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Background: This study aims to generate more comprehensive knowledge regarding underlying mechanisms of
health production in middle and older age by focusing on perception of aging in the relation between sport
activity and self-rated health. More differentiated information can be generated by using more age-specific data
and applying advanced empirical methods.

Methods: Panel data from the German Ageing Survey (DEAS) (n = 1027) is used, whereby individuals are
included, that participated at least in two waves. First, a blockwise fixed effects logistic regression model is
carried out, which allows to investigate mediation as well as moderation effects and controls for time invariant
unobserved heterogeneity. Additionally, two recursive bivariate probit models are conducted to identify further
indirect pathways.

Findings: A mediating and moderating effect of perception of aging regarding self-rated health is found in the
fixed effects model. Indirect pathways of perception of aging and retirement over sport activity (mediator) are
confirmed in the recursive bivariate probit models.

Conclusion: The results highlight the complexity of the underlying mechanisms as well as the importance of
individual and needs-based designed health promotion. Here, public health policy should not solely focus on
sport activity, rather it should include target group specific strategies to shape individual perceptions of aging
towards a more positive view on aging, while considering the heterogeneity of middle and older age groups.

Vuorisalmi, Lintonen, & Jylha, 2005). To achieve healthy aging, a
deeper understanding of the mechanisms that explain the relationship

Introduction

Due to demographic aging in most Western countries (Eurostat,
2019) and age-specific health and physical changes, such as the increase
in chronic diseases (multimorbidity) or decline in physical and cognitive
functioning (Himes, 2015; Nowossadeck, 2012; Robert Koch-Institut,
2009), maintaining health, well-being and autonomy into middle and
older age has become more important for health policy and society in
several European countries, including Germany.

Even though an age-related decline in health capital is found, at the
same time, health also gains in individual importance in older age
(Bohm, Tesch-Romer, & Ziese, 2009; Robert Koch-Institut, 2015). For
middle- and older-aged adults, self-rated health has been shown as a
valuable measurement’ for predicting mortality or morbidity (Idler &
Benyamini, 1997; Mavaddat, Valderas, van der Linde, Khaw, & Kin-
month, 2014; Mossey & Shapiro, 1982; Szybalska et al., 2018;

between self-rated health and healthy behavior is crucial to make
effective health-related policy for people in middle and older age.
Particularly in Germany, a more comprehensive understanding
regarding mechanisms of inequalities in health is needed, since
socio-economic differences regarding health and health behavior in
middle and older age are found (Bohm, 2009).

To promote healthy aging, physical activity is one of the crucial
factors, since it is associated with a decreased risk of mortality and
cardiovascular diseases, prolonged maintenance of cognitive func-
tioning, mental health as well as an increased overall well-being as
shown in previous studies and meta-analysis (see Daskalopoulou et al.,
2017; Gayman, Fraser-Thomas, Dionigi, Horton, & Baker, 2017; Bragina
& Voelcker-Rehage, 2018). Here, sport activity, which is the focus of this
study, can be seen as a specific dimension of physical activity, and
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therefore, as one possible aspect of health-promoting behavior.” Despite
the beneficial health effects of physical activity, the majority of middle-
and older-aged adults in Germany do not meet the recommended ac-
tivity levels (Robert Koch-Institut, 2015). Socio-economic variables such
as income, education or employment have been shown to be factors
influencing participation in sport activities (Downward, Lera-Lopez, &
Rasciute, 2011; Jenkin, Eime, Westerbeek, O’Sullivan, & van Uffelen,
2017). Furthermore, subjective measurements such as health-specific
attitudes or individual perception of aging have been shown to be
relevant. This means that individuals with a positive perception of aging
(e.g. negating conventional stereotypes about aging) are more likely to
participate in health-beneficial behavior (Andrews et al., 2017; Beyer,
Wolff, Warner, Schiiz, & Wurm, 2015; Huy, Schneider, & Thiel, 2010;
Massie & Meisner, 2019; Wurm, Tomasik, & Tesch-Romer, 2010).

Even though the effect of general physical activity on health is
already confirmed in the literature, especially for sport activity, due to
its specific health outcomes in middle and older age (Gayman et al.,
2017), more comprehensive insights are needed and should be investi-
gated. In the previous literature often only one dimension of physical
activity is considered, which makes it difficult to determine public
health implications since the specific contribution of sport activity re-
mains unclear (Daskalopoulou et al., 2017; Gayman et al., 2017). Thus
far, objective (e.g. individual resources) as well as subjective (e.g.
perception of aging) influencing factors have often been considered
separately. Hence, the complexity of underlying mechanisms as well as
the heterogeneity of middle and older adults may not have been fully
addressed in previous studies. Furthermore, the problem of endogeneity,
which is mostly associated with unobserved heterogeneity, has not often
been considered yet. This could generate biased estimators of interests
and misleading conclusions that hinder us from deriving appropriate
and concrete implications for effective health policy. The use of
cross-sectional data, which is often found, also leads to problems in this
context, as the temporal sequence of the effects cannot be addressed.

To bridge these conceptual and methodological gaps, German age-
specific data will be used, which contains information for both sport
activity as well as general physical activity. This panel dataset allows us
to identify the effect of sport activity more clearly by controlling for
general leisure-time physical activity measures. In the following, an
integrative approach is used, which combines both objective as well as
subjective influencing factors. Moreover, our analysis will consider more
carefully mediating and moderating effects as well as further indirect
pathways in a longitudinal perspective. Furthermore, advanced empir-
ical methods will be used which allow us to partly address endogeneity
and provide more robust information.

The purpose of this study is to provide deeper insights into the
complex relation between health-specific perception of aging, sport
activity and self-rated health in middle and older age. Here, the aim is to
generate more robust and comprehensive information, which is needed
for target-group-specific health policy.

Conceptual framework

The conceptual framework of this study is based on the health capital
model by Grossman (1972) as a starting point. In the model, people are
supposed to invest in their health capital to maximize their utility,
subject to their individual resources and constraints (Grossman, 1972;
Humphreys, McLeod, & Ruseski, 2014). Here, we focus on regularly
sport activity as an investment decision in health capital, which is also
associated with individual resources, such as human capital and

2 Physical activity is often used as a general term for light and moderate
physical as well as vigorous physical activity. Here, sport activity can also be
seen as subcategory of (leisure time) physical activity and is sometimes used
interchangeably with vigorous physical activity in literature (Dionigi & Gard,
2018).
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socio-economic status, to compensate or delay the age-related decline in
health capital (Grossman, 1972). Therefore, sport activity is included as
main predictor of self-rated health and following Daskalopoulou et al.
(2017), Gayman et al. (2017) and Warburton and Bredin (2017), a
positive effect is expected.

It is assumed that not only individual resources are decisive in this
respect. Rather, the transformation of individual resources in
health-related behavior via mediating factors such as perception of
aging is also crucial (Bourdieu, 1978, 1984; Cockerham, 2005).
Perception of aging has shown to be relevant regarding various
health-related lifestyle choices in middle and older age, such as physical
activity (e.g. Andrews et al., 2017; Beyer et al., 2015; Massie & Meisner,
2019; Wurm et al., 2010) as well as health outcomes (e.g. Warmoth,
Tarrant, Abraham, & Lang, 2016). This might be explained by changing
age structures and age norms, whereby older age is understood as
independent and active phase of life (Robert Koch-Institut, 2009).
Especially sport activity is used as attractive medium to create this phase
of life more active and healthier (Huy et al., 2010). Therefore, health is a
crucial motive for sports activities in older age groups (e.g. Jenkin et al.,
2017). Furthermore, it can be assumed, that people with a positive
perception of aging may consider healthy or active aging as more
desirable (e.g. Beyer et al., 2015). Moreover, perception of aging also
has shown as partly modifiable via physical activity interventions in
middle and older age, whereas a positive link is found (e.g. Beyer, Wolff,
Freiberger, & Wurm, 2019; Klusmann, Evers, Schwarzer, & Heuser,
2012; Wolff, Warner, Ziegelmann, & Wurm, 2014). Therefore, an
interrelation in the sense of mutual reinforcement between perception of
aging and sport activity can be assumed.

Due to its positive link to sport activity and self-rated health on the
one hand and the health promoting effect of sport activity on the other
hand, perception of aging is considered as further main predictor of self-
rated health in the conceptual model. Here, it is expected that a positive
perception of aging is associated with more frequent sport activity and
better self-rated health. Furthermore, it is expected that more frequent
sport activity is associated with a more positive perception of aging.

Perception of aging has shown as relevant for health behavior as well
as cognitive functioning and quality of life (e.g. Beyer et al., 2015;
Warmoth et al., 2016). Here, a negative perception of aging is assumed
as barrier for participation in health behavior (e.g. Huy et al., 2010).
Thus, it can be assumed that individuals with more positive perception
of aging value and invest more in health behavior (e.g. in sport activ-
ities), are aware of its health promoting effects and are more likely to
avoid health-risking behavior (e.g. smoking, unhealthy nutrition). It can
be expected, that these factors are able to prolong the effect of sport
activity on self-rated health. Accordingly, an influencing role of
perception of aging regarding the relation between sport activity and
self-rated health in middle and older age is assumed.

Therefore, perception of aging is not only expected to be explanatory
regarding sport activity and self-rated health (whereby indirect effects of
perception of aging as well as sport activity are assumed), moreover,
perception of aging may also constitute the prerequisite of the strength
of the health promoting effect of sport activity (moderation effect).

The transition to retirement has shown as crucial factor regarding
sport activity and self-rated health (e.g. Barnett, van Sluijs, & Ogilvie,
2012; Behncke, 2011; Stenholm et al., 2016), it is included as a predictor.
Here, both negative as well as positive effects are found in the literature.

Based on previous research findings (e.g. Downward, Lera-Lopez, &
Rasciute, 2014; Jenkin et al., 2017) on the relevance of sociodemographic
factors, the variables gender, age and partner are considered as
confounder. Socioeconomic characteristics (education, income) have
shown to be decisive regarding sport activity and (self-rated) health (e.g.
Downward et al., 2011; Jenkin et al., 2017; Kawachi, Adler, & Dow,
2010), and therefore, considered as predictors. Here, a social gradient is
expected. Objective health (physical diseases) is included as confounder,
since physical functioning is crucial for sport activity (e.g. Jenkin et al.,
2017). Gardening and walking are domains of leisure-time physical
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Fig. 1. Conceptual model of the relation of perception of aging, sport activity and self-rated health.

activity (World Health Organization, 2010) and are considered as
confounder, which allows to focus on the effect of sport activity more
specifically.

Based on the conceptual framework, the following assumptions are
derived to be tested via the empirical analyses (Fig. 1).

a) Sport activity affects self-rated health directly (a;) and indirectly (ay
+ ag), whereby perception of aging acts as mediator in the relation
between sport activity and self-rated health.

b) Perception of aging affects self-rated health directly (b;) and indi-
rectly (ba + bs), whereby sport activity acts as mediator in the
relation between perception of aging and self-rated health.

c) Perception of aging acts as moderator in the relation between sport
activity and self-rated health.

For the analysis of these assumptions, the models are controlled for
retirement, gender, age, partner, education, income, physical diseases,
gardening and walking.’

Materials and methods
Data sample

We collect individual-level panel data from the German Ageing
Survey (DEAS), which were publicly released by the Research Data
Centre for the German Centre of Gerontology (DZA) (Klaus et al., 2017).
DEAS is a representative survey of the German population in the second
half of life, which covers various topics such as health-related behavior,
social and family networks, and individual economic situations
(Klaus et al., 2017). Data from five waves is used (1996, 2002, 2008,
2011 and 2014), and individuals who participated in the survey for at
least two waves are included in the construction of the panel dataset.
232 individual (1705 cumulated) observations with missing values were
excluded to ensure equal sample size for all blockwise models (Table 2).
The unbalanced panel data contains 1027 individual (3269 cumulated)
observations of middle- and older-aged persons from 40 to 95 years old
(X = 63.90, SD = 11.19)* of which 44.97 per cent are female.

Variables

In the DEAS, self-rated health is measured by a five-item scale where
respondents can rate their health as ‘very good’, ‘good’, ‘fair’, ‘poor’ or ‘very
poor’.” For the analysis, a dummy variable was generated, which equals a
value of 1 if the original variable representing self-rated health reports 1
’very good’ or 2 "good’, otherwise it has a value of 0, (see Balia & Jones,
2008; Contoyannis & Jones, 2004; Oftedal et al., 2019). Sport activity was
reported by respondents on a six-item scale with the categories 1 *daily’, 2
’several times a week’, 3 "once a week’, 4 "one to three times a month’, 5

3 More information on this is given in the materials and methods section.

4 This age range is used since the effect of retirement is also of interest in this
study.

5 For more information regarding the variables used for the analysis, see
Table 4 in the appendice.

‘infrequent” or 6 'never’ (Deutsches Zentrum fiir Altersfragen, 2015). A
binary variable covering regular sport activity was generated taking the
value 1 if sport activity is equal to 1 ’daily’, 2 ’several times a week’ or 3
’once a week’, and 0 otherwise; we assume that one to three times partici-
pation in a month or less is not regular activity.® The variable ‘perception of
aging’ represents the averaged items ‘age: health bad’, ‘age: compensate
physical impairments worse’ and ‘age: less vital and fit’ (Cronbach’s a =
0.74). Perception of aging refers to an individual attitude towards/concept
of aging and in this case, covers the approval to the stereotype of aging being
associated with a decline in health and physical functioning.” The four
answer categories range from 1 ‘applies exactly’ to 4 ‘does not apply atall’; a
higher value equals a more positive perception of aging. The variable
‘perception of aging’ was standardized (min. = -2.15, max. = 2.86). The
variable ‘retirement’ indicates if a person is actively employed ‘O’ or retired
‘1. ‘Gender’ (0 ‘male’, 1 ‘female’), ‘age’ (log-transformed), ‘partner’, which
indicates if an individual has a steady life partner (0 ‘no’, 1 ‘yes’), education
(0 low’, 1 ‘middle’, 2 ‘high’) and the continuous variable ‘income’ (log--
transformed monthly household income) are used as demographic and
socio-economic control variables. Objective health status is represented by
the binary variable ‘physical diseases’, taking the value 1 if an individual
states two or more physical diseases® and 0 otherwise. As other dimensions
of leisure-time physical activity, the binary variables ‘walking’ (0 ‘no’, 1
‘yes’) and ‘gardening’ (0 ‘no’, 1 ‘yes’) were included. Both variables took the
value 1 if an individual denotes being active 1 ’daily’, 2 ’several times a
week’ or 3 ’once a week’. The variable ‘wave’ indicates each specific wave
(1-5) and was included as time-fixed effects. The interaction term ‘sport
activity*perception of aging’ was generated to investigate a moderating
effect.

Empirical analyses

When using observational data, explanatory variables are likely to be
affected by unobserved factors, and therefore, correlated with the error
term (Wooldridge, 2013). If this endogeneity problem is not addressed
well, biased estimators from systematic errors would be produced. Thus,
valid evidence regarding the relation between explanatory variables and
the outcome are not feasible without treating this issue well.”

Regarding the relation between sport activity and self-rated health,
decisions on sport activity are likely to be endogenous due to unobserved
individual heterogeneity that could affect both self-rated health as well as
sport activity (Humphreys et al., 2014). Here, unobserved individual
heterogeneity can be related to individual (leisure) time preferences, in-
dividual value of health, health literacy, attitudes regarding sport activities
or status-specific values that influence individual decision-making

® Here we refer to physical activity guidelines for middle and older age
groups (World Health Organization, 2010).

7 It should be noted that this variable covers only one dimension of attitudes
on/concepts of aging, other dimensions are, for example, social isolation or loss
of autonomy (Huy et al., 2010; Massie & Meisner, 2019).

8 For example, cancer, cardiovascular diseases, visual impairments or
diabetes.

9 It should be noted that omitted variables are not the only source of endo-
geneity (Wooldridge, 2013).
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(Bourdieu, 1978; Humphreys et al., 2014; Jenkin et al., 2017). Individual
previous experiences of sport activity or other corresponding contextual
factors, such as the access to and the number of sport facilities or the offer
of health sport courses in the residential area, can be further examples of
the source of endogeneity (Hallmann, Wicker, Breuer, & Schonherr, 2012;
Jenkin et al., 2017; Yen, Michael, & Perdue, 2009). To address this
endogeneity problem, a blockwise fixed effects logistic regression model
and two recursive bivariate probit models were conducted.

Empirical analysis I - fixed effects regression models

Using fixed effects regression allows us to control for individual
specific time-invariant unobserved heterogeneity by applying the within
transformation to eliminate the individual time-invariant error
(Allison, 2009; Wooldridge, 2013). Here, individual variation in the
variables is focused, rather than differences between individuals. Our

fixed effects logistic regression model can be described as'’:

SELF — RATED HEALTHg) = f,
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Empirical analysis II — recursive bivariate probit model

Even though the fixed effects regression model controls for individ-
ual specific time-invariant unobserved heterogeneity, time-variant var-
iations might exist and generate endogeneity. Apart from mediation and
moderation effects regarding perception of aging in the fixed effects
model, further indirect pathways from sport activity to self-rated health
may exist. Identifying these pathways is crucial to clarify the underlying
mechanisms between sport activity and self-rated health.

To address the above-mentioned issues, the recursive bivariate probit
model approach is applied (see Greene, 2008), where two
equations, one for self-rated health and one for sport activity, are
estimated simultaneously, as shown in Table 3.'? Here, endogeneity of
sport activity can be taken into account since the errors of the self-rated
health equation and the sport activity equation are allowed to correlate
(Balia & Jones, 2008; Greene, 2008; Humphreys et al., 2014). Our
recursive bivariate probit model with time-fixed effects can be written as:

+/}] SPORT ACTIVITY (it) +ﬂ2 PERCEPTION OF AGING(it)

+B5 rerrementiy + s cenpera) T Ps aceiy
+Ps parner() + A7 EpUCATIONG) T P8 INcOME(N)

+ﬂ9 PHYSICAL DISEASES(it) +ﬂl() GARDENING(it)

®

+ﬂ]l WALKING(it) +ﬂ]2 SPORT ACTIVITY*PERCEPTION OF AGING(it)

~+A() + USELF-RATED HEALTH(ir)

USELF—RATED HEALTH(it) = (i) T ESELF—RATED HEALTH(it)

SELF — RATED HEALTHy) = §p,

+ﬂ] SPORT ACTIVITY (it) +ﬂ2 PERCEPTION OF AGING (it)

+P3 remrement(y T Ps cenpera) T Ps acem)

+P6 parterGy T B7 Epucationi) T Ps income(y 2
P prysicaL piseases(o T P10 GARDENING(it)

P11 waLKINGGy T (o) T USELF-RATED HEALTH(it)

SPORT ACTIVITY 4 = 7,

71 PERCEPTION OF AGING (it) T Y2 RETIREMENT(it)
173 GENDER() T ¥4 AGE(r) T 75 PARTNER(it)

+76 epucationG) T 77 INCOME(it) T ¥8 PHYSICAL DISEASES(it)

“+Aq) + UsporT ACTIVITY(iY)

where SELF-RATED HEALTH ;) is the health outcome of individual i at
time t. A¢) captures the time-fixed effects, u is the error term, 7 in-
dicates the individual fixed effects and &) is an error term. For first
insights into mediation and moderation effects regarding perception of
aging, a blockwise fixed effects logistic regression model is constructed
as shown in Table 2.'! After investigating the effect of sport activity on
self-rated health while adjusting for confounder in Model 1, ‘perception
of aging’ is included (Model 2). In Model 3, the interaction term ‘sport
activity*perception of aging’ was included to identify a moderation ef-
fect, and Model 4 includes the time-fixed effects.

10 gince gender and education are individual specific and time invariant,
which are captured in individual fixed effects, both variables were omitted, and
effects of these variables can not be estimated in the fixed effects model.

1 Only 1702 observations (506 individual groups) are used since 1567 ob-
servations (521 individual groups) were dropped from the analysis due to a
non-varying outcome (see Greene, 2008).

3

This recursive equation estimation allows us to observe direct as well as
indirect effects regarding the outcome. The model is called ‘recursive’ since
sport activity appears on the left-hand side of equation 3 and also as an
explanatory variable on the right-hand side of equation 2. Equation 2 uses
the same variables as equation 1, which were used for the fixed effects
regression models.'®

Changing an individual behavior or attitude may not affect self-rated
health immediately; rather, there could be a lag between behavior
change and its impact.'* To address this issue, one-period lagged

12 The different sample size used in the two recursive bivariate models occurs
due to the use of lagged variables in the second model. Here, information on
one period (wave) is lost, which leads to a decrease of observations.

13 Time-invariant variables, such as gender and education, are captured by
using fixed effects regression.

14 This assumption refers to theories of health behavior change (for an over-
view, see Schwarzer & Luszczynska, 2008).
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explanatory variables'® are included in the second recursive bivariate
probit model (equations 4 and 5). Including lagged variables also allows
the temporal sequence of exposure and outcome to be addressed; this can
be seen as a way to consider reverse causation, thus yielding more robust
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level were estimated, and multicollinearity was tested for all regression
models (VIF < 5).'7 All estimated regression models are significant (p <
0.05).'® Microsoft R Open 3.5.2 (base) was used for data management, and
all analyses were carried out using STATA 14.2.

information. Our recursive bivariate  probit model with
time-fixed effects and lagged explanatory variables can be written as:

SELF — RATED HEALTHu) =f, +B; sport activity(ic-1) + B2 pERCEPTION OF AGING (it-1)

+83 rerrement(i-1) T B cenpera) + s ack

+P6 partner(-1) T B7 EpucationG) + Bs INcoMEG-1) 4)
+Po prysicaL piseases(i-1) T P10 GARDENING(it-1)

811 waLking(i-1) T A() + USELF-RATED HEALTH(i)

SPORT ACTIVITY 1) =7y +71 percePTION OF AGING(i-1) T 72 RETIREMENT(it—1)
173 Genper() T 74 AGEG) T 75 PARTNER(it—1) (5)
+76 epucationG) T 77 INCOME(it—1) T 78 PHYSICAL DISEASES(it—1)
+A@) + USPORT ACTIVITY(ir)

Results

For the fixed effects logistic regression, odds ratios (OR) as well as Descriptive results
average marginal effects (AME)'° are displayed. For the recursive bivariate

probit models, average marginal effects (AME) (marginal success proba- Table 1 summarizes all variables, which are differentiated by self-

bility of y = 1) are presented. Clustered standard errors at the individual rated health.'® Fifty-seven per cent of the sample report (very) good
Table 1
Summary of variables differentiated for self-rated health (German Ageing Survey (DEAS) 1996-2014, N = 3269 cumulated observations).
Predictor Self-rated health (0 = Poor) Self-rated health (1 = Good) Total P
Sport activity (N; %)
0 No 840 (49.04) 873 (50.96) 1713 (52.40) < 0.05%
1 Yes 569 (36.57) 987 (63.43) 1556 (47.60)
Perception of aging (M; SD) 2.05 (0.53) 2.46 (0.58) 2.29 (0.60) < 0.05°
Retirement (N; %)
0 No 424 (31.78) 910 (68.22) 1334 (40.81) < 0.05°
1 Yes 985 (50.90) 950 (49.10) 1935 (59.19)
Gender (N; %)
0 Male 782 (43.47) 1017 (56.53) 1799 (55.03) 0.64%
1 Female 627 (42.65) 843 (57.35) 1470 (44.97)
Age (M; SD) 66.52 (10.96) 61.91 (10.96) 63.90 (11.19) < 0.05°
Partner (N; %)
0 No 293 (47.64) 322 (52.36) 615 (18.81) < 0.05%
1 Yes 1116 (42.05) 1538 (57.95) 2654 (81.19)
Education (N; %)
0 Low 127 (56.70) 97 (43.30) 224 (6.85) < 0.05%
1 Middle 763 (44.62) 947 (55.38) 1710 (52.31)
2 High 519 (38.88) 816 (61.12) 1335 (40.84)
Income (M; SD) 2399.34 (1439.80) 2843.47 (1885.62) 2652.04 (1721.66) <0.05"
Physical diseases (N; %) < 0.05%
0 Less than two 212 (19.67) 866 (80.33) 1078 (32.98)
1 Two and more 1197 (54.63) 994 (45.37) 2191 (67.02)
Walking (N; %) 0.66"
0 No 460 (42.55) 621 (57.45) 1081 (33.07)
1 Yes 949 (43.37) 1239 (56.63) 2188 (66.93)
Gardening (N; %) < 0.05%
0 No 469 (48.00) 508 (52.00) 977 (29.89)
1 Yes 940 (41.01) 1352 (58.99) 2292 (70.11)

Note: p = P-value for statistical tests. N = Frequency. % = Percentage. M = Mean. SD = Standard deviation. # = y - test. b — Kruskal-Wallis equality-of-populations rank

test.

15 This does not refer to time-invariant variables as well as ‘age’.

16 When using logit or probit models, average marginal effects allow better
comparison and interpretation, especially when using nested models (Brzoska,
Sauzet, & Breckenkamp, 2017).

17 According to the literature, VIF (variance inflation factor) values > 10
indicate multicollinearity (see Wooldridge, 2013).

18 Likelihood ratio (LR) chi-square test.

19 All presented group differences are significant (p < 0.05).
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health. Forty-eight per cent participate regularly in sport activity, of
which 63 % state a (very) good self-rated health. The mean of unstan-
dardized ‘perception of aging’ is 2.29 (SD = 0.60), and the group with
(very) good self-rated health has a higher mean than the other (x = 2.46,
SD = 0.58). Fifty-nine per cent of the sample are retired, of which 49 %
stated a (very) good self-rated health. Individuals with a (very) good
self-rated health are younger than others on average (x = 61.91, SD =
10.96). Sixty-one per cent of individuals with (very) good self-rated
health report a high educational attainment, and they also state that
they have a higher household income (X = 2632.31, SD = 1435.98).

Results from fixed effects logistic regression models

Table 2 summarizes the results for the fixed effects regression model.
Here, by applying fixed effects regression, ‘within variation’ is analyzed,
contrary to ‘between variation’ in random effects models or by using
cross-sectional data. In Model 1, a positive effect of ‘sport activity’ is
found (OR = 1.479, AME = 0.001), which decreases after including
‘perception of aging’ in Model 2 (OR = 1.352, AME = 0.001). A more
positively rated perception of aging increases the likelihood of a good
self-rated health (OR = 1.960, AME = 0.002). A positive effect of being
retired is found in all models. Model 3 includes the interaction term of
sport activity and perception of aging, whereby a moderating effect of
perception of aging in the relation between sport activity and self-rated
health is found (OR = 1.400, AME = 0.001). Perception of aging,
retirement as well as the interaction term are significant in Model 4 with
time-fixed effects, but no effect of sport activity is found. A McFadden
Pseudo-R? of 0.183 is found for the full model.
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Results from recursive bivariate probit models

Table 3 shows summaries for the two recursive bivariate probit
models. Significant rho-values of -0.521 (p < 0.05) for the first bivariate
probit model and -0.930 (p < 0.05) for the second bivariate probit model
with lagged explanatory variables indicate that using the bivariate
probit model approach is necessary for unbiased estimators. Since the
error terms of both models are correlated, unobserved individual het-
erogeneity is detected, which affects both self-rated health and sport
activity (see Greene, 2008; Humphreys et al., 2014). Positive effects of
sport activity (AME = 0.317) and perception of aging (AME = 0.100) as
well as a negative effect of being retired (AME = -0.058) are found in the
model for self-rated health in the first bivariate probit model. No effect
of education and income is found. For the sport activity model, a positive
effect of perception of aging is found (AME = 0.044). Furthermore,
positive effects of being retired (AME = 0.117) and income (AME =
0.162) can be revealed.

Since a recursive system was estimated, identifying indirect effects is
possible. Here, the direct effects in the sport activity model simulta-
neously represent indirect effects on self-rated health. Here, we first
focus on indirect effects over sport activity (x — sport activity — self-
rated health, where x is an explanatory variable in the sport activity
equation). Indirect effects of perception of aging (0.014), retirement
(0.037) and income (0.051) on self-rated health are found®’. Regarding
perception of aging (x — perception of aging — self-rated health), in-
direct effects of retirement (0.012) and income (0.016) on self-rated
health are found. In the second recursive bivariate probit model,
which includes t.; lagged explanatory variables, positive effects of sport
activity (AME = 0.448), perception of aging (AME = 0.031) and a

Table 2
Summary of fixed effects logistic regression model predicting self-rated health (German Ageing Survey (DEAS) 1996-2014).
Predictor Model 1: Model 2: Model 3: Model 4:
Sport activity Perception of aging Interaction Time-fixed Effects
OR AME OR AME OR AME OR AME
Sport activity
0 No Ref Ref Ref Ref
1 Yes 1.479** 0.001** 1.352* 0.001 1.362* 0.001* 1.345 0.000
[0.218] [0.000] [0.207] [0.001] [0.210] [0.001] [0.209] [0.002]
Perception of aging - - 1.960%** 0.002%** 1.700%** 0.002%** 1.690%** 0.000
[0.172] [0.000] [0.184] [0.000] [0.184] [0.003]
Retirement
0 No Ref Ref Ref Ref
1 Yes 1.635* 0.001* 1.610* 0.002* 1.623* 0.002* 1.652* 0.000
[0.325] [0.000] [0.337] [0.001] [0.340] [0.001] [0.345] [0.003]
Income 1.269 0.000 1.248 0.001 1.236 0.001 1.258 0.000
[0.266] [0.000] [0.270] [0.001] [0.263] [0.001] [0.273] [0.001]
Sport activity* - - - - 1.401* 0.001* 1.417* 0.000
Perception of aging [0.217] [0.001] [0.221] [0.002]
N cases 1702 1702 1702 1702
N groups 506 506 506 506
McFadden- Pseudo-R? 0.117 0.176 0.180 0.183

Note: OR = Odds Ratio. AME = Average Marginal Effect. Clustered standard errors in parantheses. Included variable ‘wave’ for time-fixed effects not presented. All
models are adjusted for the variables ‘age’, ‘partner’, ‘physical diseases’, ‘gardening’ and ‘walking’. Time invariant variables ‘gender’ and ‘education’ are captured by

individual fixed effects. *p < .05. **p < .01. ***p < .001.

20 Using marginal effects allows indirect effects to be calculated by multi-
plying the estimated values in both equations.
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Table 3

Summary of recursive bivariate probit models predicting self-rated health (German Ageing Survey (DEAS) 1996-2014).
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Recursive bivariate probit model

Recursive bivariate probit model with lagged independent variables

Equation I: Self-rated health

Equation II: Sport activity

Equation I: Self-rated health

Equation II: Sport activity (.1

Predictor AME SE Predictor AME SE Predictor AME SE Predictor AME SE

Sport activity - Sport activity.1) -

0 No Ref - 0 No Ref -

1 Yes 0.317%** 0.070 - 1 Yes 0.448%** 0.011 -

Perception of 0.100***  0.016  Perception of 0.044***  0.010  Perception of 0.031%* 0.010  Perception of 0.034%* 0.013
aging aging aging.1) aging.1)

Retirement Retirement Retirement(.1) Retirement.1)

0 No Ref 0 No Ref 0 No Ref 0 No Ref

1 Yes -0.058* 0.026 1 Yes 0.117***  0.031 1 Yes -0.083** 0.030 1 Yes 0.100* 0.043

Education Education Education Education

0 Low Ref 0 Low Ref 0 Low Ref 0 Low Ref

1 Middle 0.038 0.034 1 Middle 0.023 0.048 1 Middle 0.043 0.044 1 Middle -0.010 0.067

2 High 0.043 0.037 2 High 0.049 0.049 2 High 0.044 0.046 2 High 0.046 0.068

Income 0.023 0.026  Income 0.162***  0.025  Income.1) -0.025 0.021  Income.1) 0.152%**  0.032

N cases 3269 N cases 1649

N groups 1027 N groups 855

Rho -0.521* Rho -0.930%***

Note: AME = Average Marginal Effect (marginal success probability of y = 1). SE = Clustered standard error. All models are adjusted for the variables ‘age’, ‘gender’,
‘partner’, ‘physical diseases’ and ‘wave’ (time-fixed effects). Self-rated health models are additionally adjusted for the variables ‘gardening’ and ‘walking’. *p < .05. **p <

.01. ***p < .001.

negative effect of being retired (AME = -0.083) are found in the self-
rated health model. For the sport activity model, positive effects of
perception of aging (AME = 0.034), retirement (AME = 0.100) and in-
come (AME = 0.152) are found. Indirect effects similar to those in the
model without lagged variables are found. Compared to the model
without t; lagged explanatory variables, an increase in the effect size of
sport activity on self-rated health and a decrease in the effect size of
perception of aging on self-rated health are found.

Discussion

Given the evidence that aging is associated with individual physical
and health changes (Robert Koch-Institut, 2009), aging societies have to
face major health and sociopolitical challenges. Due to the increased
share of older people in several European countries such as Germany,
ensuring healthy aging is a collective concern. Since perception of aging
has been shown as relevant for health behavior, such as sport activity (e.
g. Andrews et al., 2017), the present study analyzed the influence of the
health-specific perception of aging in relation to sport activity and
self-rated health in middle and older age in a longitudinal perspective.
To gain a deeper knowledge of the underlying mechanisms, mediating
and moderating effects are focused upon via a blockwise fixed effects
logistic regression model and two recursive bivariate probit models.
Here, more robust information is provided since our empirical methods
attempt to address endogeneity as much as possible. The previous
literature, which fails to address this issue may over- or underestimate
influencing factors on health, or it may identify spurious relations,
which is critical, especially with respect to the implications for health
policy strategies (see also Glass, Goodman, Hernan, & Samet, 2013).

In line with previous research (e.g. Daskalopoulou et al., 2017;
Gayman et al., 2017) and the derived assumptions of the conceptual
framework, a positive effect of sport activity on self-rated health is
found. Evidence that supports the assumption of perception of aging as a
mediator and moderator in the relation between sport activity and
self-rated health is found, as shown by the decreased coefficient of sport
activity in Model 2 of the fixed effects model (partial mediation), and the
significant interaction effect ‘sport activity*perception of aging’
(Table 2). The assumption of sport activity as mediator is supported by
the significant effect of perception of aging in the sport activity models

and the significant effects of sport activity and perception of aging in the
self-rated health models of the recursive bivariate probit models
(Table 3). The analyses reveal that both sport activity as well as
perception of aging can be considered as crucial pillars of self-rated
health in middle and older age.”!

A positive relation between perception of aging and self-rated health
is found, and this suggests that individuals with a positive perception of
aging develop proactive health-related behavior. Therefore, they are
more likely to participate in health check-ups or health-promoting
behavior such as a sport activity (see Andrews et al., 2017; Beyer
et al., 2015; Wurm et al., 2010). Hence, the results suggest that those
individuals have a stronger desire to maintain their current physical and
health status, are more convinced that they can actually change some-
thing about their current life situation and believe that their health
status is, to a certain extent, also their own responsibility (see Huy &
Thiel, 2009). The interaction effect between sport activity and percep-
tion of aging indicates, that a positive perception of aging leads to a
stronger relation between sport activity and self-rated health. This
means, that individuals with more positive perception of aging benefit
more from the health promoting effect of sport activity. This might be
explained by that fact, that individuals with a positive perception of
aging are more aware of the (health) benefits and value of sport activity
for their self-rated health status, which plays an important role
regarding individual resource allocation choices (i.e. in the individual
concept of health care, sport activity seems to be a valuable investment).

Regarding retirement, while a positive effect is found in the fixed
effects regression, a negative effect on self-rated health and a positive
effect on sport activity is found in the recursive bivariate probit models.
The positive effect in the fixed effects regression model may occur due to
the positive relation between retirement and sport activity, which can be
seen in the sport activity equation of the recursive bivariate probit

21 Since different analytical approaches were applied, additionally, for further
support of the assumptions of mediation effects of both perception of aging and
sport activity, the Karlson-Holm-Breen decomposition was applied (Karlson,
Holm, & Breen, 2012; Kohler, Karlson, & Holm, 2011). The method was carried
out for different model types, whereby results of the main analyses are
confirmed. Since this is not part of the main empirical strategy, the results are
not presented, but are available upon request.
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models, and therefore, the positive indirect effect (retirement — sport
activity — self-rated health). Only indirect effects of individual re-
sources (income) are found, which differs from previous findings (e.g.
Huisman, Read, Towriss, Deeg, & Grundy, 2013). This could be traced
back to insufficient within or between variation due to the characteris-
tics of the middle and older age group. Additionally, by using t.; lagged
variables, reverse causation was considered and partly addressed;
similar findings as those in the models before are confirmed.

Even though the study provides more differentiated and helpful in-
sights regarding the complex relation between perception of aging, sport
activity and self-rated health for middle- and older-aged adults in Ger-
many, the limitations of the study should be considered when inter-
preting the results. (1) Since only a small share of respondents
participated in every wave of the German Ageing Survey (N < 400), an
unbalanced panel was used, which includes individuals that have
participated at least two times. This can be problematic for the fixed
effects regression since the observation time may be too short to observe
substantial *within’ variations. (2) Since the largest proportion of the
sample stated a middle or high educational attainment (low educational
attainment = 6.85 %), which does not correspond to the distribution of
the educational level of older people in Germany (Statistisches Bunde-
samt, 2018), a sampling bias may exist (sample-selection, see Heckman,
1979). Since education is positively associated with health behavior
(Demarest et al., 2013), the participants may also have a higher
awareness of health (behavior) or health literacy. Even though we
control for education, the sample selection may generate bias in our
estimators if it exists. This problem is also found in other panel surveys,
whereby participants with lower education are more likely to drop out
(Klaus et al., 2017). Furthermore, our sample consists of a dispropor-
tionately high share of male participants (55.03 %). Since influencing
factors of sport activity and healthy lifestyle behaviors differ
gender-specific (Downward et al., 2014) and men usually state higher
self-rated health (Szende, Janssen, & Cabases, 2014), our sample may
consist of participants with more health-oriented lifestyles and better
baseline health outcome. Furthermore, in middle and older age, panel
survey participants are more likely to report good (self-rated) health
compared to non-participants (Barreto, 2012). Therefore, generalization
of results needs to be done with caution. (3) Although we applied fixed
effects regression and recursive bivariate probit models to address the
problem of endogeneity, our estimators may still be biased due to un-
observed heterogeneity. This problem is common in health literature
with observational (non-experimental) data. To deal with this issue,
qualitative studies, which could be triangulated with quantitative
models are needed to further develop health policy strategies in a more
differentiated manner. Here, factors such as past experiences regarding
health-promoting programs (see Griffin, 2017; Phoenix & Bell, 2019),
(social) status-specific dispositions or values (see Bourdieu, 1978; Tulle
& Dorrer, 2012) or the corresponding contextual background (e.g.
neighborhood effects) (see Yen et al., 2009) should also be considered in
future research.
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Conclusion

This study contributes to a deeper understanding and provides more
robust and differentiated information about the relation between sport
activity and self-rated health in middle and older age by focusing on the
health-specific perception of aging as a crucial factor and by showing the
complexity of the mechanisms via recursive models. Our findings show
that both sport activity as well as perception of aging are proven to be
important, which indicates that public health policy should not solely
focus on physical activity and its different dimensions (e.g. sport activ-
ity). Rather, it should include group-specific strategies to shape indi-
vidual perceptions of aging towards a more positive view of aging (Beyer
et al., 2019; Massie & Meisner, 2019), in order to consider the hetero-
geneity of middle and older age groups adequately.

Funding

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

Ethics approval

Ethical approval and written consent were not required for this type
of study.

Declarations of competing interest
None.
Availability of data and materials

The [survey] data that support the findings of this study are available
in [Research Data Centre (FDZ-DZA)] with the identifier(s) [“DOI
10.5156/DEAS.1996.M.004”, “DOI 10.5156/DEAS.2002.M.003”, “DOI
10.5156/DEAS.2008.M.003”, “DOI 10.5156/DEAS.2011.M.002” and
“DOI 10.5156/DEAS.2014.M.001].

CRediT authorship contribution statement

Eric FaB: Conceptualization, Methodology, Formal analysis, Soft-
ware, Writing - original draft, Writing - review & editing. Hyunwoong
Pyun: Methodology, Formal analysis, Software, Writing - review &
editing. Torsten Schlesinger: Conceptualization, Writing - review &
editing, Supervision.

Acknowledgements

We acknowledge support by the DFG Open Access Publication Funds
of the Ruhr-Universitat Bochum.



SSM - Population Health 11 (2020) 100610

E. Faf et al.

Burde jo uondadiad, pue £1a10€ 110ds, S9[qRLIBA JO ULID) UOHIDRISIU]

*aABM dY103ds Ydea sajedIpul d[qerrea Aurumg

*9seasIp Adupny

10 I9AI[/ATRI[Iq DIqnox) 1appe]q ‘I9pIosIp dos[s ‘Qureidiul/sayoepeay ‘(SSOUIANISNEBYXD ‘UONBNUIIUOD
Jo ¥oey ‘uoissaxdap ‘A1v1Xue 8'9) I9PIOSIP [RIUSU ‘STILIDIUS0MSES ‘sa1aqelp ‘sjusunredurr Surresy

10 TensIA ‘saseasIp A1ojeirdsar ‘swa[qoid auoq JO Yoeq ‘ISPIOSIP AIOJB[NIIID ‘SISBISIP IB[NISEAOIPIED
I90URD :SISBISIP SUIMOT[O] ) SISA0Y) 'SISEISIP [edISAYd S [enpIAIpul ue 3unedIpul d[qeLiea Areurg
pauLIojsueI)-30] sem S[qeLIeA ) SISA[RUE 31} 10 — SWODUI P[OYISNOH

*9]qelIeA ST} Ul anfea snoiaaid ) Aq paderdar a1om Aem sIy) pasned sonfea SUIsSIy

‘soABM 3UIMO[[O] UI ,UOT}BINPI, S[qRLIBA Y] UI SanjeA uissiur Sunead sny) ‘Asams 9y} ur pareadde
151 [ENPIAIPUI UB USYM PIINSEaU ATUO0 Sem uonesnpy 9213sp Lisiearun = ysiy, ‘uonesyienb
9dUBNUS UONRINPS JAY3IY ([edTuyda]) 10 (Sururer) JSYIINJ padueApe [oul) SuTureI} [eUOTIEI0A
palarduwiod = [PPIA, *.SOd 10 [00Uds WIdpowl A1epuodas paja[duiod Jsour Je pue Jururer) [eUOIBIOA
pa121duwod oN, = ,MOT, 3[eds (@IDSI) UOTIEdINPH JO UOTIBIYISSE[D PIEPUL]S [RUONRUIAIU] ) 0) SI9JoY

‘pauLIojsuen)-30] sem S[qeLIBA ) ‘SISATRUR 3} I0]
*SNONUNUOD Se pajeaI) Sem d[qeLIeA 3y} ‘sjutod ejep ua) Jo [e10) B YIIM 9I0DS ULl & sjuasardax
a[qerrea 3y adurs Suruonsuny [edrsAyd,/yireay jo syuswdo(aaap dyads-a8e a1miny spremo) apninie

s JeNpIAIPUL UB Ju9s91dal 01 PaIeald sem ‘1 pue [eA ss9] :93e, pue 9siom sjusuriredur [edrsAyd
aresuadwod :a3e, ¢ peq y[eay 28k, swa)l paderaae oY) Jo 3unsisuod 9103s — Suide jo uondadrad v

"JIJ PUB [BIIA SSI] SI AUO PuUk Isiom pajesuaduwiod aq ued syuauniredunr edrsAyd ‘peq 198 [im
I[eay ‘19p[o Sun1ad usym e ‘SIUSWLIE]S A YIIM 9318k A31) ISYIAYM ‘DJRDIPUT PNOYS S[ENPIAIPU]

‘pap1aoid aareuuonsanb [eoyjo ur £11a1oe/NI0M Jo 2dA) 10 YI3US] UO UOTIBULIOJUT ON

‘pap1aoiad aireuuonsanb [erdyjo ur sdals Jo I9qUINU JO DURISIP UO UOHBULIOJUT ON

(1oyIne 91 Aq pare[suen) ¢dAey noA op surd[qoid
I[eaY 10 $3seaSIP JUIMO[[0] A3 JO YIIYM

*JSIJ YMIq JO d1ep INOA aul [[9) Isedd

snoiadid aag

snoradid aag

(zoyIne oy} Aq

parefsuen) “Ajeuosiad noA oy Ajdde syusurayels
SuIMO[[0J 3] JUSIXD JeYM 0] )eITPUT SB[

(foyne ay) £q pare[suRD) (SYIUOW
JTowrwms 9y} 3urmp usapIed nok op us1jo MOH

(zoyine
913 Aq paje[suen) ;sy[em 10j 03 NoA op ualjo MOH

(roymne

oyl Aq paje[suen) ;3UrIWIIMS 10 SOTISRUAS
‘ITeqooj ‘Sunyiy "3-9 ‘sy10ds op nok op ualjo MOH
(royne a3 Aq paje[suer))

JUI[eay JO 91€)S JUALIND INOA d)el NOA op MOH

aI0W pue OMJ, T ‘,0M} UBY} SSIT, O

JU3IH, T £2IPPIA, T {MOT, O
3%, T “ON, 0

560

Sleuwdy, T ‘9., 0

3%, T “ON, 0

snoraaid 295
snoraaxd 99g

Ire ye £1dde jou ss0(q, ¢ ¢ .o[qeordde

10N, € ¢ A19)1] SI0IN, T . Apoexs sarddy, T
89X, T {ON, 0

J9AdN, 9 ¢ Juanbaijuy,

G £, JIUOUI B UT S9UIT) 931} 0] dUQ, ¢, oom
B 9UQ, € {)o9M B SN [RIIAJS, g “ A[red, T
9%, T “.ON, 0

J9A3N, 9 ¢ Juanbagyuy,

G £, JIUOUI B UI S9WI) 9IY) 0] dUQ, { ¢, Joom
B UQ, € oM B sawIN) [BIAARS, T ¢ A[Ted, T
S$9X, T “.ON, 0

J9A3N, 9 ¢ Juanbagyuy,

G £, JIUOUI B UI S9WI) 9IY) 0] dUQ, { ¢, J9om
B UQ, € oM B sawIN) [BIAARS, T ¢ AfTed, T
.pooD, T {1004, 0

Jood

A1, G €,3004, ¢ ¢ aTRY, € ¢, p00D), T ‘. po03 A1dA, T

3uide
Jo uondadiad. L11ande 110ds
JABM

S9seasIp [edISAYJd
Qwodu]

uonednpy
Ipupred
A8y
BEDLIETS)
JusWRINY

(21025
ueaur) 3urde jo uondadiag
1 pue Telia ss9] 23y
as1om syuauLreduur
ea1sAyd syesuaduwiod 28y

Peq ey 23y
(A1eurq) Suruspren

(Teurduio) Suruapren
(Areurq) 3unyrem

(reur3rio) 3unyrem
(Areu1q) £31anoe 1ods

(Teur811o0) A31anoe 110ds
(Areurq) yreay pajerjos

(feur3rio) yi[eay pajer-j@s

UOTJBULIOJUI [RUOL}IPPY

uonsanb Burpuodsaiion

Burredss

Jlqeren

‘$102-9661 (SVAQ) £oaIg 3urely uewiIon) sISAJpuD ay3 Ul pasn sa)qpliva fo uondiosaq

v o1qeL

xipuaddy



E. Fap et al.
References

Allison, P. D. (2009). Fixed effects regression models. Thousand Oaks: SAGE Publications,
Inc.

Andrews, R. M., Tan, E. J., Varma, V. R., Rebok, G. W., Romani, W. A., Seeman, T. E.,
et al. (2017). Positive aging expectations are associated with physical activity among
urban-dwelling older adults. The Gerontologist, 57(S2), 178-186. https://doi.org/
10.1093/geront/gnx060.

Balia, S., & Jones, A. M. (2008). Mortality, lifestyle and socio-economic status. Journal of
Health Economics, 27(1), 1-26. https://doi.org/10.1016/j.jhealeco.2007.03.001.
Barnett, I., van Sluijs, E. M. F., & Ogilvie, D. (2012). Physical activity and transitioning to
retirement. A systematic review. American Journal of Preventive Medicine, 43(3),

329-336. https://doi.org/10.1016/j.amepre.2012.05.026.

Barreto, P.d. S. (2012). Participation bias in postal surveys among older adults: The role
played by self-reported health, physical functioning decline and frailty. Archives of
Gerontology and Geriatrics, 55, 592-598. https://doi.org/10.1016/j.
archger.2012.03.008.

Behncke, S. (2011). Does retirement trigger ill health? Health Economics, 21(3), 282-300.
https://doi.org/10.1002/hec.1712.

Beyer, A.-K., Wolff, J. K., Freiberger, E., & Wurm, S. (2019). Are self-perceptions of
ageing modifiable? Examination of an exercise programme with vs. without a self-
perceptions of ageing-intervention for older adults. Psychology and Health, 34(6),
661-676. https://doi.org/10.1080/08870446.2018.1556273.

Beyer, A.-K., Wolff, J. K., Warner, L. M., Schiiz, B., & Wurm, S. (2015). The role of
physical activity in the relationship between self-perceptions of ageing and self-rated
health in older adults. Psychology and Health, 30(6), 671-685. https://doi.org/
10.1080,/08870446.2015.1014370.

Beitrage zur Gesundheitsberichterstattung des Bundes. Gesundheit und Krankheit im
Alter. In Bohm, K., Tesch-Romer, C., & Ziese, T. (Eds.), [Contributions to the federal
health monitoring report. Health and illness in old age, (2009). Berlin: Robert Koch-
Institut.

Bourdieu, P. (1978). Sport and social class. Social Science Information, 17(6), 819-840.
https://doi.org/10.1177,/053901847801700603.

Bourdieu, P. (1984). Distinction: A social critique of the judgement of taste. London & New
York: Routledge.

Bragina, 1., & Voelcker-Rehage, C. (2018). The exercise effect on psychological well-
being in older adults - a systematic review of longitudinal studies. German Journal of
Exercise and Sport Research, 48, 323-333. https://doi.org/10.1007/s12662-018-
0525-0.

Brzoska, P., Sauzet, O., & Breckenkamp, J. (2017). Unobserved heterogeneity and the
comparison of coefficients across nested logistic regression models: How to avoid
comparing apples and oranges. International Journal of Public Health, 62, 517-520.
https://doi.org/10.1007/500038-016-0918-5.

Cockerham, W. C. (2005). Health lifestyle theory and the convergence of agency and
structure. Journal of Health and Social Behavior, 46, 51-67. https://doi.org/10.1177/
002214650504600105.

Contoyannis, P., & Jones, A. M. (2004). Socio-economic status, health and lifestyle.
Journal of Health Economics, 23(5), 965-995. https://doi.org/10.1016/j.
jhealeco.2004.02.001.

Daskalopoulou, C., Stubbs, B., Kralj, C., Koukounari, A., Prince, M., & Prina, A. M.
(2017). Physical activity and healthy ageing: A systematic review and meta-analysis
of longitudinal cohort studies. Ageing Research Reviews, 38, 6-17. https://doi.org/
10.1016/j.arr.2017.06.003.

Demarest, S., Van Ost, H., Roskam, A.-J., Cox, B., Regidor, E., Mackenbach, J. P., et al.
(2013). Educational inequalities in leisure-time physical activity in 15 European
countries. The European Journal of Public Health, 24(2), 199-204. https://doi.org/
10.1093/eurpub/ckt061.

Deutsches Zentrum fiir Altersfragen (DZA). (2015). Deutscher Alterssurvey (DEAS):
Instrumente der DEAS-Erhebung 2014. Deutsches Zentrum fiir Altersfragen (DZA),
Forschungsdatenzentrum (FDZ-DZA), Berlin.

Dionigi, R. A., & Gard, M. (2018). Sport for all ages? Weighing the evidence. In
R. A. Dionigi, & M. Gard (Eds.), Sport and physical activity across the lifespan — critical
perspectives (pp. 1-20). London: Palgrave Macmillan.

Downward, P., Lera-Lopez, F., & Rasciute, S. (2011). The zero-inflated ordered probit
approach to modelling sports participation. Economic Modelling, 28, 2469-2477.
https://doi.org/10.1016/j.econmod.2011.06.024.

Downward, P., Lera-Lopez, F., & Rasciute, S. (2014). The correlates of sports
participation in Europe. European Journal of Sport Science, 14(6), 592-602. https://
doi.org/10.1080/17461391.2014.880191.

Eurostat. (2019). Population structure and ageing. https://ec.europa.eu/eurostat/statistics
-explained/index.php/Population_structure_and_ageing Accessed 24 July 2019.
Gayman, A. M., Fraser-Thomas, J., Dionigi, R. A., Horton, S., & Baker, J. (2017). Is sport
good for older adults? A systematic review of psychosocial outcomes of older adults’

sport participation. International Review of Sport and Exercise Psychology, 10(1),
164-185. https://doi.org/10.1080/1750984X.2016.1199046.

Glass, T. A., Goodman, S. N., Hernan, M. A., & Samet, J. M. (2013). Causal inference in
public health. Annual Review of Public Health, 34, 61-75. https://doi.org/10.1146/
annurev-publhealth-031811-124606.

Golini, N., & Egidi, V. (2016). The latent dimensions of poor self-rated health: How
chronic diseases, functional and emotional dimensions interact influencing self-rated
health in Italian elderly. Social Indicators Research, 128, 321-339. https://doi.org/
10.1007/s11205-015-1033-3.

Greene, W. H. (2008). Econometric analysis (6’” ed.). New Jersey: Pearson Prentice Hall.

Griffin, M. (2017). Embodied learning and new physical activity in mid- and later life.
Qualitative Research in Sport, Exercise and Health, 9(5), 554-567. https://doi.org/
10.1080/2159676X.2017.1348387.

10

SSM - Population Health 11 (2020) 100610

Grossman, M. (1972). On the concept of health capital and the demand for health.
Journal of Political Economy, 80(2), 223-255. http://links.jstor.org/sici?sici=00
22-3808%28197203%2F04%2980%3a2%3C223%3A0TCOHC%3E2.0.CO%3b2-8.

Hallmann, K., Wicker, P., Breuer, C., & Schonherr, L. (2012). Understanding the
importance of sport infrastructure for participation in in different sports — findings
from multi-level modeling. European Sport Management Quarterly, 12(5), 525-544.
https://doi.org/10.1080/16184742.2012.687756.

Heckman, J. T. (1979). Sample selection bias as a specification error. Econometrica, 47
(1), 153-161. https://www.jstor.org/stable/1912352.

Himes, C. L. (2015). Aging and health in old age. In J. D. Wright (Ed.), International
encyclopedia of the social & behavioral sciences (2nd ed., Vol. 1, pp. 394-397).
Elsevier.

Huisman, M., Read, S., Towriss, C. A., Deeg, D. J. H., & Grundy, E. (2013).
Socioeconomic inequalities in mortality rates in old age in the World Health
Organization Europe region. Epidemiologic Reviews, 35, 84-97. https://doi.org/
10.1093/epirev/mxs010.

Humphreys, B. R., McLeod, L., & Ruseski, J. E. (2014). Physical activity and health
outcomes: Evidence from Canada. Health Economics, 23, 33-54. https://doi.org/
10.1002/hec.2900.

Huy, C., Schneider, S., & Thiel, A. (2010). Perceptions of aging and health behavior:
Determinants of a healthy diet in an older German population. The Journal of
Nutrition, Health & Aging, 14(5), 381-385. https://doi.org/10.1007/512603-010-
0084-z.

Huy, C., & Thiel, A. (2009). Altersbilder und Gesundheitsverhalten. Theorie und
empirischer Befund zum Einfluss individueller Vorstellungen vom Alter(n) auf das
Gesundheitsverhalten. [Age pictures and health behavior. Theory and empirical findings
on influence individual ideas of the age(s) on the health behavior] Zeitschrift fiir
Gesundheitspsychologie, 17(3), 121-132. https://doi.org/10.1026/0943-
8149.17.3.121.

Idler, E. L., & Benyamini, Y. (1997). Self-rated health and mortality: A review of twenty-
seven community studies. Journal of Health and Social Behavior, 38(1), 21-37.
Jenkin, C. R., Eime, R. M., Westerbeek, H., O’Sullivan, G., & van Uffelen, G. Z. (2017).

Sport and ageing: A systematic review of the determinants and trends of
participation in sport for older adults. BioMed Central Public Health, 17, 976. https://
doi.org/10.1186/s12889-017-4970-8.

Karlson, K. B., Holm, A., & Breen, R. (2012). Comparing regression coefficients between
same-sample nested models using logit and probit: A new method. Sociological
Methodology, 42, 286-313. https://doi.org/10.1177/0081175012444861.

Kawachi, I., Adler, N. E., & Dow, W. H. (2010). Money, schooling, and health:
Mechanisms and causal evidence. Annals of the New York Academy of Sciences, 1186,
56-68. https://doi.org/10.1111/j.1749-6632.2009.05340.x.

Klaus, D., Engstler, E., Mahne, K., Wolff, J. K., Simonson, J., Wurm, S., et al. (2017).
Cohort profile: The German ageing survey (DEAS). International Journal of
Epidemiology, 46(4). https://doi.org/10.1093/ije/dyw326, 1105-1105g.

Klusmann, V., Evers, A., Schwarzer, R., & Heuser, 1. (2012). Views on aging and
emotional benefits of physical activity: Effects of an exercise intervention in older
women. Psychology of Sport and Exercise, 13, 236-242. https://doi.org/10.1016/j.
psychsport.2011.11.001.

Kohler, U., Karlson, K. B., & Holm, A. (2011). Comparing coefficients of nested nonlinear
probability models. STATA Journal, 11(3), 420-438. https://doi.org/10.1177/
1536867x1101100306.

Massie, A. S., & Meisner, B. A. (2019). Perceptions of aging and experiences of ageism as
constraining factors of moderate to vigorous leisure-time physical activity in later
life. Loisir et Société/Society and Leisure, 42(1), 24-42. https://doi.org/10.1080/
07053436.2019.1582903.

Mavaddat, N., Valderas, J. M., van der Linde, R., Khaw, K. T., & Kinmonth, A. L. (2014).
Association of self-rated health with multimorbidity, chronic disease and
psychosocial factors in a large middle-aged and older cohort from general practice: A
cross-sectional study. BioMed Central Family Practice, 15, 185. https://doi.org/
10.1186/512875-014-0185-6.

Mossey, J. M., & Shapiro, E. (1982). Self-rated health: A predictor of mortality among the
elderly. American Journal of Public Health, 72(8), 800-808. https://doi.org/10.2105/
ajph.72.8.800.

Nowossadeck, E. (2012). Demografische Alterung und Folgen fiir das
GesundheitswesenG. B. E. kompakt (Ed.). [Demographic ageing and consequences for
healthcare.] Robert Koch-Institut Berlin, 3(2).

Oftedal, S., Kolt, G. S., Holliday, E. G., Stamatakis, E., Vandelanotte, C., Brown, W. J.,
et al. (2019). Associations of health-behavior patterns, mental health and self-rated
health. Preventive Medicine, 118, 295-303. https://doi.org/10.1016/j.
ypmed.2018.11.017.

Phoenix, C., & Bell, S. L. (2019). Beyond “Move more”: Feeling the rhythms of physical
activity in mid and later-life. Social Science & Medicine, 231, 47-54. https://doi.org/
10.1016/j.socscimed.2018.05.006.

Robert Koch-Institut (Ed.). (2009). Gesundheit und Krankheit im Alter. Beitrage zur Gesund-
heitsberichterstattung des Bundes. [Health and illness in old age. Contributions to the
federal government’s health reporting.]. Berlin: RKI.

Robert Koch-Institut (Ed.). (2015). Gesundheit in Deutschland. Gesundheitsberichterstattung
des Bundes (Gemeinsam getragen von RKI und Destatis). [Health in Germany. Health
coverage of the federal government (Jointly Supported by RKI and Destatis)]. Berlin: RKI.

Schwarzer, R., & Luszczynska, A. (2008). How to overcome health-compromising
behaviors. The health action process approach. European Psychologist, 13(2),
141-151. https://doi.org/10.1027/1016-9040.13.2.141.

Statistisches Bundesamt. (2018). Bildungsstand der Bevolkerung. Ergebnisse des Mikrozensus
2017. [Educational level of the population. Results of the microcensus 2017]. Wiesbaden:
Statistisches Bundesamt.


http://refhub.elsevier.com/S2352-8273(20)30247-0/sref1
http://refhub.elsevier.com/S2352-8273(20)30247-0/sref1
https://doi.org/10.1093/geront/gnx060
https://doi.org/10.1093/geront/gnx060
https://doi.org/10.1016/j.jhealeco.2007.03.001
https://doi.org/10.1016/j.amepre.2012.05.026
https://doi.org/10.1016/j.archger.2012.03.008
https://doi.org/10.1016/j.archger.2012.03.008
https://doi.org/10.1002/hec.1712
https://doi.org/10.1080/08870446.2018.1556273
https://doi.org/10.1080/08870446.2015.1014370
https://doi.org/10.1080/08870446.2015.1014370
http://refhub.elsevier.com/S2352-8273(20)30247-0/sref9
http://refhub.elsevier.com/S2352-8273(20)30247-0/sref9
http://refhub.elsevier.com/S2352-8273(20)30247-0/sref9
http://refhub.elsevier.com/S2352-8273(20)30247-0/sref9
https://doi.org/10.1177/053901847801700603
http://refhub.elsevier.com/S2352-8273(20)30247-0/sref11
http://refhub.elsevier.com/S2352-8273(20)30247-0/sref11
https://doi.org/10.1007/s12662-018-0525-0
https://doi.org/10.1007/s12662-018-0525-0
https://doi.org/10.1007/s00038-016-0918-5
https://doi.org/10.1177/002214650504600105
https://doi.org/10.1177/002214650504600105
https://doi.org/10.1016/j.jhealeco.2004.02.001
https://doi.org/10.1016/j.jhealeco.2004.02.001
https://doi.org/10.1016/j.arr.2017.06.003
https://doi.org/10.1016/j.arr.2017.06.003
https://doi.org/10.1093/eurpub/ckt061
https://doi.org/10.1093/eurpub/ckt061
http://refhub.elsevier.com/S2352-8273(20)30247-0/sref23
http://refhub.elsevier.com/S2352-8273(20)30247-0/sref23
http://refhub.elsevier.com/S2352-8273(20)30247-0/sref23
http://refhub.elsevier.com/S2352-8273(20)30247-0/sref24
http://refhub.elsevier.com/S2352-8273(20)30247-0/sref24
http://refhub.elsevier.com/S2352-8273(20)30247-0/sref24
https://doi.org/10.1016/j.econmod.2011.06.024
https://doi.org/10.1080/17461391.2014.880191
https://doi.org/10.1080/17461391.2014.880191
https://ec.europa.eu/eurostat/statistics-explained/index.php/Population_structure_and_ageing
https://ec.europa.eu/eurostat/statistics-explained/index.php/Population_structure_and_ageing
https://doi.org/10.1080/1750984X.2016.1199046
https://doi.org/10.1146/annurev-publhealth-031811-124606
https://doi.org/10.1146/annurev-publhealth-031811-124606
https://doi.org/10.1007/s11205-015-1033-3
https://doi.org/10.1007/s11205-015-1033-3
http://refhub.elsevier.com/S2352-8273(20)30247-0/sref31
https://doi.org/10.1080/2159676X.2017.1348387
https://doi.org/10.1080/2159676X.2017.1348387
http://links.jstor.org/sici?sici=0022-3808%28197203%2F04%2980%3a2%3C223%3AOTCOHC%3E2.0.CO%3b2-8
http://links.jstor.org/sici?sici=0022-3808%28197203%2F04%2980%3a2%3C223%3AOTCOHC%3E2.0.CO%3b2-8
https://doi.org/10.1080/16184742.2012.687756
https://www.jstor.org/stable/1912352
http://refhub.elsevier.com/S2352-8273(20)30247-0/sref37
http://refhub.elsevier.com/S2352-8273(20)30247-0/sref37
http://refhub.elsevier.com/S2352-8273(20)30247-0/sref37
https://doi.org/10.1093/epirev/mxs010
https://doi.org/10.1093/epirev/mxs010
https://doi.org/10.1002/hec.2900
https://doi.org/10.1002/hec.2900
https://doi.org/10.1007/s12603-010-0084-z
https://doi.org/10.1007/s12603-010-0084-z
https://doi.org/10.1026/0943-8149.17.3.121
https://doi.org/10.1026/0943-8149.17.3.121
http://refhub.elsevier.com/S2352-8273(20)30247-0/sref42
http://refhub.elsevier.com/S2352-8273(20)30247-0/sref42
https://doi.org/10.1186/s12889-017-4970-8
https://doi.org/10.1186/s12889-017-4970-8
https://doi.org/10.1177/0081175012444861
https://doi.org/10.1111/j.1749-6632.2009.05340.x
https://doi.org/10.1093/ije/dyw326
https://doi.org/10.1016/j.psychsport.2011.11.001
https://doi.org/10.1016/j.psychsport.2011.11.001
https://doi.org/10.1177/1536867x1101100306
https://doi.org/10.1177/1536867x1101100306
https://doi.org/10.1080/07053436.2019.1582903
https://doi.org/10.1080/07053436.2019.1582903
https://doi.org/10.1186/s12875-014-0185-6
https://doi.org/10.1186/s12875-014-0185-6
https://doi.org/10.2105/ajph.72.8.800
https://doi.org/10.2105/ajph.72.8.800
http://refhub.elsevier.com/S2352-8273(20)30247-0/sref52
http://refhub.elsevier.com/S2352-8273(20)30247-0/sref52
http://refhub.elsevier.com/S2352-8273(20)30247-0/sref52
https://doi.org/10.1016/j.ypmed.2018.11.017
https://doi.org/10.1016/j.ypmed.2018.11.017
https://doi.org/10.1016/j.socscimed.2018.05.006
https://doi.org/10.1016/j.socscimed.2018.05.006
http://refhub.elsevier.com/S2352-8273(20)30247-0/sref55
http://refhub.elsevier.com/S2352-8273(20)30247-0/sref55
http://refhub.elsevier.com/S2352-8273(20)30247-0/sref55
http://refhub.elsevier.com/S2352-8273(20)30247-0/sref56
http://refhub.elsevier.com/S2352-8273(20)30247-0/sref56
http://refhub.elsevier.com/S2352-8273(20)30247-0/sref56
https://doi.org/10.1027/1016-9040.13.2.141
http://refhub.elsevier.com/S2352-8273(20)30247-0/sref58
http://refhub.elsevier.com/S2352-8273(20)30247-0/sref58
http://refhub.elsevier.com/S2352-8273(20)30247-0/sref58

E. Fap et al.

Stenholm, S., Pulakka, A., Kawachi, 1., Oksanen, T., Halonen, J. L., Aalto, V., et al.
(2016). Changes in physical activity during transition to retirement: A cohort study.
International Journal of Behavioral Nutrition and Physical Activity, 13(51). https://doi.
org/10.1186/512966-016-0375-9.

Szende, A., Janssen, B., & Cabases, J. (Eds.). Self-reported population health: An
international perspective based on EQ-5D. Dordrecht: Springer. https://doi.org/10.
1007/978-94-007-7596-1.

Szybalska, A., Broczek, K., Puzianowska-Kuznicka, M., Slusarczyk, P., Chudek, J.,
Skalska, A., et al. (2018). Self-rated health and its association with all-cause
mortality of older adults in Poland: The PolSenior project. Archives of Gerontology
and Geriatrics, 79, 13-20. https://doi.org/10.1016/j.archger.2018.07.016.

Tulle, E., & Dorrer, N. (2012). Back from the brink: Ageing, exercise and health in a small
gym. Ageing and Society, 32, 1106-1127. https://doi.org/10.1017/
S0144686X11000742.

Vuorisalmi, M., Lintonen, T., & Jylha, M. (2005). Global self-rated health data from a
longitudinal study predicted mortality better than comparative self-rated health in
old age. Journal of Clinical Epidemiology, 58, 680-687. https://doi.org/10.1016/].
jclinepi.2004.11.025.

Warburton, D. E. R., & Bredin, S. S. D. (2017). Health benefits of physical activity: A
systematic review of current systematic reviews. Current Opinion in Cardiology, 32(5),
541-556. https://doi.org/10.1097/HCO.0000000000000437.

Warmoth, K., Tarrant, M., Abraham, C., & Lang, I. A. (2016). Older adults’ perceptions of
ageing and their health and functioning: A systematic review of observational
studies. Psychology Health & Medicine, 21(5), 531-550. https://doi.org/10.1080/
13548506.2015.1096946.

Wolff, J. K., Warner, L. M., Ziegelmann, J. P., & Wurm, S. (2014). What do targeting
positive views on ageing add to a physical activity intervention in older adults?
Results from a randomised controlled trial. Psychology and Health, 29(8), 915-932.
https://doi.org/10.1080/08870446.2014.896464.

11

SSM - Population Health 11 (2020) 100610

Wooldridge, J. M. (2013). Introductory econometrics — a modern approach (5th ed.). South-
Western: Cengage Learning.

World Health Organization (WHO). (2010). Global recommendations on physical activity
for health. Geneva: WHO Press.

Wurm, S., Tomasik, M. J., & Tesch-Romer, C. (2010). On the importance of a positive
view on ageing for physical exercise among middle-aged and older adults: Cross-
sectional and longitudinal findings. Psychology and Health, 25(1), 25-42. https://doi.
org/10.1080/08870440802311314.

Yen, I. H., Michael, Y. L., & Perdue, L. (2009). Neighborhood environment in studies of
health of older adults: A systematic review. American Journal of Preventive Medicine,
37(5), 455-463. https://doi.org/10.1016/j.amepre.2009.06.022.

Further reading

Deutsches Zentrum fiir Altersfragen (DZA). (2014a). SUF DEAS 1996, Version 3.0. htt
ps://www.dza.de/fdz/deutscher-alterssurvey/deas-dokumentation/doi-deas/doi
-105156deas1996m004.html.

Deutsches Zentrum fiir Altersfragen (DZA). (2014b). SUF DEAS 2002, Version 3.0. htt
ps://www.dza.de/fdz/deutscher-alterssurvey/deas-dokumentation/doi-deas/doi
-105156deas2002m003.html.

Deutsches Zentrum fiir Altersfragen (DZA). (2014c). SUF DEAS 2008, Version 3.0. htt
ps://www.dza.de/fdz/deutscher-alterssurvey/deas-dokumentation/doi-deas/doi
-105156deas2008m003.html.

Deutsches Zentrum fiir Altersfragen (DZA). (2014d). SUF DEAS 2011, Version 2.0. htt
ps://www.dza.de/fdz/deutscher-alterssurvey/deas-dokumentation/doi-deas/doi
-105156deas2011m002.html.

Deutsches Zentrum fiir Altersfragen (DZA). (2014e). SUF DEAS 2014, Version 1.0. htt
ps://www.dza.de/fdz/deutscher-alterssurvey/deas-dokumentation/doi-deas/doi
-105156deas2014m001.html.


https://doi.org/10.1186/s12966-016-0375-9
https://doi.org/10.1186/s12966-016-0375-9
https://doi.org/10.1007/978-94-007-7596-1
https://doi.org/10.1007/978-94-007-7596-1
https://doi.org/10.1016/j.archger.2018.07.016
https://doi.org/10.1017/S0144686X11000742
https://doi.org/10.1017/S0144686X11000742
https://doi.org/10.1016/j.jclinepi.2004.11.025
https://doi.org/10.1016/j.jclinepi.2004.11.025
https://doi.org/10.1097/HCO.0000000000000437
https://doi.org/10.1080/13548506.2015.1096946
https://doi.org/10.1080/13548506.2015.1096946
https://doi.org/10.1080/08870446.2014.896464
http://refhub.elsevier.com/S2352-8273(20)30247-0/sref67
http://refhub.elsevier.com/S2352-8273(20)30247-0/sref67
http://refhub.elsevier.com/S2352-8273(20)30247-0/sref68
http://refhub.elsevier.com/S2352-8273(20)30247-0/sref68
https://doi.org/10.1080/08870440802311314
https://doi.org/10.1080/08870440802311314
https://doi.org/10.1016/j.amepre.2009.06.022
https://www.dza.de/fdz/deutscher-alterssurvey/deas-dokumentation/doi-deas/doi-105156deas1996m004.html
https://www.dza.de/fdz/deutscher-alterssurvey/deas-dokumentation/doi-deas/doi-105156deas1996m004.html
https://www.dza.de/fdz/deutscher-alterssurvey/deas-dokumentation/doi-deas/doi-105156deas1996m004.html
https://www.dza.de/fdz/deutscher-alterssurvey/deas-dokumentation/doi-deas/doi-105156deas2002m003.html
https://www.dza.de/fdz/deutscher-alterssurvey/deas-dokumentation/doi-deas/doi-105156deas2002m003.html
https://www.dza.de/fdz/deutscher-alterssurvey/deas-dokumentation/doi-deas/doi-105156deas2002m003.html
https://www.dza.de/fdz/deutscher-alterssurvey/deas-dokumentation/doi-deas/doi-105156deas2008m003.html
https://www.dza.de/fdz/deutscher-alterssurvey/deas-dokumentation/doi-deas/doi-105156deas2008m003.html
https://www.dza.de/fdz/deutscher-alterssurvey/deas-dokumentation/doi-deas/doi-105156deas2008m003.html
https://www.dza.de/fdz/deutscher-alterssurvey/deas-dokumentation/doi-deas/doi-105156deas2011m002.html
https://www.dza.de/fdz/deutscher-alterssurvey/deas-dokumentation/doi-deas/doi-105156deas2011m002.html
https://www.dza.de/fdz/deutscher-alterssurvey/deas-dokumentation/doi-deas/doi-105156deas2011m002.html
https://www.dza.de/fdz/deutscher-alterssurvey/deas-dokumentation/doi-deas/doi-105156deas2014m001.html
https://www.dza.de/fdz/deutscher-alterssurvey/deas-dokumentation/doi-deas/doi-105156deas2014m001.html
https://www.dza.de/fdz/deutscher-alterssurvey/deas-dokumentation/doi-deas/doi-105156deas2014m001.html

	Perception of aging in the relation between sport activity and self-rated health in middle and older age - A longitudinal a ...
	Introduction
	Conceptual framework

	Materials and methods
	Data sample
	Variables
	Empirical analyses
	Empirical analysis I - fixed effects regression models
	Empirical analysis II – recursive bivariate probit model

	Results
	Descriptive results
	Results from fixed effects logistic regression models
	Results from recursive bivariate probit models

	Discussion
	Conclusion
	Funding
	Ethics approval
	Declarations of competing interest
	Availability of data and materials
	CRediT authorship contribution statement
	Acknowledgements
	Appendix
	References
	Further reading


