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per week of moderate-intensity aerobic activity (or at least 
75 min of vigorous-intensity activity or an equivalent com-
bination), plus muscle-strengthening activities twice a week 
[3]. Estimates for Germany suggest that less than 25% of 
the adult population reach this [4]. The disease burden 

-
sequences on both healthcare systems and the society as a 
whole [5, 6]. Hence, achieving the aim of the WHO Global 

7] to reduce the global 

Background

1] 

of chronic, non-communicable diseases such as coronary 
heart disease, stroke, type 2 diabetes mellitus, and several 
types of cancer [2, 3
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important impact on population as well as individual health 
and well-being, healthcare systems, and the society.

8] sum-
marized population-based studies examining the economic 

in the estimates between but also within countries due to 

categories considered. In general, studies using an econo-
metric approach yielded higher estimates than those using 

of healthcare use) and does not restrict the analysis to the 
costs of certain key diseases. In addition to methodological 

-
ric approach were based on older populations, an age group 

[8

of people aged 48 to 68 years from Southern Germany for 

healthcare costs [ ]. They found an association of device-

healthcare costs.

or during transportation count towards the recommended 
3]. However, most of the previous studies on the 

]). In addition, the health 
-

3], which may also translate into 

Therefore, the overall aim of the current study was to 

were addressed: (1) How do healthcare and indirect costs 

-

Methods

This manuscript was prepared in accordance with the 
adapted Consolidated Health Economic Evaluation Report-
ing Standards (CHEERS) for studies examining the eco-
nomic burden of physical inactivity and other risk factors 
[8].

Study design and sample

The study was a cross-sectional study based on individual-
level data from the baseline examination of the German 

multi-center, population-based prospective cohort study. 

participated in the baseline assessment, which consisted of 
a face-to-face interview, self-administered questionnaires, 
and several biomedical examinations [11

(the time of data transfer for this study), n = 157,648 (78%) 
had complete data on the outcome (healthcare costs) and 

-
ple of this study (n = 148,586 [73%] had complete data on 

Outcome variable(s): healthcare and indirect costs

The primary cost perspective adopted was that of the health-
care payer. However, all analyses were also conducted from 
a broader perspective that additionally included certain cat-
egories of indirect costs.

dose, and frequency of intake) was collected in the face-to-
face interview. Medications were excluded if they were not 
prescribed by a physician (self-reported by the participants) 
or if they were contraceptives, homeopathic medicines, 
vaccines, or dietary supplements without a pharmaceutical 
registration number. The remaining information on health-
related resource use was collected via a self-administered 

and specialist physician, inpatient, and rehabilitation ser-
vices in the last 12 months. Healthcare costs were calcu-
lated by monetarily valuing resource use by standardized 
unit costs [12] and pharmacy retail prices [13].

Indirect costs considered in this study were costs of 
lost productivity due to sick leave or health-related early 
retirement, which were calculated using the human capital 
approach [14]. To this end, average gross labor costs [15] 
were used to monetarily value productivity losses, taking 

16]. 
In a sensitivity analysis, costs due to productivity loss were 
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calculated based on the friction cost approach [14], assum-
ing a 134-day friction period [17
rate of lost productivity by other employees during the sick 
leave or friction period [18].

a time horizon of 12 months (in line with the period covered 
by the questionnaire on resource use) and were therefore not 
discounted.

Exposure variable: physical activity

-
], an extensively validated question-

naire [ –24

includes questions on the time spent in moderate and vig-

-

(the usual way to travel to and from places, excluding work-

be summarized by assigning metabolic equivalents of tasks 

4 MET were assigned to moderate and 8 MET to vigorous 
activities [25
was multiplied by the respective MET value to obtain MET-
minutes per week.

-
≥

equivalent to ≥ ≥ 75 min in vigor-
3

as very low (< <

< -
≥ 26]. 

Covariates

study were age, sex, study site, migration background (yes; 
no), marital status (single or unmarried; married, cohabiting; 
married, not cohabiting or separated; divorced; widowed), 
socioeconomic status (International Socio-economic Index 

27, 28], risky alcohol 
> 4 [male] or > 3 [female]) 

[ ], smoking status (current smoker; former smoker; 
non-smoker), and the number of comorbidities (history of 

myocardial infarction, congestive heart failure, peripheral 
arterial disease, stroke, chronic lung disease, rheumatoid 

-
gren’s syndrome, gastric ulcer, liver cirrhosis, diabetes mel-

Statistical analysis

Item-level missing data in covariates relevant to the analysis 
were low (6.3% in the socioeconomic status variable; <1% 
in the remaining covariates) and were replaced by single 
imputation techniques (e.g., mean or mode) [ ]. To account 
for the right-skewed distribution and the zeros in the health-

two-part models were calculated [31
probability of having non-zero costs was estimated using a 
probit model. In the second part, a generalized linear model 
(GLM) with a log-link function and gamma distribution 

-

high [secondary analysis]) were predicted from the com-

sex, study site, migration background, marital status, socio-
economic status, risky alcohol consumption, and smoking 

plus the number of comorbidities to address potential con-
founding or reverse causation (e.g., individuals with low 
physical activity have high costs due to prior health events 
or pre-existing health conditions that limit their ability to be 
active but are also associated with high costs). Results of the 

Several additional analyses were conducted. The primary 
and secondary analyses were rerun when productivity losses 
were calculated using the friction cost approach instead of 
the human capital approach. The secondary analysis was 

into quintiles based on the distribution in the sample.
-

application of two-part models in Stata using the twopm 
command to analyze healthcare costs is provided by Belotti 
et al. [31 -

(CI) based on robust standard errors.
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to have a fair to poor self-reported health status (14.1% vs. 

Primary analysis

In the primary analysis (Table 2 -
mographic and behavioral risk factors (Model 1), the aver-

+

Results

Sample characteristics are displayed in Table 1, for the 
total sample (n = -

sample (n =

n = 18,588) was 

Table 1

Total sample (n = 157,648) n = n = 18,588)

Educational degree - n (%)
 Low
 Medium
 High

3765 (2.55)
Employment statusa - n (%)
 Employed

3622 (2.62) 456 (2.47)
 Inactive 24,662 (17.86)

2357.33 (3.85)
b - mean (SE)

Marital status - n (%)
45,454 (28.84)

 Married, cohabiting
2686 (1.7)

 Widowed 3673 (2.33) 3361 (2.42) 312 (1.68)
Migration background - n (%)

 Good 85,455 (54.27) 74,522 (53.65)

Number of comorbiditiesc - mean (SE)
Body mass index - mean (SE)
Risky alcohol consumption - n (%)
Smoking status - n (%)
 Non-smoker, never smoked 74,257 (47.14)

51,567 (32.73)
 Smoker 4755 (25.6)
Notes: The frequencies may not add up to the total number of individuals in the group, as the frequencies and percentages were calculated 

by simple imputation techniques
a

handicaps])
b

higher scores indicating higher socioeconomic status
c -
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Secondary analysis

5 1

the highly active group having higher mean costs than the 

Additional analyses

for the monetary valuation of productivity losses decreased 
the mean costs but did not alter the results of the main analy-
sis (Tables 7 and 8 in the appendix).

Repeating the secondary analysis with distribution-based 

MET-values, but also indicated that costs decreased with 
-

tile appeared to be associated with increasing costs again 
(Table 6 2

+ -
rect costs to the dependent variable, the results had a similar 

Model 1), but with mean costs being considerably higher in 
both groups.

active group in all age groups (Table 3). In Model 1, the 

-

by cost category (Table 4

Table 2

By age group
Total sample +

Healthcare costs
Model 1

188 (64, 311) 7 (-131, 144)
Model 2

1552 (1331, 1773)

135 (15, 255)
Healthcare + indirect costs
Model 1

3166 (2885, 3448) 4646 (4411, 4882)
8463 (8262, 8663)

556 (264, 847)
Model 2

3146 (2871, 3421)
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-
ciated with higher costs.

-

3], there has been emerging evidence 
for the existence of a PA paradox, that is, the observation 

are largely independent [32

-

-

Discussion

In this cross-sectional study based on a large population-

with higher average healthcare and indirect costs compared 

+ years, an age group where chronic diseases (associated 
-
-

Table 3

By age group
Total sample +

Healthcare costs
Model 1

2335 (2247, 2424)
184 (53, 314) 138 (38, 237)

Model 2

1221 (1125, 1317)
156 (75, 237)

Healthcare + indirect costs
Model 1

5332 (5223, 5442)
4762 (4676, 4848) 2546 (2431, 2661)

341 (167, 514) 448 (278, 618)
Model 2

2552 (2437, 2668)

Table 4

Inpatient Outpatient Rehabilitation Medication Indirect costs

Model 1
163 (154, 171) 3251 (3178, 3325)

438 (434, 442)
11 (5, 18) -14 (-24, -3) 353 (263, 442)

Model 2

441 (437, 445)
4 (-2, 11)
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-
ferent combinations of) socioeconomic and behavioral risk 
factors.

accumulation of risk factors in individuals with high occu-

and environmental risks) [33, 34 -

Table 5

sample

Leisure Work Transport

Healthcare costs
Model 1
 Very low
 Low
 Medium
 High 1776 (1721, 1831)
Model 2
 Very low
 Low
 Medium
 High
Healthcare + indirect costs
Model 1
 Very low
 Low
 Medium 4725 (4562, 4888) 4721 (4568, 4875)
 High 4743 (4643, 4843)
Model 2
 Very low
 Low
 Medium
 High

Fig. 1

-
background, marital status, socioeconomic status, risky alcohol con-
sumption, and smoking status (Model 1). Crossed centerlines indicate 
group means
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for model choices in future studies aiming, for example, 

activity by a certain level in a particular domain.

Comparison with similar studies

In general, directly comparing the current study to previous 

context (e.g., country and healthcare system, population 

which have been pointed out by previous authors [8, 36]. In 

[37
of aggregate healthcare expenditure, and Valero-Elizondo et 
al. [38

level costs (including healthcare, out-of-pocket costs, and 
home health care) in people with and without cardiovascu-

minimum (e.g., ≥ 3]. In the 

-

groups. However, this may be related to the suspected over-
35

alone, 61% of the sample (more than twice the proportion 
of previous estimates! [4]) met the WHO recommendations 

> >

indicated an inverse negative trend between increasing lei-

-
ries). This also suggests a non-linearity in the association 
between physical activity and costs, which has implications 

Table 6

examination sample

Leisure Work Transport

Healthcare costs
Model 1

-
1768 (1683, 1854)

Model 2

- 1751 (1655, 1847)

Healthcare + indirect costs
Model 1

-

4617 (4465, 4768)
5414 (5263, 5565)

Model 2
5668 (5516, 5821) 4738 (4646, 4831)

-
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monetization, and the question about inpatient hospital days 
also did not distinguish, e.g., between intensive care, normal 
care, and psychiatric care. This may have led to a further 
underestimation of costs. Therefore, subsequent analyses 
that calculate healthcare costs based on claims data and 

valid results but may lack important contextual information 

for a sub-sample and this data could not yet be requested at 

ongoing quality control and data preparation. Third, only 
productivity losses due to sick leave and health-related early 

costs of informal care or even environmental impacts (e.g., 
42]). 

inclusion probabilities of certain population groups are not 
-

alizability of the results to the German adult population. 

are in theory assumed to be a mediator of the association 

also be a confounding factor, and thus not taking them into 
account could lead to an overestimation of the costs attribut-

-
bidities was taken into account (although adding up exist-
ing chronic diseases to an unweighted, continuous variable 
could also be criticized) [8]. However, in a cross-sectional 

future longitudinal analyses (e.g. using subsequent exami-

Conclusions

In this cross-sectional study based on a large population-

associated with higher average healthcare and indirect 

-
ing medication costs) in a sample of healthy, non-disabled 

]. Similarly, in the current study, the 

to mid-aged adults was less evident when also controlling 
for the number of comorbidities and excluding people with 
severe activity impairment from the analysis. However, the 

+ years, an age at which chronic diseases usu-
ally manifest. One of the very few longitudinal studies in 

mid-aged women and found that maintaining high leisure 
-

care and out-of-pocket costs, and that any period of increas-
].

in a relatively small sample from Brazil (n = -
gno et al. [ ] compared the percentage of people in the top 

-

] used a regional 

a cross-sectional association between device-assessed but 

The current study adds to the existing evidence by using 
a large population-based sample from Germany to analyze 

-
care costs but also indirect costs from sick leave or health-

Limitations

Several limitations need to be highlighted that led to the 
decision not to use the results to estimate the economic 

prone to reporting bias and may have led to an underreport-

[35, 41]. Second, the resource utilization questionnaire used 
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Global action for public health. Lancet. 380

-
ease and life expectancy. Lancet. 380

-
lines on physical activity and sedentary behaviour. Br. J. Sports 
Med. 54

-
388

The cost of inaction on physical inactivity to public health-care 

Health. 11

-

Med. 51
-

assessed and self-reported physical activity: Results from a cross-
18(1), 

Health. 60

37

-

-

-

-

-
=de&bookmarkId=

-

-
ies are needed that enhance understanding of the tempo-

potentially mediating or confounding role of chronic dis-
eases or health status in this context.
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