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Abstract

the example of Germany.

oldest age-group in this context.

Background: Aging societies represent a major challenge for health care systems all over the world. As older people
tend to be more physically inactive, economic costs of inactivity are likely to increase notably. The present
study aims to investigate this relationship between an aging society and economic costs of inactivity using

Methods: Using data from the German Socio-Economic Panel, this study applied the comparative risk assessment
method developed by the WHO to estimate the direct costs of inactivity for the period 2001-2013 differentiated by
gender-specific age-groups (15-29; 30-44; 45-64; 65+). Based on population statistics predicting the aging of the
German population for the years 2014-2060, this research projects the development of future costs of inactivity and
potential effects of interventions promoting physical activity among the German population.

Results: The results reveal an increase in the level of physical activity during the observed period (2001-2013) which
compensated the negative effect of aging and resulted in a decline of inactivity costs. The projections for the years
2014-2060 indicate a constant increase in direct per capita costs until 2060 because of an aging society. Scenarios
indicating how a short-term reduction of physical inactivity impacts costs of inactivity reveal the crucial role of the

Conclusion: The findings indicate that the aging of the German population demands further actions and initiatives to
promote physical activity, especially for the oldest age-group.

Keywords: Costs of inactivity, Aging societies, Projections, Physical activity, Public health

Background

Demographic trends projected over the next decades
indicate a considerable aging of the world’s population
[1]. Notable changes in societies’ age structure caused by
expected dynamics in fertility, life expectancy, and
migration will challenge public health systems from
countries all over the world [2]. For example, Richardson
and Robertson [3] predicted an annual increase in total
health spending of 0.6% from 1995 to 2051 caused by
the aging of the Australian population. For the United
States, Alemayehu and Warner [4] projected an increase
in total per capita health costs of 20% due to aging from
2000 to 2030 with an annual increase of 0.6% and the
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European Commission [5] stated that only because of
demographic changes public health care expenditure in
the European Union would increase from 6.9% to 8% of
national gross domestic product (GDP) between 2013
and 2060. While the above studies have looked at an
aggregated effect of aging, another stream of research has
conducted a disaggregated analysis by investigating the
incidence of various diseases, such as cardiovascular
diseases, pelvic floor disorders, and obesity and forecasting
the respective costs over the next decades [6-8]. The
results of this research have indicated that aging affects
some clinical conditions more than others, especially heart
and vascular diseases [9].

As a consequence, governments developed strategies
to counteract the alarming development for certain
clinical conditions. To that end, physical activity
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represents an effective mechanism. Research has identi-
fied particularly older people to be physically inactive
[10]. While there appears no linear relationship between
age and physical activity [11], people tend to reduce
their level of physical activity from a certain age onwards
[12]. Given that age-appropriate physical activity benefits
the elderly in numerous ways, such as reduced inci-
dences of high blood pressure, stroke, Type 2 diabetes,
and cancer [13], high rates of inactivity can be consid-
ered a major driver of age-related health care costs.
Therefore, governments have tried to promote physical
activity among older population groups, for example
through campaigns [14], provision of specific facilities
[15], or activity-friendly neighborhoods in general [16].

With regard to health care costs, increasing physical
activity rates is important because inactivity was identi-
fied to be associated with considerable costs for public
health care systems in general [17-21]. Across countries,
the identified direct costs linked to physical inactivity
were found to represent between 1% and 2.6% of total
direct health care costs [22]. In addition, indirect costs
of inactivity, such as productivity losses caused by early
death or disabilities, were found to even exceed the
direct costs of inactivity [18, 19]. Given the substantial
body of research dealing with this topic, Pratt et al. ([22],
p. 173) noted that the cost burden of inactivity in wealthy
countries might have been adequately examined already,
but that future research would be needed for a “clinically
important subpopulation such as older adults”.

The overarching objective of this research is to exam-
ine how an aging population affects the economic costs
of inactivity and how physical activity can assist govern-
ments in compensating rising health care costs of aging
societies. The research context for this study is Germany
— one of the Western countries which will be affected by
an aging population in the next decades [23]. The
present analysis serves three main purposes. The first
purpose concerns the estimation of empirical evidence
from the past. For the period 2001-2013, direct costs of
inactivity are estimated for different age-groups and
related to the aging society in this period. The second
purpose is to extrapolate the future development of
direct costs of inactivity. Specifically, direct costs of
inactivity will be projected for the years 2014-2060 by
considering forecasts about the aging of the German
population. The third purpose represents the projection of
the impact of future physical activity promotion on the
development of the direct costs of inactivity. Different
scenarios including fictive reductions in physical inactivity
levels are estimated.

The contribution of this study to the existing literature
is three-fold. First, it is one of the first studies estimating
the development of direct costs of inactivity over a
longer period of time. Existing studies have only
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estimated the costs for one specific year. Second, it
provides projections about the development of future
costs of inactivity in the context of an aging society
and thirdly, this study aims to quantify potential
economic savings which could be generated through
short-term physical activity promotion and resulting
reduction in inactivity levels, respectively. These
projections are important for policy development in
light of an aging society.

Methods

Data sources

The first purpose, the estimation of inactivity costs for
the period 2001-2013, requires information about the
annual direct health costs and annual inactivity rates.
The Federal Statistical Office [24] provided annual direct
per capita health costs of several diseases differentiated
by gender-specific age-groups (15-29, 30-44, 45-64,
and 65+) for the years 2002, 2004, 2006, and 2008. Infla-
tion was considered and all expenditures were converted
into 2008 prices. Cost data before or after 2002—-2008
were not available. Therefore, this study used an aver-
age of these four years taking into account random
cost drivers (e.g. medicine prices, technological
innovation) for every year. The cost variable only
contains information about direct costs of diseases,
including curative treatment, prevention, rehabilita-
tion, and continuing caring.

Information about levels of physical inactivity in
Germany stems from the German Socio-Economic Panel
(GSOEP), a panel survey with annual measurements
from 1984 to 2013 [25]. This survey has been used in
previous studies to study outcomes and determinants of
physical activity in Germany [26, 27]. Respondents were
asked to self-report how often they engage in physical
activity. Self-reported measures are usually applied in
studies estimating costs of inactivity which rely on offi-
cial survey datasets since large and representative sample
sizes are required [17-19]. Previous research has
produced mixed results on the validity of self-reported
physical activity measures compared to objective ones.
Whereas, for example, some studies found no significant
differences between self-reported and objective measures
[28], others provided evidence of an imprecise estima-
tion due to the problem of social desirability and social
approval [29, 30]. For this study, it is important to note
that those potential response biases would lead to rather
conservative estimates as physical inactivity levels are
likely underestimated.

Depending on the respective wave, respondents could
answer on a four- or five-point scale. Lechner [27] stated
that both scales can be considered sufficiently similar in
terms of the respective descriptive statistics. To obtain
the annual rate of inactivity, the variable was then
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dichotomized with using 1 when the respondent was
never active (this category was identical in all waves)
and O for the other categories. Since the activity question
was not included in every wave, the analysis was con-
ducted for the years 2001, 2003, 2005, 2007, 2009, 2011,
and 2013. The final sample included # = 166,309 obser-
vations from n = 41,991 individuals. More than half of
the respondents were female (52.4%). The average age
was 49.0 years with a range of 16-103 years. Certain
population subgroups (migrants, Eastern Germans) are
intentionally overrepresented in the survey. Conse-
quently, specific sample weights provided in the dataset
were used to ensure its representativeness of the overall
German population [31].

The second and third purpose require predictions about
future demographic changes of the German population.
The Federal Statistical Office [23] has published informa-
tion and projections about past and future population
changes in gender-specific age-groups for the years 2014—
2060. These predictions are based on a constant fertility
rate of 1.4, life expectancy of 86.7 for men and 90.4 for
women, and annual net migration of 200,000.

Procedure

This section presents the analysis strategy in the order
of purposes. For the first purpose, the prevalence based
comparative risk assessment method developed by the
World Health Organization (WHO) [32] was applied
which is the common method to estimate economics
costs of inactivity [22]. This method consists of the
following five steps [19]:

(1)Identification of diseases related to physical
inactivity including their relative risks

(2)Identification of the annual direct costs of each
disease

(3) Determination of the prevalence of physical
inactivity in Germany (2001-2013)

(4)Calculation of the population attributable fractions
(PAF) for each disease

(5)Multiplying the PAFs with the annual direct costs of
each disease to determine annual direct cost of
physical inactivity.

Regarding the first step, the WHO [32] stated that
ischemic heart disease, ischemic stroke, colon and
female breast cancer, and Type 2 diabetes were the most
relevant diseases in relation to physical inactivity. In a
meta-analysis, the WHO [32] determined adjusted and
unadjusted relative risks (RR) for every listed disease
(Table 1) which describe the ratio of the incidence rate
among individuals of different age-groups and gender
with a given risk factor (physical inactivity) compared to
the incidence rate among individuals without it. For
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Table 1 Relative risks per disease differentiated by age
(WHO, 2004)

Age-group
Disease (ICD-10 code) 15-29 30-44 45-64 65+
Ischemic heart 147 147 147 134

disease (120-125) (1.39-1.56) (1.39-156) (1.39-1.56) (1.26-1.42)
Diabetes Type 2 (E11) 131 131 131 122
(1.24-139) (1.24-1.39) (1.24-139) (1.24-1.39)
Female breast cancer (C50) 1.13 1.13 1.13 1.09
(1.04-122) (1.04-122) (1.04-1.22) (1.01-1.18)
Ischemic stroke (163) 1.39 139 1.39 1.28
(1.24-1.56) (1.24-156) (1.24-1.56) (1.14-1.44)
Colon cancer (C18) 143 143 143 131
(138-149) (1.38-149) (1.38-149) (1.26-1.36)

Note. ICD = International Classification of Disease; Upper and lower bound
values in parentheses

other socio-demographic characteristics differentiated
RR are not available. This study uses the adjusted RR mea-
sures as they control for the effects of confounding
factors, such as age, sex, and smoking. Since the variation
between age-groups is essential to the present study, more
recent RR estimates of, for example, Janssen [33] could
not be used. However, the estimated confidence inter-
vals of the RR by the WHO [32] are considered in the
sensitivity analyses explained later and, hence, take into
account differences to more recent RR estimates.

Table 2 presents the average direct per capita costs of
the five diseases mainly associated with physical activity
(in 2008€) required for the second step [24]. The highest
direct per capita costs can be observed for ischemic
heart disease followed by Type 2 diabetes. Overall, the
direct costs associated with the five diseases represent
7.9% of total direct health care costs of Germany in
2008. Ischemic heart diseases, which have the highest
relative risk for physical inactivity, are alone responsible
for 2.6% of the overall direct health care costs. For all
five diseases the economic burden is highest for the old-
est age-group 65+ years.

For the third step, inactivity rates of the German
population were estimated (Table 3) using the data
provided by the GSOEP [25]. The results revealed a

Table 2 Average direct per capita costs per disease
differentiated by age (2002-2008; in 2008€; Federal Statistical
Office, 2010)

Age-groups Total
Disease (ICD-10 code) 15-29 30-44 45-64 65+
Ischemic heart disease (120-125) 0.79 1100 9199 28249 96.57
Diabetes Type 2 (E11) 794 1696 8091 22642 83.06
Ischemic stroke (163) 0.78 3.94 2402 13961 4209
Female breast cancer (C50) 0.40 9.36 3710 5295 2496
Colon cancer (C18) 0.18 137 1205 4891 15.63

Note. ICD = International Classification of Disease
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Table 3 Inactivity rates of the German population, 2001 and
2013 (in %; GSOEP, 2014)

Inactivity rate in 2001

Inactivity rate in 2013

Age-group Male Female Male Female
15-29 245 324 18.1 159
30-44 36.1 39.8 23.7 233
45-64 54.5 555 333 314
65+ 75.7 81.6 452 486
Total 475 54.1 32.7 326

notable decline in physical inactivity over the examined
time-period (2001-2013). In 2001, 47.5% of males and
54.1% of females aged between 15 and 103 were physic-
ally inactive with the prevalence of inactivity generally
increasing with age. Only 28.0% of people in the age-
group 15-29 years were inactive compared to 79.2% in
the age-group 65+ vyears. In 2013, inactivity rates
decreased to 32.7% among males and 32.6% among
females, respectively. The prevalence of inactive people
regressed in particular in the oldest age-group where
only 47.0% were inactive in 2013.

In a fourth step, by using the rates of inactivity and
the RR of each disease, PAFs for each disease were cal-
culated. A PAF identifies the proportion of a disease
which can be associated with a certain risk factor
(here: physical inactivity). It is estimated with the fol-
lowing equation:

PAF = [P(RR-1)]/[1 4 P(RR-1)] (1)

where P denotes the prevalence of physical inactivity
and RR the relative risk for a disease if someone is
inactive (Table 1). The inactivity rates were estimated for
gender-specific age-groups for the years 2001-2013. In a
final step, the resulting PAFs were multiplied by the
annual total direct costs for each disease to estimate
annual direct costs of inactivity differentiated by gender
and age-groups.

Considering the second purpose, the direct per capita
inactivity costs of each disease for every gender-specific
age-group from the year 2013 were multiplied by
projected age- and gender-specific population numbers
for the years 2014-2060. The annual total direct costs
per disease were then aggregated to estimate total direct
costs of physical inactivity for every year. This method
has been previously applied to forecast the impact of
aging on health costs [6, 34].

The third research purpose builds on the projections of
the second purpose, but considers two fictive scenarios
predicting how future short-term actions to promote
physical activity could impact projected direct costs of
inactivity. The first scenario assumes that the inactivity
rates in all age-groups could be reduced by five percentage
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points until 2020. The authors decided to use five percent-
age points because this value reflects the observed nega-
tive compound annual growth rate of physical inactivity of
3.6% for the period 2001-2013. Moreover, this figure has
already been used in previous studies to estimate the im-
pact of fictive physical activity reduction targets [35, 36].
The second scenario assumes that only the inactivity rate
in the age-group 65+ years can be reduced by five percent-
age points until 2020, which is reasonable, since the level
of inactivity in all other groups already finds itself on a
relatively low level compared to other countries [10]. Also,
the German government prioritized healthy aging includ-
ing promotion of physical activity for the elderly as one of
seven national health goals [37]. For both scenarios, new
PAFs were calculated and direct per capita costs of
inactivity for the year 2020 were estimated. Afterwards,
the projection procedure described in the second purpose
is repeated for the period 2020-2060.

Sensitivity analysis

Since all three purposes are based on calculations using
numerous input factors, this study conducted sensitivity
analyses considering variations among those determining
factors. Therefore, in line with Ding et al. [38], an
extreme scenario approach was used. When conducting
an extreme scenario sensitivity analysis, every factor is
set at its minimum and maximum value to generate a
lower and upper bound of the analyses. The relevant
input factors for the first research purpose were costs of
the different diseases and relative risks. Regarding
disease-specific costs, we followed Katzmarzyk et al. [39]
and varied each disease-specific health care cost by
+20%. For the relative risks, the confidence interval
estimated by the WHO [32] was used. For the second
research purpose, in addition to health costs and relative
risks, the lower and upper bound of the projected devel-
opment of the German population was used as reported
by the German Federal Statistical Office [40]. The lower
bound includes a fertility rate of 1.4, an average life
expectancy of 84.8 for men and 88.8 for women, and a
net migration of 100,000. The upper bound is based on
a fertility rate of 1.6, an average life expectancy of 86.7
for men and 90.4 for women, and a net migration of
200,000. The estimated scenarios of the third research
purpose relied on the same variations in costs, relative
risks, and population projections.

Results

The results related to the first purpose of providing
evidence from the past are visualized in Fig. 1. They
reveal that the overall direct costs of inactivity amounted
to €2.80 billion and €40.13 per capita in 2001, respectively,
which represents 1.3% of the total direct health care costs
of people older than 15 years. The sensitivity analyses
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revealed a lower bound of inactivity costs in 2001 of €1.70
billion and an upper bound of €4.16 billion.

During the 13-year observation period, the costs of
inactivity have declined almost constantly. In 2013, the
overall direct cost were reduced by 24.7% to €2.11
billion and €30.10 per capita, respectively, which repre-
sents a negative compound annual growth rate of 2.3%.
Consequently, the proportion of total direct health care
costs was reduced to 0.9%. For 2013, the best-case
scenario indicated costs of €1.26 billion and the worst-
case scenario costs of €3.19 billion.

Figure 1 also shows how the direct costs would have
developed if the rate of inactivity remained constant
since 2001. In this case, the inactivity costs would have
increased by 21.0% to €3.39 billion, which represents a
compound annual growth rate of 1.6% and is 60.7%
higher than the actual costs of inactivity in 2013.

For the second purpose of projecting the effects of
aging on the costs of inactivity for the years 2014-2060,
the predictions of the population development provided
by the Federal Statistical Office [23] indicate that the
average age of the German population will increase from
44.2 years in 2013 to 49.7 in 2060 [23]. This develop-
ment will mainly be driven by an increase in people who
are 65+ years old. In 2013, 21.7% of all people older than
15 years were aged over 65 years. In 2060, this share is
expected to increase to 30.2%.

Figure 2 presents the direct costs of inactivity associ-
ated with the predicted aging of the German population.
First, the overall annual direct costs of inactivity will rise
by 22.9% from €2.11 billion in 2013 to 2.60 billion in
2039 (in 2008 €). Afterwards, a plateau will be reached
and annual direct costs will remain constant, amounting
to €2.59 billion in 2060. However, direct per capita costs
are predicted to grow continuously. They increase to
their maximum value of €39.03 in 2060 which represents
an overall increase of 30.7% from 2013 with a compound

annual growth rate of 0.6%. The extreme scenario sensi-
tivity analysis shows that the plateau of total cost of
inactivity in 2039 can be between €1.49 billion (lower
bound) and €3.93 billion (upper bound). The increase in
per capita costs until 2060 can vary between €23.21
(lower bound) and €57.89 (upper bound).

Figure 3 provides a more detailed analysis of per capita
costs of inactivity by age-group. It indicates that for the
age-groups 15-29 years and 30-44 years the per capita
costs remain almost constant over the examined period,
while the per capita costs for the age-group 45-64 even
slightly decrease from €8.81 in 2013 to €6.79 in 2060.
The only increase can be observed for the oldest age-
group of 65+ years. Within this age-group, per capita
costs increase from €20.54 in 2013 to €31.83 in 2060
which represents an overall increase of 54.9% and a
compound annual growth rate of 0.9%.

The results of the third purpose analyzing two scenarios
with fictive short-term targets of reducing physical
inactivity are displayed in Table 4. Recall that the first
scenario comprised a reduction of physical inactivity
among all age-groups by five percentage points until
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Table 4 Accumulated projected costs of inactivity, 2020-2060 (in billion 2008€)
Scenario Years
2020 2030 2040 2050 2060
Inactivity rate remains at 2013 level 15.07 3838 64.07 90.12 116.15
(8.99-22.76) (22.70-58.03) (37.47-96.97) (52.05-136.46) (66.13-175.98)
5 pp. reduction in inactivity rate of all age-groups 15.07 3561 5834 81.39 104.45
(8.99-22.76) (20.99-54.02) (33.98-88.66) (46.80-123.81) (59.20-159.02)
5 pp. reduction in inactivity rate of age-group 65+ 15.07 36.46 59.97 83.79 107.54
(8.99-22.76) (21.53-55.23) (35.00-90.99) (48.29-127.24) (61.11-163.46)

Note: Upper and lower bound values in parentheses

2020. Applying this scenario, the resulting accumu-
lated direct costs of inactivity would amount to
€104.5 billion at the end of 2060. This would repre-
sent an 11.2% decrease of the original predicted
values for 2060 based on the inactivity level of 2013.
Overall this could lead to savings of €11.70 billion
until 2060 representing annual cost savings of €292.48
million. The second scenario assumed that only the
inactivity level in the oldest age-group (65+ years),
the most inactive one, will drop by five percentage
points. The results for this scenario show that 73.6%
of the cost savings of the first scenario could be
achieved which amounts to total savings of 8.60
billion and annual cost savings of €215.17 million
from 2020 to 2060.

Discussion

This study investigated the influence of physical inactiv-
ity — a major risk factor for numerous diseases — on the
development of health care costs in Germany in the light
of an aging population. It had three different research
purposes focusing on (1) evidence from the past, (2) the
prediction of future costs of inactivity, and (3) the effect
of future physical activity promotion. Regarding evidence
from the past, 1.3% of total direct health costs could be
attributed to physical inactivity in 2001. This finding is in
line with previous research from several countries, including
the UK, Canada, and the United States [17, 39, 41] where
estimated costs of inactivity ranged between 1% and 2.6%
on average [22]. A comparison with studies estimating the
economic burden of obesity and smoking on the German
health care system to be at 2.1% [42] and 3.3% [43], respect-
ively, indicates that physical inactivity can be considered a
notable public health burden for Germany.

The costs of inactivity have significantly declined over
the 13-year timespan. This development was driven by
an overall decrease in inactivity rates in Germany. At
least two explanations can be advanced for this finding.
First, the results may indicate a rising awareness of the
German population for the individual benefits of
physical activity [44], potentially leading to higher activity
rates. Second, during the same period, the German
government launched several initiatives to promote

physical activity, especially among the elderly [45, 46],
which may have contributed to increasing activity rates as
well. Over this time-span, the average age has increased
from 41.3 years in 2001 to 44.2 years in 2013 [40]. More-
over, the proportion of people aged over 65 years
increased from 20.2% to 24.0% of all people older than
15 years. Consequently, if the inactivity rate had remained
at the level of 2001 for this period, the PAFs would
have been held constant, meaning that a resulting
21.0% increase in costs could have been exclusively
attributed to the aging of the German population
during this period. Hence, the negative effect of aging
on costs of inactivity was compensated by an increase
in physical activity patterns among the German popu-
lation during the period 2001-2013.

Turning to the second purpose, the projected progres-
sion of future total costs of inactivity for the period
2014—-2060 shows a plateau to be reached in 2039. One
explanation for the following almost constant annual
direct costs might be that at the end of the 2030s most
of the German baby boomers [47] — born between 1955
and 1969 — will have passed away and, hence, the overall
population will shrink which compensates the increases
in direct health costs related to aging. However, the
continuous increase in direct per capita costs during this
period indicates that the economic burden for the
German population will not decline. The analysis by
age-groups revealed that the increase in direct costs of
inactivity can almost solely be attributed to the age-
group 65+ years. As a consequence, although the effect
of aging on direct costs of inactivity was compensated
by a considerable decrease in inactivity rates in Germany
for the period 2001-2013, over the next decades aging
will eat up 92.2% of the gains accomplished during the
period. Since the possibility of a decline in physical
activity has to be taken into account, the economic burden
could even increase if past patterns of physical inactivity
reoccur. Hence, the ongoing aging of the German popula-
tion demands further policy initiatives.

The third purpose of this study was to estimate the
effect of those potential initiatives to reduce physical
inactivity on direct costs of inactivity. The results stress
the economic importance of promoting physical activity
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in particular among the elderly as a decrease in physical
inactivity by 5 percentage points only in the oldest age-
group of 65+ years can generate 73.6% of the costs
savings if physical inactivity is reduced by 5 percentage
points among all age-groups.

Concerning policy development, it is important to con-
sider that policies aimed at reducing physical inactivity
bear different effects for socio-demographic groups. For
example, Humphreys and Ruseski [48] revealed that
spending on parks and recreation only has a significant
effect on outdoor physical activities preferred by younger
people with higher education and higher income. Wicker
et al. [15] showed that the effect of different types of sport
infrastructure varies between age-specific target groups
and Downward and Rasciute [49] documented that
satisfaction with sport facility provision had a significant
positive effect on health related activity levels of females,
but not of males. Consequently, governments have to be
aware of those differences if they want to target specific
socio-demographic groups, such as the elderly.

Conclusion

The results of this study add to the existing literature in
at least three ways. First, it is one of the first to analyze
direct costs of inactivity over a longer period of time
using panel data, enabling insights how costs are influ-
enced by changing physical activity patterns of a popula-
tion and demographic changes (e.g. aging society,
shrinking population). Previous research has only used
cross-sectional data and estimated the economic costs of
inactivity for one year [17, 39, 41]. Second, it provides a
more detailed analysis by differentiating between four
age-group and both sexes. Such a detailed analysis takes
into account that the most important parameters for
estimating costs of inactivity, ie., inactivity rates and
relative risks, vary by age and gender. Third, it contributes
to the body of research by providing insights about the
role of physical inactivity in the context of aging and
development of health care costs; previous research
has only looked at other risk factors, such as smoking
and obesity [7, 50].

The findings come with implications for policy makers
and public health organizations. Overall the results indi-
cate that the promotion of physical activity can be used
as an important non-pharmaceutical action to reduce
public health care costs considerably. Moreover, espe-
cially increasing physical activity rates among the elderly
can assist governments in compensating the increasing
demand for health care resulting from an aging popula-
tion. In addition, the findings outline the urgency of
short-term actions because a — well feasible — reduction
of physical inactivity within the next five years could
lead to long-term economic benefits for the national
health care system. Since approximately 75% of cost

Page 7 of 9

savings can be attributed to the oldest age-group of
65 + years, initiatives and campaigns promoting physical
activity should particularly target this age-group. Consid-
ering that costs occur for both designing and launching
such campaigns and initiatives and their efficiency can
differ significantly between age-groups [51], promotion
campaigns for older age-groups ought to be prioritized.
Such policy priorities are to be deemed especially
important because public authorities are faced with
budget constraints.

This study has some limitations which could guide
future research. First, it is necessary to note that the
population projections made by the Federal Statistical
Office [23] only consider the aspect of aging, while
possible changes in technology or behavior, and health
policy reforms have not been taken into account.
Furthermore, existing research suggests that not only
age effects are important when investigating physical
activity patterns over time, but also period and cohort
effects [52], which represent an avenue for future
research. Finally, since this study only uses a measure of
the frequency of physical activity, future research would
benefit from more detailed measures also considering
activity duration and intensity that allow calculating
metabolic equivalents (METs).

Abbreviations

GDP: Gross domestic product; GSOEP: German Socio-Economic Panel;
PAF: Population attributable fraction; RR: Relative Risks; WHO: World Health
Organization

Acknowledgements
Not applicable.

Funding
The authors have received no funding for conducting this study.

Availability of data and materials

The dataset providing the information on physical activity in Germany is
available on request from the German Institute for Economic Research.

The dataset about the health costs by disease is available in the Federal
Statistical Office repository,https://www.destatis.de/DE/Publikationen/Them
atisch/Gesundheit/Krankheitskosten/Krankheitskosten2120720089004.pdf?__
blob=publicationFile.

The datasets about population projections in Germany is available from the
Federal Statistical Office on reasonable request.

Authors’ contributions

SD designed the study, carried out the empirical analysis, and prepared the

first draft of the manuscript. PW and CB assisted in designing the study and
suggested detailed revisions to the article. All authors provided feedback to

the manuscript, have read and approved the final version of the manuscript,
and agree with the order of presentation of the authors.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interest.


https://www.destatis.de/DE/Publikationen/Thematisch/Gesundheit/Krankheitskosten/Krankheitskosten2120720089004.pdf?__blob=publicationFile
https://www.destatis.de/DE/Publikationen/Thematisch/Gesundheit/Krankheitskosten/Krankheitskosten2120720089004.pdf?__blob=publicationFile
https://www.destatis.de/DE/Publikationen/Thematisch/Gesundheit/Krankheitskosten/Krankheitskosten2120720089004.pdf?__blob=publicationFile

Dallmeyer et al. European Review of Aging and Physical Activity (2017) 14:18

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Received: 30 June 2017 Accepted: 13 October 2017
Published online: 17 October 2017

References

1.
2.

3.

20.

21.

22.

23.

United Nations. World population to 2300. New York: United Nations; 2004.
Christensen K, Doblhammer G, Rau R, Vaupel JW. Aging populations: the
challenges ahead. Lancet. 2009;374(9696):1196-208.

Richardson J, Robertson I. Aging and the cost of health services. Centre for
Health Program Evaluation: Melbourne; 1999.

Alemayehu B, Warner K. The lifetime distribution of health care costs. Health
Serv Res. 2004;39(3):627-42.

European Commission. The 2015 aging report. Economic and budgetary
projections for the 28 EU member states (2013-2060). 2015. http://ec.
europa.eu/economy_finance/publications/european_economy/2015/pdf/
ee3_en.pdf. Accessed 06 June 2016.

Heidenreich PA, Trogdon JG, Khavjou OA, Butler J, Dracup K, Ezekowitz
MD, et al. Forecasting the future of cardiovascular disease in the United
States a policy statement from the American heart association.
Circulation. 2011;123(8):933-44.

Wang YC, McPherson K, Marsh T, Gortmaker SL, Brown M. Health and
economic burden of the projected obesity trends in the USA and the UK.
Lancet. 2011,378(9793):815-25.

JM W, Hundley AF, Fulton RG, Myers ER. Forecasting the prevalence of
pelvic floor disorders in US women: 2010 to 2050. Obstet Gynecol.
2009;114(6):1278-83.

Martini EM, Garrett N, Lindquist T, Isham GJ. The boomers are coming:
a total cost of care model of the impact of population aging on health
care costs in the United States by major practice category. Health Serv
Res. 2007;42(1):201-18.

Hallal PC, Andersen LB, Bull FC, Guthold R, Haskell W, Ekelund U, et al.
Global physical activity levels: surveillance progress, pitfalls, and prospects.
Lancet. 2012,380(9838):247-57.

Breuer C, Hallmann K, Wicker P, Feiler S. Socio-economic patterns of sport
demand and aging. Eur Rev Aging Phys A. 2009;7(2):61-70.

Warburton DER, Nicol CW, Bredin SSD. Health benefits of physical activity:
the evidence. Can Med Assoc J. 2006;174(6):801-9.

Vogel T, Brechat PH, Lepretre PM, Kaltenbach G, Berthel M, Lonsdorfer J.
Health benefits of physical activity in older patients: a review. Int J Clin
Pract. 2009;63(2):303-20.

Pratt M, Perez LG, Goenka S, Brownson RC, Bauman A, Sarmiento OL, Hallal
PC. Can population levels of physical activity be increased? Global evidence
and experience. Prog Cardiovasc Dis. 2015;57(4):356-67.

Wicker P, Breuer C, Pawlowski T. Promoting sport for all to age-specific
target groups - the impact of sport infrastructure. Eur Sport Manag Q.
2009;9(2):103-18.

Giles-Corti B, Bull F, Knuiman M, McCormack G, Van Niel K, Timperio A, et al.
The influence of urban design on neighbourhood walking following
residential relocation: longitudinal results from the RESIDE study. Soc Sci
Med. 2013;77:20-30.

Allender S, Rayner M. The burden of overweight and obesity-related ill
health in the UK. Obes Rev. 2007;8(5):467-73.

Katzmarzyk PT, Janssen I. The economic costs associated with physical
inactivity and obesity in Canada: an update. Can J Appl Physiol.
2004;29(1):90-115.

Maresova K. The costs of physical inactivity in the Czech Republic in 2008. J
Phys Act Health. 2014;11(3):489-94.

Scarborough P, Bhatnagar P, Wickramasinghe KK, Allender S, Foster C,
Rayner M. The economic burden of il health due to diet, physical inactivity,
smoking, alcohol and obesity in the UK: an update to 2006-07 NHS costs. J
Public Health. 2011;33(4):527-35.

Zhang J, Chaaban J. The economic cost of physical inactivity in China. Prev
Med. 2013;56(1):75-8.

Pratt M, Norris J, Lobelo F, Roux L, Wang G. The cost of physical inactivity:
moving into the 21st century. Brit J Sport Med. 2014;48(3):171-3.

Federal Statistical Office. Vorausberechneter Bevolkerungsstand,
Deutschland 2014-2060. [predicted population status, Germany 2014-2060].
Provided up on request. Wiesbaden: Federal Statistical Office; 2015.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

42.

43.

45.

46.

47.

48.

Page 8 of 9

Federal Statistical Office. Krankheitskosten. 2002, 2004, 2006 und 2008.
[costs of diseases. 2002, 2004, 2006, and 2008]. 2010. https://www.
destatis.de/DE/Publikationen/Thematisch/Gesundheit/Krankheitskosten/
Krankheitskosten2120720089004.pdf?__blob=publicationFile. Accessed
12 Jan 2016.

German Institute for Economic Research. GSOEP. Data for years 1984-2013,
version 30. Provided up on request. Berlin: German Institute for Economic
Research; 2014.

Breuer C, Wicker P. Decreasing sports activity with increasing age? Findings
from a 20-year longitudinal and cohort sequence analysis. Res Q Exercise
Sport. 2009;80(1):22-31.

Lechner M. Long-run labour market and health effects of individual sports
activities. J Health Econ. 2009;28(4):839-54.

Aadahl M, Kjeer M, Kristensen JH, Mollerup B, Jargensen T. Self-reported
physical activity compared with maximal oxygen uptake in adults. Eur J
Cardiov Prev R. 2007:14(3):422-8.

Celis-Morales CA, Perez-Bravo F, Ibanez L, Salas C, Bailey ME, Gill JM.
Objective vs. self-reported physical activity and sedentary time: effects of
measurement method on relationships with risk biomarkers. PLoS One.
2012;7(5):1-10.

Adams SA, Matthews CE, Ebbeling CB, Moore CG, Cunningham JE,
Fulton J, Hebert JR. The effect of social desirability and social
approval on self-reports of physical activity. Am J Epidemiol.
2005;161(4):389-98.

Kroh M. Short-documentation of the update of the SOEP-weights, 1984-
2008. Berlin: DIW; 2009.

WHO. Comparative quantification of health risks. Geneva: WHO; 2004.
Janssen I. Health care costs of physical inactivity in Canadian adults. Appl
Physiol Nutr, Me. 2012,37(4).803-6.

Seshamani M, Gray A. Time to death and health expenditure: an improved
model for the impact of demographic change on health care costs. Age
Ageing. 2004;33(6):556-61.

Cadilhac DA, Cumming TB, Sheppard L, Pearce DC, Carter R, Magnus A. The
economic benefits of reducing physical inactivity: an Australian example. Int
J Behav Nutr Phy. 2011;8(1):99-107.

Stephenson J, Bauman A, Armstrong T, Smith B, Bellew B. The cost of illness
attributable to physical inactivity in Australia: a preliminary study. Canberra:
Commonwealth of Australia Department of Health and Aged Care and the
Australian Sport Commission; 2000.

Federal Ministry of Health. Nationale Gesundheitsziele. Gesund alter werden.
[National health goals. Healthy aging]. Berlin: Federal Ministry of Health; 2012.
Ding D, Lawson KD, Kolbe-Alexander TL, Finkelstein EA, Katzmarzyk P, van
Mechelen W. The economic burden of physical inactivity: a global analysis
of major non-communicable diseases. Lancet. 2016;388(10051):1311-24.
Katzmarzyk PT, Gledhill N, Shephard RJ. The economic burden of physical
inactivity in Canada. Can Med Assoc J. 2000;163(11):1435-40.

Federal Statistical Office. Bevolkerung: Deutschland, Jahr, Geschlecht,
Altersgruppe, Allgemeine Schulausbildung. [Population: Germany, Year,
Gender, Age-group, Education]. Provided upon request. Wiesbaden: Federal
Statistical Office; 2015.

Colditz GA. Economic costs of obesity and inactivity. Med Sci Sport Exer.
1999;31(11):663-7.

Konnopka A, Bodemann M, Kénig HH. Health burden and costs of obesity
and overweight in Germany. Eur J Health Econ. 2011;12(4):345-52.
Neubauer S, Welte R, Beiche A, Koenig HH, Buesch K, Leidl R. Mortality,
morbidity and costs attributable to smoking in Germany: update and a 10-
year comparison. Tob Control. 2006;15(6):464-71.

Krug S, Jordan S, Mensink GBM, Miters S, Finger J, Lampert T. Kérperliche
Aktivitat [physical activity]. Bundesgesundheitsbla. 2013;56(5-6):765-71.
Federal Ministry of Health. IN FORM. German national initiative to
promote health diets and physical activity. Berlin: Federal Ministry of
Health; 2013.

Jordan S, Weil M, Krug S, Mensink GB. Uberblick tiber primérpréventive
MafBnahmen zur Férderung von kérperlicher Aktivitat in Deutschland
[review of primary preventive initiatives promoting physical activity in
Germany]. Bundesgesundheitsbla. 2012,55(1):73-81.

Reinhardt UE. Does the aging of the population really drive the demand for
health care? Health Affair. 2003,;22(6):27-39.

Humphreys BR, Ruseski JE. Participation in physical activity and
government spending on parks and recreation. Contemp Econ Policy.
2007;25(4):538-52.


http://ec.europa.eu/economy_finance/publications/european_economy/2015/pdf/ee3_en.pdf
http://ec.europa.eu/economy_finance/publications/european_economy/2015/pdf/ee3_en.pdf
http://ec.europa.eu/economy_finance/publications/european_economy/2015/pdf/ee3_en.pdf
https://www.destatis.de/DE/Publikationen/Thematisch/Gesundheit/Krankheitskosten/Krankheitskosten2120720089004.pdf?__blob=publicationFile
https://www.destatis.de/DE/Publikationen/Thematisch/Gesundheit/Krankheitskosten/Krankheitskosten2120720089004.pdf?__blob=publicationFile
https://www.destatis.de/DE/Publikationen/Thematisch/Gesundheit/Krankheitskosten/Krankheitskosten2120720089004.pdf?__blob=publicationFile

Dallmeyer et al. European Review of Aging and Physical Activity (2017) 14:18

49.

50.

51.

52.

Downward P, Rasciute S. Exploring the covariates of sport participation
for health: an analysis of males and females in England. J Sport Sci.
2015;33(1):67-76.

Stewart ST, Cutler DM, Rosen AB. Forecasting the effects of obesity and
smoking on US life expectancy. New Engl J Med. 2009;361(23):2252-60.
King AC, King DK. Physical activity for an aging population. Public Health
Rev. 2010;32(2):401-26.

Breuer C. Cohort effects in physical inactivity. J Public Health.
2005;13(4):189-95.

Page 9 of 9

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal

* We provide round the clock customer support

e Convenient online submission

* Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at .
www.biomedcentral.com/submit () BiolVled Central




	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Data sources
	Procedure
	Sensitivity analysis

	Results
	Discussion
	Conclusion
	Abbreviations
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	References

