European Journal of Ageing (2019) 16:3-15
https://doi.org/10.1007/5s10433-018-0471-6

ORIGINAL INVESTIGATION

@ CrossMark

How the relationship between physical activity and health changes
with age

Fernando Lera-Lopez' @ - Andrea Ollo-Lépez’ - Mirian Garrués-Irisarri - Juan M. Cabasés’ - Eduardo Sanchez'

Published online: 28 March 2018
© Springer-Verlag GmbH Germany, part of Springer Nature 2018

Abstract

In the context of age-related declines in physical activity (PA) and the dramatic increase in ageing populations in many
countries, this paper sheds further light on the link between PA and self-perceived health (SPH) by examining whether the
magnitude of this relationship is age specific. With a sample of 14,456 Spanish individuals aged 18-69, we estimated three
levels of intensity in PA using the International Physical Activity Questionnaire. Individuals who did more PA per week
showed higher levels of SPH (#=0.28; 95% CI 0.24-0.32), and age moderated this relationship, with a positive effect over
age 49. People aged 50-59 and 60—69 who practiced PA had higher probabilities of better SPH compared with those aged
4049 (#=0.14; 95% CI1 0.04-0.24) and (#=0.32; 95% CI 0.21-0.43), respectively. This association between PA and SPH
also depended on the intensity of PA, especially for walking (f=0.14; 95% CI 0.04-0.24). In particular, in comparison with
people age 4049, a statistically significant relationship with SPH was found among people age 50-59 who walked ($#=0.22;
95% CI 0.07-0.36) and people age 60—69 who did moderate PA (5=0.38; 95% CI 0.23-0.54). This paper provides a major
rationale for the design, organisation and implementation of public policies promoting PA and healthy ageing for different

age groups.
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Introduction

In the context of the increasing percentage of older adults in
many countries (Beard et al. 2012), it is essential to ensure
that the population ages healthily and that increased lon-
gevity is accompanied by better health-related quality of
life (Vagetti et al. 2015). Physical activity (PA) is widely
recognised as a key factor in improving health and prevent-
ing chronic, non-communicable diseases (World Health
Organization [WHO] 2010), which is especially relevant for
older people, considering that health decreases with age (i.e.
Szende et al. 2014). Preferences for PA evolve and change
over an individual’s lifespan. Among young people, motiva-
tions such as sensation-seeking and pleasure can be potential
sources of engaging in PA, in particular leisure PA, while
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among people older than 50, concern for health is more rel-
evant (Brunet and Sabiston 2011).

The aim of this paper is to examine the relationship
between PA and self-perceived health (SPH), and to test
this relationship by age group. This study considers three
different ways of being involved in PA in terms of intensity
(walking, moderate and vigorous PA), using data from a sur-
vey about lifestyles, PA, SPH and use of health services in
a sample of Spanish adults aged 18 and older. This research
might be useful for assessing the value of PA and for policy
interventions to contribute to the development of an active
ageing population.

We formulated two research questions. The first
concerns the relationship between PA level (includ-
ing walking) and SPH level, and the role that age plays.
We hypothesised that individuals doing PA would show
higher levels of SPH and that age moderates this relation-
ship. To justify these hypotheses we argue, primarily, that
there is a vast literature extensively confirming the posi-
tive relationship between self-reported PA and SPH (e.g.
Brown et al. 2004, 2014; Bize et al. 2007; Cohen et al.
2016; Mudrak et al. 2016; Lera-Lopez et al. 2017). Few
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studies have considered the role played by age in the rela-
tionship between PA and SPH. In particular, Brown et al.
(2004) and Cimarras-Otal et al. (2014) have shown that
associations between these variables tend to be stronger
among adults aged 45 and older. In contrast, Cohen et al.
(2016) recently showed that for younger adults (i.e. aged
30-59) this relationship is stronger, compared to older
adults.

The second research question addresses the extent to
which the potential positive association between PA and
SPH level depends on the intensity of the PA. The effect
of PA by intensity has been neglected in the empirical
evidence. Previous evidence is scarce but shows sig-
nificant differences in the association between PA and
health outcomes depending on the intensity of PA. One
set of studies has shown a positive relationship between
intensity and health outcomes. For example, Meyer et al.
(2005) reported that vigorous PA is more closely related
to better SPH than moderate PA for adults aged 50 and
older in Switzerland. Similar results were found by Cas-
ado-Pérez et al. (2015) among the adult working popula-
tion in Spain, and by Vuillemin et al. (2005) in French
adults. Likewise, Heesch et al. (2012), in a sample of
women in their 50-80 s, showed that greater amounts of
total PA are particularly associated with better health.
On the other hand, Vagetti et al. (2015) showed that light
walking has a higher impact on different health outcomes
than moderate and vigorous intensity, although the study
was limited to older adults. Nevertheless, no empirical
evidence has been presented about how this relationship
might change among different age groups. Considering
this evidence, we hypothesise that the role played by age
as a moderating variable in the relationship of PA with
the level of SPH varies depending on the nature of the PA
(i.e. its intensity). In this study, we propose the concep-
tual model presented in Fig. 1.

Fig. 1 Theoretical model

Methods
Sample

The database used in this study comes from the Spanish
National Health Survey (NHS) 2011-2012. This survey is
conducted periodically by the Spanish Ministry of Health,
Social Services and Equality in collaboration with the Span-
ish National Statistics Institute (INE 2015). The collection
period was from June 2011 to June 2012 and was representa-
tive at country and regional levels. The questionnaire was
structured in three modules. The first module sought infor-
mation about the informant’s state of health. The second
requested information about healthcare services utilisation
and preventative practices. The third collected data about
lifestyle features such as the practice of PA, tobacco use
and alcohol consumption, some physical characteristics (i.e.
height and weight) and demographic variables.

To collect data, each household first was sent a letter
from the INE. The letter notified them that they had been
selected for the survey and requested collaboration. Data
were collected by computer-assisted personal interview
(CAPI) and, in exceptional cases, by a personal telephone
interview. The initial sample was 21,007 individuals, and the
estimated response rate was 89.6%. The final sample, how-
ever, decreased by 1990 individuals because of missing val-
ues, mainly due to the lack of an answer or an ‘I don’t know’
answer to at least one question in the questionnaire. In addi-
tion, people younger than 18 (383 individuals) and aged 70
and older (4178 individuals) were omitted because the short
version of the International Physical Activity Questionnaire
(IPAQ), applied in the survey to measure PA, has not been
validated for people in those age ranges. Consequently, our
final sample included 14,456 individuals between age 18 and
69. The sample is representative of the regional distribution
of the Spanish population in terms of age, gender and size
of urbanisation (INE 2015).

Age
18-29 years
30-39 years
40-49 years (ref.)
50-59 years
60-69 years

Total
Vigorous
Moderate
Walking

Physical activity (PA)

N Self-perceived health (SPH)
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Measures and variables
Self-perceived health (SPH)

SPH is the dependent variable. It is worth noting that the
use of self-assessed health status as a measure of health
is common in empirical research in different disciplines
(Crossley and Kennedy 2002; Simon et al. 2005). Vari-
ous scales have been developed to quantify SPH, such
as health-related quality of life scales (e.g. Brown et al.
2014) and the EuroQol instrument with 5 dimensions
(EQ-5D) (e.g. Rabin and Charro 2001). The EQ-5D is a
standardised health-related quality of life questionnaire
that was developed by the EuroQol Group to provide a
simple, generic measure of health for clinical and eco-
nomic appraisal (EuroQol Group 1990). The EQ-5D has
consistently shown excellent metric properties (Chen et al.
2016; Nolan et al. 2016).

In this study, we applied the EQ-5D-5L (Luo et al. 2013;
Szende et al. 2014; Cabasés 2015) as a measure of SPH. The
EQ-5D-5L is a new version of the EQ-5D (Herdman et al.
2011) in which the current health status of individuals is
described through 5 dimensions (mobility, self-care, usual
activities, pain/discomfort and anxiety/depression). Each of
these dimensions has five possible answers or severity lev-
els: no problem (1), slight problems (2), moderate problems
(3), severe problems (4), extreme problems or inability (5).
Recently, the EuroQol group has developed a study protocol
for obtaining preferences from the results of a series of pilot
studies carried out by research teams worldwide to report
utilities of health states of the EQ-5D-5L (Devlin et al.
2013). This common protocol already has been applied in
Spain to a representative sample of the general population
(Ramos-Goiii et al. 2017a), giving a rank of values between
1 and — 0416 (Ramos-Goiii et al. 2017b).

Physical activity

To measure PA and its intensity, we used the short version
of the IPAQ developed by Craig et al. (2003) and adapted
to the Spanish language by Roman Viiias et al. (2013). The
IPAQ considers frequency (days per week) and time (min-
utes) doing PA each day. With the information provided by
the IPAQ, we calculated the total minutes of PA per week,
widely considered as a measure of the level of PA (Abu-
Omar and Riitten 2008; WHO 2010). These estimations were
made for the whole PA and for three intensities (vigorous,
moderate and walking). In our sample, PA ranged between
zero minutes (minimum level) and 3780 min (maximum
level) per week. Within levels of intensity, PA was between
zero minutes and 1263 min per week. To obtain coefficients
in the regression models, we divided minutes by 100.

Age

SPH usually decreases with increasing age (see Szende
et al. 2014 for an international study using a sample of 24
countries). We considered age as a moderator between PA
and SHP. This variable was measured, following previous
literature (Ministry of Health, Social Services and Equality
2014), through the use of five dummy variables that took a
value of 1 when the individual had their age indicated in the
variable and O otherwise. The five age groups were 18-29,
30-39, 40-49, 50-59 and 60-69. In the analysis, only four
dummy variables are included, since 40—49 years is the ref-
erence category.

Control variables

In line with the previous literature, several control variables
were included. Gender was included as a control variable
because usually men report higher SPH levels than women
(Szende et al. 2014).

There is an increasing awareness of the relationship
between body mass index (BMI) and different measures of
quality of life, including SPH (for a recent review of the
literature, see Cohen et al. 2016). We created four dummy
variables reflecting commonly accepted BMI ranges:
underweight (< 18.5), normal weight (18.5-25, reference
category), overweight (>25-30) and obese (>30) (Cohen
et al. 2016). In the analysis, only three dummy variables
are included, since normal weight is the reference category.

Diseases also were considered. We used the International
Classification of Diseases (ICD-10) (http://apps.who.int/
classifications/icd10/browse/2016/en) to generate groups
of diseases based on international agreement. In particular,
we classified these diseases into four categories: metabolic
diseases (endocrine, nutritional and metabolic diseases),
skeletal and muscular diseases (back pain, thoracic and cer-
vical problems, arthrosis and osteoporosis), cardiovascular
and circulatory diseases (hypertensive diseases, ischaemic
heart diseases, diseases of arteries, arterioles and capillar-
ies and cerebrovascular diseases) and emotional diseases
(recurrent anxiety, depression and other mental problems).
These groups of diseases comprise some of the principal
diseases in the Spanish adult population, and they generally
have been included in previous studies showing that having
these diseases is related to lower self-rated health (Heller
et al. 2009; Waller et al. 2015; Larsen et al. 2016).

Finally, there are other variables that affect SPH, such
as the use of healthcare services (Heller et al. 2009). In our
study, we included three variables to consider healthcare
service use. The first was the number of times during the
preceding 12 months that the interviewed person had used
emergency services. The second was the number of days
during the preceding year that the interviewed person was
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admitted to a day hospital. The third was the number of days
that the interviewed person was hospitalised overnight dur-
ing the preceding year.

Table 1 shows the mean values and the frequency distri-
bution of all of the variables included in our analysis for the
whole sample as well as for the age groups.

Statistical analysis

Given the nature of the dependent variables, ordinary least
squares models were estimated to assess the relationship of
PA and age with the level of SPH among the Spanish popu-
lation. We estimated several models using different measures
of PA. Firstly, we considered the total PA in minutes per
week in all PAs undertaken by the individual, and, secondly,
we considered the number of minutes per week by intensity
level (walking, moderate and vigorous PA). Moreover, the
moderating effect was graphically illustrated as the variation
in the slope of the regression line of the dependent variable
and the independent variable as a function of the moderator
variable.

Regarding reference category, we considered the inter-
val of 4049 years as the reference group for three reasons.
First, middle-aged adults in their 40 s may experience some
physiological changes that might affect their physical perfor-
mance, but health problems have not yet represented a major
limiting or impairment problem. Second, previous studies
have emphasised how the relationship between PA and SPH
seems to be stronger in people in their 40 s (Brown et al.
2004; Meyer et al. 2005; Cimarras-Otal et al. 2014). Third,
evidence from Spain has shown that the health expendi-
ture per capita by age group starts increasing after age 40
(Hernandez de Cos and Moral-Benito 2011).

It also should be mentioned that, in order to test multi-
collinearity, condition indices and variance inflation factors
were tested and showed values below the usual thresholds
of 30 and 5, respectively (Judge et al. 1988), indicating that
multicollinearity is not a problem in our models. Statistical
analyses were carried out using STATA 14 (StataCorp LLC
2017).

Results
Descriptive statistics

Table 1 presents the mean descriptive statistics of the
dependent and independent variables. The number of people
in each age group is reasonably well-balanced in the sample
and is representative of the Spanish population, as well as
the number of males and females. In the sample, 14.6% were
aged 18-29, 23.1% were 30-39, 24.0% were 4049, 20.4%
were 50-59, and 17.9% were 60-69. Regarding gender, in
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the sample, 49.5% were males and 50.5% were females.
For the whole sample, we can see that people perceived a
good level of SPH; the maximum perception was among the
youngest age group and it decreased with age, particularly
among those aged 50 and older.

Regarding the practice of PA, Table 1 shows that PA
decreased until 49 years of age, and then it started to
increase steadily. Consequently, it seems that PA follows
a U-shaped curve with two peaks, one occurring among
those aged 18-29 and the other at ages 60—-69. A similar
pattern is followed by the level of moderate PA and walk-
ing, although in the case of walking the minimum level is
observed among those aged 30-39. Only the level of vigor-
ous PA steadily decreased with age. A lower level of vigor-
ous PA was observed in people aged 60—69, who practice, on
average, only 28.0% of the vigorous PA observed in people
age 18-29.

Table 2 shows the correlations between the dependent,
independent and control variables. The bivariate associa-
tions show that, in general, most are in line with expecta-
tions. SPH is positively and statistically significantly cor-
related with PA and is negatively associated with age.

Multivariate analysis

Tables 3 and 4 summarise the results of the regression mod-
els of the effect of PA on SPH. In each model estimated
we added one group of independent variables to see if the
relationship between our interest variables was robust. In
the last model, the interactions between PA and age groups
also were included.

From Table 3, we can conclude that the amount of PA
undertaken is, in general, positively associated with SPH and
that there is a moderating effect of age in this relationship.
In particular, the first hypothesis is confirmed: individuals
doing PA show better SPH. This result is consistent among
all of the models’ estimates for total PA. The results of the
test to determine if age group moderates the relationship
between PA and SPH are presented in Table 3, in which the
last model shows that although the level of SPH decreases
with increasing age, the relationship between PA and SPH
becomes stronger with increasing age.

As shown in Fig. 2, people aged 50-69 involved in PA
had higher probabilities of having a better SPH compared
with individuals age 40—49 involved in PA. Total PA in
young people (18-29 years) had a weaker association with
SPH. With low and medium values of PA, the younger age
group had the best SPH; with higher levels of PA, the older
age group had the best SPH. Among middle-aged and older
individuals, the positive relationship between SPH and PA is
statistically significant compared with the other age groups.
In summary, Fig. 2 shows that SPH increases with PA for
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all age groups, while the association is stronger as the age
group is older.

When we consider the intensity of PA separately
(Table 4), some significant results can be highlighted. In
the first model estimate, all of the PA intensities are posi-
tively related with SPH, although there are differences in
terms of statistical significance. Nevertheless, when inter-
actions between age and PA intensity are included (see the
last model in Table 4), only walking activity has a positive
association with SPH. Moreover, walking seems to have a
stronger positive relationship with SPH among people aged
50-69 compared with people aged 40-49. Additionally,
practicing moderate PA for those aged 60—69 also has a
positive association with SPH compared with the age group
of reference.

Figure 3 shows the association of vigorous PA with SPH
for all groups and that this relationship is stronger in older
age groups. The relationship of vigorous PA with SPH is the
strongest for the group aged 60—69, while it is the weakest
for the group aged 18-29.

Regarding the association of moderate PA with SPH,
Fig. 4 shows that the relationship is weak for people aged
18-29 and 30-39. This association is a bit stronger for peo-
ple aged 40—49 and 50-59. The association of moderate PA
with SPH is very strong for people aged 60-69. This illus-
trates that moderate PA has a positive association with SPH
and that age moderates this relationship because the effect
is greater among the older age group.

For walking PA, Fig. 5 shows that the association with
SPH is weakest for people aged 18-29, while it was strongest
for people aged 60-69.

Our models are in line with empirical literature about the
relationship between PA and SPH. All the previous empiri-
cal evidence has demonstrated linear relationships between
PA and SPH (Brown et al. 2004; Cimarras-Otal et al. 2014;
Cohen et al. 2016). However, we have done additional analy-
ses, in order to test if the effect of PA on SPH was differ-
ent by gender and also to test if there was a quadratic rela-
tionship. Our results showed that gender did not moderate
the relationship between PA and SPH (data available upon
request).

Discussion and conclusions

The purpose of this article was to shed further light on the
link between PA and SPH. Although this relationship has
been fairly well established in the literature in recent years,
no study has investigated whether the magnitude of this
relationship is age specific. Consequently, we wished to test
for moderating effects by assessing the extent to which the
relationship between PA and SPH is moderated by age. In
addition, we considered different types of PA according to

intensity, making a distinction between vigorous activity,
moderate activity and walking activity, following the guide-
lines established by the IPAQ and comparable to the recom-
mendations of PA for health made by the WHO. We have
included different types of diseases and the use of healthcare
services as control variables because these are not personal
decisions. On the contrary, personal decisions about engag-
ing in PA might be positively associated with improved SPH.
For the Spanish population aged 18-69, we have shown
that PA generally is associated with higher levels of SPH,
which is in accordance with previous studies (e.g. Brown
et al. 2004; Cohen et al. 2016), and that this positive rela-
tionship is moderated by age. In fact, the role played by PA
is not homogeneous across all of the age groups under study.
Specifically, we observed that only in people aged 50-69
does practicing PA seem to have a stronger positive rela-
tionship with the level of SPH, and we observed a weaker
relationship in younger ages when compared with people
age 4049 years practicing PA. A potential explanation for
the lack of a relationship between PA and SPH for people
younger than 40 is that the SPH for these people is generally
high, as shown in Table 1 and as has been observed in other
studies (Brown et al. 2004; Cohen et al. 2016). Although PA
might have positive effects on their health, it does not have a
close association to the self-perception of their health status.
Also, we could speculate that for this group PA is more asso-
ciated with emotion, social contacts or pleasure motivations
(Brunet and Sabiston 2011). At the same time, among people
aged 50-69, PA might be more closely associated with SPH.
We also found that the relationship between PA and
SPH varies depending on the intensity with which the PA
is undertaken. In particular, we found that PA undertaken
in the form of walking had a stronger association with SPH
than vigorous and moderate PA, partially confirming the
evidence shown by Wicker and Frick (2015). Finally, the
role played by age as a moderating variable depended on the
intensity of the PA. In particular, PA only had a positive and
statistically significant relationship with SPH among people
aged 50-69 who engaged in walking and among people aged
60-69 who practiced moderate PA. For the youngest group,
compared with people aged 40 and over, the relationship
between PA and SPH is significantly weaker, particularly
when considering walking. This result might suggest that
walking does not improve SPH in all stages of lifespan.
The empirical evidence presented in this study could
be helpful in the design of public actions and programmes
promoting PA and contributing to a healthier active age-
ing, although it should be highlighted that more evidence
is needed to determine the best policy recommendations.
In this respect, it is vital to engage in a debate on possi-
ble ways to promote a wider understanding of the relation-
ship between PA and SPH. The results indicate that differ-
ent strategies should be used to improve SPH through the

@ Springer



12

European Journal of Ageing (2019) 16:3-15

Fig.2 Effects of total physi- o
cal activity on self-perceived Q .
health. Differences by age - o _——
group. (Estimation by ordinary - - e - — w.—-—"
least squares method) 8 — — I i..-r"* ' _ -
10 e P
w L
I —— -
— et -
% Q- T el
o @ | == "
E -
2 - -
®
=
[
O —
3
I I I
0 1000 2000
PA (min week)
——— Age 1829 —--— Age 30-39
——— Age 4049 ———-—- Age 50-59
— — - Age 60-69
Fig. 3 Effects of vigorous phys- b= .
ical activity on self-perceived A e
health. Differences by age - —_— —_—
group. (Estimation by ordinary e T o - -
least squares method) 75} S T
e} S - -~ B
w - o ~ -
~ o " .
E 7o) e - -
nS = i
; A7
2 T
rTo |- ”~
&1 .~
-~
T T T T
0 500 X 1000 1500
Vigorous PA (min week)
——— Age 1829 — --— Age 30-39
=== Age 4049 ————- Age 50-59
— — Age 60-69

practice of PA, according to age. Awareness of PA should
be emphasised through communication strategies in differ-
ent domains of an individual’s life in order to promote PA to
people older than age 49. Misener and Misener (2016) sug-
gested in a case study at a local level in Canada that cross-
sector partnership between different agencies and institu-
tions (e.g. health agencies, firms and social organisation,

@ Springer

and non-profit sport organisations) should be encouraged.
For example, in terms of the PA conducted at work, firms
should create specific measures to increase the level of PA
among their workers older than 49, such as using the stairs
instead of the elevator, encouraging the sedentary to walk for
a few minutes, promoting PA at work and stimulating PA in
leisure time. In addition, regional and local authorities might
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encourage active transportation (i.e. going from one place to
another) that avoids the use of cars or public transport. The
provision of infrastructure, such as parks and green areas,
where the population can easily and comfortably do moder-
ate PA and walking might be recommended.

As Weed (2016) stated, it is necessary to support the pro-
motion of different ways of being physically active, other
than sports, to improve physical health. Social institutions
and health departments also should emphasise the positive
relationship between PA, particularly walking, and SPH,
especially for people age 50 and older.

According to the results of this study, for people younger
than 40, strategies for promoting PA that emphasise the tra-
ditional association between health and PA might have lim-
ited results. In these cases, the aim of the campaigns should
be different, perhaps emphasising the opportunities in prac-
tising PAs for making contact with other people, particularly
for PAs developed in leisure time, as has been shown by
other studies (Downward and Riordan 2007).

In terms of PA intensity, other implications might be
highlighted. First, in terms of health promotion, it gener-
ally has been accepted that SPH will be better when the
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intensity of PA is higher (Meyer et al. 2005; Vuillemin et al.
2005; Casado-Pérez et al. 2015). In the context of this study,
however, these statements should be interpreted carefully
when we consider the general population and PA as a whole,
without making distinctions among domains. Our results
show that walking and moderate PA is strongly associated
with SPH. Second, this relationship is also moderated by
age, and consequently, additional implications might be pro-
posed. People older than 49 might be encouraged to do more
moderate PA and walking. Any policy measures to boost
PA in this way would contribute to the healthy ageing of the
population because these practices are positively related to
people’s perceived health.

Some limitations of this study should be mentioned. A
first potential limitation is related to the use of self-report
measures of health status and PA level. Although all of
these measures have been validated in previous studies and
countries, these variables might be susceptible to socially
desirable responses. Another potential limitation is based
on the nature of the data. The cross-sectional nature of the
survey precludes us from drawing conclusive causal links
among the key variables, and therefore, the causal relation-
ships among them can only be hypothesised. Also, reversed
causation might condition the comparisons between the age
groups under study. In the future, more evidence is needed;
using longitudinal study designs will enable researchers to
be more decisive about causality between PA and SPH and
the age-specific impact. Further research also should con-
sider including other countries in the sample, to explore the
potentially different effect of PA on SPH in different social
and cultural contexts.

In summary, this article analyses the relationship between
PA and SPH by considering the moderating effect of age in
a cross-sectional study in Spain. The results show that the
magnitude of this relationship depends on age and that it is
stronger as age increases. In terms of PA intensities, the age
differences in this relationship are greater when intensity
decreases, from vigorous to walking PA.
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