Int J Public Health (2017) 62:495-502
DOI 10.1007/s00038-016-0919-4

SSPH+

SWISS SCHOOL OF
PUBLIC HEALTH +

ORIGINAL ARTICLE

@ CrossMark

Cross-sectional and prospective relationship between physical
activity and chronic diseases in European older adults

Adilson Marques * Miguel Peralta - Joao Martins -
Margarida Gaspar de Matos - Ross C. Brownson

Received: 2 July 2016/Revised: 26 October 2016/ Accepted: 28 October 2016/ Published online: 17 December 2016

© Swiss School of Public Health (SSPH+) 2016

Abstract

Objectives This study examined the relationship between
physical activity (PA) and chronic diseases in European
older adults, using a prospective analysis with data from
2011 and 2013.

Methods Participants were 37,524 older adults (16,204
men) who responded to the fourth (in 2011) and fifth (in
2013) wave of SHARE project, from 13 European coun-
tries. Participants’ answers to interview questions about the
presence of chronic conditions and PA. The cross-sectional
and prospective association between PA and the number of
chronic diseases was assessed using general linear models.
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Results Among men and women, moderate or vigorous
physical activity (MVPA) in 2011 was associated with
fewer reported chronic diseases in 2011 and 2013. In
prospective analysis, MVPA in 2011 was inversely asso-
ciated with the number of chronic diseases in 2013 in the
unadjusted model. In the adjusted model MVPA more than
once a week remained as a significant predictor of fewer
chronic diseases.

Conclusions PA should be prescribed to older adults in
order to prevent and reduce the number of chronic diseases,
and, when possible, vigorous intensity PA should be
recommended.
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Introduction

Chronic diseases, including heart diseases, hypertension,
obesity, diabetes, respiratory diseases and cancer or
malignant tumours, are the leading causes of death and
disability worldwide (WHO 2014). While the annual
number of deaths by infectious disease is projected to
decline, the prevalence of chronic diseases is accelerating
globally, spreading across every region and infusing all
socioeconomic classes, and it is projected to increase to 52
million by 2030 (Mathers and Loncar 2006).

The risk factors for chronic diseases are mainly caused by
an unhealthy and sedentary lifestyle (Lee et al. 2012). Thus,
a worldwide increase in interest in health-enhancing physi-
cal activity has been observed (European Union 2008;
USDHHS 2008; WHO 2010). Physical activity can reduce
chronic diseases and the risk of disease progression (Bryan
and Katzmarzyk 2011; Huai et al. 2013; Lee and
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Paffenbarger 2001), while improving the functional capacity
and quality of life of those suffering from chronic diseases
(Kujala et al. 2015). Moreover, physical activity reduces
premature mortality and morbidity associated with chronic
diseases (Ekelund et al. 2015). Hence, the World Health
Organization considers physical activity to be a key deter-
minant to control and prevent chronic diseases (WHO 2014).

Although physical activity is of importance in prevent-
ing and reducing chronic diseases (Bryan and Katzmarzyk
2011; Huai et al. 2013; Lee and Paffenbarger 2001), there
is evidence that vigorous intensity has a protective and
preventive effect against chronic diseases among adults
(Lee et al. 2003). However, older adults are less likely to
engage in vigorous physical activity (Ayabe et al. 2009;
Takagi et al. 2015). Therefore, it is important to further
collect evidence, and understand the relationship between
chronic diseases and physical activity at different levels of
intensity among older adults. This study aimed to examine
the relationship between physical activity (moderate and
vigorous), and the number of chronic diseases in European
older adults, using a prospective analysis with data from
2011 and 2013.

Methods
Participants and procedures

The present study used data from the fourth and fifth wave
of the Survey of Health, Aging, and Retirement in Europe
(SHARE) study. SHARE is a cross-national panel database
of information on a wide range of variables spanning from
health behaviour and psychological health to socioeco-
nomic status and social and family networks. The sample
in SHARE represents a non-institutionalized population.
The fourth wave data was collected in 2011 and the fifth
wave in 2013; it included individuals aged 50 and over.
The SHARE study is fully described elsewhere (Borsch-
Supan et al. 2013; Borsch-Supan and Jiirges 2005).

From 58,489 participants who responded to the fourth
wave in 2011, the 37,524 (64.2%) who also responded to
the fifth wave were included in the present study analysis.
This study sample included 16,204 men (43.2%), 21,320
women (56.8%), from 13 European countries (Austria,
Belgium, Czech Republic, Denmark, Estonia, France,
Germany, Italy, Netherlands, Slovenia, Spain, Sweden and
Switzerland). The participants were between the ages of 50
and 102 years (66.2 + 9.7) in 2011, and were between the
ages of 52 and 104 years (68.2 & 9.7) in 2013. The study
protocol was approved by the Ethics Committee of the
University of Mannheim, and by the Ethics Council of the
Max-Planck-Society for the Advancement of Science.
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Measures
Number of chronic diseases

Number of chronic diseases resulting from participants’
answers to questions about the presence of the following
conditions: heart attack or other heart problems; stroke or
cerebral vascular disease, diabetes, chronic lung disease,
asthma, arthritis or rheumatism, osteoporosis, cancer or
malignant tumour, stomach, duodenal, or peptic ulcer,
Parkinson’s disease, cataract, hip or femoral fracture, and
other conditions. The total number of chronic diseases was
summed to produce a single score, as performed previously
(Lindwall et al. 2011).

Physical activity

Physical activity was measured as “frequency of moder-
ate physical activity” (e.g., gardening, cleaning the car,
going for a walk) and “frequency of vigorous physical
activity” (e.g., sports, heavy housework, a job involving
physical labour). The response alternatives both for
moderate and vigorous activity were: (1) more than once a
week, (2) once a week, (3) up to three times a month, and
(4) hardly ever or never. The last two response options
were grouped into one category called less than once a
week.

Covariates

Age, marital status, education level, living place, country,
self-rated health, and number of chronic diseases mea-
sured at baseline were used as covariates. Age and
number of chronic diseases at baseline were used as a
continuous covariate. Marital status was classified into the
following: married (including in a registered partnership)
or not married (including widowed, divorced, separated,
or never married). Education was categorized according
to the International Standard Classification of Education
Degrees (UNESCO 1997) and divided into three levels:
low educational level (ISCED code 0 to code 2), middle
educational level (ISCED codes 3 and 4), and high edu-
cational level (ISCED codes 5 and 6). To determine the
living place, participants were asked to report whether
they lived in a big city, a suburb or the outskirts of a big
city, a large town, a small town, or in rural area or vil-
lage. Self-rated health was assessed with a single-item
question about the perception of health in general. The
response options were on a 5-point scale: excellent, very
good, good, fair, and poor. For data analysis the scale was
reversed, and high values thus represent better health
perception.
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Data analysis

Descriptive statistics (means, standard deviation, and per-
centage) were used to characterize the sample. The
comparison between men and women according to partic-
ipants’ characteristics was tested by Chi square test and
independent sample ¢ test. Bivariate cross-sectional and
prospective relationships between moderate and vigorous
physical activity and the number of chronic diseases in
2011 and 2013 were tested by ANOVA. The cross-sec-
tional and prospective association between moderate and
vigorous physical activity with the number of chronic
diseases was assessed using general linear models. Three
different models were performed: Model 1 was the crude
(unadjusted) analysis between physical activity and the
number of chronic diseases. Model 2 was adjusted for age,
marital status, educational level, living place and country.
Model 3 was adjusted for model 2 and self-rated health. For
prospective analysis, a fourth model was added. This fourth
model was adjusted for model 3 and additionally for the
number of chronic diseases in 2011. To capture changes in
physical activity, participants’ physical activity results
trajectories were examined. For that, physical activity
participation in 2011 and 2013 was recoded into inactive
(less than once a week) and active (if the answers were
once a week or more than once a week) and then stratified
into four groups as follows: (1) inactive in 2011 and in
2013 (inactive—inactive), active in 2011 and inactive in
2013 (active-inactive), inactive in 2011 and active in 2013
(inactive-active), and active in both 2011 and 2013 (active—
active). The association between the trajectory analysis of
physical activity with the number of chronic diseases was
also assessed using the four models of general linear
models, the same as for prospective analysis. Data analysis
was performed using SPSS 22. For all tests statistical sig-
nificance was set at p < 0.05.

Results

Descriptive data of the participants’ characteristics in the
study in waves 4 and 5 are provided in Table 1. Men and
women were significantly different in almost all variables
analysed. The average number of chronic diseases
remained relatively stable in both waves, but more partic-
ipants reported moderate or vigorous activity more than
once a week at wave 5, as compared to wave 4, for both
men and women.

Table 2 presents the bivariate analysis of the cross-
sectional and prospective relationship between physical
activity and the number of chronic diseases. Among men,
moderate or vigorous physical activity in 2011 was asso-
ciated with fewer reported chronic diseases in 2011

[moderate: F(2, 16,140) = 135,843, p < 0.001; vigorous:
F(2, 16,140) = 414,750, p < 0.001] and in 2013 [moder-
ate: F(2, 16,140) = 137,934, p < 0.001; vigorous: F(2,
16,140) = 383,915, p < 0.001]. For the women, physical
activity in 2011 was also related with a reduced number of
chronic diseases in 2011 [moderate: F(2, 21,191) =
243,550, p < 0.001; vigorous: F(2, 21,151) = 546,141,
p <0.001] and in 2013 [moderate: F(2, 21,191) =
246,586, p < 0.001; vigorous: F(2, 21,151) = 551,952,
p < 0.001].

Cross-sectional parameters’ estimates of chronic dis-
eases according to physical activity intensity and frequency
are shown in Table 3. Physical activity at moderate or
vigorous intensity was negatively associated with the
number of chronic diseases, for both men and women. This
relationship between physical activity (moderate or vigor-
ous) and number of chronic diseases was materially
unchanged following adjustments for age, marital status,
educational level, living place and country, and also when
further adjusted for health perception.

In prospective analysis, moderate or vigorous physical
activity in 2011 was inversely associated with the number
of chronic diseases in 2013 in the unadjusted model
(Table 4). Following adjustment for age, marital status,
educational level, living place and country (model 2), and
further self-rated health (model 3), the relationship was
attenuated although statistically significant. In the final
model we further adjusted model 3 for the number of
chronic diseases in 2011, to examine whether the associ-
ations were independent of baseline number of chronic
diseases. In this model (model 4) moderate (men:
p = —-0.12, 95% CI. —0.20 to —0.04, p < 0.01; women:
p =-0.22, 95% CI. —0.28 to —0.15, p < 0.001) or vig-
orous (men: f = —0.09, 95% CI. —0.14 to —0.04,
p < 0.001; women: § = —0.14, 95% CI: —0.19 to —0.09,
p < 0.001) physical activity more than once a week
remained as a significant predictor of fewer chronic
diseases.

The association between the trajectory of physical
activity and the number of chronic diseases is presented in
Table 5. In the unadjusted model, being active or having
been active in the past was negatively related with the
number of chronic diseases as compared to those who were
inactive in both cases, among men and women. Nonethe-
less, after adjustments for age, marital status, educational
level, living place, country, self-rated health and the
number of chronic diseases in 2011, only vigorous physical
activity was significantly related with a fewer number of
chronic diseases (men inactive-active: f = —0.12, 95% CI:
—0.20 to —0.05, p < 0.01; men active—active: § = —0.16,
95% CI: —0.23 to —0.08, p < 0.001; women inactive—ac-
tive: f = —0.10, 95% CI: —0.16 to —0.04, p < 0.01;
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Table 1 Participants’ characteristics—Survey of Health, Aging, and Retirement in Europe (SHARE), 2011-2013, Europe

2011 (% or M + SD) p 2013 (% or M + SD) p
Men Women Men Women
(n = 16,204) (n = 21,320) (n = 16,204) (n = 21,320)
Education <0.001* <0.001%
Low 62.7 58.9 432 35.8
Middle 25.2 274 37.1 40.6
High 12.1 13.8 19.6 23.6
Age 66.0 + 9.4 66.3 + 9.9 0.036° 68.1 +£ 9.4 68.3 + 10.0 0.032°
Marital status <0.001* <0.001*
Not married 20.0 21.3 37.2 39.7
Married 80.0 78.7 62.8 60.3
Living place <0.001* <0.001*
Big city 12.5 12.3 14.6 14.1
Suburbs of a big city 10.9 12.4 10.2 10.8
Large town 15.3 14.8 17.1 16.3
Small town 25.0 24.9 25.1 25.1
Rural area 36.4 35.7 329 33.7
Chronic diseases (number) 16 1.5 1.8+ 1.6 <0.001° 1.6 £ 1.5 1.8+ 1.6 <0.001°
Self-rated health 29 + 1.1 2.8 + 1.1 <0.001° 2.8 + 1.1 27 + 1.1 <0.001°
Moderate PA <0.001* <0.001*
Less than once a week 8.7 9.9 2.6 1.9
Once a week 8.1 8.6 2.1 1.3
More than once a week 83.2 81.5 95.3 96.8
Vigorous PA <0.001* <0.001*
Less than once a week 454 55.2 17.1 20.3
Once a week 14.0 2 12.7 13.0
More than once a week 40.6 30.6 70.2 66.7

M media, SD standard deviation, PA physical activity

* Tested by Chi square
° Tested by t test

Table 2 Cross-sectional and prospective relationship between physical activity and number of chronic diseases—Survey of Health, Aging, and
Retirement in Europe (SHARE), 2011-2013, Europe

Men

Number of chronic diseases (M + SD)

Women

Number of chronic diseases (M + SD)

2011 p 2013 p 2011 p 2013 p

Moderate PA in 2011 <0.001 <0.001 <0.001 <0.001

Less than once a week 224+ 18 224+ 1.8 25+ 1.8 26+ 1.9

Once a week 1.6 £ 1.5 1.7+ 15 1.8 £ 1.5 1.9+ 1.6

More than once a week 1.6 £ 14 1.6 + 1.4 1.7+ 15 1.7+ 15
Vigorous PA in 2011 <0.001 <0.001 <0.001 <0.001

Less than once a week 20+ 1.6 20+ 1.6 21+£1.6 22+ 1.7

Once a week 14+ 13 1.5+14 14+ 13 1.5+ 14

More than once a week 1.3£13 1.3+£1.3 14+ 14 14+ 14

Tested by ANOVA
PA physical activity
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Table 3 Cross-sectional parameters estimates of chronic diseases according to physical activity intensity levels and frequency—Survey of

Health, Aging, and Retirement in Europe (SHARE), 2011-2013, Europe

Parameters estimates of predicting the number of chronic diseases in 2011

Model 1 f (95% CI)

Model 2 B (95% CI) Model 3 f (95% CI)

Men
MPA in 2011
Less than once a week 1.00 (ref.)
—0.58 (—0.69, —0.47)***

—0.67 (=0.75, —0.59)***

Once a week

More than once a week
VPA in 2011

Less than once a week 1.00 (ref.)
—0.53 (—0.60, —0.47)***

—0.68 (—0.73, —0.64)%#*

Once a week
More than once a week
Women
MPA in 2011
Less than once a week 1.00 (ref.)
—0.68 (—0.77, —0.58)***

—0.78 (=0.85, —0.71)***

Once a week

More than once a week
VPA in 2011

Less than once a week 1.00 (ref.)
—0.64 (—0.70, —0.58)***

—0.72 (=0.76, —0.67)***

Once a week

More than once a week

1.00 (ref.)
—0.42 (—0.55, —0.28)*3*:*
—0.46 (—0.56, —0.36)***

1.00 (ref.)
—0.10 (—0.22, 0.02)
—0.15 (—0.24, —0.06)**

1.00 (ref.)
—0.39 (—0.48, —0.31)%#*
—0.54 (—0.60, —0.48)***

1.00 (ref.)
—0.16 (—=0.24, —0.08)%#*
—0.22 (—=0.28, —0.16)*#*

1.00 (ref.)
—0.47 (—0.58, —0.36)**:*
—0.52 (—=0.61, —0.44)%*:*

1.00 (ref.)
—0.22 (—0.32, —0.12)%*:*
—0.24 (—=0.32, —0.17)%*:*

1.00 (ref.)
—0.46 (—0.52, —0.41)***
—0.49 (—0.56, —0.42)***

1.00 (ref.)
—0.14 (—=0.19, —0.09)%***
—0.22 (—0.29, —0.16)***

MPA, sedentary time, FMI, TFM, and BFM did not have normally distributed residuals and were therefore log-transformed for analyses

Model 1: unadjusted analyses

Model 2: analyses were adjusted for age, marital status, educational level, living place and country

Model 3: analyses were adjusted for age, marital status, educational level, living place, country and self-rated health

MPA moderate physical activity, VPA vigorous physical activity, CI confidence interval

*p < 0.05, * p < 0.01, *** p < 0.001

women active—active: f§ = —0.18, 95% CI. —0.25 to
—0.12, p < 0.001).

Discussion

The present study examined the cross-sectional and
prospective relationship between physical activity, and
chronic diseases, across a 2-year period. It utilized a large
representative sample of 37,524 older adults from 13
European countries included in the SHARE study. Results
showed that the number of chronic diseases is higher
among those who were less physically active (less than
once a week). Engaging in moderate or vigorous physical
activity more than once a week is negatively related with
the number of chronic diseases.

This study’s results provide additional support for the
well-documented inverse relationship between physical
activity and chronic diseases (Bryan and Katzmarzyk 2011;
Huai et al. 2013; Lee and Paffenbarger 2001). On one hand,
engaging in moderate physical activity more than once a
week is related with reducing the number of chronic

diseases. This strengthens previous findings that engaging
in moderate physical activity is not only very important for
the primary prevention of chronic diseases (Kruk 2007),
but it also reduces cardiovascular risk (Della Valle et al.
2008). On the other hand, when analysing patterns of
physical activity from 2011 and 2013 and its relationship
with the number of chronic diseases, the intensity of
physical activity was revealed as an important factor. In the
last adjusted model, only participation in vigorous physical
activity in 2013 (inactive-active; active—active) was nega-
tively related with the number of chronic diseases in 2013,
regardless of physical activity participation in 2011.
Likewise, previous study findings proposed that only vig-
orous physical activity was inversely related to reductions
in coronary heart disease risk for men (Sesso et al. 2000).
These results suggest that engaging in vigorous physical
activity should be adopted as a tool to reduce the number of
chronic diseases, even for those who are inactive. More-
over, the association between the trajectory of physical
activity and the number of chronic diseases shows that the
physical activity practice at present is the most important.
Thus, if those who are inactive decide to engage in physical
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Table 4 Prospective parameters estimates of chronic diseases according to physical activity intensity levels and frequency—Survey of Health,

Aging, and Retirement in Europe (SHARE), 2011-2013, Europe

Parameters estimates of predicting the number of chronic diseases in 2013

Model 1 f (95% CI)

Model 2 f (95% CI)

Model 3 B (95% CI) Model 4 f (95% CI)

Men
MPA in 2011
Less than once a week  1.00 (ref.)
—0.55 (—0.66, —0.44)%***

—0.68 (—0.66, —0.44)***

1.00 (ref.)
Once a week
More than once a week
VPA in 2011
Less than once a week  1.00 (ref.)
—0.48 (—0.55, —0.41)***

—0.68 (—0.72, —0.62)%#*

1.00 (ref.)
Once a week
More than once a week
Women
MPA in 2011
Less than once a week  1.00 (ref.)
—0.61 (—=0.51, —0.72)***

—0.81 (=0.88, —0.73)***

1.00 (ref.)
Once a week
More than once a week
VPA in 2011
Less than once a week  1.00 (ref.)
—0.61 (—0.67, —0.55)***

—0.76 (—=0.80, —0.71)*%**

1.00 (ref.)
Once a week
More than once a week

—0.42 (—=0.56, —0.29)***
—0.48 (—0.58, —0.38)***

—0.34 (=0.42, —0.26)***
—0.49 (-0.55, —0.43)***

—0.42 (-0.53, —0.30)***
—0.59 (-0.68, —0.51)***

—0.46 (—0.53, —0.38)***
—0.50 (—0.56, —0.44)***

1.00 (ref.)
—0.20 (—0.29, —0.10)*3*:*
—0.14 (-0.26, —0.02)*

1.00 (ref.)
—0.09 —0.20, 0.02)
—0.12 (—=0.20, —0.04)**

1.00 (ref.)
—0.13 (=0.21, —0.05)%*
—0.20 (—=0.26, —0.14)%**

1.00 (ref.)
—0.05 (=0.12, 0.02)
—0.09 (—0.14, —0.04)##*

1.00 (ref.)
—0.19 (—0.29, —0.08)*:*
—0.34 (—0.41, —0.26)**:*

1.00 (ref.)
—0.08 (—=0.17, 0.01)
—0.22 (—0.28, —0.15)%*:*

1.00 (ref.)
—0.21 (—0.28, —0.14)***
—0.21 (—0.26, —0.15)***

1.00 (ref.)
—0.10 (—=0.16, —0.04)**
—0.14 (—=0.19, —0.09)%***

MPA, sedentary time, FMI, TFM, and BFM did not have normally distributed residuals and were therefore log-transformed for analyses

Model 1: unadjusted analyses

Model 2: analyses were adjusted for age, marital status, educational level, living place and country

Model 3: analyses were adjusted for age, marital status, educational level, living place, country and self-rated health

Model 3: analyses were adjusted for age, marital status, educational level, living place, country, self-rated health and the number of chronic

diseases in 2011

MPA moderate physical activity, VPA vigorous physical activity, CI confidence interval

*p < 0.05, % p < 0.01, ** p < 0.001

activity, they will collect its benefits regardless of the past
behaviours.

There is strong evidence that participation in physical
activity should be used as a strategy in the prevention and
treatment of many chronic diseases (Adami et al. 2010),
and this study’s results suggest the same. Furthermore,
recent studies suggest that proper levels of physical activity
can reduce the risk of progression of chronic diseases, such
as hypertension and type 2 diabetes mellitus (Huai et al.
2013; Lambert and Bull 2014) and improve the functional
capacity and quality of life of that portion of the population
with chronic disease (Kujala et al. 2015). Thus, physical
activity should be prescribed to older adults in order to
prevent and reduce the number of chronic diseases, and,
when possible, vigorous intensity physical activity should
be recommended.

Despite the benefits of physical activity, its levels
among people with chronic diseases are low (Evenson et al.
2014; Lin et al. 2010). Due to a preponderance of health
problems, community-dwelling older adults with chronic
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diseases hardly achieved the recommended levels of
physical activity (Lin et al. 2010). Therefore, the imple-
mentation of programs that promote continuous
participation in moderate physical activity may be con-
sidered as a strategy to reduce the number of chronic
diseases in the older population.

Some limitations should be considered in light of these
results. First, the measurement of physical activity may be
susceptible to bias as it was self-reported. Self-reported
physical activity may be overestimated because of social
desirability (Sallis and Saelens 2000). Nonetheless, social
desirability only accounts for a small variance in self-re-
ported physical activity (Motl et al. 2005). Furthermore,
self-reports about physical activity are considered a reliable
method for epidemiologic studies (Craig et al. 2003).
Second, the measure of physical activity used in SHARE,
where the highest possible response option for the most
active people was more than once a week, might create a
ceiling effect that does not allow for the discernment of
different levels of active people. For instance, those who
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Table 5 Association between the trajectory of physical activity and the number of chronic diseases—Survey of Health, Aging, and Retirement

in Europe (SHARE), 2011-2013, Europe

Parameters estimates of predicting the number of chronic diseases in 2013

Model 1 f (95% CI)

Model 2 f (95% CI)

Model 3 f8 (95% CI) Model 4 f (95% CI)

Men
MPA in 2011
Inactive—inactive 1.00 (ref.)
—0.85 (—1.22, —0.48)%***
—0.80 (—1.14, —0.45)%***

—1.44 (=177, —1,10)***

1.00 (ref.)
Active—inactive
Inactive—active
Active—active

VPA in 2011
Inactive—inactive 1.00 (ref.)

—0.68 (0—81, —0.56)%***

—0.67 (—0.74, —0.58)***

—1.14 (—1.21, —1.07)%***

1.00 (ref.)
Active—inactive
Inactive—active
Active—active

Women

MPA in 2011
Inactive—inactive 1.00 (ref.)

—0.50 (—0.88, —0.12)%*:

—0.68 (—1.02, —0.33)***

—1.45 (—=1.79, 1,12)*%**

1.00 (ref.)
Active—inactive
Inactive—active
Active—active

VPA in 2011

Inactive—inactive 1.00 (ref.) 1.00 (ref.)

Active—inactive —0.80 (—0.92, —0.68)%*** —0.55 (—0.69,
Inactive—active —0.85 (—0.91, —0.79)%*:** —0.56 (—0.63,
Active—active —1.36 (—1.42, —1.30)*** —0.94 (—1.01,

—0.36 (—1.10, 0.37)
—0.39 (-1.08, 0.31)
—0.86 (—1.54, —0.17)*

—0.46 (—-0.61, —0.31)***
—0.53 (=0.62, —0.44)***
—0.89 (—0.98, —0.80)***

—0.38 (—0.84, 0.09)
—0.32 (—0.73, 0.09)
—0.90 (—1.31, —0.49)%**

1.00 (ref.)

—0.45 (-1.11, 0.21)
—0.15 (—0.78, 0.47)
—0.35 (—0.96, 0.27)

1.00 (ref.)

—0.12 (—0.69, 0.45)
—0.08 (—0.62, 0.46)
—0.17 (—0.70, 0.37)

1.00 (ref.)
—0.26 (—0.40, —0.12)%#*
—0.19 (—0.28, —0.11)#**
—0.35 (—0.43, —0.26)%**

1.00 (ref.)
—0.05 (=0.17, 0.07)
—0.12 (—0.20, —0.05)**
—0.16 (—0.23, —0.08)***

1.00 (ref.)
—0.62 (—1.04, 0.20)
—0.15 (=0.52, 0.22)
—0.45 (—0.82, —0.08)*

1.00 (ref.)
—0.36 (—=0.72, 0.01)
~0.19 (—0.52, 0.13)
—0.35 (—0.67, 0.00)

1.00 (ref.) 1.00 (ref.)
—0.42)%%:* —0.36 (—0.44, —0.29)%:* —0.14 (—0.25, 0.03)
—0.48)%#:* —0.18 (—=0.25, —0.12)%*:* —0.10 (—=0.16, —0.04)**
—0.86)%#:* —0.37 (—=0.50, —0.24)%: —0.18 (—0.25, —0.12)%*:*

MPA, sedentary time, FMI, TFM, and BFM did not have normally distributed residuals and were therefore log-transformed for analyses

Model 1: unadjusted analyses

Model 2: analyses were adjusted for age, marital status, educational level, living place and country

Model 3: analyses were adjusted for age, marital status, educational level, living place, country and self-rated health

Model 3: analyses were adjusted for age, marital status, educational level, living place, country, self-rated health and the number of chronic

diseases in 2011

MPA moderate physical activity, VPA vigorous physical activity, CI confidence interval

*p < 0.05, * p < 0.01, *** p < 0.001

were active two times a week were in the same group as
those who were active five or more times a week. The
current investigation also had its strengths. The SHARE
study provides a large and representative sample size of
several European countries. Considering the sample size
and the heterogeneity of the participants in terms of age,
culture, and other sociodemographic variables, the gener-
ality of these results should be considered a strength.
Prospective analysis allows for the examination of the
relationship between physical activity patterns and the
number of chronic diseases.

Compliance with ethical standards

Ethical approval All procedures performed in studies involving
human participants were in accordance with the ethical standards of

the 1964 Helsinki declaration and its later amendments or comparable
ethical standards.

Conflict of interests The authors declare that they have no conflict of
interest.

References

Adami PE, Negro A, Lala N, Martelletti P (2010) The role of physical
activity in the prevention and treatment of chronic diseases. Clin
Ter 161:537-541

Ayabe M, Yahiro T, Yoshioka M, Higuchi H, Higaki Y, Tanaka H
(2009) Objectively measured age-related changes in the intensity
distribution of daily physical activity in adults. J Phys Act Health
6:419-425

Borsch-Supan A, Jiirges H (2005) The survey of health, aging, and
retirement in Europe: methodology. Mannheim Research Insti-
tute for the Economics of Aging, Mannheim

@ Springer



502

A. Marques et al.

Borsch-Supan A et al (2013) Data resource profile: the Survey of
Health, Ageing and Retirement in Europe (SHARE). Int J
Epidemiol 42:992-1001. doi:10.1093/ije/dyt088

Bryan SN, Katzmarzyk PT (2011) The association between meeting
physical activity guidelines and chronic diseases among Cana-
dian adults. J Phys Act Health 8:10-17

Craig C et al (2003) International physical activity questionnaire:
12-country reliability and validity. Med Sci Sports Exerc
35:1381-1395. doi:10.1249/01.MSS.0000078924.61453.FB

Della Valle E, Grimaldi R, Farinaro E (2008) Importance of physical
activity for prevention of chronic diseases. Ann Ig 20:485-493

Ekelund U et al (2015) Physical activity and all-cause mortality
across levels of overall and abdominal adiposity in European
men and women: the European Prospective Investigation into
Cancer and Nutrition Study (EPIC). Am J Clin Nutr
101:613-621. doi:10.3945/ajcn.114.100065

European Union (2008) EU physical activity guidelines recom-
mended policy actions in support of health-enhancing physical
activity. European Union, Brussels

Evenson KR, Butler EN, Rosamond WD (2014) Prevalence of
physical activity and sedentary behavior among adults with
cardiovascular disease in the United States. J Cardiopulm
Rehabil Prev 34:406—419. doi:10.1097/HCR.0000000000000064

Huai P, Xun H, Reilly KH, Wang Y, Ma W, Xi B (2013) Physical
activity and risk of hypertension: a meta-analysis of prospective
cohort studies. Hypertension 62:1021-1026. doi:10.1161/
HYPERTENSIONAHA.113.01965

Kruk J (2007) Physical activity in the prevention of the most frequent
chronic diseases: an analysis of the recent evidence. Asian Pac J
Cancer Prev 8:325-338

Kujala U, Kukkonen-Harjula K, Tikkanen H (2015) [Physical activity
in the treatment and rehabilitation of chronic diseases].
Duodecim 131:1700-1706

Lambert EV, Bull F (2014) Public health recommendations for
physical activity in the prevention of type 2 diabetes mellitus.
Med Sport Sci 60:130-140. doi:10.1159/000357343

Lee I, Paffenbarger RS Jr (2001) Preventing coronary heart disease:
the role of physical activity. Physician Sportsmed 29:37-52.
doi:10.3810/psm.2001.02.366

@ Springer

Lee I, Sesso H, Oguma Y, Paffenbarger R (2003) Relative intensity of
physical activity and risk of coronary heart disease. Circulation
107:1110-1116

Lee I, Shiroma EJ, Lobelo F, Puska P, Blair SN, Katzmarzyk PT
(2012) Effect of physical inactivity on major non-communicable
diseases worldwide: an analysis of burden of disease and life
expectancy.  Lancet  380:219-229.  doi:10.1016/S0140-
6736(12)61031-9

Lin YC, Yeh MC, Chen YM, Huang LH (2010) Physical activity
status and gender differences in community-dwelling older
adults with chronic diseases. J Nurs Res JNR 18:88-97. doi:10.
1097/JNR.0Ob013e3181dda6d8

Lindwall M, Larsman P, Hagger MS (2011) The reciprocal relation-
ship between physical activity and depression in older European
adults: a prospective cross-lagged panel design using SHARE
data. Health Psychol 30:453-462. doi:10.1037/a0023268

Mathers CD, Loncar D (2006) Projections of global mortality and
burden of disease from 2002 to 2030. PLoS Med 3:e442. doi:10.
1371/journal.pmed.0030442

Motl RW, McAuley E, DiStefano C (2005) Is social desirability
associated with self-reported physical activity? Prev Med
40:735-739. doi:10.1016/j.ypmed.2004.09.016

Sallis JF, Saelens BE (2000) Assessment of physical activity by self-
report: status, limitations, and future directions. Res Q Exerc
Sport 71:S1-S14

Sesso H, Paffenbarger R, Lee I (2000) Physical activity and coronary
heart disease in men: The Harvard Alumni Health Study.
Circulation 102:975-980

Takagi D, Nishida Y, Fujita D (2015) Age-associated changes in the
level of physical activity in elderly adults. J Phys Ther Sci
27:3685-3687. doi:10.1589/jpts.27.3685

UNESCO (1997) International Standard Classification of Education
1997. UNESCO

USDHHS (2008) 2008 physical activity guidelines for Americans. Be
active, healthy, and happy!. USDHHS, Washington DC

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

WHO (2014) Global status report on noncommunicable diseases
2014. World Health Organization, Geneva


http://dx.doi.org/10.1093/ije/dyt088
http://dx.doi.org/10.1249/01.MSS.0000078924.61453.FB
http://dx.doi.org/10.3945/ajcn.114.100065
http://dx.doi.org/10.1097/HCR.0000000000000064
http://dx.doi.org/10.1161/HYPERTENSIONAHA.113.01965
http://dx.doi.org/10.1161/HYPERTENSIONAHA.113.01965
http://dx.doi.org/10.1159/000357343
http://dx.doi.org/10.3810/psm.2001.02.366
http://dx.doi.org/10.1016/S0140-6736(12)61031-9
http://dx.doi.org/10.1016/S0140-6736(12)61031-9
http://dx.doi.org/10.1097/JNR.0b013e3181dda6d8
http://dx.doi.org/10.1097/JNR.0b013e3181dda6d8
http://dx.doi.org/10.1037/a0023268
http://dx.doi.org/10.1371/journal.pmed.0030442
http://dx.doi.org/10.1371/journal.pmed.0030442
http://dx.doi.org/10.1016/j.ypmed.2004.09.016
http://dx.doi.org/10.1589/jpts.27.3685

	Cross-sectional and prospective relationship between physical activity and chronic diseases in European older adults
	Abstract
	Objectives
	Methods
	Results
	Conclusions

	Introduction
	Methods
	Participants and procedures
	Measures
	Number of chronic diseases
	Physical activity
	Covariates

	Data analysis

	Results
	Discussion
	References




