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Background: There is increasing evidence that subjective age is an important predictor

of beneficial health outcomes besides chronological age. However, little is known

about the factors associated with younger subjective age. This study aimed to identify

which factors are predictive of feeling younger in old age. In this context, feeling

younger was defined as an individual’s perception of being younger than their current

chronological age.

Methods: Data from 4,665 community-dwelling older people were drawn from wave 7

(2020) of the German Aging Survey (DEAS), a nationally representative study in Germany.

Network, mediation, and binomial logistic regression analyses were performed to reveal

the associations between feeling younger and biopsychosocial factors.

Results: A total of 4,039 participants reported feeling younger, while 626 did not. Older

chronological age, engaging in sports more frequently, a better standard of living, a better

state of health, higher satisfaction with life, more positive attitudes toward one’s aging,

and fewer depressive symptoms are associated with feeling younger in older people.

Conclusion: The present study provides novel and consistent evidence regarding the

association between feeling younger and biopsychosocial factors. Further research is

needed to confirm these factors and identify how they can be adapted in potential

intervention studies to generate the life and health circumstances that allow older people

the benefit of feeling younger.

Keywords: aging, subjective age, depression, health, healthy aging, network, satisfaction with life

INTRODUCTION

There is no uniformly specified age that defines an individual as old. Every person experiences
the psychological and physiological processes during aging differently (1). In addition, subjective
age is shaped by metacognitive beliefs about aging, including expectations and interpretations of
individual experiences (2). Therefore, the chronological and subjective ages may differ significantly.

There is increasing evidence that, besides chronological age, subjective age is an important
predictor of beneficial health outcomes. In particular, younger subjective age is associated with
psychological wellbeing (3), younger estimated brain age assessed by regional gray matter volume

https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/journals/medicine#editorial-board
https://www.frontiersin.org/journals/medicine#editorial-board
https://www.frontiersin.org/journals/medicine#editorial-board
https://www.frontiersin.org/journals/medicine#editorial-board
https://doi.org/10.3389/fmed.2022.901420
http://crossmark.crossref.org/dialog/?doi=10.3389/fmed.2022.901420&domain=pdf&date_stamp=2022-06-28
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles
https://creativecommons.org/licenses/by/4.0/
mailto:konstantin.heimrich@med.uni-jena.de
https://doi.org/10.3389/fmed.2022.901420
https://www.frontiersin.org/articles/10.3389/fmed.2022.901420/full


Heimrich et al. Feeling Younger in Old Age

(4), better cognitive functioning (5, 6), increased grip strength
(7), faster walking speed (8), less frailty (9), a lower risk of
cardiovascular diseases (10), hospitalization (11), and mortality
(12). However, apart from these positive health effects, there
is little knowledge about the factors contributing to younger
subjective age, which may set the course for these beneficial
outcomes.We hypothesized that several factors affect individuals’
assessment of their subjective age.

The following section provides an overview of factors
potentially relevant to subjective age. Although a person’s
chronological age and subjective age may differ significantly,
recent evidence suggests an association between higher
chronological age and lower subjective age (13). Besides age, sex
differences may contribute to the assessment of subjective age, as
there are sex-related differences in age stereotypes (14). However,
studies investigating the relationship between an individual’s sex
and subjective age are inconsistent; therefore, this association
needs to be further elucidated (15, 16).

Previous life circumstances and life events have a major
impact on the quality of life of older adults (17). From the end
of the Second World War until 1990, Germany was divided
into the former Federal Republic of Germany in the western
part and the former German Democratic Republic in the eastern
part, with different social, economic, and healthcare systems.
These differences may affect individual wellbeing, and there are
economic and mortality disparities in both parts of Germany
(18, 19). Accordingly, differences in the assignment of the place
of residence to the east or west impact individuals’ perceptions of
age due to differences in the socioeconomic environment.

Furthermore, there are differences in subjective age based on
education and perceived financial wellbeing, especially among
older adults (20). In this regard, it seems plausible that receiving
a pension or retirement benefit, which is often associated with a
decrease in income, negatively affects subjective age. On the other
hand, many low-income workers may find themselves forced
to extend their working lives (21). In addition to objective or
perceived income, retirement planning may also be influenced
by subjective life expectancy (22) and, therefore, by individuals’
perceptions of aging. The connection between retirement and
subjective age has not yet been clarified. However, it is an
expected normative of older age, indicating a certain stage in life,
and may therefore influence subjective age.

Having a partner, child, family, or friend can provide social
support to older adults. Social networks with high-quality social
contacts are associated with subjective wellbeing in old age (23–
25). Until now, little is known about the influence of social
environment on subjective age. However, an immediate context
is suspected and should be considered when evaluating subjective
age (2).

Previous research suggests that physical health significantly
impacts subjective age, as feeling younger is associated with
better physical functioning (7, 8). Moreover, a large longitudinal
study showed that higher physical activity is associated with
a younger subjective age after 8–20 years (26). Accordingly,
there seems to be a bidirectional relationship between feeling
younger and physical activity. Besides reflecting on their physical
abilities, individuals may also reflect on their mental health

when evaluating their subjective age. Subjective age is also linked
to depressive symptoms, loneliness, and satisfaction with life
(27–30). Additionally, one can assume that the coronavirus
pandemic may have a meaningful impact on individual aging
views, resources, and coping strategies, and therefore, should be
considered when evaluating subjective age.

Taken together, apart from the known beneficial health effects
of a younger subjective age, there is little knowledge about the
factors contributing to feeling younger and their interactions.
Based on previous literature, several factors can be assumed to
influence subjective age. Multifactorial analyses are necessary to
consider the complex interactions between biology, psychology,
and socio-environmental factors to understand their impact.
There is an urgent need to obtain more evidence regarding
biopsychosocial factors that promote the subjective assessment
of feeling younger to reveal individual beneficial resources. This
study aimed to identify predictors of feeling younger in older,
community-dwelling people based on the results of a nationally
representative study in Germany in 2020.

METHODS

Study Design
Data are from the public release of wave 7 (2020) of the German
Aging Survey (DEAS), provided by the Research Data Center
of the German Center of Gerontology (DZA) (31). DEAS is
a nationwide, representative, cross-sectional, and longitudinal
survey of the German middle-aged and older population
(minimum age 45 years), covering a wide range of topics
and obtaining information on socioeconomic and demographic
attributes, household composition, housing, family structure,
social network, psychological resources, attitudes, and physical
and mental health (31). The questionnaire, user manual, and
codebook of wave 7 of the DEAS are publicly available via the
website of the Research Data Center (https://www.dza.de). The
microdata of DEAS are available free of charge to scientific
researchers from the FDZ-DZA. Detailed information on the
survey’s design, content, and implementation is provided in the
infas methodological report (32).

Participants
Of the 4,823 respondents of wave 7 (2020) of the German Aging
Survey (DEAS), 4,748 were community-dwelling individuals. We
excluded 83 participants who did not indicate their perceived age,
resulting in a sample of 4,665 participants.

Outcome Parameter: Feeling Younger
This study defined feeling younger as the individual’s perception
of being younger than the current chronological age. Therefore, a
binary variable indicating whether participants felt younger than
their chronological age (feeling_younger) was generated using the
chronological age (DEAS 2020 data variable altervoll_20) and
perceived age (DEAS 2020 data variable jp2) of each participant.
If the perceived age of the participant was lower than its
chronological age, the participant was assigned to the group
feeling_younger = “1”. If the perceived age of the participant was
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equal to or higher than their chronological age, the participant
was assigned to the group feeling_younger= “0”.

Independent Variables
Based on the previous literature and in accordance with the
subject areas of wave 7 of the DEAS, several variables have been
identified as potential factors pertaining to feeling younger. First,
we considered demographic parameters including chronological
age (metric, years), sex (male “1”, female “0”), receiving an
old-age pension, disability pension benefit, or any retirement
benefits (yes “1”, no “0”), and East-West-Assignment of place
of residence (former Federal Republic of Germany “1”, former
German Democratic Republic “0”). Level of education was
considered with a three-stage dummy encoded variable (low
“1”, medium “2”, high “3”). A low level of education refers
to respondents without completed vocational qualifications and
up to a maximum graduation degree, which qualifies for a
professional qualification. A medium level of education refers to
respondents with vocational qualifications or qualifications for
a university or university of applied science entrance. A high
level of education refers to respondents who have completed
university studies (university or university of applied science).

Next, we included the parameters describing the social
environment. The family structure was considered using the
following variables: Having a spouse or steady partner (yes “1”,
no “0”), living with the partner in the household (living_partner:
yes “1”, no “0”), having a younger partner (age_partner: younger
“1”, equal or older “0”), number of people in the household,
number of children, and living with children in the household
(living_children: yes “1”, no “0”). Respondents were asked to
assess the quality of their current relationship with the partner
(relationship_partner), family (relationship_family), and friends
(relationship_friends) using a scale 5-point Likert scale ranging
from 1 = very good to 5 = very bad. Contact with neighbors was
additionally considered (very close “1” to no contact “5”).

Frequency of physical activity was assessed on a 6-point
Likert scale ranging from 1 = daily to 6 = never for doing
sports and going for walks. Additionally, respondents rated their
state_of _health and their standard_of_living (very good “1”, good
“2”, average “3”, bad “4”, very bad “5”). To assess the effect
of the coronavirus pandemic, an infection of the respondent
(corona_infection: infected “1”, not infected “0”) or of people
in the personal environment (corona_environment: infected “1”,
not infected “0”) were assessed. As well, participants were asked
if the coronavirus crisis was perceived as a personal threat
(corona_threat) on a 10-point Likert scale from “not at all a threat
for me” to “extreme threat for me”.

Depressive mood was assessed using the German translation
of the Center for Epidemiologic Studies Depression (CES-
D) scale (short form, 10 items) with higher values indicating
higher depressive symptoms. A score equal to or above 10
was considered depressed (33), and a dichotomous variable was
determined (depressive: yes “1”, no “0”). Loneliness was assessed
based on the 6-item De Jong Gierveld Loneliness Scale, with
higher values indicating a higher level of loneliness (34). A
mean value above 2.5 was considered as feeling lonely, and a
dichotomous variable was determined (loneliness: yes “1”, no

“0”). A five-item scale was used to assess life satisfaction (35). A
mean value was generated, with higher values indicating a higher
level of life satisfaction. A value above 3.0 was considered as
satisfied with life, and a dichotomous variable was determined
(life_satisfaction: yes “1”, no “0”). Finally, attitudes toward one’s
aging were assessed based on five items in accordance with the
Philadelphia Geriatric Center Morale Scale (36). After recoding,
high values indicated a positive attitude toward one’s aging. A
mean value above 2.5 was considered to represent a positive
attitude toward one’s aging, and a dichotomous variable was
determined (attitudes: positive “1”, negative “0”).

Statistical Analysis
Data were checked for normality using the Shapiro–Wilk test.
Results were reported as the median and interquartile range
(IQR) for non-normally distributed continuous variables or
number (%) for categorical variables. For group comparisons,
Mann–Whitney U-tests were performed for non-normally
distributed ordinal data and chi-square tests for nominal data.
The effect sizes of the Mann–Whitney U-test were given by
the rank biserial correlation rB and chi-square test by the Phi
coefficient. Correlations between different clinical parameters
were tested using Spearman’s correlation rs. The effect sizes were
considered low (|rs| = 0.1), moderate (|rs| = 0.3), or strong (|rs|
= 0.5) (37). The level of statistical significance for all tests was set
at p < 0.05 (two-tailed).

A network analysis was conducted to explore the association
between feeling younger and the aforementioned biopsychosocial
factors to depict their complex interplay. Therefore, the
basic assumption is that analyzing the overall pattern of
linkages between the variables provides a better explanation
for interactions than considering separate correlations. A
network estimates the relation between the variables directly
without reducing the structure of the variables to their shared
information. Each variable is an element of an interacting
system. However, instead of presenting associations between
all variables, which would lead to a confusing and unclear
network, a regularization technique can be used. Thereby,
interactions between two variables that are likely to be spurious
are removed to allow easier interpretation of the network
that focuses on significant relations. In this study, network
characteristics and structure were assessed using the extended
Bayesian information criterion (EBIC) (38, 39) with at least
an absolute shrinkage and selection operator (LASSO) (40).
Non-paranormal transformation of the non-normally distributed
data was performed to achieve a normal distribution (npn).
To ensure a more sensitive and specific network analysis, the
tuning parameter of EBICglasso was set to 0.5. The nodes of
the network display the variables, and they are positioned using
the Fruchterman–Reingold algorithm based on the strength of
the connections between nodes using pseudo-random numbers
(41). The edges represent the correlations between nodes.
The thickness of the edges corresponds to the strength of
the correlation. Betweenness, closeness, and strength were
determined as centrality measures, with relative values ranging
from zero to one. Betweenness quantifies how often one node
is on the shortest path between other nodes (42, 43). Closeness
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relies on the inverse sum of all distances from one node of
interest to all other nodes and describes indirect connections
(42, 43). Strength refers to the sum of the absolute input weights
of that node and accordingly describes the direct connections of
one node to other nodes (42–44). In general, higher centrality
measures indicate that nodes are more central to the network.
The stability of the centrality measures was estimated via a
case-dropping bootstrap (number of bootstraps = 1,000) and
quantified using the CS coefficient. The CS coefficient quantifies
the proportion of cases that can be dropped to retain a correlation
with the original centrality measure of higher than 0.7 in at
least 95% of the samples (43). Above a cut-off of 0.5, the index
can be considered stable (43). The accuracy of the network was
estimated using a non-parametric bootstrapping procedure to
assess the edge weight stability. Therefore, the edge weights’
narrower 95% confidence intervals indicate a more trustworthy
network (43). A bootstrapped difference test was also used to test
whether the centrality measures of a node in the network were
significantly different from each other node (43).

Based on the relationships within the explorative network
plot, we identified potential mediators as nodes that were directly
connected to two other nodes (outcome variable and potential
predictor).We performed a simplemediation analysis to estimate
the indirect and direct effects (Bab and Bc′ ) between potential
nodes. The statistical significance of the effects was estimated
using a bootstrapped procedure (number of bootstraps= 1,000).

Additionally, binomial logistic regression analyses with
backward selection (likelihood ratio) were performed to identify
predictors of feeling younger. Variables assessed using a Likert
scale were analyzed ordinally. For the regression analyses,
autocorrelation and multicollinearity were excluded (|r| < 0.8).
Linearity was assessed using the Box–Tidwell procedure. Outliers
were identified by calculating the standard deviation of the
studentized residuals (SD > 3) and leverages (>0.2), and were
subsequently excluded from further regression analyses.

SPSS (IBM SPSS Statistics, RRID:SCR_016479, version 27),
JASP (JASP, RRID:SCR_015823, version 0.15), and Jamovi
(jamovi, RRID:SCR_016142, version 2.2.5) were used for
statistical analyses.

RESULTS

Descriptive Analysis
The characteristics of the cohort are presented in Table 1. The
majority of the entire cohort received pension or retirement
benefits, lived in the western part of Germany, had two
children, lived with a partner in the household, and assessed
this conjugal relationship as good. The majority of participants
were satisfied with their lives and did not feel lonely. The vast
majority of participants were not infected with coronavirus and
stated that there were no infections with coronavirus in their
personal environment. The descriptive characteristics of the
4,039 participants (86.6%) who reported feeling younger (median
reported age difference between participants’ chronological age
and their perceived age 9 years, IQR = 6–13 years, range 1–
71 years) and 626 participants (13.4%) who reported not feeling
younger (median reported age difference between participants’

perceived age and their chronological age 1 year, IQR = 0–
6 years, range 0–138 years) are shown in Table 1. The group
comparisons are also shown in Table 1. The largest effect sizes
of significant group differences were observed for state of health
(rB = 0.458; p < 0.001) and attitudes toward one’s aging (Phi =
0.312; p < 0.001), with participants who were feeling younger
rating their state of health more positive and reporting a more
positive attitude toward their aging.

Correlation Analysis
Within the entire cohort, univariate correlation analyses revealed
a moderate correlation between feeling younger and a positive
attitude toward one’s aging (rs = 0.312; p < 0.001), low
correlations for engaging in sports more frequently (rs = 0.153;
p < 0.001), a better state of health (rs = 0.295; p < 0.001), a
higher standard of living (rs = 0.178; p < 0.001), perceiving the
coronavirus pandemic as less threatening (rs = 0.110; p < 0.001),
fewer depressive symptoms (rs = 0.247; p < 0.001), feeling less
lonely (rs = 0.100; p < 0.001), and higher satisfaction with life (rs
= 0.246; p < 0.001) (detailed in Supplementary Table S1).

Network Analysis
A network plot of the 27 variables is shown in Figure 1.
The nodes display the variables, and the thickness of the
edges represents the strength of the correlations between
the nodes. Network analysis revealed a well-connected
network without isolated nodes; 210 out of 351 edges were
estimated to be above zero. For each variable, the centrality
indices for betweenness, closeness, and strength of the total
study population are shown in Figure 2 (and tabulated in
Supplementary Table S2). Additionally, detailed edge weights
are shown in Supplementary Table S3. The highest betweenness
was determined for the participants’ state of health (SOH). This
node substantially impacts the network because it is most often
located on the shortest connections between pairs of other nodes.
Accordingly, participants’ state of health (SOH) may affect
the communication between many pairs of nodes. Standard of
living (SOL) had the highest closeness centrality measure. The
distances from this node to all other nodes were the shortest.
Therefore, standard of living (SOL) showed the strongest indirect
connections within the network. Moreover, it can be noted that
living with children (LIC) had the highest strength centrality
measure. This means that this node has the highest input weights
from the other directly connected nodes. Accordingly, living
with children (LIC) has a considerable influence on several
connected factors.

On a global level, the network can be visually divided into four
domains, which are shown in Supplementary Figure S1: items
describing household composition (SEX, sex; PAR, partner; AGP,
age_partner; RPA, relationship_partner; LIP, living_partner; LIC,
living_children; CHI, children; HOU, household), items describing
social contacts (LON, loneliness; RFA, relationship_family; RFR,
relationship_friends; NEI, neighbors), items describing wellbeing
(FEY, feeling_younger; SOH, state_of_health; ATT, attitudes;
DEP, depressive; COT, corona_threat; SOL, standard_of_living;
LSA, life_satisfaction; SPO, sports; WAL, walks), and items
related to a coronavirus infection (COI, corona_infection; COE,
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TABLE 1 | Summary of variables stratified by feeling younger.

Total study cohort Feeling younger Not feeling younger p r

(N = 4,665) (N = 4,039) (N = 626) (2-sided)

Age (years), median (IQR) 69 (62–77) 70 (62–78) 67 (59–77) <0.001*** −0.099

Sex

0 Female 2,367 (50.7%) 2,062 (51.1%) 305 (48.7%) 0.278 0.016

1 Male 2,298 (49.3%) 1,977 (48.9%) 321 (51.3%) 0.278 −0.016

Retirement

0 No 1,397 (30.3%) 1,172 (29.4%) 225 (36.8%) <0.001*** −0.055

1 Yes 3,207 (69.7%) 2,821 (70.6%) 386 (63.2%) <0.001*** 0.055

Residence

0 Former German democratic

republic

1,430 (30.7%) 1,221 (30.2%) 209 (33.4%) 0.111 −0.023

1 Former federal republic of Germany 3,235 (69.3%) 2,818 (69.8%) 417 (66.6%) 0.111 0.023

Education

1 Low 197 (4.2%) 166 (4.1%) 31 (5.0%) 0.325 −0.014

2 Medium 2,206 (47.3%) 1,870 (46.3%) 336 (53.8%) 0.001** −0.051

3 High 2,261 (48.5%) 2,003 (49.6%) 258 (41.3%) <0.001*** 0.057

Partner

0 No 1,064 (23.0%) 895 (22.6%) 151 (25.1%) 0.176 −0.020

1 Yes 3,509 (77.0%) 3,059 (77.4%) 450 (74.9%) 0.176 0.020

Living_partner

0 No 194 (5.5%) 158 (5.2%) 36 (7.8%) 0.020* −0.039

1 Yes 3,318 (94.5%) 2,894 (94.8%) 424 (92.2%) 0.020* 0.039

Age_partner

0 Equal or older 1,698 (49.1%) 1,483 (49.3%) 215 (47.9%) 0.588 0.009

1 Younger 1,762 (50.9%) 1,528 (50.7%) 234 (52.1%) 0.588 −0.009

Household (N), median (IQR) 2 (2–2) 2 (2–2) 2 (2–2) 0.960 −0.001

Children (N), median (IQR) 2 (1–2) 2 (1–2) 2 (1–2) 0.261 −0.027

Living_children

0 No 2,862 (81.5%) 2,503 (82.0%) 359 (78.0%) 0.041* 0.034

1 Yes 650 (18.5%) 549 (18.0%) 101 (22.0%) 0.041* −0.034

Relationship_partner, median (IQR) 2 (1–2) 2 (1–2) 2 (1–2) 0.003** 0.080

1 Very good 1,255 (35.9%) 1,115 (36.6%) 140 (31.2%) 0.025* 0.038

2 Good 1,777 (50.9%) 1,547 (50.8%) 230 (51.2%) 0.868 −0.003

3 Average 397 (11.4%) 330 (10.8%) 67 (14.9%) 0.011* −0.043

4 Bad 52 (1.5%) 45 (1.5%) 7 (1.6%) 0.894 −0.002

5 Very bad 13 (0.4%) 8 (0.3%) 5 (1.1%) 0.006** −0.047

Relationship_family, median (IQR) 2 (2–2) 2 (2–2) 2 (2–3) <0.001*** 0.152

1 Very good 893 (19.6%) 805 (20.4%) 88 (14.6%) 0.001** 0.049

2 Good 2,558 (56.3%) 2,255 (57.2%) 303 (50.3%) 0.002** 0.047

3 Average 930 (20.5%) 764 (19.4%) 166 (27.6%) <0.001*** −0.069

4 Bad 115 (2.5%) 91 (2.3%) 24 (4.0%) 0.014* −0.036

5 Very bad 51 (1.1%) 30 (0.8%) 21 (3.5%) <0.001*** −0.088

Relationship_friends, median (IQR) 2 (2–2) 2 (2–2) 2 (2–3) <0.001*** 0.142

1 Very good 556 (12.0%) 511 (12.7%) 45 (7.3%) <0.001*** 0.057

2 Good 2,977 (64.1%) 2,609 (64.8%) 368 (59.4%) 0.008** 0.039

3 Average 968 (20.8%) 798 (19.8%) 170 (27.4%) <0.001*** −0.064

4 Bad 122 (2.6%) 94 (2.3%) 28 (4.5%) 0.002** −0.046

5 Very bad 21 (0.5%) 12 (0.3%) 9 (1.5%) <0.001*** −0.058

Neighbors, median (IQR) 3 (2–3) 3 (2–3) 3 (2–4) <0.001*** 0.087

1 Very close 112 (2.4%) 101 (2.5%) 11 (1.8%) 0.263 0.016

2 Close 1,271 (27.4%) 1,118 (27.9%) 153 (24.7%) 0.098 0.024

3 Not really close 2,242 (48.4%) 1,962 (48.9%) 280 (45.2%) 0.084 0.025

(Continued)
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TABLE 1 | Continued

Total study cohort Feeling younger Not feeling younger p r

(N = 4,665) (N = 4,039) (N = 626) (2-sided)

4 Only rare 919 (19.8%) 762 (19.0%) 157 (25.3%) <0.001*** −0.054

5 No contact 89 (1.9%) 70 (1.7%) 19 (3.1%) 0.026* −0.033

Sports, median (IQR) 3 (2–5) 3 (2–5) 4 (2–5) <0.001*** 0.252

1 Daily 557 (12.0%) 510 (12.7%) 47 (7.6%) <0.001*** 0.054

2 Several times a week 1,569 (33.9%) 1,436 (35.9%) 133 (21.4%) <0.001*** 0.104

3 Once a week 825 (17.8%) 707 (17.7%) 118 (19.0%) 0.419 −0.012

4 One to three times per month 283 (6.1%) 245 (6.1%) 38 (6.1%) 0.998 0.000

5 Less often 875 (18.9%) 724 (18.1%) 151 (24.3%) <0.001*** −0.054

6 Never 514 (11.1%) 380 (9.5%) 134 (21.6%) <0.001*** −0.131

Walks, median (IQR) 2 (2–4) 2 (2–4) 3 (2–5) <0.001*** 0.121

1 Daily 893 (19.3%) 787 (19.6%) 106 (17.3%) 0.168 0.020

2 Several times a week 1,732 (37.4%) 1,540 (38.4%) 192 (31.3%) 0.001** 0.050

3 Once a week 756 (16.3%) 659 (16.4%) 97 (15.8%) 0.693 0.006

4 One to three times per month 313 (6.8%) 275 (6.9%) 38 (6.2%) 0.540 0.009

5 Less often 757 (16.4%) 621 (15.5%) 136 (22.1%) <0.001*** −0.061

6 Never 174 (3.8%) 129 (3.2%) 45 (7.3%) <0.001*** −0.073

State_of_health, median (IQR) 2 (2–3) 2 (2–3) 3 (3–4) <0.001*** 0.458

1 Very good 344 (7.5%) 329 (8.2%) 15 (2.5%) <0.001*** 0.075

2 Good 2,255 (49.0%) 2,127 (53.3%) 128 (20.9%) <0.001*** 0.220

3 Average 1,628 (35.4%) 1,334 (33.4%) 294 (48.0%) <0.001*** −0.104

4 Bad 342 (7.4%) 188 (4.7%) 154 (25.2%) <0.001*** −0.265

5 Very bad 33 (0.7%) 12 (0.3%) 21 (3.4%) <0.001*** −0.126

Standard_of_living, median (IQR) 2 (2–2) 2 (2–2) 2 (2–3) <0.001*** 0.275

1 Very good 1,032 (22.3%) 960 (23.9%) 72 (11.7%) <0.001*** 0.100

2 Good 2,454 (53.0%) 2,179 (54.3%) 275 (44.5%) <0.001*** 0.067

3 Average 990 (21.4%) 780 (19.4%) 210 (34.0%) <0.001*** −0.121

4 Bad 127 (2.7%) 82 (2.0%) 45 (7.3%) <0.001*** −0.109

5 Very bad 29 (0.6%) 13 (0.3%) 16 (2.6%) <0.001*** −0.098

Corona_infection

0 Not infected 4,351 (99.5%) 3,775 (99.5%) 576 (99.7%) 0.670 −0.006

1 Infected 20 (0.5%) 18 (0.5%) 2 (0.3%) 0.670 0.006

Corona_environment

0 Not infected 4,144 (92.6%) 3,607 (92.8%) 537 (91.3%) 0.189 0.020

1 Infected 329 (7.4%) 278 (7.2%) 51 (8.7%) 0.189 −0.020

Corona_threat, median (IQR) 3 (2–5) 3 (2–5) 5 (3–6) <0.001*** 0.184

Depressive

0 No 2,955 (64.5%) 2,745 (69.2%) 210 (34.4%) <0.001*** 0.247

1 Yes 1,624 (35.5%) 1,223 (30.8%) 401 (65.6%) <0.001*** −0.247

Loneliness

0 No 4,069 (90.0%) 3,580 (91.2%) 489 (82.3%) <0.001*** 0.100

1 Yes 450 (10.0%) 345 (8.8%) 105 (17.7%) <0.001*** −0.100

Life_satisfaction

0 No 611 (13.2%) 399 (10.0%) 212 (34.5%) <0.001*** −0.246

1 Yes 4,002 (86.8%) 3,599 (90.0%) 403 (65.5%) <0.001*** 0.246

Attitudes

0 Negative 1,209 (26.3%) 833 (20.9%) 376 (61.3%) <0.001*** −0.312

1 Positive 3,384 (73.7%) 3,147 (79.1%) 237 (38.7%) <0.001*** 0.312

Values are given as median and interquartile range unless otherwise indicated. Categorical parameters are given as absolute values and percentages. For group comparisons, Mann–

Whitney U-tests were performed for non-normally distributed ordinal data and chi-square tests for nominal data. Significant group differences are indicated by * (*p < 0.05; **p < 0.01;

***p < 0.001). The effect sizes (r) of the group differences were determined using the rank biserial correlation for the Mann–Whitney U-test and the Phi coefficient for the chi-square test.
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FIGURE 1 | Network structure of the total study population. The nodes display the variables and the edges represent correlations between the nodes. The thickness

of the edges corresponds to the strength of the correlation. Green: Feeling_younger (FEY), Yellow: variable directly associated with FEY (AGE, age; SPO, sports; SOH,

state_of_health; SOL, standard_of_living; DEP, depressive; LSA, life_satisfaction; ATT, attitudes). Orange: variables of the network not directly associated with FEY.

corona_environment). Four items could not be categorized
into one of these domains (AGE, age; RET, retirement; EDU,
education; and RES, residence). However, these items are not
isolated. They pass the information of the household composition
domain and the coronavirus infection domain to the wellbeing
domain. In general, these four domains are not strictly separated.
There are various cross-domain associations. In particular, there
is a strong connection between social contact and wellbeing
domains via loneliness (LON). Loneliness has a direct effect on
feeling younger (FEY). However, the indirect effect mediated
by depression (DEP) predominated (Bab = −0.069, p < 0.001,
61.3%; Bc′ =−0.044, p= 0.037, 38.7%).

Feeling younger (FEY) was not the most centrally located
factor within the network, as specified by the centrality measures
betweenness, closeness, and strength. The betweenness of feeling
younger is very low (0.000). Accordingly, feeling younger
does not affect communication between pairs of other nodes.
However, for feeling younger, a strong closeness centrality
measure was determined (0.744), referring to the distances
to all other nodes and, therefore, the indirect connections
within the network. Based on the moderate strength centrality
measure (0.377), feeling younger was directly associated with
several network factors. In this regard, our network structure

revealed direct associations between feeling younger (FEY) and
the chronological age of the participants (AGE), frequency
of engaging in sports (SPO), state of health (SOH), standard
of living (SOL), depressive symptoms (DEP), participants’
satisfaction with life (LSA), and attitudes toward one’s aging
(ATT). Therefore, the edge weights between FEY and both ATT
and SOH were high, corresponding to strong correlations. If we
look at these connections, it becomes apparent that SOH seems
to mediate the association between SOL and FEY, as well as
the association between SPO and FEY. Subsequent mediation
analysis revealed that the association between SPO and FEY was
partially mediated by SOH (Bab = −0.017, p < 0.001, 52.1%; Bc′
= −0.016, p < 0.001, 47.9%). Additionally, the state of health
partially mediated the effect of standard of living on feeling
younger (Bab = −0.040, p < 0.001, 47.0%; Bc′ = −0.045, p <

0.001, 53.0%). In addition, attitudes toward one’s aging partially
mediated the association between life satisfaction and feeling
younger (Bab = 0.093, p < 0.001, 37.2%; Bc′ = 0.157, p <

0.001, 62.8%).
The results of the network accuracy and stability analyses

are shown in Supplementary Figures S2–S4. The case-dropping
bootstrapping procedure showed that the centrality measures of
betweenness [CS (cor = 0.7) = 0.66], closeness [CS (cor = 0.7)
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FIGURE 2 | Node centrality of the total study population. Centrality indices for betweenness, closeness, and strength are given in relative values. A higher centrality

measures indicate that the node is more central to the network.

> 0.75], and strength [CS (cor = 0.7) > 0.75] remained highly
stable. The non-parametric bootstrapping procedure revealed
that the identified edge weights were accurate and that the
centrality indices of the nodes were significantly different from
each other.

Regression Analysis
Spearman correlations between independent variables were high
(r > 0.8), indicating that multicollinearity was a confounding
factor in the analysis (education_2 and education_3: r = −0.916,
p < 0.001; partner and living_partner: r = 0.899, p < 0.001;
household and living_children: r = 0.852, p < 0.001). Therefore,
education_2, partner, and household were excluded from the
regression analysis.

We conducted a logistic regression analysis within the study
population of community-dwelling people [χ²(11) = 353.20, p <

0.001, Nagelkerk’s R² = 0.241] to understand the predictors of
feeling younger. Four participants were identified as outliers and
excluded from further analysis. Feeling younger was associated
with older age [Exp(B) = 1.025; p = 0.012] and fewer
depressive symptoms [Exp(B) = 1.546; p = 0.007]. Additionally,
if participants are doing sports less frequently [Exp(B)= 0.908; p
= 0.026], have a worse state of health [Exp(B)= 0.533; p< 0.000],
a worse standard of living [Exp(B) = 0.811; p = 0.026], are less

satisfied with their life [Exp(B) = 0.632; p = 0.016], and report a
negative attitude toward their aging [Exp(B)= 0.360; p < 0.001],
they are less likely to feel younger. For detailed information, steps
1 and 15 of the regression are shown in Supplementary Table S4.

DISCUSSION

Subjective age is an important predictor of positive health
outcomes (3–12). In a representative sample of 4,665 older
community-dwelling people in Germany, the majority reported
feeling younger than their chronological age. We identified
several biopsychosocial factors associated with feeling younger.

Both network analysis and regression analysis revealed that
older chronological age, engaging in sports more frequently,
a better standard of living, a better state of health, higher
satisfaction with life, more positive attitudes toward one’s aging,
and fewer depressive symptoms are associated with feeling
younger in older people. However, as suggested by network
analysis and confirmed by mediation analysis, in particular state
of health, attitudes toward one’s aging and depression have a
considerable direct effect on subjective age.

Our study revealed that older chronological age is associated
with feeling younger. This at first glance paradoxical finding
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can be interpreted in line with previous research, showing
an association between higher chronological age and lower
subjective age (13). Participants who were feeling younger
reported a subjective age that was on average 9 years younger than
their chronological age. Feeling younger contributes to mentally
distancing oneself from an age group associated with a decline in
functioning, which might allow older people to maintain a more
positive view of themselves (46). People often report a younger
subjective age when comparing themselves to people with worse
health, or when they conclude that despite their increasing age,
they do not change significantly (16, 47, 48). Accordingly, ageism,
which refers to stereotyping individuals or groups based on
age, contributes significantly to the assessment of subjective age.
Furthermore, ageism is known to affect people’s health negatively
(49–51). It can be assumed that the coronavirus pandemic
and the focus on older vulnerable persons have aggravated
ageism (52). Ageism is negatively related to subjective health and
life satisfaction after the onset of the pandemic, and younger
subjective age may buffer this negative effect (53). In this context,
feeling young may be seen as a beneficial coping process (54).
Our data were derived from the GermanAging Survey conducted
from June to July 2020 after the first wave of the coronavirus
pandemic. In our study, participants who felt younger perceived
the coronavirus crisis as less threatening than participants who
did not feel younger. However, most of the participants did not
perceive the coronavirus pandemic as a personal threat.

The present study revealed that feeling younger was associated
with engaging in sports more frequently, which was partially
mediated by a better state of health. This is in line with previous
research showing an association between feeling younger and
faster walking speed (8) as well as overall better physical
functioning (7, 26). Additionally, this finding corresponds to
the fact that physical activity enables healthy aging and reduces
mortality (45, 55, 56). Therefore, it should be noted that physical
activity improves both physical and mental health (56), which
may improve the self-perception of aging.

In line with previous research, our study confirms that feeling
younger is also associated with fewer depressive symptoms
(27, 57). This finding may be explained by the association
of late-life resources and strategies for coping with depressive
symptoms (58). Previous research has shown that affective
mental health factors, such as depression impact subjective aging
views (59). Likewise, life satisfaction, self-esteem, and purpose
in life are known predictors of lower depressive symptoms (60).
Accordingly, increasing life satisfaction can potentially prevent
or alleviate depressive symptoms. Additionally, independent of
depressive symptoms, higher satisfaction with life itself is also
associated with feeling younger, as the present study was able to
show. However, it should be noted that less favorable individual
aging attitudes contribute to the association between an older
subjective age and lower life satisfaction (61, 62). Our study
revealed that attitudes toward one’s aging partially mediate the
relationship between feeling younger and life satisfaction. Higher
satisfaction with life may correspond to more positive aging
attitudes, which reduce age-related attributions of changes. More
positive attitudes toward one’s aging improve the subjective
experience of aging, and, accordingly, it is more likely that

someone reports feeling younger. These results align with a
previous longitudinal study showing that an increase in positive
attitudes toward one’s aging results in a relative decrease in
subjective age (63). In summary, our results underline the
importance of both mental and physical health in terms of
subjective age. The determination of the state of health can be
seen as an aggregated assessment of the mental and physical
health domains. State of health is one of themost central variables
within the network structure of our study, according to the
betweenness centrality measure. Therefore, we were able to reveal
that feeling younger was associated with an overall better state
of health.

In addition to mental and physical health, social environment
is an important contributor to subjective age. Our regression
analysis found that a higher standard of living was associated with
feeling younger. Moreover, our network and mediation analyses
revealed that this connection is partially mediated by a better
state of health. This is in line with previous research showing that
perceived income affects self-rated health (64, 65).

To the best of our knowledge, this is the first study applying
network analysis to assess the impact of complex interacting
biopsychosocial factors, that determine feeling younger in older
age. However, our study has several limitations. First, our study
did not include people living in nursing homes because of the
small number of respondents in the questionnaire. Therefore, the
results cannot be generalized to older adults living in residential
care. Second, we cannot exclude positive selection errors. It is
plausible that participants who answered the questionnaire may
have had better physical and mental capabilities. In addition,
there is an association between cognitive deficits and older
subjective age (6). Therefore, it is probable that our available
data underestimate the proportion of people feeling older than
their chronological age. Third, dichotomizing feeling younger
to assess subjective age risks losing information. However, it is
an established method for determining subjective age (6, 8, 12,
26, 54). Fourth, as independent variables we only considered
variables of wave 7 of the DEAS. Accordingly, there are other
possible influential factors on subjective age that could not be
taken into account within this study. Fifth, because of the cross-
sectional design, no statement can be made on the effect of
time-dependent variables, including short-term changes as well
as long-term influences. We applied network analysis to cross-
sectional data as an initial step to gain an overview of the
many variables potentially related to feeling younger in advanced
age, however, it would be beneficial to follow up this study
with analysis on longitudinal data. Finally, because of the cross-
sectional design, no causal effects could be determined. It is not
clear whether the aforementioned factors predominantly lead to
a younger subjective age or if they are the main consequences of
a younger subjective age.

Taken together, the present study provides novel evidence
regarding the association between feeling younger and several
biopsychosocial factors. Our analyses revealed that an older
chronological age, engaging in sports more frequently, a better
standard of living, a better state of health, higher satisfaction
with life, more positive attitudes toward one’s aging, and fewer
depressive symptoms are associated with feeling younger in older
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people. Further research is needed to confirm these factors and
identify how they can be adapted in potential intervention studies
to generate the life and health circumstances that allow older
people the benefit of feeling younger.
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