for each age covered in the
life history interview to describe the state at a particular
age (e.g. the work situation at the age of 20, 21, 22, 23,
24, etc.). As an example, the variable “WORKSTATE25”

Table 2 Examples of employment sequences from age 15 to 65

captures the employment situation at age 25, and the vari-
able “WORKSTATES0” the employment situation at age
50. As a consequence, for each individual who completed
a life history interview, this provides information on whole
sequences, with information on successive states throughout
the life course. Table 2 illustrates the information evolving
from these data using employment histories between age 15
and 65 as an example (covering 51 years). Each history is
presented as a sequence of letters where the letter represents
a specific employment situation.

The first two sequences belong to persons who started
to work full-time after full-time education at the age of 19,
either in full-time employment (person 1) or as self-employ-
ment (person 2), and were both constantly working till enter-
ing retirement, with comparatively early retirement of the
second person. The remaining examples belong to persons
who started working somewhat later after full-time educa-
tion, and either had a long period of home or family work
that was followed by part-time work (person 3), or repeated
unemployment interruptions (person 4).

Taken together, the state sequence format directly allows
to describe the circumstance at a specific age (without need
of extensive data management). And this format is also
the standard format for sequence analyses (Halpin 2017;
Ritschard and Studer 2018; Studer 2013). Sequence anal-
yses allow a comprehensive analyses of whole sequences
of respondents. This ranges from the creation of summary
measures of entire histories, such as years spent in a spe-
cific state (e.g. in paid work) or the identification of specific
pattern of interest (e.g. reemployment after long period of
unemployment), to techniques that allow to regroup similar
histories into typologies.

Full details on the procedures to re-arrange the data and
on the derived harmonized states for each of the five histo-
ries in the two surveys are available online in the respec-
tive codebooks of the two studies (Wahrendorf et al. 2023a,
2023b). These also contain details on the variables used in
the raw datasets, on the naming conventions of the created
variables, and how it was ensured that identical concepts and
questions were used when harmonizing the data. An over-
view of the resulting histories and the derived harmonized
states for each of the five histories is provided in Table 3.

Employment sequences

EEEEWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWRRRRR
EEEESSSSSSSSSSSSSSSSSSSSSSSSSSRRRRRRRRRRRRRRRRRRRRR
EEEEEEEEEEWWWHHHHHHHHHHHHwwwwwwwwwwwwwwwwwwwwRRRRRR
EEEEEEEEEWWUUUWWWWUWWWWUwwwwwwwwWWWWWWWWWWWWWRRRRRR

E ="Full-time education”, W ="Employed full-time”, w="Employed part-time”, S="Self-employed”, U="Unemployed”, H="Home/family

work”, R="Retired”, O ="0Other”
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Table 3 Domains of the harmonized histories

Domain Annual information from age 15 to age 80 on...

Work Different main work states, including paid work, unpaid work and states when not working (up to 8 categories)

Partnership Whether respondent lived with a partner (irrespective of marital status)

Children Total number of children (regardless of age of children), and total number of children below age 18 (counting
biological and adopted children in both cases)

Housing Different housing states, including private (owner or tenant), non-private housing, living abroad or still living
in parental home (5 categories)

Health Whether had period of ill health or disability (not specifying type of illness)

Access to data and documentation via the gateway

To access the data, registered users can either download
the generated datasets or the programs that will generate
the harmonized dataset from the study's raw data files. Spe-
cifically, for ELSA the created harmonized dataset can be
downloaded from the UK data repository (without need to
run the creation code). For SHARE, users need to download
the raw data from the SHARE Research data centre and run
the creation code in Stata that is available on the gateway.
All necessary information, sources or links to respective data
sources are provided on the gateway. The generated dataset
also contains an ID-variable that allow to merge life history
data with other datasets of the respective study, for example,
with health data from the remaining waves of data collec-
tion. Furthermore, the data contain study-specific sampling
weights for respondents of the life history interviews (refer-
ring to moment of data collection), together with stratum
and cluster variables that account for complex survey design.

Some illustrative results

In the following, we give two simple examples of the col-
lected life history data (for illustrative purposes without
intention of an in-depth analyses of the addressed topic). All
figures are based on the latest release of the gateway (based
on SHARE version B.3 & ELSA version A.2) and have been
produced with Stata. We apply weights to produce appro-
priate population estimates, and also account for different
sample sizes of each country when estimating proportions
across countries.

Figure 1 presents the observed distribution of eight dif-
ferent employment states of the harmonized employment
histories between age 15 and 65 years, separately for men
and women across both surveys. We clearly see how the
proportions of some states vary across the life course, for
example, that the proportion of respondents who were in
full-time education is highest at the beginning of the obser-
vation period and quickly declines thereafter. Also, there
are differences between men and women, with higher labour
market participation (mostly full-time employment) for

men compared with women. Another finding is that there
is almost no home or family work for men, and that women
spent a large amount of their employment histories in
home or family work. Whether the average time (measured
in years) spent in home or family work for women (again
for the period between age 15 and 65) varies by country is
shown in Fig. 2. With average scores above 25 years, high-
est values are found in the Mediterranean countries Spain,
Greece, Malta and Cypress, together with Ireland and the
Netherlands. In contrast, values are clearly lower in the
Nordic countries Denmark, Sweden and Finland as well
as Hungary and Slovakia, but especially in the three Bal-
tic countries (Estonia, Latvia and Lithuania) together with
Bulgaria and the Czech Republic (with less than 5 years).
These results clearly suggest that employment histories vary
between men and women, and also indicate how women’s
situation in the paid labour market and the gender division of
labour are very different across Europe. This has potentially
important impact on later economic situations and health of
older persons [for an example linking employment histories
with later health or cognitive functioning see (Wahrendorf
et al. 2021) or (Ice et al. 2020)]. And possibly these patterns
are related to different social and labour market policies,
including childcare regulations or different family policies.
The two figures give two simple examples for potential sex
and country differences in employment histories that are
probably linked to the wider sociopolitical contexts.

Discussion

The presented harmonized life history data of SHARE and
ELSA from the gateway to global ageing data platform pro-
vides remarkable opportunities for studying and comparing
previous life course across Europe, as well to study their
links with later life outcomes. Besides being delivered in
a harmonized format (and thus allowing for cross-national
comparisons), one key feature of the data is that they are
delivered in a user-friendly state sequence format that make
data more accessible for the research community and allows
an in-depth analyses of entire histories. On a conceptual

@ Springer



25 Page 6 of 8

European Journal of Ageing (2023) 20:25

Men

100%

0% —

Women

_ Employed full-time

Home/family work

Fig. 1 Chronogram of employment histories by sex, based on annual
data of the employment situation between age 15 and 65 (15,939 men
and 20,379 women). Note: Values are based on weighted data that

- > 25 years
- >20 - 25 years
- >15 - 20 years

>10 - 15 years
>5-10years
<=5 years

no data

Fig.2 Average years spent in home/family work as main employment
situation between age 15 and age 65 for women, based on employ-
ment histories of 26,215 women (aged 65 or older). Note: Values are
based on on weighted data and use wave 3 and wave 7 data of lat-
est Version of SHARE (Version B.3) and ELSA (Version A.2) of the
Gateway to Global Aging Data platform

@ Springer

_ Employed part-time

Full-time education

\ Self-employed
I other

Unemployed

_ Retired

(also accounting for different sample sizes of each country and use
wave 3 data of the latest Version of SHARE (Version B.3) and ELSA
(Version A.2) of the Gateway to Global Aging Data platform

level, this means that the data may facilitate researchers to
address one core idea of the life course perspective when
studying life course in Europe (Bernardi et al. 2019; Elder
et al. 2003), namely, the necessity of studying histories as a
whole. Importantly, while the two presented studies are two
significant studies of ageing in Europe a, an additional life
history dataset is already available from the China Health
and Retirement Longitudinal Study (CHARLS) (Wahrendorf
et al. 2022), and in progress from HRS in the US. Also, it is
worth noting at this point that SHARE and ELSA also ask
specific questions about childhood conditions (i.e. childhood
health and socioeconomic conditions at age 10). These child-
hood data are also incorporated into the Harmonized data-
sets of the gateway, and—albeit referring to a single time
point only—is surely of interest for life course researcher
interested in consequences of early-life conditions.

Some limitations of the harmonized data, though, must
be named: First, when harmonizing life history data, it is
inevitable that some details are not used. As an example,
some researchers may be interested in intra-generational
social mobility processes when studying employment histo-
ries. Yet, while SHARE collected information on the occu-
pation respondents had (first digit of the ISCO code), ELSA
did not ask for this aspect. In case of interest, users may
therefore modify and adapt the provided do-files of SHARE
to their own purposes. Second, when creating the state
sequence data, some decisions are needed, for example, to
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decide which state is prioritized in the unlikely case that
respondents reported both paid employment and a period
of not working. For these details, we refer people to the
codebook, where respective strategies are clearly described.
Third, in the case of health history, the available informa-
tion (i.e. period of ill health or not) must be considered as
rather limited, specifically if researchers are interested in
single diseases and the age of diagnoses (e.g. cardiovas-
cular diseases or symptoms of depression). In that case we
recommend to use data from core waves where different
diseases and their age at onset are assessed, thus allowing
to investigate life time prevalence of specific diseases or
the age when a disease was diagnosed. Fourth, because of
legal regulations, the gateway cannot directly release the
harmonized data files on its website, and therefore, needs
to refer to other sources. Future users, though, may profit
from a gateway data enclave that is in progress, where users
will be able to access data from a virtual gateway without
need to go through the respective provider of survey data.

In conclusion, albeit life history data are increasingly
available in ongoing studies on ageing, the extent to which
the potential is used is still very restricted. By providing har-
monized data of two prominent studies on ageing in Europe
in a user-friendly format, we hope this facilitates its use and
stimulates research in the field.
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Abstract

Recent studies report significant increases in retirement ages over the past two to three decades in most countries in the
Organization for Economic Co-operation and Development—increases that research has attributed mainly to changes in the
legislative frameworks for retirement in these countries. Using unique data from the Danish Longitudinal Study of Ageing,
this study investigates whether and, if so to what extent, changes to the workforce in terms of gender, education, employ-
ment status (employed or self-employed) and health contribute to explaining differences in retirement ages between the
cohorts born in 1935 and 1950. The retirement window of these cohorts stretches from the early 1990s to the late 2010s—a
period characterized by substantial changes to workforce. On average, retirement ages increased by two years from the 1935
cohort to the 1950 cohort. However, due to changes in the investigated factors having offsetting effects, the net effect of such
changes on retirement ages was minor. Thus, while increasing levels of education and better health among older workers
contributed to increasing retirement ages, increasing female labour force participation and fewer self-employed workers had
the opposite effect. In absolute terms, the total compositional and behavioural influence on retirement ages of changes in
terms of employment status (—0.35 years) was almost as large as the total changes in terms of education (0.44 years). Thus,
future studies investigating long-term changes in retirement ages would benefit from including changes in employment status

(self-employed or wage earner) as an explanatory factor.

Keywords Retirement age - Cohort study - Blinder—Oaxaca decomposition - Education, employment status - Denmark

Introduction

Population ageing throughout Western societies has raised
concerns about increasing costs for old-age pensions and
decreasing tax revenues (OECD 2019). In response, to
boost labour force participation among older adults, many
countries have increased statutory retirement ages and have
restricted early-retirement opportunities (Mclaughlin and
Neumark 2018). In addition to these changes in retirement
legislation, a number of factors—including increasing edu-
cational levels, improved health among older workers and
fewer physically demanding jobs (driven by technological
change and a growing service sector)—may have contrib-
uted to the upward trend in retirement ages (OECD 2017a).
Indeed, the last three decades have been characterized by
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increasing labour market participation rates among older
adults in most countries in the Organization for Economic
Co-operation and Development (OECD), including Den-
mark (OECD 2017b; Boissonneault et al. 2020; Bingley
et al. 2021; Turek et al. 2022).

Research investigating the causes of the increases in
retirement ages in OECD countries suggests that changes in
retirement legislation have been an important driver (Bois-
sonneault et al. 2020; Borsch-Supan and Coile 2018; Coile
et al. 2018; Deeg et al. 2021; Geppert et al. 2019). Parallel
to changes in retirement legislation, the gender, educational
and occupational composition of the workforce has changed
substantially (Albak et al. 2022). The composition of the
workforce is important for increasing retirement ages for
the following two reasons. First, retirement ages are directly
associated with workers’ characteristics, such as gender,
education and health (Munnell 2015; OECD 2021). Second,
changes in retirement behaviour (driven e.g. by legislative
changes) may not be evenly distributed across socio-eco-
nomic, demographic, educational and occupational groups

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s10433-023-00771-0&domain=pdf

24 Page 2 of 10

European Journal of Ageing (2023) 20:24

(Coile et al. 2018; Radl 2013; Trentini 2020). For exam-
ple, increases in retirement ages have mainly taken place
among the highly educated (OECD 2017a; Rutledge 2018)
and among people with high occupational status (Leinonen
et al. 2020; Qvist 2020), and have in general been more pro-
nounced for women than for men (OECD.Stat 2021).

While ample scholarly work has investigated causes of
variation in exit ages both between individuals (Fisher et al.
2016; Scharn et al. 2018; Wang and Shultz 2010) and across
countries (Borsch-Supan and Coile 2018; Larsen and Ped-
ersen 2017), fewer studies have examined causes of vari-
ation in exit ages over time. Moreover, although research
has established that changes in retirement legislation have
constituted an important driver of increasing retirement ages
(Borsch-Supan and Coile 2018; Geppert et al. 2019; Bois-
sonneault et al. 2020), less is known about how retirement
age is affected in the long term by the changes that have
occurred in the old-age workforce.

This study investigates changes in retirement across
cohorts (i.e. changes in retirement age over time). A recent
systematic review of long-term changes in retirement ages
(covering the period 2000-2019) identified 19 studies on
this topic (Boissonneault et al. 2020). Among these studies,
only three concerned demographic characteristics (including
education). No study assessed the influence of increasing
health or changes in employment status on retirement age.

This study thus contributes to the retirement literature by
investigating whether and, if so to what extent, the increase
in average retirement ages can be attributed to changes in the
Danish workforce in terms of gender, education, employ-
ment status (shares of self-employed vs. wage earners) and
health. We compare the cohorts born in 1935 and 1950,
whose retirement window stretches from the early 1990s to
late 2010s—a period characterized by substantial changes to
retirement legislation as well as to the workforce.

In Denmark, changes in the retirement legislation pri-
marily aimed at restricting early retirement opportunities
(Larsen and Pedersen 2017). In particular, the Voluntary
Early Retirement Program (VERP), which offered high
replacement rates for low-wage workers, was subject to
several reforms to reduce its attractiveness (Bingley et al.
2004). While the VERP initially aimed at offering early
retirement to workers with physically demanding occupa-
tions, it gradually became a popular path to early retirement
for broad segments of the population (Jgrgensen 2009). To
lower expenditures on the VERP, the statutory retirement
age was actually lowered from 67 to 65 in 2004 (Larsen and
Pedersen 2017). Thus, contrary to most OECD countries,
the incentives for retiring after age 65 were attenuated from
2004 to 2019 in Denmark. Additional file 1: Online resource
A provides a detailed overview of the legislative changes for
the cohorts under study.

@ Springer

Changes to the workforce since the 1935 cohort entered
the labour market (i.e. from the 1950s and onwards) include
the outsourcing of labour-intensive production and techno-
logical development, leading to increased demand for highly
skilled labour (Skaksen 2019) and to increases in average
levels of education (Jacobsen 2004; Larsen et al. 2016).
Consequently, since the 1950s, more highly educated white-
collar workers have entered the Danish labour market while
the share of unskilled blue-collar workers has decreased
(Larsen and Pedersen 2017). At the same time, the gender
distribution in the workforce has shifted as more women
have entered the labour market (Statistics Denmark 2015)
and the proportion of workers in good health has increased
significantly (Siren and Larsen 2018).

This study is the first to investigate the potential impact
of long-term changes in the share of self-employed work-
ers in the workforce on the development of retirement ages.
The share of self-employed workers has fallen dramatically
in Denmark since the 1980s, and in 2019, only 6% of the
workforce were self-employed, making it the lowest share
in Europe. Potential explanations for this development
include a shrinking agricultural sector and a growing pub-
lic sector (Holstein 2021). While studies show a positive
association between self-employment and retirement age at
the individual level (Nolan and Barrett 2019; Anxo et al.
2019), the compositional and behavioural long-term influ-
ence of changes in self-employment on retirement ages has
not previously been investigated. Given the dramatic fall in
the share of self-employed workers, Denmark constitutes an
important case for studying this association.

We use Blinder—Oaxaca decomposition to investigate
changes in retirement ages across cohorts. This approach
has the advantage of allowing for the decomposition of the
increase in retirement age across cohorts into a “composi-
tional”, a “behavioural” and an “interaction” component,
where the first refers to changes in the characteristics of
the workforce, the second refers to changes in retirement
behaviour of the workforce and the third refers to interac-
tion effects between compositional and behavioural changes
(Jann 2008; Etezady et al. 2021). In other words, this analy-
sis tells us to what extent the increase in retirement ages
across cohorts are due to older workers being different (in
terms of gender, education, employment status and health),
acting differently or a combination of these factors.

Expected impact of changes
in characteristics

This study focuses on the cross-cohort impact of changes in
terms of education, gender, employment status and health on
increasing retirement ages. Drawing on retirement literature,
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we discuss the expected impact of each factor in the follow-
ing paragraphs.

Education

A number of studies have established a positive association
between education and retirement age (e.g. Robroek et al.
2015; Turek et al. 2022). We therefore hypothesize a posi-
tive contribution to retirement ages from the increase in the
shares of highly educated workers across cohorts (hypothesis
Hla).

However, as relatively larger proportions of the work-
force have obtained more education, the selection mecha-
nisms into high-skilled occupations may have become softer.
Changes in retirement legislation—which mainly aimed at
limiting early retirement opportunities—may have ampli-
fied this potential gradual weakening of the skill-selection
mechanism by boosting retirement ages among low-skilled
workers (Bingley et al. 2019). We therefore expect the posi-
tive association between education and retirement age to
have weakened over time (i.e. to be smaller for the 1950 than
for the 1935 cohort) (hypothesis H1b).

Due to the offsetting influence of compositional and
behavioural factors, we cannot form an a priori expectation
as regard the total effect of changes in education on retire-
ment ages.

Gender

The increase in the share of female workers over time
has likely influenced average retirement ages negatively,
as women in general retire earlier than men (Axelrad and
Mcnamara 2017; De Preter et al. 2013a, b) (hypothesis H2a).
Moreover, weakening of the selection mechanism may have
influenced the behaviour of female workers negatively, as
employed women in the 1935 cohort were probably a more
strongly positively selected group in terms of labour mar-
ket attachment than employed women in the 1950 cohort.
Hence, we expect the negative association between being
female and retirement age to have increased over time (i.e. to
be stronger for the 1950 than for the 1935 cohort) (hypoth-
esis H2b). As we expect both compositional and behavioural
effects in terms of gender to be negative, the total contri-
bution of cross-cohort changes on retirement age is also
expected to be negative (hypothesis H2c).

Employment status

As self-employed workers generally retire later than wage
earners (Nolan and Barrett 2019; Anxo et al. 2019), we
expect the decrease in the share of self-employed workers
across cohorts to have contributed negatively to retirement
ages (hypothesis H3a). However, self-employed workers

in the 1950 cohort were probably a more strongly selected
group than self-employed workers in the 1935 cohort. If
so, the positive association between self-employment and
retirement age will be stronger for the 1950 than for the 1935
cohort (hypothesis H3b). Due to the offsetting influence of
compositional and behavioural factors, we cannot form an
a priori expectation as regard the total effect of changes in
employment status on retirement ages.

Health

Due to a positive association between good health and later
retirement (De Preter et al. 2013a; Blundell et al. 2023),
we expect the increasing shares of healthy workers across
cohorts to have contributed positively to retirement ages
(hypothesis H4a). Moreover, changes in retirement legisla-
tion have led to increasing incentives to prolong working
lives—and workers in good health are more likely to have
responded positively to such incentives (Mclaughlin and
Neumark 2018). Therefore, we also expect an increasingly
positive association between good health and retirement age
across cohorts (hypotheses H4b). Consequently, the total
effect of health and retirement age is also expected to be
positive (hypothesis H4c).

The preceding paragraphs argue that the influence of
changes across cohorts in terms of gender, education,
employment status and health on retirement ages may be
both positive and negative. Thus, the aggregated net effect
of these changes on retirement ages remains an empirical
question.

Data and methods
Sample

Our analysis builds on data from the Danish Longitudinal
Study of Ageing (DLSA), a representative on-going lon-
gitudinal study of living conditions among older adults in
Denmark, collected every five years since 1997 (Kjer et al.
2019). The data include several topics relevant to this study,
including age at retirement, self-reported health and employ-
ment status during most of a person’s working life. The data
include every fifth birth cohort from 1920 to 1960. In this
study, we focus on individuals born in 1935 and 1950. We
include individuals in the analysis who were in employment
at age 50.

We mainly include survey data for these cohorts collected
the year when respondents turned 67 years old, i.e. in 2002
and 2017. We choose to focus on data collected at age 67
for two reasons. First, most respondents have retired perma-
nently from the labour market at age 67. Hence, by choos-
ing this age, we can largely include information on actual
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(rather than expected or imputed) retirement age. Second,
as most respondents retire in their 60 s, age 67 is, for most
respondents, the earliest possible post-retirement data col-
lection point.

However, retirement may have occurred substantially
earlier (i.e. from age 50 and onwards), or may occur sub-
stantially later, than age 67. We therefore mainly include
information on factors that are unlikely to change after age
50 in the analysis, including gender, education and employ-
ment status for most of one’s working life.

We combine the DLSA with information from the Danish
administrative education registries, which include individ-
ual-level data on highest level of education for the entire
population. Our final sample includes 2644 observations.

Our analysis compares the changes in characteristics and
behaviour across the 1935- and the 1950-cohort. Thus, dif-
ferences in attrition due to mortality or non-response across
the two cohorts may influence results. However, 83% of
50-year-olds in the 1935-chort were still alive at age 67
whereas the corresponding figure in the 1950-cohort was
88% (Statistics Denmark 2023). Thus, differences in mortal-
ity across the two cohorts were minor.

Response rates in the DLSA have fallen over time and
were 88% and 77% at age 67 in the 1935-and 1950-cohort,
respectively. To investigate if this increasing attrition due to
non-response may influence results, we compared the dis-
tribution of gender and education (available in registries)
in the original sample and among respondents for the two
cohorts. These analyses revealed no significant differences
in the gender and educational distributions. While we cannot
conduct a similar comparison for the survey-based variables,
our comparison of key registry-based information suggests
that our sample is representative for the general population
for both cohorts.

Variables

We use self-reported and imputed data to define our depend-
ent variable, age at retirement. For those who had retired
at or before age 67, we use the self-reported retirement
age. For those retired people who did not report a retire-
ment age, we impute retirement ages (restricted to the inter-
val 50-67 years). Not all respondents had retired at age
67. Omitting these respondents would introduce bias, in
particular as a larger proportion of respondents were still
employed at age 67 in the 1950- than in the 1935-cohort
(19.5 vs. 10.8%). For people in employment at age 67, we
rely on expected retirement ages. While expected retirement
ages overall have been found to be informative for actual
retirement ages, there is a tendency towards respondents’
retiring earlier than expected (Kézdi and Shapiro 2023).
However, we expect this tendency to be less pronounced
in our data than in previous studies, as we only include
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expected retirement ages for those respondents who were
still employed at age 67, whereas the literature on retire-
ment expectations and realisations generally concerns work-
ers that are younger than the statutory retirement age (see
Kézdi and Shapiro (2023) and references therein). For those
who did not report an expected retirement age, we impute
retirement ages (restricted to the interval 67-80 years). In
total, we impute retirement ages for 6% of the sample. A
graph of the distribution of the dependent variable for the
two cohorts appear in Additional file 1: Online resource B.
While retirement to some degree is concentrated at pension
accessibility ages, most people retire in their early- to mid-
60 s, whereas few retire earlier or later. Thus, we argue that
retirement ages are approximately normally distributed in
both cohorts.

Gender is coded as either female or male.

The registry-based information on education is coded
to form four levels: basic education, vocational education,
short- or medium-cycle higher education (2-3 years), long-
cycle higher education (at least 4 years).

The DLSA contains information on respondents’ employ-
ment status—e.g. whether respondents were white- or blue-
collar workers or self-employed for most of their working
lives. However, due to a strong correlation between skill-
level (white- or blue-collar worker) and education, we define
employment status based on self-reported information on
whether respondents were self-employed or wage earners
for most of their working lives.

Constructing a measure for health around the time of
retirement is challenging, given that retirement ages have
increased across cohorts (and health is correlated with age)
and that the health care system has improved (making the
usage of register-based health information problematic). We
therefore use self-reported health at age 62 as a proxy for
health around the time of retirement (using self-reported
health at age 67 may introduce reversed causality, as most
respondents have retired prior to that age). We impute
health information for the 22% of the sample that were not
interviewed at age 62 (or who had missing information on
health). The health measure includes two levels: good (very
good or good self-reported health) or bad (intermediate, bad
or very bad self-reported health) (we do not use the full scale
because few respondents reported bad or very bad health).

Analytical approach

To investigate to what extent long-term changes to the
workforce can explain increases in retirement ages we
first descriptively analyse the development in workforce
composition in terms of education, gender, employment
status and health as well as changes in average retirement
ages across cohorts in terms of these characteristics. Sec-
ond, we use the Blinder—Oaxaca decomposition technique
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to examine if—and if so the extent to which—changes in
gender, education, employment status and health across
cohorts can explain the changes in retirement ages.
Following Jann (2008) and Etezady et al. (2021), we
decompose the change in average retirement ages from
the 1935 to the 1950 cohort into three terms, a “composi-
tional”, a “behavioural” and an “interaction” component:

AY = (X1935 - X1950>,ﬂ1950 +X1950,(ﬂ1935 - ﬂ1950)

+ <X1935 —X1950>,(ﬁ1935 - ﬂ1950)

The first term refers to changes in the characteristics
of the workforce given retirement behaviour of the 1950
cohort (“compositional changes”), the second term refers
to changes in the retirement behaviour given characteris-
tics of the 1950 cohort (“behavioural changes”) and the
third term refers to interaction effects between composi-
tional and behavioural changes.

To avoid the choice of base category influencing
behavioural results for categorical (dummy) variables, we
express coefficients as deviations from the grand mean
(Jann 2008).

Handling missing data

We apply the Multiple Imputation of Chained Equations
(MICE) procedure (Azur et al. 2011) to impute miss-
ing data on (a) retirement ages for retirees with missing
information on this variable, (b) retirement ages for peo-
ple in employment at age 67 with missing information
on expected retirement age, and (c) self-reported health
at age 62. We impute the missing values by regressing
them one by one on information on gender, employment
status (self-employed vs. wage earner), education, self-
reported health at age 67 and year. Each cycle of one-
by-one regressions on all other variables constitutes an
iteration. By the end of the first iteration, the missing
values on all the survey variables have been imputed. We
perform 25 iterations, as previous research has shown that
the number of imputations should be at least as large as
the fraction of incomplete cases in the data (Bodner 2008;
White et al. 2010). By 25 imputations, the data have suf-
ficiently stabilized, such that the order in which variables
are imputed no longer matters (Raghunathan et al. 2016).
The imputed values after 25 iterations, combined with the
observed data, constitute one imputed dataset. We repeat
this procedure 25 times to generate 25 imputed datasets in
total, and then use Rubin’s rule to combine the estimates
from each of the 25 datasets to obtain the final results
from the imputed data (Rubin 2004).

Table 1 Distribution on key variables by cohort

1935 cohort 1950 cohort Change
1950-
1935
Retirement age (years) 61.4 63.5 2.08
(Standard deviation) 0.14) 0.12)
Woman (%) 47.0 51.5 4.6
Self-employed (%) 18.8 9.9 -9.0
Education (%):
Basic education 47.2 22.1 —25.0
Vocational education 32,5 41.4 8.9
Higher education (<3 years) 16.1 29.2 13.1
Higher education (4 +years) 4.3 73 3.0
Good health at age 62 (%) 74.5 79.0 4.5
Observations 1035 1609
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Fig.1 The development in average retirement ages across cohorts by
socio-economic group (years)

Results
Descriptive findings

Table 1 presents the distribution of the study sample on
key variables by cohort. On average, retirement ages
increased from 61.4 years in the 1935 cohort to 63.5 years
in the 1950 cohort, i.e. by 2.1 years. The table clarifies
substantial compositional differences across the cohorts in
our study. While the share of female, healthy and highly
educated workers increased, the share of self-employed
and low-skilled workers decreased substantially. In par-
ticular, the share of self-employed workers fell by almost
50% from the 1935 to the 1955 cohort.

Figure 1 presents average retirement ages by socio-
demographic characteristics, as well as the change in
average retirement ages from the 1935 to the 1950 cohort
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(secondary axis). While average retirement ages vary
across socio-demographic groups, the change in retirement
age across cohorts has, in general, been parallel between
cohorts. For instance, while men retire approximately two
years later than women do, this pattern has not changed
across cohorts (average retirement ages have increased
by approximately two years for both genders). We find
the same parallel development for people in good vs. bad
health. People in good health retire approximately three
years later than people in bad health do, but regardless of
health status, retirement ages grew by two years across
the two cohorts.

However, we do not see this parallelism in terms of edu-
cation and employment status. First, while there is an edu-
cational gradient in average retirement ages, the develop-
ment across the two cohorts has been substantially slower
among highly educated workers (approximately 0.9 years)
than among workers with basic or vocational education
(approximately 2 years). Changes in Danish retirement
legislation aiming to reduce early retirement may explain
these differences. Thus, in Denmark, in contrast to other
high-income countries (OECD 2017a; Rutledge 2018; Bing-
ley et al. 2019), workers with low levels of education have
changed their retirement behaviour more than more highly
educated workers.

Second, the self-employed workers stand out as the only
group with higher-than-average retirement ages for both
cohorts and a substantial (3 years) development across
cohorts.

Decomposition analysis

In Table 2, we study to what extent changes in terms of
gender, education, employment status and health across
cohorts can explain changes in retirement ages. Table 2
decomposes the increase in retirement ages from the
1935 cohort to the 1950 cohort into a compositional, a
behavioural and an interaction component. The analysis
also includes a constant term, which we assume mainly
includes unobserved behavioural differences. In a decom-
position analysis, the summation of all terms equals the
total gap and therefore, a term cannot be set to zero due
to low statistical significance (Etezady et al. 2021). Thus,
standard errors are omitted from Table 2, but appear in
Additional file 1: Online resource C.

Of the 2.1-year increase in retirement ages (from
61.4 years in the 1935 cohort to 63.5 years in the 1950
cohort), 0.21 years can be attributed to compositional
changes. This rather limited influence is due to the changes
in workforce composition offsetting each other. As hypoth-
esized, relative increases in the shares of highly educated
workers and workers in good health have influenced aver-
age retirement ages positively (by 0.35+0.12=0.47 years,
or 5.6 months) (Hla, H4a), whereas changes in gender
and employment status (i.e. relatively more female and
fewer self-employed workers) have influenced retire-
ment ages negatively (by —0.08 —0.19 =—0.27 years, or
— 3.2 months) (H2a, H3a).

Table 2 Decomposition analysis

. . ; Composition Behaviour Interaction Total
of increases in retirement ages
from the 1935 cohort to the Average retirement age:
and interaction-term 1950 cohort: 63.48 years
Total change 0.21 2.05 —0.18 2.08
Gender —0.08 0.00 0.00 —-0.08
Men —0.04 0.03 0.00 -0.02
Women —0.04 -0.02 0.00 —-0.06
Employment status -0.19 -0.13 —-0.04 -0.35
Wage earner —-0.09 —-0.16 -0.02 -0.27
Self-employed —0.09 0.04 -0.02 —-0.07
Education 0.35 0.23 -0.14 0.44
Basic education 0.30 0.20 -0.11 0.40
Vocational education —0.08 0.12 0.03 0.08
Higher education (<3 years) 0.08 -0.07 —0.06 -0.05
Higher education (4 + years) 0.04 -0.01 -0.01 0.02
Health 0.12 0.02 0.00 0.15
Good self-rated health 0.06 0.03 0.00 0.10
Bad self-rated health 0.06 —0.01 0.00 0.05
Constant 1.91
N 2644

@ Springer



European Journal of Ageing (2023) 20:24

Page70f10 24

The second column of Table 2 shows the impact of
cross-cohort changes in behaviour on retirement age. Coef-
ficients are expressed as deviations from the grand mean
to avoid the choice of base category influencing behav-
ioural results (Jann 2008). Therefore, the results related
to behavioural changes tell us if the difference in behav-
iour within groups (e.g. the change in retirement ages that
can be explained by differences in retirement behaviour
between men and women) has increased or decreased
across cohorts. However, the results do not tell us if that
difference is mainly driven by a behavioural change, e.g.
among men or among women. To clarify which groups
mainly contribute to the observed changes in retirement
behaviour, we present predicted retirement ages by charac-
teristic and cohort in Additional file 1: Online resource D.

The estimates regarding behavioural changes, in-line
with the descriptive findings, support the hypothesized
patterns of a weakening association between educational
level and late retirement (H1b), an intensifying negative
association between being female and late retirement
(H2b) and an intensifying positive association between
being self-employed (H3b) and healthy (H4b) and late
retirement.

The third column of Table 2 shows the contribution
from the interaction between compositional and behav-
ioural changes on retirement age. The total contribution
from this term is negative and relatively small (—0.18).
The main part of this contribution comes from workers
with basic education (—0.14). This finding is due to the
positive contribution from the relatively large increase in
the retirement age for low-skilled workers largely being
counterbalanced by this group becoming smaller over
time.

Across compositional, behavioural and interaction effects,
the total contribution of increasing levels of education is
0.44 years, whereas better health contributed positively by
0.15 years (H4c) to increasing retirement ages. The total
contribution due to changes in the share of female workers
(H2c) and self-employed workers both influenced retirement
ages negatively, by —0.08 and — 0.35 years, respectively.
Thus, due to offsetting effects, changes across cohorts in
gender, education, employment status and health explain
only 0.16 years of the total 2.1-year increase in retirement
ages. The increase in retirement ages is mainly due to behav-
ioural changes that we cannot attribute to the investigated
characteristics and that are captured by the constant term
(1.91 years). Consequently, the increase in retirement ages
from the 1935 to the 1950 cohort is mainly due to unob-
served factors, including changes in retirement legislation
(Boissonneault et al. 2020; Borsch-Supan and Coile 2018;
Coile et al. 2018; OECD 2017b), that we cannot control for
in our analysis.

Discussion

This study analysed changes in retirement ages for the
cohorts born in 1935 and 1950 across a retirement window
stretching from the early 1990s to the late 2010s. Across
cohorts, the composition of the labour force changed sub-
stantially, as increasing shares of highly educated and
female workers entered the labour market, while the share
of self-employed workers dropped considerably. While
we recognize that changes in retirement legislation were
important drivers of increasing retirement ages, this study
contributes to the literature by examining the importance
of changes in gender, education, employment status and
health.

In particular, this study contributes by investigating
the impact of changes in terms of employment status—
i.e. changes in the shares and behaviour of wage earners
and self-employed workers—on retirement ages. In total,
the change in retirement ages attributed to changes in
employment status amounts to —0.35 years. Thus, changes
in employment status across cohorts were, in absolute
terms, more important for the development in retirement
ages in Denmark than the corresponding changes in gen-
der (—0.08 years) and health (0.15 years) and almost as
large as the changes in education (0.44 years). This study
thus establishes the importance of including changes in
employment status when explaining the long-term devel-
opment in retirement ages.

While substantial changes to the workforce have taken
place in the period examined here, these changes influence
retirement ages both positively (e.g. increasing educational
levels, and better health) and negatively (e.g. more female
workers and fewer self-employed workers). Moreover, posi-
tive behavioural changes mainly took place among self-
employed and low-skilled workers. However, these behav-
ioural changes had little influence on aggregated retirement
ages due to the negative compositional development (i.e.
these groups becoming smaller over time). Thus, the net
total effect of changes in gender, education, employment
status and health on retirement ages has been limited.

In contrast to previous studies (OECD 2017a; Rut-
ledge 2018), we find that increases in retirement ages
have mainly taken place among low-skilled workers. In
the retirement window under study, legislative changes in
Denmark primarily aimed at restricting early retirement
opportunities. Our study, in accordance with previous
work, thus indicates that changes in retirement legisla-
tion are an important driver of increasing retirement ages
(Boissonneault et al. 2020; Borsch-Supan and Coile 2018;
Coile et al. 2018; OECD 2017b).

In addition, structural, demographical, technological
and socio-cultural trends related to retirement behaviour
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may contribute to explaining increasing retirement ages
across cohorts (de Wind et al. 2015; Browne et al. 2019).
Fewer mentally and physically straining occupations, an
increase in the demand for older workers due to demo-
graphic change and strong economic development during
most of the retirement window under study are other fac-
tors that may have contributed to increasing retirement
ages (D@RS 2021).

This study has three limitations that readers should con-
sider when interpreting the findings. First, we only have
access to expected or imputed retirement ages for people
retiring past age 67, which prevents the precise estimation
of the association between changes to the workforce and
increases in retirement ages for this group. Second, we have
limited information about respondents at the exact time of
retirement. We have circumvented this problem by bas-
ing our analysis on variables that are unlikely to change
as respondents’ approach retirement (education, gender
and employment status for most of one’s working life). For
health, we use health at age 62 as a proxy for health at the
age of retirement. However, the precision of the proxy may
vary across cohorts and hence, we may not accurately cap-
ture the true influence of changes in health on retirement
ages. In addition, we cannot control for the labour force par-
ticipation of respondents’ spouses, which has been found to
influence retirement behaviour—in particular among men
(Coile 2004, 2019; Schirle, 2008). Third, we cannot directly
measure the influence of changes in the legislation regarding
early retirement. Nevertheless, this study provides important
and novel insights into the influence of compositional and
behavioural changes—in particular in terms of employment
status—on retirement ages.

Conclusions

Over the last two to three decades, the demographic transition
towards increasing shares of older adults has led to restric-
tions in retirement policies and increasing retirement ages
across a wide range of countries (Bingley et al. 2019; Bois-
sonneault et al. 2020; Turek et al. 2022). Parallel to legislative
changes, significant changes to the workforce have occurred.
Consequently, the workforce retiring in the early 1990s dif-
fered markedly from the workforce retiring in the late 2010s
in terms of gender, education, employment status and health.
This study analysed to what extent these changes to the work-
force contribute to explaining the increase in retirement ages
in Denmark over the past two to three decades. While our
results show that changes in these factors had little aggregated
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impact on the increase in retirement ages, this limited impact
was mainly due to them having offsetting effects. Therefore,
our findings still have important implications for the future
development in retirement ages—internationally as well as in
Denmark.

For instance, the proportion of 60—70-year-olds with good
health and educational resources can be expected to increase
in the coming years, as the proportion of older people with
physically demanding jobs decreases. Moreover, increasing
numbers of workers have recently taken up self-employment
following increasing unemployment rates due to the COVID-
19 crisis (Statistics Denmark 2021; Nearside 2022; Utz et al.
2022). The demographic development and the associated
labour shortages may contribute to continued high demand
for older workers (OECD 2022). In addition, increasing retire-
ment ages and other policy changes will likely influence retire-
ment ages of future cohorts positively. All these factors point
towards retirement ages that will increase in the future.

By contrast, increasing labour force participation among
women is likely to put downward pressure on retirement ages
in many countries. In addition, the “new” self-employed work-
ers, who may have chosen self-employment to avoid COVID-
19-related unemployment (i.e. out of necessity), may differ
from previous generations of self-employed workers, who may
have chosen self-employment more by desire. Thus, the asso-
ciation between being self-employed and late retirement might
weaken in the future. Moreover, recent research demonstrate
that not all workers are equally able to postpone retirement
(Lain et al. 2019; Quinby and Wettstein 2021). In Denmark,
this recognition has led to the introduction of a new early
retirement program— ‘early pension”—that allows workers
with a minimum work history of at least 42—44 years to retire
one to three years before the statutory retirement age—and
it is possible that other countries will follow suit. As the net-
effect of these policy, compositional and structural changes
is unknown, future research should continuously follow the
development in retirement ages. Our results show that account-
ing for changes in employment status is an important explana-
tory factor when doing so.
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Abstract

Cognitive Reserve (CR) is often assessed with surveys spanning demographic, lifestyle, and socio-behavioral variables.
The role of both past and current life experiences on CR has, however, rarely been examined. We developed the Current and
Retrospective Cognitive Reserve (2CR) survey to assess classical CR proxies (socio-economic status, engagement in leisure
and social activities) and other dimensions of potential importance (family engagement, religious/spiritual activity) both
currently (CRc; in later adulthood) and retrospectively (CRr; as recalled from younger adulthood). We administered the 2CR,
measures of general cognitive functioning, working memory (WM), crystallized—vocabulary— and fluid—reasoning—intel-
ligence, and depressive symptoms (DS) to 235 community-dwelling Italian adults (ages 55-90 years). We used exploratory
and confirmatory factor analyses to examine the 2CR latent structure, and we estimated correlations of its dimensions with
cognitive abilities and DS. Analyses confirmed a three-level factor structure with two global CR factors (CRc and CRr) at
the top level, dimensional CR factors (socio-economic status, family engagement, leisure activity, social engagement, and
religious/spiritual activity) at mid-level and observed items at the lowest level. Item-factor representations partially differed
across CRc and CRr. Both CRc and CRr were positively correlated with measures of intelligence, WM and DS, but associa-
tions of measures of intelligence were stronger for CRr, whereas associations of WM and DS were slightly stronger for CRc.
The 2CR can be considered a reliable survey for assessing CR proxies within a multidimensional, “life stage-dependent”
framework insofar as CRc are CRr closely related but also differently associated with intelligence, WM, and DS.

Keywords Cognitive reserve - Cognitive functioning - Working memory - Depression - Factor analysis

Introduction

Different compensating factors can counteract/delay cog-
nitive losses linked to the normal aging process and/or to
neurodegenerative disorders. One such factor is reserve
capacity, i.e., the ability to preserve functionally appropri-
ate behaviors despite the presence of age- and/or pathol-
ogy-related changes in neurocognitive status. The Cognitive
Reserve (CR) model conceives CR as a dynamic and active
process, whereby the differential recruitment of cognitive
strategies/neural networks underlying task performance
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allows individuals to cope better with brain damage (Stern
2009). The operationalization of CR is, however, complex,
since it cannot be measured directly (Cosentino and Stern
2013). Therefore, CR is usually assessed using proxies based
on indicators of lifestyle behaviors and activities that, if
“adopted”, serve to protect or augment it.

Commonly used CR proxies include education level,
occupational attainment, and engagement in intellectually
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stimulating leisure activities (Opdebeeck et al. 2016; Stern
2009; 2019). These proxies are thought to reflect a cogni-
tively “enriched” environment, which confer resilience to
the neuropathology detrimental effects on functional behav-
iors and clinical outcomes (Reuter-Lorenz and Park 2014).
There is, for example, substantial evidence to show that
higher education, along with higher occupational status and
engagement in leisure and mental activities, lowers the risk
for developing dementia (Opdebeeck et al. 2015; Valenzuela
and Sachdev 2006) and can counteract age-related worsen-
ing in cognitive abilities and everyday functioning (Ihle et al.
2019).

These CR proxies are frequently examined in isolation
and most often limited to education. However, a single
indicator is unlikely to capture the full CR dimensionality
(Cosentino and Stern 2013). Additionally, assessment with a
single indicator does not allow for the statistical differentia-
tion of reliable vs. unreliable sources of variance. Therefore,
multi-item surveys thought to reflect the different dimen-
sions of CR have been developed and are increasingly used.
These typically include various lifestyle and socio-behavio-
ral items, which are aggregated to provide a global CR score
and/or scores for more specific CR dimensions (e.g., leisure
engagement encompassing time spent performing intellectu-
ally, socially, and/or physically stimulating leisure activities/
hobbies; Nucci et al. 2012). However, these inventories do
not account for the likelihood that such CR proxies vary
across different life course periods (Stern et al. 2019).

To better capture the dynamic nature of CR, it is impera-
tive to assess both overall and domain-specific activities and
experiences as they manifest in later life (i.e., as currently
assessed in older adults) and also as they have been accumu-
lated over the lifespan (i.e., as retrospectively assessed). To
our knowledge, of the extant multidimensional CR surveys,
only three assessed CR proxies at different life stages: the
Cognitive Reserve Scale [CRS] by Leon et al. (2014) and
the Lifetime of Experiences Questionnaire [LEQ] by Valen-
zuela and Sachdev (2007)—or at specific ages: the Lifetime
Cognitive Activity Scale [LCAS] by Wilson et al. (2013).

Notably, the LCAS and CRS do not solicit the classi-
cal (and arguably fundamental) CR proxies of education
level and occupational status. Moreover, despite a range of
intellectually, socially, and physically stimulating activities
reflected across these surveys, none include measures of
family/relational support or engagement in spiritual/reli-
gious activities. Communication and contact with family
members and close friends have been shown to contribute
both to emotional wellbeing and cognitive functioning in
older adults (Ihle et al. 2021; Kelly et al. 2017), and thus to
successful/healthy aging (Rowe and Kahn 1998). Moreover,
the physical and psychological health of a person’s marital/
domestic partner are known to impact both emotional and
cognitive outcomes in adulthood (Xu et al. 2016). Spiritual/
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religious engagement often spans both personal and social
dimensions and has been suggested to influence CR as a
strengthening factor within the successful aging framework
(Hosseini et al. 2019).

Finally, these inventories usually provide a single global
score for CR. To our knowledge, no CR survey has thor-
oughly examined the latent representation/structure of
specific CR dimensions within and across current vs. ret-
rospective life stages. By extension, dimensional CR fac-
tors assessed at different life stages have not been validated
against objective measures of cognitive performance (e.g.,
working memory, fluid abilities) or closely related affective
measures (e.g., depressive symptoms) known to be sensi-
tive to age- and pathology-related declines. This matters
because current vs. retrospective CR, and specific dimen-
sions thereof, may be differentially related to such outcomes
(Ihle et al. 2021; Rosen et al. 2002).

Here, we present and evaluate a new CR survey, the Cur-
rent and Retrospective Cognitive Reserve (2CR), aimed at
capturing CR as a multidimensional and non-static con-
struct by comprehensively assessing classical and novel CR
proxies with respect both to participants’ current status at
the time of assessment (CRc) and retrospectively (i.e., as
recalled to have occurred in younger adulthood; CRr). The
2CR comprises groups of items related to classical socio-
demographics (e.g., educational and occupational attain-
ment, financial status). It also assesses the frequency of
engagement in a varied typology of stimulating activities,
here organized into leisure activity (encompassing recrea-
tional exercise, creative expression, and intellectual stimula-
tion) and social engagement (e.g., volunteering, club mem-
bership, public events). Moreover, it is the first to include
items related to family engagement (including partnership
quality) and spiritual/religious engagement.

We examined CR structure as captured by the survey
using confirmatory factor models, testing a three-level latent
representation of CR (which was informed by results from
a prior exploratory pilot study; see Additional file 1). Spe-
cifically, we modeled two global current and retrospective
CR factors (CRc and CRr) at the top level, with CR dimen-
sional factors (i.e., socio-economic status, leisure activity,
social engagement, family engagement and spiritual/reli-
gious engagement) at the intermediate level, and finally with
items/parcels at the observed/base level.

We further estimated associations of the global and
dimensional CR factors with objective cognitive measures,
i.e., general cognitive status, vocabulary and reasoning—
for crystallized and fluid intelligence, respectively—and
a measure of working memory previously shown to be
sensitive to normative aging (Borella et al. 2008). Fur-
thermore, since cognitive impairment and depression are
often comorbid in later life (e.g., da Costa Lane Valiengo
et al. 2016), we also examined here, for the first time,
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Table 1 Characteristics of the
sample

Characteristic

Summary statistic

Total participants
‘Women

Age in years

Years of education
Partnered (=yes)
Children
Occupational category
Manual, unqualified
Manual, qualified
Non-manual, qualified
Professional, degreed

Director or manager

Cognition and depression measures

MMSE adjusted for age, education (general cognitive functioning)
WALIS Vocabulary (crystallized intelligence)

Raven’s total correct (fluid intelligence)

LST - words recalled (working memory)

GDS (depressive symptoms)

N=235

n=128 (54.5%)

M=68.3, SD=28.8, range =55.0-90.0
M=10.2, SD=4.1, range=4.0-20.0
n=199 (84.7%)

M=1.8, SD=1.0, range=0-5

n=47
n="78
n=65
n=26
n=19

M=284,SD=1.2,NA=20
M=41.6,SD=10.9,NA=0
M=314,5D=10.0,NA=1
M=11.1,SD=3.3,NA=11
M=20,5SD=1.6, NA=0

MMSE =Mini-Mental State Examination. WAIS =Wechsler Adult Intelligence Scale. LST = Listening
Span Task. GDS = Yesavage Geriatric Depression Scale. NA =number of missing observations. There were
no missing data for sociodemographic variables

associations of currently and retrospectively assessed CR
factors (global and dimensional) with depressive symp-
toms (DS).

In general, we expected that the structural factor anal-
yses would support our three-level model, with reliable
loadings of survey items onto domain-specific CR factors,
and strong domain-specific CR factor loadings onto global
CR factors. Moreover, we anticipated moderately positive
correlations between current and retrospective factors.
Note that results from our pilot study indicated partially
differential item representation for the CRc and CRr
dimensional factor. This was expected given that goals
and resources change across the adult lifespan (Ebner et al.
2006) and is reflect in the factor model underlying the cur-
rently tested version of the 2CR.

We further expected modest but significant positive cor-
relations between the CR factors and objective cognitive
measures, in line with previous evidence (Opdebeeck et al.
2016) and indicative of broad-domain convergent valid-
ity. Because depression impacts mental health outcomes
(da Costa Lane Valiengo et al. 2016) and might result in
an “impoverished environment” in terms of mental and
social stimulation, and given evidence that interactions
with loved ones and participation in leisure, social, and
religious activities may lower depression risk (Dezutter
et al. 2006; Handing et al. 2022), we expected significant
negative correlations between the CR factors and DS.

Methods
Participants

The sample consisted of 235 individuals over 55 years of
age (see Table 1). They were all volunteers, community-
dwellers of various Italian cities. None of the participants
had a history of psychiatric or neurological disorders, or
cognitive difficulties [participants’ Mini-Mental State
Examination (Folstein et al. 1975) scores >27]. None met
the criteria for clinical depression [participants’ Geriatric
Depression Scale (Yesavage et al. 1983) scores <5]. The
study was approved by the local ethical committee for psy-
chological research.

Materials
Current and Retrospective Cognitive Reserve survey (2CR)

The first version of the 2CR included items of key impor-
tance from existing CR questionnaires and from an exten-
sive review of literature on healthy aging and cognition.
This initial survey (2CR pilot) was administered to a sam-
ple of 342 community-dwelling older adults. These pilot
data were then factor analyzed and cross-validated against
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measures of cognitive performance and health status (see
Additional file 1). Guided by these—pilot—study results,
we developed the current version of the 2CR (Additional
file 2), which we administered to a new, independent sam-
ple of older participants (described above).

In addition to basic socio-demographic variables (age,
sex), the survey comprises items spanning five dimensions
of experience: socio-economic status, leisure activity, social
engagement, spiritual/religious practice, and family engage-
ment. Except for family engagement, these dimensions were
assessed with respect both to current status (i.e., late adult-
hood/older adulthood) and retrospective status (youth or
younger adulthood). We developed the 2CR to be flexible
with respect to the age range implied by “retrospective,”
i.e., to support different research goals with respect to devel-
opmental comparison. For the current study, retrospective
referred to younger adulthood, i.e., ages 20-35/40 years'. As
noted, family engagement was assessed only with respect to
current status. This was because associated variables (part-
nership quality items, e.g., cognitive and emotional status
of one’s spouse) would not be applicable if “retrospective”
were operationalized as referring to late adolescence.

All response-level items were scaled 0—4, except for edu-
cational level, which was scaled from 1 to 7 to cover all
of the major educational attainment levels provided by the
Italian education and training system (higher scores =higher
level of education completed). For the items assessing the
engagement in leisure, social, and spiritual/religious activi-
ties, participants were asked to rate their frequency of
engagement with each of the activities choosing the follow-
ing options: never, seldom (yearly), sometimes (monthly),
often (weekly), always (daily).

The structure of the 2CR corresponds to a three-level fac-
tor model, with general current and retrospective CR (CRc
and CRyr) at the top level, i.e., at level-3, the above-described
CR dimensions as latent constructs at level-2, and observed
items at level-1. All level-1 items except for indicators of
socio-economic status were obtained as composite scores
(parceled as means for this analysis) of sets of two or more
items (see Fig. 1 for a diagram of the full model, with com-
posite items further described in the corresponding figure
caption and in the scoring sheet for the 2CR in Appendix A).

Listening Span Test (LST; Borella et al. 2008)

It consists of sets containing increasing numbers (from 2 to
6) of short sentences. Participants were instructed to listen to
each sentence, judge whether it was true or false, and retain

! Note that the survey allows for the age range associated with ret-
rospective status to be specified by the experimenter at the time of
administration, e.g., contingent on research goals and sample demo-
graphics.
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its last word. At the end of each set, participants were asked
to recall the last word of each sentence. The total number
of correctly recalled words was used as a measure of WM
performance (maximum score = 20).

Wechsler adult intelligence scale revised—vocabulary
subtest (Weschler 1981)

A list of 35 words was presented, and participants were
asked to provide either their meaning or a synonym. Answers
to the 35 items were scored according to the manual. The
dependent variable was the sum score for all items (maxi-
mum score =70).

Raven'’s progressive matrices (Raven’s; Raven et al. 1977)

Participants were presented with 60 matrices. The matrices
were similar to a puzzle with a piece missing from the bot-
tom right corner. The participants had to choose which of the
6 pieces presented best completed the figure and to complete
the test within a 20-min time constraint. The total number of
correct solutions was used as a measure of fluid intelligence.

Procedure

All participants completed one in-person individual session
with an experimenter, lasting about 90 min (with a 5-10-min
mid-session break). After obtaining participants’ consent,
the order of the tasks/questionnaire was: the MMSE, the
2CR, the Verbal intelligence, the Raven’s, the LST, and the
GDS.

Analyses

We conducted confirmatory factor analyses of the survey
data using Mplus statistical software (Muthén and Muthén
2017) with full information maximum likelihood (FIML)
estimation and treating response items as continuous vari-
ables. We fit three models, beginning with the “full” three-
level model (Fig. 1). This model included observed response
items at level-1 (a mix of individual item scores and compos-
ite/item parcel scores). The level-1 items in turn loaded onto
level-2 “dimensional” CR factors, which included five cur-
rent domains (leisure activity, social engagement, religious
activity, socio-economic status, and family engagement)
and four retrospective domains (again, family engagement
was not assessed retrospectively). Finally, the dimensional
level-2 factors loaded onto global CRc and CRr factors at
level-3.

Note that, according to the factor-item structure that
emerged from the pilot study, relations between some
observed activities and dimensional CR factors dif-
fered across retrospective vs. current life periods; e.g.,
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Fig.1 Diagram of the three-level latent structure of the final 2CR
survey. Note. Standardized factor loadings estimates (shown on direc-
tional pathways) were obtained from a three-level factor model, with
global CRc and CRr factors at the top level, dimensional CR factors
at mid-level, and observed items at the lowest level. Most level one
(observed response) items were calculated as composite scores, aver-
aging across response items as follows: recreational exercise (swim-
ming, gym, dance); creative expression (writing, painting, playing
music); intellectual stimulation (reading, puzzles, chess); volunteer-
ing (at hospitals, schools, charitable organizations); associations
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(clubs, political groups, professional groups); public events (theatre/
concerts, museums, conferences); religious/spirituality-individual
(prayer, meditation); religious/spirituality-group (participation in reli-
gious rites/ceremonies, church community events); partnership qual-
ity (partner’s accessibility, health, mood, mental health); connectivity
logistics (driving and computer use related to family/social purposes).
Unique item variances and covariances are not shown to allow for a
clearer visual presentation of associations between items/factors.
Global CRc and CRr factors were correlated at r=0.853, p <0.001
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Table2 2CR structural equation o e Parameters x2(df) ~ CFI RMSEA [95%CI] SRMR  AIC

model fit statistics
1. Three-level (CRc, CRr) 88 355(187) 0.913 0.062 [0.052,0.072] 0.067 12,606
2. Three-level (CRc +1)° 87 369 (188) 0.906 0.064 [0.054,0.074] 0.068 12,619
3. Two-level (dimensional 110 312 (165) 0.924 0.062 [0.051,0.072] 0.061 12,607

factors only)

CFI=comparative fit index. RMSEA =root mean square error of approximation. SRMR = standardized
root mean square residual. AIC = Akaike Information Criterion

"Non-positive definite residual covariance matrix (theta)

connectivity logistics loaded onto social engagement retro-
spectively, whereas connectivity logistics loaded onto family
engagement currently (see Fig. 1).

As for socio-economic status, most people finish formal
schooling in adolescence or early adulthood, and educa-
tion contributes strongly to subsequent occupational expe-
riences (Wilson et al. 2013). Occupational attainment is
indeed highly correlated with educational achievement and
it -in and of itself- represents a form of lifelong education
(an individual's occupation may provide opportunities for
cognitive stimulation and new learning) (Scarmeas and
Stern 2004). Therefore, we used education to represent ret-
rospective SES, while occupational attainment, along with
financial wellbeing, to represent current SES. With respect
to retrospective SES, we included both educational level
(highest level of education achieved) and years of formal
schooling as indicators. As a construct, education level is
prone to variation across different types of high schools
and/or universities (which may also differ in quality) within
and across different countries, potentially influencing scor-
ing equivalence across contexts. Years of schooling better
expresses variation in the number of years taken to obtain a
given degree, thereby better reflecting differences in norma-
tive vs. delayed/accelerated learning. Though related, these
two indexes therefore represent two different dimensions of
educational attainment, and considering both would allow
one to better capture—quantitative and qualitative—sources
of educational benefits as a proxy of CR (see Lawrence et al.
2016; McDowell et al. 2007).

In a second model, we only included a single global CR
general factor at level three for comparison purposes (i.e., to
see if the dimensional factors would collapse onto a single,
overarching CR dimension). Finally, we estimated associa-
tions between the global and dimensional CR factors and
measures of cognitive performance and depressive symp-
toms. Note that unique variances for level-1 items that were
identical save for the distinction of current vs. retrospec-
tive were allowed to correlate to account for shared method
variance.

@ Springer

Results

Model fit statistics for the confirmatory factor analyses are
provided in Table 2.

Overall fit was acceptable across all models based on
established cutoff criteria (Hu and Bentler 1999). However,
the residual covariance matrix (theta) was non-positive defi-
nite for the three-level model with a single global CR factor.
A formal test of change in model fit across the three-level
models (sz =14, df=1, p<0.001) further confirmed selec-
tion of the model with two global CR factors (CRc, CRr) over
the model with a single global CR factor. Standardized item/
factor loadings for the three-level CRc and CRr model are
shown in Fig. 1 (additional parameter estimates are provided
in Supplemental Materials 2). Standardized loadings (A) were
all strong (>0.400) with a few exceptions. For level-1 items,
current financial wellbeing (reverse-coded financial hardship)
and family engagement had moderate loadings (A=0.327 and
A=0.378, respectively) onto the corresponding level-2 items.
For level-2 items, current and retrospective religious activity
loaded weakly/moderately onto the corresponding global CR
factors (A=0.182 and A=0.309, respectively). Global cur-
rent and retrospective cognitive reserve factors were strongly
positively correlated (r=0.853).

Convergent and discriminant validity

Table 3 shows the correlations of the 2CR global and dimen-
sional factors with variables of interest. With respect to
the demographic measures, chronological age was weakly
negatively correlated with current leisure activity and social
engagement and was weakly negatively correlated with ret-
rospective leisure activity, SES (education), and global CR.
Chronological age was moderately negatively associated
with current family engagement. Men had weakly/moder-
ately lower religious activity, currently and retrospectively,
than women. Men had weakly/moderately higher current
SES (occupation) and family engagement, and weakly/
moderately higher retrospective social engagement and CR,
than women.
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Table 3 Correlations of 2CR factors with cognitive performance and depressive symptoms

Covariates Dimensional CR factors Global CR factors
LEI_c SOC_¢c REL_c¢ SES. ¢ FAM_c LELr SOC.r REL.r SESr CR_c CR_r

Age —-0.164 —-0.250 0.141 —-0.003 -0390 -0.190 -0.145 0.058 -0.312 -0.222 -0.307

Male' -0.057 0.005 —0.323 0.336 0.316 0.196 0.220 -0.307 0.144 0.067 0.218

MMSE (general cognitive —0.099 -0.025 -0.264 -0.011 0.196 —0.111 0.093 —0.030 0.073 —0.024 0.029
functioning)

WALIS Vocabulary (crys- 0.376 0.468 0.054 0.622 0.221 0.391 0.262 0.078 0.600 0.481 0.562
tallized intelligence)

Raven’s (fluid intelli- 0.367 0.370 -0.182 0.353 0.376 0.389 0.222  -0.105 0.513 0.409 0.498
gence)

LST (working memory) 0.369 0.458 0.015 0.530 0.362 0.350 0.136 —0.050 0.452 0.481 0.435

GDS (depressive symp- -0278 -0272 -0.104 -0.316 —0.595 -0.219 -0.7139 -0.121 -0.135 -0.369 -0.232

toms)

3

Factor abbreviations are defined in Table 1. Factors’ suffix

_c” refers to current, and suffix “_r” refers to retrospective. Correlations between

covariates and dimensional CR factors were estimated in a first-order factor model (i.e., without global CR factors). MMSE =Mini-Mental State
Examination, adjusted for age and education level. WAIS vocabulary subtest. Raven’s =Raven’s progressive matrices, total correct. LST =listen-
ing span task (working memory), words correctly recalled. GDS = Yesavage Geriatric Depression Scale. Non-significant (p >.05) correlations
are shown italicized. The listed covariates were added to models 1 and 3 (Table 2), respectively. This allowed us to calculate correlations of these
measures with the global CR factors (model 1) and with the dimensional CR factors (model 3)

"Point-biserial correlations

Associations with cognitive performance measures

Global CRc and CRr factors were not significantly related to
MMSE, but both showed moderately strong positive associa-
tions with vocabulary (r=0.481 and r=0.562, respectively),
reasoning ( r=0.409 and r=0.498), and WM (r=0.481 and
r=0.435).

Of the dimensional CR factors, current and retrospec-
tive leisure activity, current social engagement, and cur-
rent and retrospective SES were moderately positively
associated with vocabulary (r=0.376-0.622), reasoning
(r=0.353-0.513), and WM (r=0.350-0.530). Current
family engagement was weakly positively associated with
vocabulary (r=0.221) and moderately positively asso-
ciated with reasoning (r=0.376) and WM (r=0.362).
Current religious activity was weakly negatively associ-
ated with MMSE scores (r=-0.264) and with reasoning
(r=-0.182). Retrospective religious activity was not sig-
nificantly associated with any of the cognitive performance
measures.

Associations with depressive symptoms

Of the global CR factors, CRc was moderately nega-
tively associated with depressive symptoms (r=—0.369),
and CRr was weakly negatively associated with DS
(r=-0.232). Of the dimensional CR factors, current
family engagement was most strongly negatively associ-
ated with DS (r=—0.595). Current and retrospective lei-
sure activity, current social engagement, and current and

retrospective SES were weakly negatively correlated with
GDS (r=-0.135-0.316).

Discussion

We developed the 2CR survey to characterize the dynamic
nature of (classical and new) CR proxies in two main life
stage periods, i.e., currently (as typically assessed) and ret-
rospectively. We evaluated its factor structure, and results
supported a three-level representation of CR, with distinct,
global current and retrospective CR factors (CRc and CRr)
at level-three, dimensional CR factors at level-two, and with
observed items and composite scores at level-one. This
depth of representation is, to our knowledge, novel among
CR surveys considering different life stages. Global and
dimensional CR factors were further examined in relation
to objective measures of cognitive ability and, for the first
time, depressive symptoms.

Survey structure and item-factor representation

Associations between global (level three)
and domain-specific (level two) CR factors

With respect to the 2CR latent structure (Fig. 1), except for
family engagement (which, as noted in the Methods, we
did not assess retrospectively), the global/domain-specific
CR structural sub-models were identical for current and
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retrospective variables. Loading strengths of the domain-
specific CR factors onto the global CR factors were highly
consistent, with leisure activity and social engagement
most strongly representative of each global factor. Along
with socio-economic status, leisure and social domains are
not only related to successful/active aging (Rowe and Khan
1998), but they are also well-established socio-behavioral
CR proxies (Opdebeeck et al. 2016; Stern et al. 2019), so
their salient loadings are reassuring. In contrast, religious/
spiritual activity was only weakly associated with both
global CR factors, an unexpected result. It may be that reli-
gious/spiritual activity is more closely linked to other psy-
chological aspects (e.g., fear of dying; Fortner et al. 2000)
than to cognitive protective factors generally. Family engage-
ment also loaded strongly onto CRc, a result consistent with
recent evidence on the importance of family (and especially
partnership quality) for individual psychological well-being
and cognitive functioning in later adulthood (Handing et al.
2022; Kelly et al. 2017).

Associations between domain-specific CR factors
and observed variables

In contrast to the higher-order (global/domain-specific) CR
factor structure, associations between the domain-specific
CR factors (level two) and observed/composite items (level
one) were mostly asymmetrical across current vs. retrospec-
tive variables. As explained in the Methods, asymmetries
related to SES and family engagement were inherent to the
nature of the domains themselves (e.g., occupational class
and partnership/marital status are not relevant when assess-
ing retrospective status as pertaining to late adolescence).
Such item-factor structural asymmetries were determined
from the pilot study factor analyses (Supplemental Materials
1). For example, connectivity logistics (driving, telecom-
munications usage) were more closely related to family
engagement in the current period (older age), but to general
social engagement retrospectively. Similarly, participation in
public events was related to social engagement in later adult-
hood, but to leisure activities in earlier adulthood. These
qualitative asymmetries were thus effectively “baked into”
the survey in its present form and as administered to the
current sample of participants. The results (model fits, factor
loadings) from the structural factor analyses applied to these
data largely support this structure.

Associations with cognitive performance

Differential associations were observed between the CR fac-
tors (global and dimensional) and cognitive performance
measures. Both CRc and CRr were significantly positively
correlated with vocabulary and reasoning (measures of
crystallized and fluid intelligence), consistent with prior
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evidence (Opdebeeck et al. 2016). However, associations
with these measures were more pronounced with respect
to CRr. Both CRc and CRr were similarly both positively
associated with WM, but in this case, the association was
slightly stronger for CRc. Differences in intelligence, and
corresponding differences in educational attainment and
behavior-related risk factors for cognitive decline, mani-
fest at an early age and carry forward across the lifespan
(Lovdén et al. 2020). In contrast, WM deficits, on average,
become increasingly evident in later adulthood, at which
time they may begin to interfere with and account for self-
care behaviors and social support structures (Borella et al.
2008, 2017). Such developmental patterns are consistent
with the observed differential associations of CRc and CRr
with objective measures of intelligence and memory.

Neither CRc nor CRr correlated with general cognitive
status (MMSE). Basic assessments of cognitive status (e.g.,
awareness of the day and date) are commonly used to evalu-
ate neurological functioning during clinical intake, but these
comparatively coarse measures may lack sensitivity to CR
dimensions that track across a more varied range of indi-
vidual ability (Arcara et al. 2017). Associations between
dimensional CR factors and objective cognitive perfor-
mance were most pronounced with respect to SES (current
and retrospective). Especially salient relations were observed
between SES (current and retrospective) and crystallized
intelligence, confirming that an “enriched” learning environ-
ment, in terms of educational and occupational stimuli and
opportunities, may promote/sustain crystallized intelligence
(Cheng and Furnham 2019).

There were also differentiated relations between leisure
activity (current and retrospective), social engagement (cur-
rent), and family engagement (current) dimensional CR fac-
tors and the objective cognitive measures. Notably, whereas
leisure activity, social engagement (current), and SES CR
factors were most strongly linked to crystallized intelligence
(which remains relatively stable across the adult lifespan),
family engagement was more strongly linked with reasoning
and WM. This result is consistent with studies showing WM
and fluid abilities as playing important roles for engaging
in social activities and close interpersonal relations (Kelly
et al. 2017). Reciprocally, there is also evidence linking bet-
ter socio-relational functioning (as a precursor) to reduced
age-related loss in fluid abilities (as outcomes), with cogni-
tive reserve playing a mediating role (Ihle et al. 2021).

Current religious activity was negatively (albeit weakly)
associated with MMSE scores and with reasoning, whereas
retrospective religious activity was not significantly asso-
ciated with any of the cognitive performance measures.
Although this result was not anticipated, prior studies have
similarly shown that religiosity is negatively correlated with
fluid reasoning abilities (Daws and Hampshire 2017). This
result may reflect how such religious/spiritual activities were
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assessed on the 2CR, and it may also reflect the specific pop-
ulation from whom the current data were obtained. These are
certainly considerations for evaluating such associations in
different cultural contexts and age groups in future studies
using the 2CR, for which religious/spiritual practice may
have a protective effect. Indeed, religious/spiritual practice
may differentially manifest as a function of age across cul-
tural settings, e.g., because some cultures may afford more
opportunities for (or place stronger expectations on) older
adults to be religiously observant.

Associations with depressive symptoms

As expected, moderately strong negative correlations were
observed between DS and global CRc, family engagement,
and current SES. DS were also weakly negatively associ-
ated with leisure activity (current and retrospective), social
engagement (current), SES (retrospective), and CRr. The
result that family engagement was most strongly associated
with reduced DS is consistent with recent studies show-
ing that social isolation, particularly related to increased
physical distance from loved ones (consistent with our indi-
cators for family engagement) is a potent risk factor for
depression in older adults (Handing et al. 2022). Increased
social selectivity (smaller social networks, more narrowly
prescribed social activities) during adulthood may serve to
ensure more positive social exchanges (Carstensen 1995;
Luong et al. 2011) but may also place increased value on
such social support for maintaining emotional wellbeing
in later life.

Limitations

An important limitation of this study related to sample selec-
tion is that study participants were on average cognitively
well-functioning, which may further explain the lack of
association between 2CR and MMSE scores, and without
clinically diagnostic DS. We also lacked neuroimaging data,
which would have allowed us to further test CR as a modera-
tor of associations between brain status and cognitive perfor-
mance. These issues should be examined in future studies to
show that better CR, as evaluated on the 2CR survey, better
predicts overall functioning in participants with clinically
meaningful levels of brain injury and/or dementia.

2 Counts of family members were highly skewed, requiring statistical
treatment as a categorical variable. For the revised survey used here,
we sought to treat all response variables as continuous rather than
categorical variables (a) to facilitate model specification/convergence
and (b) to support FIML estimation, which accommodates missing
data.

The survey itself also has some potential limitations. For
the pilot study, family engagement indicators also included
number of family members (a count of spouse/children/
grandchildren); however, we omitted this indicator in the
current 2CR model (Fig. 1) due to variable/data character-
istics.2 We did, however, retain the original items (marital
status, number of children and grandchildren) on the final
survey for use by others should they desire further valida-
tion. We also conducted a follow-up sensitivity analysis
including this variable (as a continuous outcome), but the
model failed to converge.

In assessing communication, we focused on purpose
rather than modality. We therefore combined computer,
tablet, and phone use in a single item, as they can all be
used for the same goal of communicating with others. Gen-
erational differences in device usage patterns may to some
extent account for the asymmetry in how this communica-
tion item loaded onto current vs. retrospective CR factors,
but we believe the 2CR model and survey structure does
capture important differences of communication purposes
(more broadly social for youth/younger adults, more family-
focused for older adults, coherent with Carstensen’s 1995,
lifespan theory of socioemotional selectivity; English and
Carstensen 2014) and have therefore chosen to retain this
as a single item.

Retrospective SES was indicated by two items (edu-
cation level and years of schooling). Due to the very
strong correlation (r=0.92) between these items, we sub-
sequently tested two models wherein retrospective SES
was operationalized as either of these observed (singu-
lar) education variables rather than as a factor loading
on both. However, both models failed to converge. In
follow-up checks, we identified 27% of participants as
displaying a discrepancy between years of schooling
and education level, with approximately 55% of those
individuals showing deferred attainment (e.g., due to
repeating grade levels, dropping out, or simply due to
differences across educational systems). The remainder
evinced precociousness (early advancement). In the end,
we retained SES as a factor indicated by both education
variables (a) for enhanced reliability given the latent-var-
iable definition and (b) for potentially improved validity
by accounting for the above-noted discrepancies across
education measures.

Finally, we included a variety of common daily life leisure
activities known to prompt CR, but these lists were necessar-
ily non-exhaustive. For example, with respect to recreational
exercise, three items loaded most strongly (going to the gym,
dance, swimming/water aerobics). Notably, these activities
concurrently promote aerobic and motor-coordination skill
development, and they may also promote social interaction.
Such multifaceted exercises may be key to supporting cog-
nitive and mental health in later life (Verghese et al. 2003).
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That said, researchers using this survey in the future may
wish to consider other recreational exercise activities (e.g.,
walking, cycling)—as well as additional items related to cre-
ative expression and “intellectual stimulation.” We therefore
have included open-ended response options for each of these
survey questions.

Conclusions

Overall, these findings highlight the life stage-dependent
nature of CR, which likely shifts both qualitatively and
quantitatively as adults adapt and develop in response to
changing demands, goals, and priorities across the lifespan
(Ebner et al. 2006). Though CRc and CRr were strongly
positively correlated, comparison of model fit clearly
favored a solution with two separate global CR factors,
compared to a single CR factor, and this was further sup-
ported by differential associations of CRc vs. CRr with the
objective measures of cognitive performance. It follows
that it is important to evaluate CR as a multidimensional
and dynamic construct with respect both to the individu-
al’s status at the time/life period of assessment and also
in relation to earlier life activities, as reflected in the 2CR
survey.

An important dimension of CR not included in other
currently available CR inventories is family engagement
(encompassing partnership quality), which we found to be
significantly positively associated with reasoning and WM
performance and negatively associated with DS. This is an
especially salient outcome given that family engagement
(and partnership quality) has rarely been examined as a CR
dimension and given that both cognitive impairment and
depression have represented primary concerns for mental
health within the older adult population (World Health
Organization 2017). Physical proximity to loved ones is
likely an essential protective factor for mental health and
everyday functioning in later adulthood (Carr and Utz
2020; Handing et al. 2022), so it follows that this dimen-
sion merits inclusion as a dimension of CR.

The relationship between CR and cognitive processes
central in aging (WM, reasoning and crystallized intel-
ligence) were also confirmed, with evidence of differen-
tial associations across CRc (memory was comparatively
salient) and CRr (intelligence was comparatively salient),
consistent with previous findings across the adult lifespan
(e.g., ). Further, we showed for the first time that depres-
sive symptoms were significantly negatively associated
with dimensional and global CR factors.

In conclusion, this study shows our new 2CR survey
to be a psychometrically sound measure of CR, sensi-
tive not only to differentiated life experiences in early vs.
later adulthood, but also to their associations with current
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cognitive and psychological outcomes in adulthood and
older age. The 2CR will likely be useful in clinical prac-
tice and could easily be extended also as a form of semi-
structured interview regarding individuals’ past and cur-
rent lifestyle habits. The 2CR may further prove useful
for applied research to develop strategies/solutions (social
policies, assessment/monitoring, training programs) tar-
geting cost-effective lifestyle factors for improved mental
health and quality of life in later adulthood.
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Abstract

Over the course of 2020 and 2021, the COVID-19 pandemic disrupted lives globally. In the UK, unemployment rate contin-
ued to increase during and post-lockdown periods, and job security and financial wellbeing deteriorated. It is important to
understand whether individual decisions related to retirement plans have changed systematically as a result of the pandemic,
especially among older adults who experienced greater rates of pandemic unemployment. Using the English Longitudinal
Study of Ageing, this article examines changes in retirement plans of older adults during the COVID-19 pandemic and
estimates the impact of health and financial circumstances on these changes. In June/July 2020, 5% of 2095 participants
reported planning earlier retirement, while 9% reported planning later retirement. We found that poor self-rated health and
financial insecurity were associated with intentions to postpone retirement. Additional risk of later retirement associated
with poor health was detected among those experiencing financial insecurity. In November/December 2020, 7% of 1845
participants reported planning earlier retirement, while 12% reported planning later retirement. We found that poor health
was predictive of a lower relative risk of later retirement, while depressive symptomology and financial insecurity predicted
a higher relative risk of later retirement. The findings imply a contextual role of health factors in, and a persistent influence
of financial insecurity on, retirement planning in the older population.

Keywords COVID-19 pandemic - English Longitudinal Study of Ageing - Retirement planning - Mental health - Self-rated
health - Financial insecurity

Introduction

Over the course of 2020 and 2021, the COVID-19 pan-
demic disrupted lives globally, with fear and uncertainties
surrounding the novel coronavirus and its mutations, lock-
down restrictions and social distancing policies. Older adults
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constituted a vulnerable population during this period, that
is, they were more likely to develop serious conditions and
experience higher mortality if infected—many were required
to shield or stay at home, leading to social isolation and poor
mental health (Di Gessa and Price 2022). It was reported
that as the unemployment rate kept increasing during and
post-lockdown periods, job security and financial wellbe-
ing deteriorated in the UK (Cheng et al. 2021; Brown et al.
2022). What has been less discussed, however, is the impact
of the pandemic on older workers, even though there is evi-
dence for greater rates of pandemic unemployment among
older than among younger workers (Bui et al. 2020). There
was also a depression of pension values due to the market
downturn, which would have affected older workers close to
retirement age (Sutcliffe 2020; Pew Charitable Trusts 2021).
Those financially affected by the pandemic have also been
shown to be less likely to save and annuitise (Hurwitz et al.
2021).
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From a policy and planning perspective, it is important
to understand whether individual decisions related to retire-
ment plans have changed systematically as a result of the
pandemic. The literature has shown that retirement plans
are significantly influenced by personal (including health)
and financial factors (Quinn 1977; Taylor and Shore 1995;
Delpachitra and Beal 2002; Scharn et al. 2018), both of
which have been substantially altered by the pandemic.
Moreover, the pandemic presented unique challenges com-
pared with past recessions: for instance, working longer to
compensate for the decline in retirement savings may have
been less viable, given older adults’ need to shield or stay at
home (Bui et al. 2020). Ageism may have also been a greater
problem than it was previously, considering the increasing
need for digital skills and reliance on remote working (Pit
et al. 2021). However, few studies have documented whether
and how older workers have changed their retirement plans
during this crisis and the impact of health and financial
circumstances on these changes (Davis 2021; Kaur 2021).
Moreover, the intersectionality between health factors and
financial circumstances has not yet been revealed in the con-
text of the pandemic.

Using the English Longitudinal Study of Ageing (ELSA),
a nationally representative study on older adults aged
52 years and above in private households in England, evi-
dence is provided on how health factors and financial insecu-
rity during the COVID-19 pandemic have affected retirement
plans. Older adults were observed at two peak time points
of the pandemic—June/July 2020 and November/Decem-
ber 2020, with a 74% response rate—thereby allowing an
examination of whether the impact of these factors remained
stable over time, and a longitudinal analysis that accounts for
individual unobserved heterogeneity. In addition, interaction
effects of health factors and financial insecurity on changes
in retirement plans are investigated in this article.

Theoretical framework

In studying factors influencing retirement plans or decisions,
the push—pull theory, which distinguishes between ‘push’
and ‘pull’ routes of influence on retirement, is one of the
most important and widely discussed theories. People are
‘pushed’ to quit their job due to negative factors that con-
strain them from working (Shultz et al. 1998; Oksanen and
Virtanen 2012; De Preter et al. 2013), such as poor health,
poor working conditions, caring responsibilities, and so on
(Olesen et al. 2012; Oakman and Wells 2013; Qvist 2021).
They can also be ‘pulled’ towards retirement (Oksanen and
Virtanen 2012), due to positive factors encouraging ear-
lier retirement, including leisure expectations and pension

@ Springer

wealth, among others (Blondal and Scarpetta 1999; Munnell
et al. 2004).

Health factors have been widely investigated as predic-
tors of retirement (Mein et al. 2000; Munnell et al. 2004;
Topa et al. 2009; Olesen et al. 2012; Scharn et al. 2018).
Poor physical and mental health are usually considered
push factors of retirement behaviours and plans (Taylor and
Shore 1995; Von Bonsdorff et al. 2010; Olesen et al. 2012).
Theoretically, poor health affects both people’s ability and
desire to work. People with poor physical or mental health
may experience a loss of control over their work (Topa et al.
2009), affecting their productivity and ability to do full-time
work, thus forcing them into retirement. Moreover, restricted
ability to work promotes people’s self-efficacy of retire-
ment—their self-perceived capability to carry out retire-
ment successfully (Hoffmann and Plotkina 2021)—which
contributes to retirement intentions (Taylor and Shore 1995).
Meanwhile, a positive attitude and orientation towards lei-
sure activities drive people to quit the labour market, as sug-
gested by Beehr’s model (Beehr 1986). Therefore, hypoth-
eses 1 and 2 are constructed accordingly:

Hypothesis 1. People in poor health are more likely to
retire earlier, or less likely to retire later.

Hypothesis 2. People with psychological distress are
more likely to retire earlier, or less likely to retire later.

The impact of financial insecurity on retirement plans is
less straightforward. On the one hand, financial security acts
as a pull factor of earlier retirement. A higher level of finan-
cial security is associated with earlier retirement (Taylor and
Shore 1995), which conversely implies that financial inse-
curity or stress tends to retain people in employment (Mein
et al. 2000). On the other hand, financial insecurity has a
detrimental influence on health factors. Studies have shown
that during the COVID-19 pandemic, financial insecurity or
concerns led to the deterioration of mental health worldwide
(Wilson et al. 2020; Cheng et al. 2021; De Miquel et al.
2022). Following an adaptation of the model proposed by
Homaie Rad et al. (2017), there exists a trade-off between
the direct effect of financial insecurity on retirement and
the indirect effect via health factors. When the positive util-
ity of financial security is larger than the negative utility of
poor physical or mental health, later retirement plans may be
made. In the context of the COVID-19 pandemic, it is con-
jectured that people’s perceptions of their financial situation
may be more volatile and influential on retirement planning
than the changes in health for two reasons. First, there was
a relatively large fall in employment level among the older
population in the UK, compared with their younger coun-
terparts (Powell et al. 2022). Second, older adults have been
shown to be more resilient to anxiety, depression, and other
stress-related disorders seen among younger populations
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during the early stages of the pandemic (Vahia et al. 2020).
Therefore, the direct effect of financial insecurity may be
larger in magnitude than their indirect effect, leading to
hypothesis 3:

Hypothesis 3. People with financial insecurity are more
likely to retire later, or less likely to retire earlier.

Data and methods

The English Longitudinal Study of Ageing (ELSA) is an
ongoing panel study representing men and women aged
50 + who reside in private households in England. The
study began in 2002 (Wave 1), with responses from 12,099
individuals comprising core members (those representa-
tive of the English population aged 50+) and their partners.
Every two years, sample participants are interviewed on
their health, social, psychological, cognitive, and economic
circumstances; in addition, every four years, nurse visits
are conducted for the collection of biological samples and
anthropometric measurements. The most recent sweep of the
study was Wave 9, with data collection spanning June 2018
and July 2019. The sample was also refreshed at Waves 3,
4, 6,7 and 9, to ensure the sample remains nationally repre-
sentative (Steptoe et al. 2013).

Sample

The ELSA COVID-19 Substudy, administered between June
3 and July 26, 2020 (Wave 1) and again between November
4 and December 20, 2020 (Wave 2), was also used. The
Wave 1 (Wave 2) survey was issued to 9525 (9150) eligible
members, with 7040 (6794) interviews completed, achieving
a 74% response rate. In both waves, the survey was adminis-
tered online (83%) or by telephone interview for those who
were not able to respond online (17%). As our analysis relied
on some key information collected prior to the pandemic,
our sample comprised only core members who were also
observed in ELSA Wave 9 (n=5583 in COVID-19 Wave
1, n=5148 in COVID-19 Wave 2) (Addario et al. 2020). In
addition, participants who reported themselves to be retired,
permanently sick or disabled, or looking after their home or
family were excluded from our sample, which resulted in a
considerable drop in sample size. The final weighted work-
ing sample consisted of 1354 interviews in Wave 1 and 1201
interviews in Wave 2 with non-missing information on the
key variables (detailed below), with the weights adjusting
for non-response in the corresponding COVID-19 Wave,
contingent on response in ELSA Wave 9.

Outcome variable

In both waves of COVID-19 Substudy, participants were
asked, “Has the age at which you expect to retire from paid
work changed as a result of the coronavirus outbreak?”, with
response options “Yes, I now plan to retire earlier”, “Yes, |
now plan to retire later”, and “No”. Three groups of changes
in retirement plans were constructed accordingly.

Key exposures

The focus of this study was on two main areas of expo-
sure during the COVID-19 pandemic: financial insecurity
and health. For financial insecurity, participants were asked
to rate on a five-point scale, how worried they were, if at
all, about their future financial situation. This variable was
dichotomised to indicate financial insecurity (i.e., somewhat,
very, or extremely worried, vs. not at all or not very wor-
ried). They were also asked to rate on a five-point scale,
how their current financial situation compared to before the
coronavirus outbreak. This variable was collapsed into three
categories, namely (a little or much) better off, about the
same, and (a little or much) worse off.

As for health, participants were asked to rate on a five-
point scale, how they would say their health was in the past
month. This variable was dichotomised to indicate poor
self-rated general health (i.e., fair or poor, vs. excellent,
very good, or good). The measurement of mental health
was based on eight items from the Center for Epidemio-
logic Studies Depression (CES-D) scale, which measured
participants’ depressive symptoms in the week prior to inter-
view (Beekman et al. 1997). Participants were categorised
as experiencing depressive symptomology if they responded
positively to four or more symptoms (Zaninotto et al. 2022).

Covariates

The statistical analysis adjusted for pertinent pre-pandemic
covariates taken from information collected in Wave 9.
This included gender, age, ethnicity (white vs. otherwise),
partnership status (married or cohabiting, vs. otherwise),
whether they have dependent children, and whether they
live in an urban or rural area. Past health information was
also considered, namely whether they reported a limiting
long-term illness and depressive symptomology, the latter
captured with the same measure used in COVID-19 Waves
1 and 2.

For economic conditions, only pre-pandemic adjustments
were available, including participants’ education (degree vs.
otherwise), social class (managerial, administrative, and pro-
fessional occupations; vs. intermediate occupations, small
employers, and own account workers; vs. lower supervi-
sory, technical, semi-routine, and routine occupations),
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neighbourhood deprivation levels (captured using Index of
Multiple Deprivation quintiles), experience of financial dif-
ficulties (not managing very well financially, or have some or
severe financial difficulties; vs. getting by alright financially,
or managing quite or very well financially), home ownership
status, and wealth levels.

From the COVID-19 Waves, covariates included whether
they had private pensions from which they had not yet
started receiving or drawing an income, and whether they
were working at the time of interview (i.e., currently work-
ing; vs. on paid or unpaid leave from employment including
furlough, or self-employed but not currently working), as
well as whether participants had any experience of COVID-
19, including having tested positive for COVID-19 (them-
selves, a household member, or someone close to them out-
side their household), stayed in hospital for treatment due
to COVID-19 (themselves or a household member) or died
from COVID-19 (a household member or someone close to
them outside their household).

Analytical strategy

Multinomial logistic specifications of changes in retire-
ment plans (using “no change” as reference) were estimated
separately for COVID-19 Waves 1 and 2. In our longitu-
dinal analysis, a random-effect model was estimated to
account for unobserved individual heterogeneity (weighted
to account for non-response in the COVID-19 waves, con-
tingent on response in ELSA Wave 9), and a likelihood-ratio
test informed the use of an independent covariance struc-
ture (cf. unstructured covariance). Exponentiated coefficient
estimates were interpreted as relative risk ratios (RRRs).
To rule out potential selection bias associated with sam-
ple exclusion, inverse probability weighting (IPW) was
applied to cross-sectional multinomial logistic regressions,
in a selectivity analysis. All analyses were conducted using
Stata 17.0.

Results
Descriptive statistics

In June/July 2020, among older adults in the labour force
(i.e., employed, on paid or unpaid leave from employment,
or self-employed and working or not working), around 4.9%
were planning to retire earlier due to the pandemic, 8.8%
were planning to retire later, with the remainder (86.3%)
reporting no change in their expected age at retirement. By
November/December 2020, 7.3% were reportedly planning
to retire earlier due to the pandemic, and 11.8% were plan-
ning to retire later. Characteristics of participants by these
changes in retirement plans in June/July and November/

@ Springer

December 2020 are shown in Supplementary Tables Al and
A2, respectively.

In general, compared with older adults reporting no
change in retirement plans, those planning to retire earlier
were less likely to be worried about their future financial
situation, whereas those planning to retire later were more
likely to be worried about their future financial situation.
Those who in June/July 2020 reported a plan to retire later
were also more likely to being financially worse off as a con-
sequence of the pandemic. By November/December 2020,
those who reported planning to retire earlier were also more
likely to be in poor health, whereas those planning to retire
later were more likely to have depressive symptomology
(Figs. 1 and 2).

Looking at demographic characteristics observed in
2018/19 (ELSA Wave 9), compared with older adults who
reported no change in retirement plans due to the pandemic,
those reporting in June/July 2020 a plan to retire earlier were
more likely to be partnered. In November/December 2020,
those reporting a plan to retire earlier were more likely to
live in an urban area and to experience depressive symp-
tomology. Little difference in demographic characteristics,
such as sex, age, education, and household composition,
was observed between those planning to retire later and
those reporting no change in plans, across both COVID-19
periods.

As for pre-pandemic economic conditions, older adults
reporting in June/July 2020 a plan to retire earlier were
wealthier, and more likely to live in a better (i.e., less
deprived) neighbourhood, own their own home and have a
private pension, compared with those reporting no change in
plans. In contrast, older adults planning to retire later were
more likely to live in a more deprived neighbourhood. Less
of a difference was observed in pre-pandemic economic con-
ditions by retirement plans reported in November/December
2020, except that those planning to retire earlier were, nota-
bly, economically better off.

Cross-sectional analysis

Results from the separate multinomial logistic regressions
for the COVID-19 waves are presented in Table 1—figures
are relative risk ratios (RRRs), or risks in relation to the
reference of no change in retirement plans.

Health

After adjusting for covariates, older adults reporting poor
health were relatively more likely to plan to retire later over
not changing their plans, compared to those reporting bet-
ter health, but this was only evident when interviewed in
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Table 1 Cross-sectional multinomial logistic regressions

Ref: no change

Covid Wave 1 (Jun/Jul 2020)

Covid Wave 2 (Nov/Dec 2020)

Retiring earlier

Retiring later

Retiring earlier

Retiring later

Main exposure

Poor self-rated health 1.043 0.491)
Depressive symptomatology 0.860 (0.363)
Worried about future financial situation 0.794 (0.273)
Controls from 2018/19

Male 0.811 (0.244)
Age 1.034 (0.028)
Non-white 1.790 (0.955)
Partnered 2.538* (0.973)
Have children in benefit unit 0.840 (0.375)
Live in rural area 0.634 (0.230)
Limiting, long-term illness 0.866 (0.368)
Depressive symptomology 1.124 (0.664)
Degree [NVQ4-5] 0.960 (0.299)
Social class

Managerial, administrative, professional

Intermediate 0.992 (0.507)
Routine/manual 0.745 (0.332)
Other/incomplete info 1.256 (0.459)
Index of Multiple Deprivation

Quintile 1 (least deprived)

Quintile 2 0.824 (0.295)
Quintile 3 0.296%** (0.135)
Quintile 4 0.524 (0.222)
Quintile 5 (most deprived) 0.424 (0.269)
Financial difficulties 0.859 (0.575)
Own home 2.049* (0.644)
Log wealth 0.984 (0.043)
Controls from 2020

Have private pension 2.263* (0.718)
Currently working 1.672 (0.835)
Financial condition due to COVID

Better off 1.271 (0.476)
Same (ref.)

Worse off 2.072% (0.749)
Covid exposure 1.290 (0.423)
N 1354

1.953% 0.606)  0.687 0.302) 0513 (0.183)
1.293 (0.406) 1386 (0.583)  1.862% (0.472)
2.154%%  (0.598)  0.556 (0.200)  2.003%*  (0.521)
1.621 (0.404) 0928 0262) 1452 (0.340)
1.021 0.024) 0987 0.025)  1.017 (0.026)
1.812 (0.723)  3.982%*  (2.064)  1.368 (0.583)
0.877 0.245)  1.197 0381)  1.041 (0.301)
1.431 (0.516)  0.791 (0341) 1320 (0.408)
0.898 (0.257)  0.451% (0.164) 1598 (0.407)
0.604 (0.243)  0.989 (0.410) 0555 (0.208)
1.140 0.497)  0.284 (0.248)  1.960 (0.793)
1.578 0.431)  0.640 (0.208)  1.297 (0.354)
0.904 0.367)  0.604 (0.289)  0.672 (0.260)
1.079 0432) 0965 0.403)  1.196 (0.420)
1.244 (0453)  0.673 0.256)  1.114 (0.351)
1.014 0363) 1132 0.420)  1.088 (0.332)
1.010 (0.408)  0.699 0.288)  0.805 0.272)
1.887 (0.736)  0.535 0.225)  1.081 (0.404)
0.417 (0219)  0.743 (0.404)  0.748 (0.401)
0.914 (0.358)  0.294 (0253) 0511 (0.195)
1.232 (0.349)  1.849% 0.579) 0776 (0.204)
1.011 0.025)  1.036 (0.071)  0.999 (0.026)
1.560 0.428) 1366 (0.385)  1.284 (0.315)
0.828 (0.293)  0.280%*  (0.120)  1.270 (0.531)
1.646 0.643) 1504 (0.528)  2.088% (0.652)
3.163%  (0.927)  1.731 (0.616)  3399%%  (0.940)
1.014 (0314)  1.143 (0.304)  0.831 (0.205)
1201

Figures are relative-risk ratios. *p <0.05, **p <0.01

June/July 2020 (RRR: 1.953). Hypothesis 1 was rejected.
By November/December, older adults reporting depressive
symptomology were more likely to plan to retire later over
not changing their plans (RRR: 1.862). Hypothesis 2 was
rejected.

Financial insecurity

Consistent with the descriptive statistics, regression esti-
mates showed that financial insecurity was significantly
predictive of plans to retire later due to the pandemic, even
after adjusting for pre-pandemic financial difficulties: the
RRR in June/July 2020 was 2.154. Therefore, on average,
the relative risk of planning to retire later over not chang-
ing retirement plans among those who were worried about
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COVID-19 Wave 1 (June/July 2020)
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Proportion reporting financial insecurity
.2
1

0
I

No change

Retiring earlier Retiring later
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Proportion reporting depressive symptoms
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Proportion reporting poor health
.2
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No change Retiring earlier Retiring later

Fig. 1 Prevalence of financial insecurity, poor health, and depressive symptomology, by changes in retirement plans, in COVID-19 Wave 1

risk. The RRR estimate of 6.898 suggests that the relative
risk was higher by nearly seven times among those experi-
encing both financial insecurity and poor self-rated health,
than among those experiencing neither. By November/
December, this interaction term was no longer significant,
and the main effect of financial insecurity remained sig-
nificant. Results were consistent when inverse probability
weighting was applied, reported in Supplementary Table A4.

Longitudinal analysis

Table 3 provides results from estimating the multinomial
logit regression in a panel setup for the two COVID-19
waves, thereby accounting for unobserved heterogeneity at
the individual level. Results from a likelihood-ratio test vali-
dated the assumption of zero covariance.

Consistent with the cross-sectional estimates at both time
points in Table 1, neither health nor financial insecurity were
significantly predictive of the relative risk of planning to
retire earlier over not changing retirement plans. Significant
relationships were observed between financial insecurity and
the relative risk of planning to retire later over not changing
retirement plans (RRR: 3.315). However, self-rated health
was no longer predictive of this relative risk.

Consistent with Table 1, the demographic and economic
covariates captured from 2018/19 (ELSA Wave 9) played a
larger role for the relative risk of planning to retire earlier
over not changing retirement plans, than for the relative risk
of planning to retire later. Identifying as non-white, living
in an urban area, having no past depressive symptomology,
living in a less deprived area, having their own home, having
private pension, and not currently working, were predictive
of a higher relative risk of planning to retire earlier over not
changing retirement plans. On the other hand, only having
past depressive symptomology predicted a higher relative
risk of planning to retire later.

In the interaction analysis between financial insecurity
with each of the other exposures of interest (Supplemen-
tary Table AS5), very little impact of the interaction terms
was observed; instead, persistent and strong main effects
of financial insecurity due to COVID-19 were found on the
relative risk of planning to retire later over not changing
retirement plans.
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COVID-19 Wave 2 (November/December 2020)
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Fig.2 Prevalence of financial insecurity, poor health, and depressive symptomology, by changes in retirement plans, in COVID-19 Wave 2

Discussion

The aim of this article was to examine how health factors
and financial insecurity affected older adults’ retirement
plans during the COVID-19 pandemic in the UK. It was
found that poor self-rated health was related to a higher
risk of postponing retirement (relative to not changing
retirement plans) when interviewed in June/July 2020, but
a lower risk of postponing retirement, when interviewed
later in November/December 2020. A positive association
between depressive symptomology and risk of postpon-
ing retirement was only pronounced in November/Decem-
ber 2020. Financial insecurity was associated with a higher
risk of postponing retirement at both timepoints. How-
ever, plans of retiring earlier were not affected by these
health factors or financial insecurity. These findings can
be broadly generalised among English adults aged 50 and
older in the context of the COVID-19 pandemic.

In the first months of the pandemic, people with poor
self-rated health had a stronger intention of postpon-
ing retirement than people reporting good or fair health.
Despite having poor health, people would not leave their
jobs during the pandemic, which was different from previ-
ous findings (e.g., Von Bonsdorff et al. 2010; Ggrtz 2012;
Scharn et al. 2018). It might be because people with poor

@ Springer

health tend to be more risk averse (Decker and Schmitz
2016; Courbage et al. 2018). Faced with some negative
socio-economic consequences of the pandemic, such as
high unemployment rate and fewer vacancies (Mayhew
& Anand 2020; Arthur 2021), they may have been more
likely to postpone their retirement, to stay in the labour
market to make a living. In the present study, older adults
in poor health were more risk averse regarding financial
circumstances than those in good health (score of 3.1 vs.
3.7, on a scale from O ‘avoid taking risks’ to 10 ‘fully
prepared to take risks’, when observed in 2016/17). This
explanation is also supported by the results of the interac-
tion analysis showing that among older adults who were
financially secure, those reporting poor health did not tend
to change their retirement plans.

Another possible explanation is that self-rated healthier
adults were trying to devote more time to leisure activities
and to be with their families, rather than to work, after expe-
riencing the outbreak of the pandemic and the first national
lockdown in the UK, with the expectation that the pandemic
was a short-lived event. In contrast, by November/December
2020, people may have realised that the pandemic would last
longer than expected, and started to adapt to a ‘new normal’
(Corpuz 2021), so changes in retirement plans of healthier
adults were not pronounced. However, poor self-rated health
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Table 3 Panel multinomial

o ; Ref: no change
logistic regressions

Random effects with zero covariance

Retiring earlier Retiring later

Main exposure
Poor self-rated health
Depressive symptomology

Worried about future financial situation

Controls from 2018/19
Male

Age

Non-white

Partnered

Have children in benefit unit
Live in rural area
Limiting, long-term illness
Depressive symptomology
Degree [NVQ4-5]

Social class

Managerial, administrative, profsessional

Intermediate
Routine/manual
Other/incomplete info
Index of Multiple Deprivation
Quintile 1 (least deprived)
Quintile 2

Quintile 3

Quintile 4

Quintile 5 (most deprived)
Financial difficulties

Own home

Log wealth

Controls from 2020

Have private pension
Currently working
Modifiers

Financial condition due to COVID
Better off

Same (ref.)

Worse off

Covid exposure

var(ul)

var(u2)

Wave dummy included

N

0.634 0277) 0972 (0.421)
1.110 (0.393) 1.657 (0.581)
0.622 (0217)  3315%  (1.127)
0.749 (0.232) 1.850 (0.594)
1.015 (0.029) 1.019 (0.035)
4.373% (2.681) 1.670 (1.012)
1.984 (0.753)  0.933 (0.357)
0.781 (0.377) 1.365 (0.614)
0.387* (0.154) 1.530 (0.568)
1.150 0.476)  0.441 (0.237)
0.326 (0.226)  2.342 (1.423)
0.618 (0.217) 1.645 (0.628)
0.578 (0.322)  0.906 (0.505)
0.806 (0.370) 1.434 (0.666)
0.757 (0.300) 1.561 (0.668)
0.939 (0.385) 1.205 (0.509)
0.374% 0.174) 0907 (0.426)
0.390% (0.185) 1.519 (0.767)
0.443 (0.250)  0.417 (0.287)
0.447 (0.297)  0.497 (0.267)
2.316% (0.793)  0.822 (0.287)
1.000 (0.000) 1.000 (0.000)
2.148%* (0.719) 1.744 (0.583)
0.427 (0.200) 1.258 (0.641)
1.257 (0.482) 1.687 0.671)
1.764 0.642)  4.011%%  (1.206)
1.108 0.348)  0.980 (0.336)

115.753%%* (207.922)
972.068** (2588.136)
Yes

1319

Figures are relative-risk ratios. *p <0.05, **p <0.01

was associated with a lower possibility of delaying retire-
ment, consistent with the literature that poor health pushes
people out of their jobs (Mein et al. 2000; Homaie Rad et al.
2017).

The impact of mental health on retirement plans was only
pronounced in November/December 2020, in line with the

finding of greater depression among ELSA participants in
November/December than in June/July 2020 (Zaninotto et al.
2022). Elevated depressive symptomatology almost doubled
the risk of postponing retirement (relative to not chang-
ing retirement plans). This is plausible, since people with
fewer depressive symptoms are more likely to be optimistic
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(Conversano et al. 2010; Galatzer-Levy and Bonanno 2014;
Hobbs et al. 2022). They are also more confident about the
future (Carver et al. 2010), including potentially expecting
an eventual upturn of their financial situation or having a
stronger belief in their financial capabilities. In the present
study, older adults with fewer depressive symptoms were
more likely than those with depression symptomatology to
‘feel hopeful’ (71% vs. 49%, measured in 2010/11), to regard
ageing as a positive experience (68% vs. 49%, measured in
2016/17), to report that they would change almost nothing
if they could live their life again (61% vs. 36%, measured
in 2018/19), to feel that life is full of opportunities (49% vs.
26%, measured in 2018/19), and to feel that the future looks
good for them (54% vs. 24%, measured in 2018/19).
Compared with older adults who were not worried
about their future financial situation, those reporting finan-
cial insecurity were more likely to plan to retire later at
both timepoints, in line with the literature (Mein et al.
2000; Oksanen and Virtanen 2012; Van Droogenboeck
and Spruyt 2014). Consistent results were found in the
longitudinal multinomial logistic analysis. Put together,
these findings suggest that financial insecurity was a stable
and persistent predictor of changes in retirement plans dur-
ing the pandemic. Our interaction analysis also showed an
additional influence of financial insecurity on the risk of
postponing retirement among adults with poor self-rated
health, compared with those with good health. It might
be because the receipt of disability benefits increased
the likelihood of earlier retirement plans (Borsch-Supan
et al. 2009; Autor et al. 2016). In the present study, among
older adults who reported poor health, 11.6% of those who
were financially insecure were receiving disability ben-
efits, which is a smaller proportion than those reporting
to be financially secure (13.9%). In contrast, among those
reporting good health, 4.9% of those experiencing finan-
cial insecurity were receiving disability benefits, which is
more than those reporting to be financially secure (3%).
Our findings should nonetheless be interpreted in the
light of several limitations. First, due to the restricted
observation period, the estimates of this study reveal
changes in retirement plans among English older adults
after experiencing the first national lockdown over March-
July 2020 and the second national lockdown over Novem-
ber—December 2020 in England, rather than after experi-
encing the entire COVID-19 pandemic over 2020-2022.
Second, even though self-rated health is typically used in
the literature as a proxy for health, this subjective health
measure may be endogenous and biased (Oksanen and
Virtanen 2012). Third, older adults’ actual retirement
behaviour was not observed, and the findings were lim-
ited to self-reported changes in retirement plans. Finally,
further research is needed to investigate differences in the
impact of health factors and financial insecurity on older
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adults’ changes in retirement plans, such as occupational
differences.

In conclusion, this study highlights the critical role of
financial insecurity on older adults’ retirement decisions,
even when facing a crisis that impacts multiple dimen-
sions of their lives. Poor health and depressive sympto-
mology played different roles in the two periods observed,
which could be an artefact of the fluctuating nature of the
crisis—one period was towards the end of the first national
lockdown, whereas the other included not only the begin-
ning of the second national lockdown but also some of the
earliest days of the vaccine rollout—suggesting a more
contextual role of health in retirement planning. Impor-
tantly, these findings may aid in informing decisions on
budgets, risk management, and caring for the health of
older workers, among government, private pension provid-
ers, and firms with an older workforce.
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Abstract

This study set out to evaluate the association between job demands at baseline and physical performance over a six-year
period across three cohorts of older Dutch workers examined 10 years apart. Data were drawn from three cohorts (1992-1999,
2002-2009 and 2012-2019) of the Longitudinal Aging Study Amsterdam. Individuals aged 55-65 years from each cohort
who worked for pay were included (n=274, n=416, n=618, respectively). Physical performance was measured using gait
speed and chair stand performance. A population-based job exposure matrix was used to indicate levels of exposure prob-
ability of physical (use of force and repetitive movements) and psychosocial (cognitive demands and time pressure) job
demands. We found that psychosocial job demands increased and physical demands decreased across the three cohorts. No
between cohort differences were found for how job demands affected changes in physical performance over follow-up. For
men, faster decline in gait speed was observed when comparing higher and lower use of force at baseline (p —0.012, 95% CI
—0.021, —0.004). Greater use of force and repetitive movements were associated with faster decline in chair stand perfor-
mance (f —0.012, 95% CI —0.020, —0.004 and p —0.009, 95% CI —0.017, —0.001, respectively). In women, no association
of job demands on change in physical performance was observed. The study concluded that higher physical job demands
were associated with stronger decline in physical performance across six years for men in all cohorts, while no associations
were found among women.
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in the older population (Christensen et al. 2009). Work is
a major part of adulthood as both men and women spend
a considerable proportion of their time at the workplace.
Working conditions play an important role in health and
functioning in older age (Wahrendorf et al. 2012; Nilsen
et al. 2017). During the past decades, physical demands
of work have decreased during the previous decades while
psychological demands of work have increased, and work
participation of older employees and women have increased
(Eurofound 2006; Ng and Popkin 2012). Little is known
about the potential influence of this shift of working condi-
tions on health, functioning and performance and particu-
larly on changes in these outcomes in recent cohorts of older
workers.
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Physical performance is an indicator of the ability of a
person to function in everyday life and a good predictor
of later health outcomes such as disability, increased need
of healthcare services and premature mortality (Guralnik
et al. 1995; von Bonsdorff et al. 2006; Cooper et al. 2010).
Earlier studies have shown that change in physical perfor-
mance across time is heterogeneous among older individu-
als (White et al. 2013; Hoekstra et al. 2020). This hetero-
geneity necessitates the assessment of a variety of factors
including job exposures that may be related to change in
physical performance across time.

Higher physical job demands, such as lifting, kneeling,
and repetitive movements, have been linked with poor self-
reported health and physical functioning in several cohort
studies (Hinrichs et al. 2014; Platts et al. 2017; Mgller
etal. 2019). A few studies have reported on the association
between physical job demands and objectively measured
physical performance of which the findings have been
inconsistent. A Danish cohort study showed a negative
association between physical job demands and chair stand
performance among middle-aged men but not women
(Mgller et al. 2015). A Swedish study showed that higher
physical job demands were associated with poorer meas-
ures of isometric strength, physical fitness and dynamic
endurance among women (Torgén et al. 1999). A Dutch
study found no association between physical job demands
and chair stand performance in analyses pooled by gender
(van der Noordt et al. 2019).

Higher psychological job demands have been shown to
be associated with poorer self-reported physical function-
ing in adulthood (Cheng et al. 2000; von Bonsdorff et al.
2014; Hansen et al. 2014; Stansfeld et al. 1998) and in
older age (Wahrendorf et al. 2012). So far, only few stud-
ies have explicitly investigated psychosocial job demands
and objectively measured physical performance in older
employees showing no associations in analyses pooled by
gender (van der Noordt et al. 2019) or stratified by gender
(Nilsen et al. 2019).

The objective of this study was to evaluate whether
associations between physical and psychological job
demands at baseline and physical performance over a six-
year period differed across three cohorts of older Dutch
workers. We expect that the increase in work participation
leads to a change in susceptibility to the effect of working
conditions, as the ageing peers of people who exited from
the workforce in earlier cohorts, in more recent cohorts
continue working. In addition, the improvements in work
conditions due to advances in occupational health and
safety measures (Turek et al. 2020) may play a role in this
development. For our study, we used unique data consist-
ing of three measurement points in three cohorts that were
assessed ten years apart.

@ Springer

Methods
Data

This study uses data from the population-based Longitudi-
nal Aging Study Amsterdam (LASA), an ongoing study of
changes in functioning of older adults aged 55 and above
in the Netherlands, with follow-ups every three years. The
sampling, data collection procedures and non-response
have been described in detail earlier in the latest cohort pro-
file update (Hoogendijk et al. 2020). Briefly, cohort 1 in
1992-1993 included 3107 older persons aged between 55
and 85 years, of which 966 were aged 55-65 years (response
rate 62%). Cohort 2, started in 2002-2003, included 1002
(response rate 62%) and cohort 3, started in 2012-2013,
included 1023 people aged 55-64 years (response rate 63%.

Study sample

Individuals aged 55 to 65 in paid work > 1 h per week at
baseline were included (van der Noordt et al. 2019; Boot
et al. 2014). This sample consisted of 1308 occupationally
active respondents at baseline (cohort 1: n=274; cohort
2: n=416; cohort 3: n=618). Due to item-non-response
at baseline, the sample in this paper included 1093 par-
ticipants (see Supplementary Table S1). The item-non-
responders (n=215) were not significantly different in terms
of age, gender and educational level (all p-values > 0.247).
We included three measurement waves for all cohorts. All
together 333 participants dropped out at wave 2 or 3, but
they did not differ according to age, gender, and educational
level (all p-values > 0.18) from the ones who participated in
all three waves (n=975). 1093 participants were included
in the study sample and drop-out was accounted for in the
analyses. Follow-up consisted of 1497, 2324 and 3107 per-
son-years for Cohorts 1, 2 and 3, respectively. The Medi-
cal Ethics Committee of the VU University Medical Center
approved the LASA study; informed consent was obtained
from all respondents.

Measures
Physical performance

Two standardized tests on physical performance, timed
measurements of gait speed and chair stand, were used as
outcome measures across three time points for each cohort.
Timed Chair Stand Test involved standing up without the
use of arms five times at usual pace. Chair stand speed was
defined as the number of chair rises per second. The chair
stand test measures leg strength and has been shown to be a
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valid and reliable measure of functional mobility in a sample
of older women (Goldberg et al. 2012). In the gait speed
test, participants were asked to walk 3 m, turn around and
walk back 3 m as quickly as possible without running. Time
needed to complete the test was recorded to the nearest sec-
ond using a stopwatch and the result was expressed as meters
per second, with faster speed reflecting better performance.
The gait speed test is a measure of functional status and
overall health and has been found to be valid and reliable in
diverse populations (Middleton et al. 2015).

Job demands

Job demands of the current job at baseline were derived from
a general population job exposure matrix (GPJEM) for rep-
resentative samples of 55- to 65-year-old workers (Rijs et al.
2014). This GPJEM indicates levels of exposure probability
of physical and psychosocial job demands as the percentages
low, intermediate, and high exposure within a job category.
It has successfully been used in previous studies to deter-
mine work exposures and predict health effects (de Wind
et al. 2020; Rijs et al. 2014). Physical job demands included
the necessity to use force during work (i.e., use of a lot of
force, such as in lifting, pushing, pulling or carrying or using
force with work tools) and performing repetitive movements.
Physical job demands were dichotomized into high (highest
third) and low (two lowest thirds). Psychosocial job demands
involved time pressure (i.e., working at high pace and work-
ing under high time pressure) and cognitive demands (e.g.
intensive thinking, need to keep focused and requiring much
concentration) (Rijs et al. 2014). Psychosocial job demands
were dichotomized into high (highest third) and low (two
lowest thirds) (Kulmala et al. 2014).

Covariates

We adjusted the analyses for age, socioeconomical status,
body mass index and lifestyle factors as it has been shown
in several studies that work demands and health behaviours
each have independent, unique effects (Andersen et al. 2016;
Lund and Csonka 2003; Schram et al. 2021). Sex and date
of birth were obtained from municipal registries. Educa-
tional level was categorized into low (elementary education
at most), middle (lower vocational and general intermediate
education, Intermediate vocational education and general
secondary education) and high (higher vocational education,
college education and university). Body mass index (BMI)
was calculated using the participant's measured height and
weight. The number of alcohol consumption per week was
categorized into none, moderate (men 1-3 and women 1-2
glasses/day) and high use (men at least 4 and women at least
3 glasses/day). Smoking status was categorized into never,
former and current smoker. Physical activity was measured

using the LASA Physical Activity Questionnaire, which cov-
ered frequency and duration of activities including walking
outdoors, light household activities, heavy household activi-
ties and two most frequently performed sports performed in
the past two weeks (Stel et al. 2004; Ainsworth et al. 2011)
and defined as total metabolic equivalent of task (MET)
based on hours/week spent on each activity. For work status,
respondents were asked at each follow-up if they had a paid
job at present, which included one or more hours of work
per week. Thus, temporary unemployment or exit from the
workforce during the follow-up period was accounted for.

Statistical analyses

Descriptive analyses were performed to examine main char-
acteristics of participants by cohort at baseline. For continu-
ous variables mean and standard deviation were calculated
for each cohort. Also, the differences between first and third
cohort group means were tested with t-test. Categorical vari-
ables were described with absolute and relative frequencies
by cohort. Cohort differences were tested with Pearson’s
Chi-squared test.

To compare the differences between cohorts in change
in gait speed and chair stands, linear mixed models were
used. As study participants were measured multiple times,
an individual-specific random intercept was added to models
to take into account the correlation between observations.
A linear mixed model approach was taken as it utilizes all
the available data in parameter estimation. Physical perfor-
mance variables were log-transformed because while exam-
ining the diagnostic plots with the untransformed outcome
variables, the use of log-transformed variables provided
better model fit (see Supplementary Fig. SIA-D). Estima-
tion was performed with the REML (Restricted Maximum
Likelihood) method to reduce bias in the standard errors
of regression coefficients (Fitzmaurice et al. 2012), except
when comparing models with a varying fixed effect part in
which case models were estimated with the ML (Maximum
Likelihood) method. Years since baseline as a continuous
variable was used as the time variable. As the main interest
of the study was in cohort differences in change in physi-
cal performance over time, the interaction term of time and
cohort was included in all models. Separate models were fit-
ted for men and women as there are gender differences both
in the nature of the work careers (Nilsen et al. 2017) and in
physical performance in older age (Wheaton and Crimmins
2016). First, the crude models including cohort, time and
their interaction without covariates were fitted. Secondly,
in model 2, we adjusted for baseline age and education, and
finally in model 3 also for BMI, alcohol use, smoking and
weekly total physical activity. Additionally, work status
was added to the second and third model as a time-variant
variable. Continuous variables were centred at their sample
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means. Finally, separate models for each psychosocial and
physical job demand variable were fitted. The demand vari-
ables were added to the adjusted models including their two-
way interactions with time and cohort. Also, three-way inter-
actions between job demand, time and cohort were tested
using F-tests and added to the models when significant. A
sensitivity analysis was performed using only participants
who at baseline worked 10 or more hours/week (N =869).
The significance level used was 0.05 at all steps. All analyses
were conducted with R Software (R Core Team 2018) using
packages Ime4 (Bates et al. 2015) and ImerTest (Kuznetsova
et al. 2017).

Results

Characteristics of the participants at each cohort’s base-
line are presented in Table 1. Psychosocial job demands
increased for both women and men whereas physical job
demands decreased across the cohorts. Baseline gait speed
increased from cohort 1 to cohort 3 (0.99 m/s, SD 0.25 to
1.06 m/s, SD 0.23 for women and 0.99 m/s, SD 0.26 to
1.09 m/s, SD 0.23 for men, respectively). Conversely, chair
stand performance decreased for both women and men. The
correlation between gait speed and chair stand performance
was 0.36 (women) and 0.33 (men) in the cohorts combined.

Cohort differences in physical performance

Cohort differences at baseline and across the 6-year follow-
up for gait speed (m/s) and chair stand (times/s) are pre-
sented in Table 2. Women in cohort 3 had 8.1% (p=0.003)
and men in cohorts 2 and 3 had respectively 4.8% (p=0.047)
and 8.3% (p <0.001) faster gait speed at baseline compared
to women and men in cohort 1. After adjustments, the asso-
ciations attenuated and were non-significant, however, for
women in cohort 3 the association was borderline significant
(5.7% faster gait speed, p=0.051 compared to cohort 1).
During the follow-up, gait speed of women in the first cohort
decreased by 1.1% annually, but adjustments attenuated this
decrease. Among women, the rate of change in gait speed in
cohort 2 was more positive by an average of 1.3 percentage
point (pp) annually compared to cohort 1 (p=0.047) and
attenuated after adjustments only slightly (p=0.051).
Regarding chair stand performance, both women (9.7%,
p=0.001) and men (14.8%, p<0.001) in cohort 3 performed
worse at baseline compared to cohort 1 (Table 2). This
association remained statistically significant after adjust-
ments, 10.1% (p=0.001) and 16.5% (p <0.001) for women
and men respectively. During the follow-up, the ability to
perform chair stands in the first cohort decreased by 1.0%
(p=0.040) in women and 1.4% (p <0.001) in men annu-
ally. After adjustments, this remained statistically significant

@ Springer

only in men (1.1%, p=0.013). Among men, after adjust-
ments, in cohort 3 chair stand performance decreased less
by an average of about 1.2 pp annually compared to cohort
1 (p=0.016). There were no such associations found among
women.

Differences in physical performance according
to job demands

No between cohort differences were found in women or
men in the associations between baseline physical or psy-
chosocial job demands and 6-year follow-up of physical
performance across the three cohorts assessed 10 years
apart (Supplementary Table S2). The associations between
job demands at baseline and change in physical perfor-
mance are presented in Table 3. For men, the interaction
between time and use of force in the fully adjusted model
suggested a 1.2 pp faster decline in gait speed when compar-
ing higher and lower use of force keeping other variables
fixed (p=0.005) (Fig. 1B). Greater use of force (Fig. 1D)
and repetitive movements were associated with a 1.2 pp
(p=0.002) and 0.9 pp (p=0.021) faster decline in chair
stand performance, respectively. For women, regardless of
the cohort, no interactions between time and job demands
in gait speed or chair stand test were observed (as presented
for use of force in Fig. 1A and C).

The sensitivity analyses, conducted for the participants
who worked at least 10 h per week, resulted in associations
in line with those that included participants who reported
working at least 1 h per week, see Supplementary Tables
S3-S5.

Discussion

To the best of our knowledge, this is the first study to
investigate cohort differences in the association between
physical and psychological job demands and change in
physical performance among older employees. To do
so, we compared three independent population-based
samples of workers aged 55 to 65 with baseline data on
job demands in 1992-1993, 2002-2003 and 2012-2013,
respectively and physical performance over a six-year
period. No between cohort differences for men and women
were found for the association between job demands and
changes in physical performance across the cohorts.
Higher physical job demands affected the six-year rate of
change in physical performance negatively among men
but not women. Such associations were not observed for
psychosocial job demands and physical performance after
controlling for confounders. Furthermore, we found that
the most recent cohort had faster gait speed at baseline, but
slower chair stand speed compared to their counterparts
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Table 1 Cohort differences at respective baselines for LASA cohorts measured in 1992-93 (Cohort 1), 2002-03 (Cohort 2) and 2012-13
(Cohort 3)

Women Cohort 1 Cohort 2 Cohort 3 p
n=_86 n=139 n=232
Age, mean (standard deviation [SD]) 59.2 (2.6) 58.5 (2.6) 59.2 (2.7) 0.998
Body mass index, mean (SD) 26.8 (3.8) 26.9 (4.6) 26.2 (4.6) 0.252
Working hours per week, mean (SD) 19.0 (16.0) 22.5(14.9) 22.8 (11.0) 0.044
Total physical activity, MET hrs/week, mean (SD) 90.3 (47.9) 68.7 (43.2) 71.4 (47.2) 0.002
Alcohol use, n (%) 0.270
None 8(9.3) 13 (9.4) 25(10.8)
Moderate 62 (72.1) 85 (61.2) 159 (68.5)
High 16 (18.6) 41 (29.5) 48 (20.7)
Smoking, n (%) <0.001
Never 22 (25.6) 40 (28.8) 32(13.8)
Former 31 (36.0) 63 (45.3) 134 (57.8)
Current 33 (38.4) 36 (25.9) 66 (28.4)
Educational level, n (%) <0.001
Low 28 (32.6) 20 (14.4) 15 (6.5)
Moderate 42 (48.8) 89 (64.0) 142 (61.2)
High 16 (18.6) 30 (21.6) 75 (32.3)
Psychosocial job demands, n (%)
Cognitive demands, high 16 (18.6) 40 (28.8) 82(35.3) 0.014
Time pressure, high 18 (20.9) 42 (30.2) 96 (41.4) 0.001
Physical job demands, n (%)
Use of force high 46 (53.5) 58 (41.7) 81 (34.9) 0.010
Repetitive moves high 64 (74.4) 97 (69.8) 122 (52.6) <0.001
Gait speed, m/s, mean (SD) 0.99 (0.27) 0.98 (0.21) 1.08 (0.21) 0.006
Chair stand rise, times/s, mean (SD) 0.49 (0.11) 0.48 (0.12) 0.45 (0.10) 0.001
Men n=135 n=219 n=282 P
Age, mean (SD) 59.0 (2.8) 58.7 (2.6) 59.6 (2.6) 0.030
BMI, mean (SD) 26.1 (2.6) 27.3(3.3) 27.4 (3.8) <0.001
Working hours per week, mean (SD) 41.2 (15.8) 35.3 (15.8) 37.0 (13.2) 0.007
Total physical activity, MET hours/week 49.6 (41.1) 51.5(44.4) 49.9 (40.5) 0.935
Alcohol use, n (%) 0.056
None 9(6.7) 5(2.3) 21(7.4)
Moderate 109 (80.7) 178 (81.3) 230 (81.6)
High 17 (12.6) 36 (16.4) 31 (11.0)
Smoking, n (%) <0.001
Never 55 (40.7) 74 (33.8) 53 (18.8)
Former 66 (48.9) 108 (49.3) 161 (57.1)
Current 14 (10.4) 37 (16.9) 68 (24.1)
Educational level, n (%) <0.001
Low 16 (11.9) 33 (15.1) 16 (5.7)
Moderate 90 (66.7) 104 (47.5) 149 (52.8)
High 29 (21.5) 82 (37.4) 117 (41.5)
Psychosocial job demands, n (%)
Cognitive demands, high 36 (26.7) 76 (34.7) 144 (51.1) <0.001
Time pressure, high 40 (29.6) 83 (37.9) 155 (55.0) <0.001
Physical job demands, n (%)
Use of force, high 63 (46.7) 105 (47.9) 109 (38.7) 0.082
Repetitive moves, high 93 (68.9) 131 (59.8) 123 (43.6) <0.001
Gait speed, m/s, mean (SD) 1.02 (0.23) 1.06 (0.29) 1.09 (0.23) 0.002
Chair stand rise, times/s, mean (SD) 0.52 (0.13) 0.48 (0.13) 0.44 (0.10) <0.001

Values in bold are statistically significant at alpha = 0.05
MET =metabolic equivalent of task based on hours/week spent on each activity, BMI = body mass index
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measured two decades earlier. As we are dealing with sam-
ples of workers, we might look for an explanation in terms
of work exposures. Gait speed has been shown to be a
good indicator of vitality (Studenski et al. 2011 JAMA).
The increase in gait speed may then be explained by the
lower prevalence of high physical work demands which
may lead to better health in older workers. In contrast, the
prevalence of sedentary jobs has increased, which may
have led to a worse lower-body strength as indicated by
the chair stands test.

Note, that the association for gait speed attenuated some-
what after accounting for confounders.

Against our expectations, we observed no cohort dif-
ferences over the past 20 years in the association between
physical work demands and change in physical performance.
This suggests that the negative effect of work demands has

not changed. Regarding physical job demands, we found
that work that required higher use of force and/or included
repetitive movements was associated with faster decline in
gait speed and in chair stand performance in men. Albeit
the research evidence on the association between physical
job demands and objectively measured physical performance
have been inconsistent (Torgén et al. 1999; van der Noordt
et al. 2019), our findings support the study by Mgller et al.,
which reported a negative association between physical job
demands and chair stand performance among middle-aged
men but not women (Mgller et al. 2015). These findings may
be explained by greater wear and tear of the body as a con-
sequence of exposure to physical job demands. Performing
the chair stand test requires adequate muscle power in the
lower extremities, which is known to decrease with older
age (Larsson et al. 1979). Thus, faster decline in the chair

Table 2 Differences for gait speed (m/s) and chair stand rise (times/s) at baseline and across 6-year follow-ups in three LASA cohorts measured
in 1992-93 (cohort 1, ref.), 2002—-03 (cohort 2) and 2012—13 (cohort 3)

Women Men
Model 1? Model 2° Model 3¢ Model 1? Model 2° Model 3¢
B (95% CI) B (95% CI) B (95% CI) B (95% CI) B (95% CI) B (95% CI)
Gait speed (m/s)
Constant —0.040 (-0.085,  —0.112(=0.175,  —0.229 (-0.316,  —0.022 (=0.059,  —0.160 (—0.220,  —0.212 (=0.297,
0.005) —0.048) —0.141) 0.015) —0.100) —0.126)
Cohort 2 0.001 (=0.057, —-0.019 (=0.077,  —0.012(-0.072,  0.048 (0.001, 0.039 (—0.008, 0.011 (-0.039,
0.059) 0.039) 0.048) 0.096) 0.086) 0.060)
Cohort 3 0.081 (0.028, 0.055 (0.001, 0.057 (0.000, 0.083 (0.037, 0.072 (0.027, 0.045 (-0.003,
0.133) 0.108) 0.113) 0.128) 0.117) 0.093)
Time —0.011 (—0.020, —0.010(-0.020,  —0.011 (=0.022,  —0.006 (=0.014,  —0.001 (=0.010,  —0.005 (—0.014,
—0.001) 0.000) 0.001) 0.002) 0.008) 0.005)
Cohort 2*time 0.013 (0.000, 0.013 (0.000, 0.013 (—0.000, 0.003 (—0.008, 0.001 (—0.009, 0.005 (—0.006,
0.025) 0.025) 0.026) 0.013) 0.011) 0.016)
Cohort 3*time —0.001 (=0.012,  —0.001 (=0.012,  —0.001 (-0.013,  —0.007 (-0.017,  —0.010 (=0.020,  —0.006 (—0.017,
0.011) 0.011) 0.011) 0.003) 0.001) 0.005)
Chair stand rise (times/s)
Constant —0.730 (=0.777,  —0.773 (-0.840,  —0.899 (=0.994,  —0.711 (=0.750,  —0.753 (-0.818,  —0.802 (—0.894,
—0.682) —0.706) —0.805) —-0.672) —0.687) —0.710)
Cohort 2 —0.035 (-0.095,  —0.047 (-0.108,  —0.033 (=0.096,  —0.036 (—0.086,  —0.041 (-0.092,  —0.068 (—0.120,
0.026) 0.014) 0.030) 0.015) 0.009) —0.017)
Cohort 3 —0.097 (—0.153, —0.110 (—=0.167,  —0.101 (—0.161,  —0.148 (—0.196,  —0.155(—0.204, —0.165 (—0.215,
—0.042) —0.053) —0.041) —0.100) —0.107) —0.115)
Time —0.010 (—0.019,  —0.009 (-0.019,  —0.010(-0.021,  —0.014 (—0.022,  —0.012 (—0.021,  —0.011 (—0.020,
—0.000) 0.001) 0.001) —0.006) —0.003) —0.002)
Cohort2*time  0.008 (—0.004, 0.008 (—0.004, 0.009 (—0.003, 0.009 (—0.001, 0.009 (—0.002, 0.007 (—0.003,
0.020) 0.020) 0.022) 0.019) 0.019) 0.017)
Cohort 3*time  0.010 (—0.001, 0.010 (-0.002, 0.011 (-0.002, 0.016 (0.006, 0.015 (0.005, 0.012 (0.002, 0.022)
0.021) 0.021) 0.023) 0.026) 0.025)

4Crude model

®Adjusted for age at baseline, education and work status

¢ Adjusted for age at baseline, education, work status, BMI, smoking, alcohol use and total physical activity

Total physical activity MET based on hours/week spent on each activity divided by ten, where the coefficients refer to the change in ten MET

Coefficients in bold are statistically significant at alpha=0.05
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Table 3 Effects of job demands on gait speed (m/s) and chair stand (times/s) with job demands, 3-way interactions included, added to the fully

adjusted model

Variable

Physical job demands

Psychosocial job demands

Use of force

B (95% CI)*

Repetitive movements

B (95% CI)*

Time pressure

B (95% CI)*

Cognitive demands

B (95% CI)*

Gait speed—women
Cohort 2

Cohort 3

Time

Job demand

Cohort 2*time
Cohort 3*time
Cohort 2*job demand
Cohort 3*job demand
Time*job demand
Gait speed—men
Cohort 2

Cohort 3

Time

Job demand

Cohort 2*time
Cohort 3*time
Cohort 2*job demand
Cohort 3*job demand
Time*job demand
Chair stand rise—women
Cohort 2

Cohort 3

Time

Job demand

Cohort 2*time
Cohort 3*time
Cohort 2*job demand
Cohort 3*job demand
Time*job demand
Chair stand rise—men
Cohort 2

Cohort 3

Time

Job demand

Cohort 2*time
Cohort 3*time
Cohort 2¥job demand
Cohort 3*job demand

Time*job demand

0.012 (-0.063, 0.087)
0.064 (-0.006, 0.134)
—0.014 (—0.027, —0.002)
—0.004 (-0.084, 0.076)
0.015 (0.002, 0.028)
0.000 (-0.012, 0.013)
—0.049 (-0.142, 0.045)
—-0.013 (-0.102, 0.075)
0.006 (—0.004, 0.015)

0.016 (—0.046, 0.078)
0.066 (0.007, 0.126)
—0.000 (—0.011, 0.010)
0.024 (=0.040, 0.088)
0.006 (—=0.005, 0.017)
—0.007 (=0.018, 0.004)
—0.011 (=0.087, 0.066)
—0.045 (=0.120, 0.030)
—0.012 (—0.021, —0.004)

—0.018 (=0.099, 0.062)
—0.096 (—0.172, —0.020)
—0.014 (—0.026, —0.002)
—0.020 (=0.109, 0.068)
0.011 (=0.002, 0.023)
0.012 (=0.000, 0.024)
—0.045 (=0.150, 0.060)
—0.033 (=0.132, 0.066)
0.005 (=0.004, 0.015)

—0.095 (—0.162, —0.029)
—0.170 (—0.234, —0.106)
—0.006 (—0.015, 0.004)
—0.001 (=0.071, 0.070)
0.006 (—0.004, 0.017)
0.011 (0.001, 0.021)
0.056 (—0.029, 0.141)
0.010 (=0.074, 0.094)
—0.012 (—0.020, —0.004)

0.012 (-0.083, 0.108)
0.064 (-0.023, 0.151)
—-0.012 (-0.025, 0.001)
—0.005 (-0.096, 0.087)
0.014 (0.001, 0.027)
—0.001 (-0.013, 0.012)
—0.029 (-0.133, 0.075)
—0.006 (—0.103, 0.091)
0.001 (-0.009, 0.011)

0.022 (—0.052, 0.096)
0.068 (—0.002, 0.138)
—0.000 (—0.012, 0.011)
0.003 (—0.068, 0.073)
0.005 (=0.006, 0.016)
—0.008 (=0.019, 0.004)
—0.015 (=0.096, 0.067)
—0.041 (=0.120, 0.038)
—0.008 (=0.017, 0.000)

0.007 (=0.099, 0.113)
—0.074 (=0.171, 0.023)
—0.013 (=0.026, —0.001)
0.036 (=0.067, 0.138)
0.010 (=0.003, 0.023)
0.012 (=0.001, 0.024)
—0.061 (=0.178, 0.056)
—0.046 (=0.155, 0.063)
0.004 (=0.006, 0.013)

—0.073 (—0.153, 0.006)
—0.165 (—0.241, —0.090)
—0.005 (—0.015, 0.005)
0.008 (—0.070, 0.085)
0.006 (—0.005, 0.016)
0.010 (=0.001, 0.020)
0.012 (=0.080, 0.103)
0.005 (—0.083, 0.094)
—0.009 (—0.017, —0.001)

0.003 (—0.063, 0.069)
0.062 (—0.001, 0.125)
—0.011 (—0.023, —0.000)
0.046 (—0.055, 0.147)
0.014 (0.000, 0.027)
—0.001 (—0.014, 0.011)
—0.044 (—0.153, 0.066)
—0.018 (—0.122, 0.085)
0.003 (—0.007, 0.013)

0.018 (—0.038, 0.074)
0.044 (-0.013, 0.101)
—0.008 (—=0.017, 0.002)
0.038 (—0.034, 0.109)
0.005 (—0.006, 0.016)
—0.007 (—=0.018, 0.004)
—0.024 (-0.107, 0.059)
—0.011 (=0.090, 0.069)
0.005 (=0.003, 0.014)

—0.043 (-0.114, 0.027)
—0.119 (—0.187, —0.050)
—0.011 (=0.022, 0.000)
—0.050 (—0.164, 0.064)
0.010 (=0.003, 0.023)
0.011 (=0.001, 0.023)
0.032 (-0.092, 0.156)
0.050 (-0.067, 0.167)
0.001 (-0.009, 0.010)

—0.051 (=0.111, 0.009)
—0.148 (—0.209, —0.088)
—0.013 (=0.023, —0.004)
0.022 (=0.057, 0.100)
0.006 (=0.005, 0.016)
0.010 (=0.000, 0.020)
—0.049 (=0.141, 0.043)
—0.041 (=0.131, 0.047)
0.007 (=0.001, 0.015)

0.003 (-0.062, 0.068)
0.060 (-0.003, 0.122)
—0.012 (-0.023, —0.001)
0.019 (-0.084, 0.123)
0.013 (0.000, 0.027)
—0.002 (-0.014, 0.011)
—0.043 (-0.156, 0.070)
—0.005 (-0.111, 0.102)
0.006 (-0.005, 0.016)

0.020 (—0.036, 0.075)
0.038 (~0.018, 0.093)
—0.007 (—0.017, 0.003)
0.040 (=0.034, 0.114)
0.005 (=0.006, 0.017)
—0.006 (=0.018, 0.005)
—0.033 (=0.119, 0.053)
—0.002 (=0.083, 0.079)
0.004 (=0.004, 0.013)

—0.034 (—=0.104, 0.035)
—0.112 (-0.179, —0.045)
—0.011 (—0.022, —0.000)
—0.045 (-0.162, 0.072)
0.010 (-0.003, 0.023)
0.011 (=0.001, 0.023)
0.001 (=0.127, 0.129)
0.028 (—0.093, 0.149)
0.002 (-0.008, 0.012)

—-0.052 (-0.111, 0.007)
—0.154 (—0.213, —0.095)
—0.012 (-0.021, —0.002)
0.073 (-0.008, 0.154)
0.006 (—0.004, 0.017)
0.012 (0.001, 0.022)
—-0.056 (—-0.151, 0.039)
—0.055 (—0.145, 0.036)
0.002 (-0.006, 0.010)

#Adjusted for age at baseline, education, work status, BMI, smoking, alcohol use and total physical activity

Total physical activity MET based on hours/week spent on each activity divided by ten, where the coefficients refer to the change in ten MET

Coefficients in bold are statistically significant atalpha=0.05
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Fig.1 Change in gait speed and chair stands according to use of
force in three cohorts, women and men. Covariates were kept at their
means or the most frequent class. Plots are based on back-transforma-

stand test performance may be an indicator of accelerated
decline in musculoskeletal health exacerbated by higher
physical job demands (Gerr et al. 2014). Similar to the study
by Mgller et al. (2015), we did not find this association for
women. This might be due to the preponderance of part-time
work in Dutch women, resulting in a shorter weekly dura-
tion of exposure to physical job demands compared to men.
However, little is known about the gender differences in the
relation between work exposures and musculoskeletal aging
across working life (Mgller et al. 2015).

Regarding psychosocial job demands, the proportion of
employees with higher demands has increased significantly
over the past decades (Gallie 2005), which was also evident
in the present study. Again, there were no cohort differences
during the 6-year follow-up for the association between psy-
chological work demands and change in physical performance.
Furthermore, we did not find any association between psycho-
social job demands and the rate of change in the physical per-
formance measures. In line with our findings, a Swedish study

@ Springer

tions of linear mixed models including use of force. High and low use
of force-groups are presented by solid and dashed lines, respectively.
Yellow, green and blue refer to Cohorts 1, 2 and 3, respectively

found no association between high job demands in late midlife
and physical performance measure scores in old age (Nilsen
et al. 2017). Studies on the association between psychological
job demands and self-rated physical functioning have been
inconsistent for men and women. A US study found that lower
psychological job demand were related to a better score on the
physical functioning sub-scale of Short Form-36 health survey
among middle-aged female nurses (Cheng et al. 2000). In the
Whitehall II Study, high psychological job demands increased
the odds for poor physical functioning among women but not
men (Stansfeld et al. 1998). In a UK birth cohort, no asso-
ciations were found between psychological job demands and
the SF-36 physical summary component (von Bonsdorff et al.
2014). A Danish study found that men who often reported
high work pace had a higher risk of mobility limitations while
for women, reporting high work pace often protected from
mobility limitations (Hansen et al. 2014). All in all, these dif-
ferences may be due to differences in the measurements used
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for assessing physical functioning/performance as well as dif-
ferences in work context in the different countries.

Strengths and weaknesses

One of the main strengths of this study was that it was based
on a nationally representative population-based dataset. The
first LASA cohort was studied first in 1992 and currently
the dataset includes three birth cohorts, each with multi-
ple follow-up waves. This provided a unique opportunity to
compare physical performance according to job demands
of the older working population across three decades using
the same standardized measurement instruments. This study
also had some limitations. First, the GPJEM does not take
into account heterogeneity within job categories, because
job demand information is aggregated (Rijs et al. 2014).
Second, the ‘healthy worker effect’ might have influenced
our findings because information on the current job was
used, as opposed to the longest held job. Employees with
reduced functioning may have switched to less demanding
work because of not being able to continue to work in more
demanding jobs. This may have limited our ability to detect
relevant associations. However, data on the longest held job
was available for cohort 1 showing that only a small minor-
ity of the respondents reported a different longest held job
compared to the current job (Deeg et al. 2021) and the asso-
ciated working conditions remained on average the same,
thus proving some evidence for a lesser healthy worker effect
in our data. However, in recent years changing jobs has been
more frequent than it used to be.

Conclusions

This study showed that job demands were similarly asso-
ciated with physical performance over six years across
three cohorts. Regardless of the cohort, higher physical job
demands of older employees aged 55 to 65 were associated
with stronger six-year rates of decline in physical perfor-
mance in men, while no associations were found among
women. Furthermore, no associations were found between
psychosocial job demands and change in physical perfor-
mance in the cohorts. This could suggest that physical job
demands have a lasting impact on physical performance in
older age, particularly among men and that this situation has
not appeared to improve in the past decades. Since nowadays
more older workers need to continue working up to higher
ages, it is important to alleviate their working conditions.
If not, the health of more older workers would be affected
in the long term, which would present an extra burden on
health care and society. Work wellbeing interventions should
primarily be focused on employees working in jobs that
include high physical job demands.
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Abstract

Background Frailty is a geriatric syndrome with repercussions on health, disability, and dependency.

Objectives To assess health resource use and costs attributable to frailty in the aged population.

Methods A population-based observational longitudinal study was performed, with follow-up from January 2018 to Decem-
ber 2019. Data were obtained retrospectively from computerized primary care and hospital medical records. The study
population included all inhabitants aged > 65 years ascribed to 3 primary care centres in Barcelona (Spain). Frailty status was
established according to the Electronic Screening Index of Frailty. Health costs considered were hospitalizations, emergency
visits, outpatient visits, day hospital sessions, and primary care visits. Cost analysis was performed from a public health
financing perspective.

Results For 9315 included subjects (age 75.4 years, 56% women), frailty prevalence was 12.3%. Mean (SD) healthcare cost in
the study period was €1420.19 for robust subjects, €2845.51 for pre-frail subjects, €4200.05 for frail subjects, and €5610.73
for very frail subjects. Independently of age and sex, frailty implies an additional healthcare cost of €1171 per person and
year, i.e., 2.25-fold greater for frail compared to non-frail.

Conclusions Our findings underline the economic relevance of frailty in the aged population, with healthcare spending
increasing as frailty increases.

Keywords Health resource use - Healthcare costs - Frailty - Population ageing - Hospitalizations - Primary care visits -
Emergency visits - Outpatient visits

Introduction

Population ageing is a reality of concern in most developed
countries. Frailty is a major and well-known clinical condi-
tion associated with ageing, characterized by a decrease in the
body's functional reserves and in its ability to respond to exter-
nal stressors (Morley et al. 2013). Because of the impaired
functioning of various organs and systems, frail subjects are
at increased risk of disease, adverse health outcomes, func-
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tional decline, falls, fractures, disability, and dependency
(Lahousse et al. 2014). Prevalence of frailty in the population
aged > 65 years is about 11%, but greatly increases with age
(Collard et al. 2012; Garcia-Garcia et al. 201 1; Jiirschik et al.
2012). In a context of an ageing population, frailty represents
a huge potential public health burden (Ilinca and Calciolari
2015). For individuals, it implies a greater risk of adverse
health outcomes, reduced autonomy, and decreased quality of
life and, for society, it implies an increase in health and social
resource use and the corresponding increase in expenditure.
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Ageing increases demand for healthcare services and costs
(Alemayehu and Warner 2004; Dios-Guerra et al. 2021; Vela
et al. 2019), and frailty has been associated with an increased
use of primary care, hospital, and community services (Hoeck
et al. 2012; Ilinca and Calciolari 2015). Several scientific lit-
erature has addressed the cost of frailty from different per-
spectives. Some studies have considered health care resource
use and costs related to frailty in specific clinical conditions
or in specific group of patients such as hospitalized patients
with heart failure (Kwok et al. 2020), surgical patients (Eamer
et al. 2019), or cardiac implanted patients (Patel et al. 2020;
Mohamed et al. 2019). Other studies only considered costs of
hospital care (Liotta et al. 2019; Garcia-Nogueras et al. 2017)
or only costs of ambulatory health care (Sirven and Rapp 2017)
and others assessed the cost-effectiveness or cost-utility of
interventions addressing frailty (Yokoyama et al. 2020; Li et al.
2020; Bleijenberg et al. 2017; Pefia-Longobardo et al. 2021).
Few studies evaluated cost of frailty in the community. They
are from different countries such as USA (Ensrud et al. 2020;
Johnston et al. 2020), China (Gao et al. 2021; Fan et al. 2021),
England (Han et al. 2019), Germany (Hajek et al. 2018a, b) or
Mexico (Salinas-Escudero et al. 2022), and despite the hetero-
geneity in their settings, designs, perspectives, cost elements
considered, or applied rates, they all suggest an increase in
health care expenditure according to frailty severity. A system-
atic review and meta-analysis about healthcare costs associ-
ated to frailty in community-dwelling aged population incor-
porating 5 original articles found a dose-response relationship
between frailty severity and healthcare resource use and costs,
but also conclude that further research is needed (Kojima
2019). What studies have been done confirm that frail sub-
jects are the main consumers of health resources, that frailty
greatly increases healthcare expenditure (Hajek et al. 2018a, b;
Liotta et al. 2019; Martinez-Reig et al. 2018; Sirven and Rapp
2017), and also that healthcare costs are very context depend-
ent. As far as we are aware, there is only one study in Spain
assessing additional costs attributed to frailty (the FRADEA
study) (Garcia-Nogueras et al. 2017). As mentioned, this study
only consider hospital costs but not ambulatory costs. To date,
therefore, the cost of frailty in the Spanish setting is not well
known. This study aims to assess hospital and ambulatory
health resource use by general elderly population according
to frailty status, and to estimate additional healthcare costs
attributable to frailty.

Material and methods
Study design and population
A population-based observational retrospective cohort

study was designed with follow-up from 1 January 2018
to 31 December 2019. Data were retrospectively obtained

@ Springer

from computerized primary care and hospital medical
records. The study population included all inhabitants
aged > 65 years ascribed to 3 primary care centres in the
province of Barcelona (Catalonia, Spain). The study proto-
col was approved by the local ethical committee for clinical
research.

Study variables and data source

Frailty status was established according to the Electronic
Screening Index of Frailty (e-SIF) (Serra-Prat et al. 2022),
which includes the following clinical conditions: arthritis,
atrial fibrillation, stroke, chronic renal failure, diabetes, heart
failure, visual alterations, arterial hypertension, hypoten-
sion or syncope, coronary heart disease, dementia, osteo-
porosis or frailty fractures, Parkinson or neurodegenerative
diseases, dyspepsia or gastroesophageal reflux disease,
peripheral arterial disease, chronic lung disease, cutaneous
ulcer, sleep disorders, inflammatory bowel disease or mal-
absorption, chronic liver disease, depression, sarcopenia,
cachexia or muscular weakness, active cancer, psychosis,
HIV infection, dysphagia, obesity, chronic pain, anaemia,
weight loss in the last 6 months, anorexia or malnutrition,
urinary or faecal incontinence, dyspnoea or fatigue, physical
limitation or disability, dizziness or altered balance, falls in
the last year, confinement or institutionalization, functional
dependency or transfer problems, alcohol dependence, social
vulnerability, polypharmacy, urgent admission in the last
year with > 2 hospital days and age > 80 years. The e-SIF
score is calculated by adding the clinical conditions pre-
sent in a given time and is interpreted as follows: 0 to 4 as
robust, 5 to 8 as pre-frail, 9 to 11 as frail and > 12 as very
frail. e-SIF was calculated for data corresponding to 1st of
January 2018. Data were collected on institutionalization,
planned and unplanned hospitalizations, major outpatient
surgery hospitalizations, emergency visits, day hospital ses-
sions, outpatient visits, and primary care visits, for both the
study period (2018-2019) and the date of the event. The
data used to calculate the e-SIF score were sourced from
the primary care computerized medical history (e-CAP) for
each subject, the pharmaceutical receipt database, and the
hospital information system (HIS) of the reference hospital
for the participating primary care centres. Data on age, sex,
and health resource use during study period were obtained
from e-CAP and HIS clinical records.

Cost analysis

The cost analysis was performed from a public health financ-
ing perspective, in this case, for the Catalan Health Service
(CatSalut). The cost elements considered were hospitaliza-
tions (planned, unplanned, and due to major outpatient sur-
gery), emergency visits, day hospital sessions, outpatient
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visits, and primary care visits. Unit healthcare costs were
obtained from public cost accounting contracts with Cat-
Salut for primary and specialized acute care provision,
published on the official CatSalut website (CatSalut). Cat-
Salut establishes 2 charging methods: a unit cost per hos-
pitalization, emergency visit, and day hospital session, and
an annual budget based on morbidity, territorial and demo-
graphic factors for outpatient and primary care visits. Unit
costs were obtained as follows: (a) for hospitalizations, the
weighted average of the medical and surgical hospitalization
costs according to real medical and surgical discharges in the
year of study; (b) for emergency visits, the sum of the unit
cost per visit and an additional established triage cost; (c)
for day hospital sessions, as set out in the contract terms; (d)
for outpatient visits, the annual budget divided by the real
annual number of visits as obtained from the transparency
portal annual report of the reference hospital (CSdM); and
(e) for primary care visits, the annual budget of each pri-
mary care centre divided by the real annual number of visits,
averaged for the 3 primary care centres participating in the
study. Costing was as follows: €2147.82 per hospitalization,
€210.0 per day hospital session, €107.71 per emergency
visit, €56.42 per outpatient visit, and €19.59 per primary
care visit. Finally, the total health cost was calculated as
the sum of costs for hospitalizations, emergency visits, day
hospital sessions, outpatient visits, and primary care visits.

Statistical analysis

Frailty groups (robust, pre-frail, frail, and very frail) were
compared for health resource use and health expenditure
using the Kruskal-Walllis test (when considering all 4 frailty
groups) and the Mann—Whitney U Test (when considering
frail vs. non-frail categories). Percentage of attended sub-
jects were compared using the Chi-square test. The effect
of frailty on being attended to each of the health resources
considered was evaluated using bivariate (unadjusted) and
multivariate (adjusting for age and sex) logistic regression.
The incremental cost of each frailty level in comparison to
the previous frailty level was calculated using bivariate and
multivariate lineal regression analysis (LRA), adjusting for

age and sex. The incremental cost of frailty (frail vs. non-
frail) was also calculated using bivariate and multivariate
LRA. Statistical significance was established at P <0.05.

Results

A total of 9315 subjects were included in the analysis, mean
(SD) age 75.4 (7.96) years, and 56% women. Frailty preva-
lence overall was 12.3%, with 52.8% of the study population
considered as robust, 34.9% as pre-frail, 9.8% as frail and
2.5% as very frail. Frailty prevalence was 10.04% in men
and 14.11% in women (P <0.001) and increased progres-
sively with age, rising from 3.2% for the 65-69 age bracket
to 25.8% for the > 95 age bracket (P <0.001). Description
of main characteristics of study population is presented in
Table 1.

Comparison of percentage of attended subjects between
frail and non-frail and the unadjusted and adjusted effect of
frailty on being attended at least once to each of the health
resources considered is presented in Table 2. It shows a sig-
nificant higher percentage of attended subjects in the frail
group for all health resource considered, and an adjusted
effect of frailty on all health resources considered except for
institutionalization. Table 3 shows the average number of
unplanned hospitalizations, planned hospitalizations, major
outpatient surgeries, emergency visits, day hospital ses-
sions, outpatient visits, and primary care visits per subject
by frailty status, sex, and age for the period 2018-2019. Men
used all services, except for primary care, more frequently
than women. The rate of hospitalizations, emergency visits,
and primary care visits for subjects aged > 80 years almost
doubled that of subjects aged < 80 years. As frailty pro-
gressed, mean health resource use increased proportionally
and significantly. Table 4 shows healthcare costs by frailty
group. Higher frailty scores were associated with increased
healthcare spending. Table 5 summarizes the bivariate and
multivariate LRA results for the incremental cost attributed
to frailty adjusted by age and sex. The progression from
one frailty status to the next carries a €1392.21 increase in
healthcare cost expenditure when adjusted by age and sex.

Table 1 Description of main

o Clinical condition Percentage Clinical condition Percentage

characteristics of the study

population Arterial hypertension 52.56 Cancer 10.69
Polypharmacy 46.03 Dyspepsia 10.23
Arthritis 35.32 Social risk 9.82
Obesity 33.76 Chronic renal failure 7.64
Sleep disorders 21.56 Heart failure 3.95
Chronic lung disease 20.55 Dementia 3.32
Diabetes 19.29 Stroke 2.65
Depression 16.48 Neurodegenerative disease 0.98
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Table 2 Relationship between frailty and use of different health care resources (attended at least once)

% of attended in % of attended Unadjusted OR (95% CI) Adjusted OR* (95% CI)
non-frail in frail
Unplanned hospitalization 12.86 38.82 <0.001 4.30 (3.76-4.92) 3.20 (2.76-3.70)
Institutionalization 4.60 11.05 <0.001 2.57 (2.08-3.18) 1.09 (0.87-1.37)
Emergency visit 45.79 74.67 <0.001 3.49 (3.04-4.02) 2.88 (2.49-3.34)
Outpatient visit 64.46 86.07 <0.001 3.41 (2.87-4.05) 3.62 (3.02-4.34)
Day hospital session 9.94 25.24 <0.001 3.06 (2.63-3.56) 2.76 (2.35-3.25)
Primary care visit 93.41 98.96 <0.001 6.68 (3.76-11.88) 7.42 (4.15-13.27)

*Adjusted by age and sex

Similarly, when considering only the frail versus non-frail
categories, the multivariate LRA (adjusted for age and sex)
shows an increased cost of €2342.58 attributable to frailty.
The multivariate LRA also points to an independent effect
of age and sex on healthcare costs. In the model that consid-
ers 4 frailty status categories, the interaction between age
and sex did not reach statistical significance (p =0.066),
but in the model that considers frailty in two categories, a
significant interaction was observed between age and sex
(p=0.034) on healthcare costs.

Figure 1 depicts total healthcare cost according to frailty
groups. The hospitalization cost progressively contributed
more to the total cost as frailty increased. While in the robust
population hospital admissions represented 47.7% of the
overall cost, this percentage raised to 58.7% in the very frail
population.

Discussion

Our findings confirm that frailty progression increases
health resource use and that frailty increases healthcare
costs by 125%, mainly due to hospitalizations. This repre-
sents an additional annual healthcare cost of approximately
1170€ per frail person compared to a non-frail person in
our context. These results are similar to those reported by
other authors in recent years. Garcia-Nogueras et al. (2017)
found, for the Albacete region of Spain, that pre-frail and
frail patients cost €458 and €592 more, respectively, in total
annual healthcare costs compared to robust patients. Sirven
and Rapp (2017) showed, for France, that the incremental
cost for ambulatory health expenditure was roughly €750
and €1500 for pre-frail and frail individuals, respectively.
Although costs are context-specific and so may greatly vary
between countries and healthcare financing systems, it can
be generally agreed that healthcare costs are approximately
2.5-fold greater for frail individuals compared to non-frail
individuals. Moreover, frailty has associated social costs due
to dependency and disability that are not usually considered
in these studies.

@ Springer

We found that older age groups were associated with
higher frailty prevalence and with higher health resource
use and cost, so age could act as a confounder when assess-
ing cost of frailty. However, multivariate analysis showed
an effect of frailty on healthcare costs independent from
age and sex. Although frailty was more prevalent in women
than in men, women used fewer health resources and ,con-
sequently, had lower healthcare costs, with the multivariate
LRA confirming the independent effect of sex on healthcare
costs. Our results corroborate those of other studies con-
ducted in the USA, India, and Spain (Cameron et al. 2010;
Carretero et al. 2014; Mondal and Dubey 2020; Redondo-
Sendino et al. 2006; Dalmau-Bueno et al. 2021), which
have reported, adjusting by age and morbidity, lower health
care expenditure and health care services use for women
than men. We found, corroborating other Spanish studies
(Aguado et al. 2012; Dios-Guerra et al. 2021), that the only
service used more by women than men was primary care.
Our findings are suggestive of gender inequality in health
resource use. Causes of gender inequalities in healthcare
use are complex and poorly understood. They may be related
with socioeconomic status (women receive lower incomes)
and social environment (twice as many women live alone
as men), among others factors, and require to be further
studied.

This study’s findings have 3 major implications for
public policy. First, prevention-oriented interventions,
mainly from the primary care setting, should play a
key role in reducing the personal, social, and economic
impact of frailty. Frailty, especially in its initial phases,
is a preventable, reversible, and treatable condition
(Cameron et al. 2013; Gill et al. 2006; Ng et al. 2015;
Serra-Prat et al. 2017). More than a third of the popula-
tion aged over > 65 year is classified as pre-frail, and are
at an increased risk of becoming frail. Pre-frailty inter-
ventions for frailty prevention are both easier and more
effective than frailty interventions to reverse this condi-
tion, so screening and intervention programmes for the
pre-frail group would probably lead to greater reduction
in health resource use and cost and would be more efficient
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TabIeSI Linear regression Model 1: Frailty in 4 categories Model 2: Frailty in 2 categories
analysis (LRA) of the
incremental cost attributed to Bivariate LRA (unad- Multivariate LRA Bivariate LRA Multivariate
frailty adjusted by age and sex justed) (adjusted) (unadjusted) LRA (adjusted)
Frailty 1400.097* 1392.214%% 2499.181%#* 2342.583%%*
Age 184.5115%* 546.1348%*
Female (—) 643.1798* (—) 606.113%:*
Constant 1426.738%* 1738.646%* 1986.932% 2183.636%*
R2 10.17% 11.09% 6.02% 7.23%

Beta coefficients expressed in €
"P<.05, ##P <.001

than frailty treatments. Second, public health systems
need to plan for and accommodate a growing demand
for health resources by the elderly, as the prevalence of
frailty in recent decades has been growing (Hoogendijk
et al. 2021), and an important increase in the population
aged > 65 years is forecast for the coming decades. In
fact, even if frailty and pre-frailty prevalence could be
reduced through preventive actions, the absolute number
of frail and pre-frail subjects will increase due to popu-
lation ageing. Healthcare institutions need to anticipate
the increase in the frail population in order to coordinate
health and social interventions that guarantee adequate
care for the elderly. Finally, factors that affect access to
health resources need to be considered a priority area for
research, especially in the case of women. It has been
suggested that widowhood could explain the gender gap
in health resource use (Dios-Guerra et al. 2021; Mondal
and Dubey 2020), as widowed women are more likely to
experience economic deprivation. However, when access
to public health is free, as in Spain, economic hardship

Fig. 1 . Healthcare costs by 6.000,00 €

frailty status
5.000,00 €
4.000,00 €

3.000,00 €

2.000,00 €

1.000,00 € .
- €

robust

m Hospitalizations m Emergency visits m Outpatient visits

cannot be the only explanation. Further research is needed
to better understand healthcare use predictors for women,
as the results should serve to design specific gender poli-
cies aimed at reversing inequality in access to health
resources.

Main study limitations include: (a) the tariffs applied
to translate health resource use into monetary units (€) are
specific for our context, so results cannot be extrapolated
to other settings or healthcare systems, (b) medication
costs and social costs of institutionalization or care for
dependency were not considered, c¢) the study considered
only inhabitants ascribed to 3 primary care centres in Cat-
alonia, and although they represent heterogeneous popu-
lation segments (urban, suburban, and rural), the results
cannot be extrapolated to the whole population, and d)
although the e-SIF contemplates a large number of comor-
bidities, clinical conditions and polypharmacy and that the
effect of frailty on healthcare costs has been adjusted for
age and sex, we cannot rule out some residual confound-
ing by other variables not included in the model and not

pre frail frail

very frail

Primary care visits Day hospital sessions
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part of the e-SIF. It is important to distinguish frailty from
multi-comorbidity. While frailty is a geriatric syndrome
characterized by greater vulnerability to suffering from ill-
ness and other adverse health outcomes, multi-comorbidity
refers to the clinical condition of those people who accu-
mulate two or more chronic diseases. Both concepts are
closely related but must be distinguished because most but
not all frail are comorbid and not all comorbid are frail.
Despite this, with the definition of frailty according to the
model of accumulation of deficits or clinical conditions, it
is hard to differentiate which part of the increase in costs is
due to frailty and which to comorbidity with demonstrated
increased healthcare costs (Wang et al. 2018; Vela et al.
2019). This would require another operational definition
of frailty that did not include comorbidities.

To sum up, in the population aged > 65, independently
of age, as frailty increases, health resource use increases,
to the point where the healthcare cost for frail subjects is
more than double (2.25 times greater) that of non-frail sub-
jects, representing an additional annual healthcare spend
of nearly €1170 per frail person. For pre-frail subjects,
the healthcare cost is also double that of robust subjects.
Given that pre-frailty is much more prevalent than frailty
in the population aged > 65, and that the effectiveness of
preventive actions is high, interventions in the pre-frail
group rather than in the frail group are likely to have a
greater economic impact. Our results, which underline the
economic implications of frailty in later life, suggest that
postponing or reducing frailty will reduce healthcare costs
and contribute to making the healthcare system more effi-
cient and sustainable.
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Abstract

How do personal networks evolve as individuals age? To what degree do social disadvantage and contextual factors matter
for network dynamics in later life? This paper answers these two questions based on egocentric network data of older adults
over a ten-year period. Specifically, I use longitudinal and nationally representative data on 1,168 older adults from the
National Social Life, Health, and Aging Project. I use between-within models to separate the within- and between-individual
effects of sociodemographic characteristics and contextual factors on three aspects of social connectedness in later life:
network size, frequency of contact, and proportion of kin. Patterns of network change vary among people of different races
and ethnicities as well as educational levels. Black and Hispanic respondents have a significantly smaller network size and
a higher average frequency of contact with confidants. Moreover, Hispanic respondents have a higher proportion of kin in
the network, compared to White respondents. Similarly, older adults with less education have a smaller network size, higher
frequency of contact and higher proportion of kin in their confidant networks compared to those who attended college. Older
adults who have better mental health are more likely to have a higher frequency of contact and higher proportion of kin.
When an older adult starts to work for pay, their frequency of contact with confidants tends to increase. Older adults living
in neighborhoods with stronger social ties are more likely to have a larger network size, higher frequency of contact, and
lower proportion of kin in their confidant network. The above results show that disadvantaged backgrounds and contextual
factors are associated with certain less favorable network characteristics, which helps to explain the concentration of social
disadvantage on certain populations.

Keywords Social disadvantage - Network dynamics in later life - Between-within models - Contextual factors - Social
connectedness

Introduction capture such complexities, one needs not only to examine

the structure of older adults’ personal networks, but also

Personal networks develop and evolve continuously through-
out the life course (Wellman et al. 1997; Bidart and Lavenu
2005). Some scholars suggest that network size is bell-
shaped as a function of age (Wrzus et al. 2013). On average,
the size of the network initially increases with age, peaks at
young adulthood, and decreases monotonically after middle
adulthood (Carstensen 1995; Carstensen et al. 1999; Lang
2003). However, others claim that the network dynamics in
later life can be more complex (Cornwell et al. 2021). To
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to investigate the social backgrounds and contextual fac-
tors that help shape these networks. Life course transitions
and changes in social context result in exceptionally high
network turnover rates for older adults (Cornwell and Lau-
mann 2015). However, peripheral ties are especially likely
to dissolve as individuals age, as compared with inner ties
(English and Carstensen 2014). This illustrates an impor-
tant phenomenon, namely, that different types of social ties
have different likelihoods of dissolving as the social context
shifts. This motivates my research questions: How do the
size and structure of personal networks evolve as individuals
age? To what degree do social disadvantage and contextual
factors matter for network dynamics in later life?

A well-connected and well-structured personal network
contributes to an individual’s well-being. But people of
different sociodemographic backgrounds have different
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chances of building and maintaining such a network.
Empirical studies have shown a positive association
between advantageous personal networks and other life
outcomes, including lower mortality risk, and better physi-
cal health and emotional well-being (Litwin et al. 2020).
The supporting role of personal networks becomes more
substantial in later adulthood, as older adults tend to rely
on close ties for social support, especially once their health
substantially declines (Ducharme et al. 2011). Social dis-
advantage is associated with less desired network positions
as well as less favored network characteristics. However,
both these lines of research are faced with the problem
of reverse causality. Is it that a good social relationship
leads to advantage in health, living situation, and eco-
nomic standing, or do those same factors contribute to
both a good social relationship and other positive life
outcomes? In other words, the success in social relation-
ships and other life outcomes could be the result of some
other social factors, such as favorable sociodemographic
background or contextual factors. Moreover, social con-
texts and networks could co-evolve as adults age. One way
of compensating for this is to incorporate existing social
disadvantage indicators and dynamic contextual factors
simultaneously in the analysis. Among the relevant fac-
tors, the residential, working, and health contexts are often
considered to play a key role in shaping personal networks
(Sharkey and Faber 2014). Therefore, I include all these
factors in my models.

This paper has two main parts. First, I present how
older adults’ personal networks change over a ten-year
period. Specifically, I show how the size, composition,
and frequency of contact change. These are defining fac-
tors of a network’s structure and function (Guadalupe and
Vicente 2021). Second, I examine how disadvantaged
backgrounds and shifts in contextual factors correlate with
network features. By comparing the network features of
disadvantaged groups and the reference group, one can
see how pre-existing disadvantage can impact network
size and structure. By including the contextual factors, one
can see how contexts can alter network size and structure.
I explore how networks are constrained by pre-existing
social disadvantage but can be altered by the social con-
texts. In the meantime, one can also see how personal
networks compensate for pre-existing disadvantages. To
achieve the analysis goals, I apply between-within models.
The between-individual effect compares network structure
and size differences across social groups. The within-indi-
vidual change shows how contextual factors and personal
networks evolve for an individual across time. The results
have significant implications on how social networks are
associated with social inequality.

@ Springer

Social disadvantage, context, and network
dynamics in later life

There is still debate about how personal networks evolve
during the aging process. On the one hand, social disen-
gagement theory claims that as individuals grow older,
they become less engaged with their network members
(Cumming and Henry 1961). This theory indicates that
both network size and frequency of contact decrease as
adults get older. Along this line of research, socioemo-
tional selectivity theory proposes that as older adults
age, they tend to downsize their networks in a way which
benefits emotional well-being (Gross 1998; Carstensen
2006). They prioritize the social connections which sat-
isfy their emotional needs, instead of social ties that give
them useful information or financial benefits (English
and Carstensen 2014). On the other hand, some scholars
advocate that personal networks remain relatively stable
as individuals age (Atchley 1989; Cornwell et al. 2021).
These scholars acknowledge the potential network turno-
ver that older adults experience due to changes in social
contexts. For instance, retirement, health decline, reloca-
tion, and adult children moving away can all fracture exist-
ing ties of older adults. However, these scholars suggest
that older adults actively adjust for the loss of ties and
make efforts to build new connections. As a result, older
adults achieve homeostasis in network size (Cornwell et al.
2021).

The structure of older adults’ networks is as vital as the
network size. Different types of networks, such as diverse
networks, family-centered networks, friend-centered net-
works, and restricted networks, usually indicate different
accessibility to social resources (Antonucci et al. 2014;
Kim et al. 2017). Moreover, the type and structure of social
networks are associated with health outcomes, such as life
expectancy, health habits, and quality of life (Fiori et al.
2006; Litwin and Shiovitz-Ezra 2006; Kim et al. 2017;
Litwin and Levinson 2018; Park et al. 2018; Ye and Zhang
2019; Choi and Jeon 2021; Guadalupe and Vicente 2021).
More diverse networks are associated with better men-
tal and physical health (Litwin and Shiovitz-Ezra 2006),
while restrained networks are linked to inferior mental
health (Kim et al. 2017). In older adulthood, family-based
networks are prevalent and of great importance for older
adults (Litwin et al. 2020). Older adults with family-based
networks are less likely to experience depressive thoughts
and are more satisfied with their quality of life (Litwin
et al. 2020). This paper examines the size and structure
of the confidant network because its members are essen-
tial for supporting older adults as age increases. I expand
on work that has studied how age, contextual factors, and
sociodemographic background are intertwined and impact
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the close ties of older adults. The answer to this question
contributes to our understanding of the role of personal
networks in aging and the corresponding consequences
for social inequality.

Pre-existing social disadvantage is associated with less
favorable network characteristics. Previous studies have
used limited education and racial minority status as the key
indicators of social disadvantage (Goldman and Cornwell
2018). Older adults with higher education are more likely to
have their adult children as confidants despite geographical
distance (Schafer and Sun 2021). Race and ethnicity affect
the size and composition of an individual’s network. Some
scholars suggest that Black Americans are more likely to
have a smaller network with higher frequency of contact.
Their networks tend to be more family-based than other
racial groups (Ajrouch et al. 2001). Older Black American
adults and those who did not attend college are more likely
to experience instability in their relationships with their
adult children (Goldman and Cornwell 2018). This might
cause them to lose access to important resources and support
since parent-child ties are essential for older adults.

Contextual factors are the elements of the social envi-
ronment in which one is embedded, and/or which describe
essential changes in the life course which affect one’s social
interactions. Contextual factors including neighborhood
environment, job entry, retirement, functional health decline,
change in mental health status, and relocation can also lead
to personal network changes (Vanhoutte and Hooghe 2012;
Wrzus et al. 2013). Neighborhood environments have sig-
nificant implications on social inequality in the US (Lud-
wig et al. 2013; Levy et al. 2020). The community in which
an individual lives is closely linked to their income level,
educational outcome, high risk behavior, delinquent activ-
ity, criminal involvement, and mental and physical health
(Morenoff et al. 2001; Sampson et al. 2002; Sampson and
Raudenbush 2004; Ludwig et al. 2013; Levy et al. 2020).
Based on a randomized social experiment, Ludwig et al.
(2013) found that moving from a disadvantaged neighbor-
hood to a less disadvantaged neighborhood benefits both
mental and physical health, which in turn contributes to a
higher level of life satisfaction. Disadvantaged neighbor-
hoods are more likely to experience higher rates of crime
and homicide (Sampson and Raudenbush 2004). Social
cohesion within a neighborhood is relevant to the networks
of the residents. Disadvantaged neighborhoods are associ-
ated with smaller network size for older adults (York Corn-
well and Behler 2015). Older male adults who live in disad-
vantaged neighborhoods tend to have less frequent contact
with family and friends (York Cornwell and Behler 2015).
The influence of residential contexts on individuals’ personal
networks persists across different life stages (Sharkey and
Faber 2014).

Working status also impacts network composition and
structure (Ajrouch 2005). Retiring adults are less likely to
maintain co-worker relationships, which results in a decline
in network size and a more closely knit network (Van Til-
burg 2003). The closeness of social ties from work and the
timing of retirement both impact how the network changes.
Peripheral ties have a higher a probability to dissolve during
the transition to retirement, regardless of occupational type
(Van Tilburg 2003; Kauppi et al. 2021). Some scholars sug-
gest that networks become more stable after the transition to
retirement. Other life-course changes, such as mental health
decline, functional health decline, and the transition into
caregiving roles also affect how networks change in the long
term (Perry and Pescosolido 2012; Roth 2020). For older
adults, transitioning into caregiving roles might put a lot of
strain on their psychological well-being and lead to conflicts
with family members (Ducharme et al. 2011). Apart from
impacting personal networks directly, social context can also
be a moderating factor between networks and other life out-
comes (Birditt et al. 2014).

The studies above provide us with broad knowledge of
the essential factors shaping personal networks. As men-
tioned above, I take a dynamic perspective and track the
changes in the contextual factors as well as the changes in
personal networks across time. Social networks are dynamic
in nature and the stability of networks differ for different
social groups. Likewise, contextual factors can be unsta-
ble, especially for disadvantaged groups (Desmond 2012).
Moreover, research in this area often focuses either solely on
social disadvantage or contextual factors. Pre-existing social
disadvantages and contextual factors may be closely inter-
twined. Individuals from disadvantaged social backgrounds
have higher likelihood to be trapped in less favorable social
environments and encounter more instability and insecurity
throughout the life course (Desmond 2012; Goldman and
Cornwell 2018). As a result, pre-existing disadvantage and
the evolving contextual factors together shape the personal
network of an older adult. Including both pre-existing social
disadvantages and social contexts in the analysis allows
one to distinguish between the impacts due to each sepa-
rate factor. Examining the co-evolution of social environ-
ments and personal networks can help solve the problem
of reverse causality. Furthermore, instability in personal
networks can affect individuals’ health and socioeconomic
outcomes. Some research has shown how various life events
impact network size and structure over an extended time
period. Despite the innovation and advancement in these
studies, most are only based on a small number of observa-
tions which are not necessarily representative for an entire
nationwide social group. My study contributes to this line
of inquiry by analyzing changes in personal networks and
their association with evolving contextual factors as well as
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pre-existing social disadvantage, based on longitudinal and
population-based data.

I claim that network change is intertwined with pre-
existing social disadvantage and contextual factors. On the
one hand, people from disadvantaged backgrounds are more
likely to rely on resources provided by their close social
circles. Thus, they have the motivation to sustain existing
network ties and seek potential new connections. On the
other hand, individuals from underprivileged backgrounds
might have limited resources to maintain or construct social
ties. Previous theories, such as social convoy theory, sug-
gest that close ties are less likely to dissolve than periph-
eral ties (Antonucci and Akiyama 1987; Van Tilburg 1992,
2003; Ajrouch et al. 2018). Socioemotional selection theory
also emphasizes the value of close ties and how older adults
make great efforts to preserve these ties. Although close
ties are more enduring than peripheral ties, they can still be
highly dynamic in later life (Cornwell and Laumann 2015;
Cornwell et al. 2021). By using longitudinal and nationally
representative data on older adults’ confidant networks, this
paper captures the change in close ties over a 10-year period
in later life. Furthermore, I examine how social disadvan-
tage, contextual factors, and changes in these elements are
associated with the change of network size and structure
over a long time period in later life. Based on previous
research, I propose the following hypotheses:

Hypothesis 1 On average, network size, frequency of con-
tact, and proportion of kin tend to decrease over the long
term as age increases.

Hypothesis 2 For older adults from disadvantaged back-
grounds, personal networks tend to be smaller in size with a
lower level of diversity.

Hypothesis 3 Changes in the contextual factors can alter
network size and structure, even after controlling for pre-
existing social disadvantage.

Data and methods

NSHAP data

This study uses three rounds of data on 1,168 older adults
from the National Social Life, Health, and Aging Project
(NSHAP). NSHAP is the first nationally representative
dataset on community-dwelling older adults egocentric
network change in the United States. This study collected
detailed information from older adults, including sociode-
mographic backgrounds, egocentric networks, marital and
sexual relationship history, health, and neighborhood envi-
ronment. This paper mainly utilizes the network section and
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sociodemographic background section. The