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Abstract

Strong evidence exists that fitness is a physical health resource, which serves to protect one’s health. There is still
uncertainty about which fitness level provides the best health outcome and which measurements can be used for analyzing this
question. This cross-sectional study analyzed 462 (64.07% female) German middle-aged adults regarding their fitness status,
physical activity (Non-Exercise test), body composition (Body Mass Index) and heart-related health status. Motor tests were used
to measure the health-related fitness status. The heart-related health status was surveyed by questionnaire and diagnosis was
done in part by a physician. Relationships between risk factors and fitness factors are visible during the correlative analysis.
They are substantially more visible in the differentiation of people with and without risks. People with low fitness show noticeable
risks in activity, Body Mass Index and heart-related health. People with high fitness show health resources for activity, Body
Mass Index and heart-related health. This study points out that all fitness dimensions influence one’s heart-related health in
a positive way. Fitness is measured objectively and includes all health-related fitness dimensions such as endurance, strength,
coordination and flexibility. Apart from this standardization, we ask for more longitudinal studies and more objective health
measurements.
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Introduction
Fitness is a popular term and everyone wants to be “fit”. However, the understanding of fitness is different.
Subjective perceptions can be to feel good or to feel strong, to have energy or to have strength. It is common that
“being fit” is mostly associated with “being healthy”. What does it mean to be fit or to be healthy? Which fitness level
do people need to reach to be healthy?
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In this paper, the clarification of terms and their relationships is done based on the model of health-related
fitness (HRF) (see Figure 1) by C. Bouchard, S.N. Blair and W.L. Haskell (2012).

Figure 1. Model of health-related fitness
Source: own illustration based on Bouchard et al. (2012).

Defining health is challenging due to the flexible definitions of disease and the progress in treating them and
developing resources (Hardman, Stensel, 2009). The World Health Organization (WHO) (1986) defines health as
a concept emphasizing social and personal resources as well as physical capacities. A. Antonovsky (1996) adds
that physical, social and psychological dimensions are characterized on a continuum with positive and negative
poles. Hence, health is not just the absence of disease, but the capacity to enjoy life and to withstand challenges
(Bouchard, Shephard, 1994). In their study over 20 years ago, P. Becker et al. examined parameters influencing
health and named them “health-related variables” (Becker, Bös, Opper, Woll, Wustmans, 1996). Existing current
literature in the context of fitness and activity concentrates mostly either on the understanding of health in the
physical context (mortality, body composition, blood values etc.) (Warburton, 2006) or on the understanding
of health in a psychological context (well-being, enjoying life) (Bize, Johnson, Plotnikoff, 2007; Olivares, Gusi, Prieto,
Hernandez-Mocholi, 2011). This paper concentrates on aspects of the physical context, in particular the heartrelated health of a person.
According to Figure 1, Physical Activity (PA), HRF, genetics and other factors, such as the individual
environment, directly influence health. PA is every bodily movement produced by the skeletal muscle that results
in energy expenditure (Caspersen, Powell, Christenson, 1985). Physical exercise, in turn, is a subcategory of PA
and describes planned and structured activity (Caspersen et al., 1985). In fact, it aims to maintain or improve
components of physical fitness (PF).
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There is strong evidence that fitness is a physical health resource which serves to protect one’s health (Blair,
Cheng, Holder, 2001; Woll, 2006). HRF is a component of PF, which evolved out of the examined relationship
among fitness, health and PA (Malmberg et al., 2002; Suni et al., 1998). PA favorably affects HRF, whereas
sedentary behavior unfavorably affects it (Bouchard et al., 2012). The most important components of HRF are
cardiorespiratory fitness (endurance), muscular fitness (strength), coordination and flexibility (Bös, Mechling,
1985; Caspersen et al., 1985; Oja, 1991; Samitz, Baron, 2002; Suni et al., 1998). Sometimes other components,
particularly body composition and posture, are added to this health-related understanding of fitness (Bös, Mechling,
1985; Caspersen et al., 1985; Oja, 1991; Samitz, Baron, 2002; Suni et al., 1998).
Middle age, also called middle adulthood, is defined as the life period between early and late adulthood,
including men and women aged 30 to 65 (Berk, 2017; Lademann, Kolip, Deitermann, Bucksch, Schwarze, 2005).
Research groups in fitness/activity context focus mostly on men and women aged 40 to 59 (Sandvik et al., 1993;
Zadworna-Cieślak, Ogińska-Bulik, 2018). We adopt this definition for further possibilities of comparison.
In middle adulthood, people often have their first contact to age-related health problems. Decrease of muscle
mass and bone density, decline in physical capacities, increase of fat mass, sleep complaints, increase in frailty,
chronic and cardiovascular diseases characterize typical symptoms of adults in this life period. People at this age
experience a midlife crisis or menopause and change roles from caring for children to caring for parents (Berk, 2017;
Dishman et al., 2015; Hardman, Stensel, 2009; Lademann et al., 2005; National Center for Health Statistics, 2009;
Rockwood, Song, Mitnitski, 2011; Zadworna-Cieślak, Ogińska-Bulik, 2018).
In the scientific community, it is strongly evident that fitness is a meaningful predictor for health (Blair, Church,
2004; Blair et al., 1989; Bös, Tittlbach, Woll, Suni, Oja, 2012; Brehm, Sygusch, Tittlbach, 2008; Tittlbach, Jekauc,
Schmidt, Woll, Bös, 2017; Williams, 2001). Having a close look at the literature of the last two decades, many
reviews investigated if PA in middle adulthood influences different factors of health (Bize et al., 2007; Blair et al.,
2001; Bucksch, Schlicht, 2006; DiPietro, 2001; Kokkinos, 2012; Reiner, Niermann, Jekauc, Woll, 2013; Trost, Owen,
Bauman, Sallis, Brown, 2002; Vuori, 1998; Wagner et al., 2004; Warburton, 2006). Some reviews addressed the
question of which dose of PA has the highest impact (Haskell, 1994; Lee, Skerrett, 2001; Oja, 2001; Warburton,
2006) or which health outcomes were improved the most by PA (Bucksch, Schlicht, 2006; HHS, 1996; Kokkinos,
2012; Reiner et al., 2013; Warburton, 2006). Nevertheless, up to now, just a few studies exist that examined the
coherence of fitness and health in a longitudinal way (Blair et al., 1995; Sandvik et al., 1993; Schmidt, Tittlbach,
Bös, Woll, 2017). Recently, P. Kokkinos et al. (2017) demanded for extending research with objectively measured
aspects of fitness, such as using valid and reliable tests, like the treadmill test for measuring cardiorespiratory
fitness. Research groups of S.N. Blair (1995) and L. Sandvik (1993) assessed PF using a treadmill test and bicycle
ergometer respectively. S. Schmidt et al. (2017) assessed health during a laborious health examination conducted
by a practicing physician and fitness with 13 motor performance tests in four motor dimensions: cardiorespiratory
fitness, strength, coordination and flexibility. Results of this longitudinal study are various; central to the purpose
of this paper is that health limitations rise with increasing age and with decreasing PF.
Among others, the research groups of L. Sandvik (1993), J. Myers (2004) and S.N. Blair (1989) analyzed the
effect among cardiorespiratory fitness and mortality risk, according to different stages of fitness. L. Sandvik et al.
and J. Myers et al. divided their sample in quartiles, according to the result of an exercise test (cycle ergometer or
treadmill test). S.N. Blair et al. split their sample into quintiles, according to the result of a treadmill test. All three
studies reported an inverse reduction of mortality rates when the fitness level increased. L. Sandvik et al. executed
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a follow-up of middle-aged men after 16 years. The highest fitness quartile had a relative risk of mortality of 0.54
in comparison to the lowest fitness quartile, though results were adjusted for age, smoking, serum lipids, blood
pressure, resting heart rate, vital capacity, Body Mass Index (BMI), PA level and glucose tolerance. J. Myers et al.
executed a follow-up study with men in middle age, too. The highest fitness quartile displays lowest age-adjusted
mortality risk in comparison to the lowest quartile (hazard ratio = 0.28). S.N. Blair et al. executed a follow-up
of around eight years, but with middle-aged men and women. For both sexes, relative risk (with highest quintile as
reference with 1.0) decreased from 1.0 to 3.44 for men and to 4.65 for women. Further studies (Blair et al., 1995;
Kampert, Blair, Barlow, Kohl III, 1996; Katzmarzyk, Church, Blair, 2004) differentiate just two groups: fit and unfit,
but they confirm the findings of Sandvik, Myers and Blair.
Considering all of this evidence, it seems that a lot has been done so far with regards to examining the
construct of HRF, PA and health. However, most of these studies focus on cardiorespiratory fitness. Still, there is
a need of further research, including objective measures of other fitness aspects such as strength, coordination and
flexibility. This is we want our study to complement, while using objective measures in health-related fitness and
heart-related health for our target group of middle-aged adults.
The central aim of this study is to compare middle-aged adults’ risks in activity, body composition and heartrelated health with their HRF level. Related to this, the research question of this study is in which way the level
of HRF influences middle age people’s health.
Derived from the afore mentioned studies, the following working hypotheses are proposed:
1. A higher fitness level relates to a higher activity level.
2. A higher fitness level relates to better results in BMI.
3. A higher fitness level relates to a lower number of heart-related health issues.

Methods
Sample
For the last three years (2015–2017), data has been recorded from different executed studies of our research
group in Germany. This data has now been analyzed for the above-named research question.
The sample includes 462 participants (64.07% female) with an average age of 50.28 years (SD = 4.92) and
an average activity level of 3.69 (SD = 1.32), according to the N-Ex classification1. The average BMI value is 25.34
(SD = 4.17) and around 9% of the sample suffers from heart-related health issues.
All participants first answered different questionnaires including the Non-Exercise questionnaire (N-Ex)
(Jurca et al., 2005) as an activity questionnaire and the Physical Activity Readiness Questionnaire (PAR-Q)2
(Chisholm, Collis, Kulak, Davenport, Gruber, 1975) as a health questionnaire. A physician partly (n = 250) diagnosed
participants regarding different health issues. Secondly, they performed several motor tests in the dimensions
of endurance, strength, coordination and flexibility without a specific order. Additionally, they were measured in
height, weight and waist circumference.

1
Non-Exercise questionnaire from 1 = “no physical activity” to 5 = “more than three hours physical active per week”; see Jurca
et al. (2005).
2
For a detailed description and the handling of the PAR-Q at the EFB see the Handbook for Instructors (Bös, Brehm, Klemm,
Schreck, Pauly, 2017).
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Methodology
The sample was analyzed for the following parameters: motor test results, body composition, activity and
health status. In detail, the analysis integrates one motor test per dimension. For endurance, a step and walking
test are taken into account. Both tests are well validated (Aadahl, Zacho, Linneberg, Thuesen, Jørgensen, 2013;
Laukkanen, Oja, Pasanen, Vuori, 1993). R.M.T. Laukkanen et al. for the 2-km walking test and M. Aadahl et al. for
the step test developed algorithms for estimating the VO2max. Further motor tests were a push-up test for strength
(number of push-ups), a flamingo balance test for coordination (number of fails) and a sit & reach test for flexibility
(reaching length). All tests are well evaluated and used often (Klemm, Brehm, Bös, 2017; Tittlbach et al., 2017).
BMI represents the body composition3. BMI is classified in a bivariate parameter with either a healthy BMI from
18.5 to 24.9 (0) and an unhealthy BMI starting from 25.0 (1). People who were underweight were negated because
of different health risks and low participant numbers (n = 7).
PA is displayed through the N-Ex test (questionnaire from 1 = ”no physical activity” to 5 = ”more than three
hours physically active per week”) (Jurca et al., 2005). PA in this context is described as “at least moderate intensity,
that means with substantial increases in breathing and heart rate” (Bös et al., 2017; Jurca et al., 2005). Activity is
calculated into a bivariate parameter as well. According to WHO recommendations (WHO, 2010) and the possible
threshold the N-Ex allows, people with an activity level below one hour per week were classified with “1” and people
with at least one hour per week of activity with “0”.
Health is measured either by self-assessed health questionnaire and/or by diagnosis from a physician.
The physician was not available at all test days. That is why 212 participants just answered the self-assessed health
questionnaire. To have the best possible display of heart-related health we matched the following questions of the
self-assessed questionnaire with the cardiovascular diagnosis of the physician:
1. Has your doctor ever said that you have a heart condition and that you should only do physical activity
recommended by a doctor?
2. Do you feel pain in your chest when you do physical activity?
3. In the past month, have you had chest pain when you were not doing physical activity?
This diagnosis rated the cardiovascular status of the participant in five categories: (1) chronical manifest;
(2) chronical beginning; (3) acute long-term; (4) acute short-term and (5) unremarkable healthy.
In summary, these questions were pooled to the bivariate parameter “heart-related health” with either no
heart problems (0) or any heart problems (1). Fitness and activity are identified as heart disease risk factors through
studies and meta-analysis in the last few years (Blair et al., 2001; Williams, 2001). Mostly, activity was focused.
In our study, the focus lies on fitness including all relevant fitness dimensions.

Statistics
Statistical analysis is separated for sex, but not for age. Regarding the analyzed fitness parameters, men and
women display great significant differences. The chosen age group of middle-aged people display low mean value
differences. Therefore, a comparison regarding age for fitness, activity and BMI was neglected.

3

2017).

Full descriptions and scientific background of every single test item can be found in the Handbook for instructors (Bös et al.,
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First, correlations were calculated. Second, extreme value comparisons were executed due to an assumed
limited linear correlation. People at risk concerning activity (less than one hour per week of PA), body composition
(BMI ≥ 25.0) and coronary risks (acute heart issues) were compared with people without risk regarding fitness in
the dimensions of endurance, strength, coordination and flexibility. It is anticipated that both groups display great
differences in their fitness.
Hypotheses were proven through 1) examining a correlation matrix; 2) examining mean values of extreme
groups (with risk, without risk).
The significance level is set for .05 (*significant ≤ 0.05, **highly significant ≤ 0.01). Pearson’s correlations are
categorized as low (r ≥ 0.10), medium (r ≥ 0.30) or high (r ≥ 0.50) (Cohen, 1992). Partial eta square (η²) is as well
categorized after J. Cohen (1992) to low (η² ≥ 0.01), medium (η² ≥ 0.06) or high (η² ≥ 0.14). Calculations are done
with IBM SPSS Version 24. All study participants agreed in writing to the usage of the anonymized data for scientific
calculations and publications.

Results
Correlative Relationships between fitness and risk factors:

Table 1. Correlations between the fitness dimensions and activity, BMI and heart-related health
Men (n = 166)

Women (n = 296)

N-Ex

BMI

Heart

N-Ex

BMI

Heart

Endurance

0.46**

–0.39**

–0.19*

0.30**

–0.28**

–0.23**

Strength

0.25**

–0.17*

–0.26**

0.28**

–0.28**

–0.21**

Coordination

0.21**

–0.33**

–0.17*

0.26**

–0.38**

–0.29**

Flexibility

0.19*

–0.23**

–0.18*

0.22**

–0.28**

–0.19**

Fitness overall

0.35**

–0.36**

–0.28**

0.29**

–0.37**

–0.25**

Table 1 displays the significant correlations between activity, BMI, heart-related health and all fitness
dimensions, which spread from 0.17 to 0.46. Explanation of variance ranges between 3% and 21%.
The highest correlations are visible between activity and fitness, especially at endurance (males = 0.46,
females = 0.30). Almost the same values display the correlation between BMI and all fitness dimensions. In particular,
endurance shows highest correlation for men and coordination for women in terms of BMI. Correlations between
health index and fitness is lower, but for fitness overall, correlations of 0.28 (men) and 0.25 (women) occur.
All three working hypotheses can be verified, though relations are somehow low. The question now is if
correlations between activity, BMI, health index and fitness become clearer through comparing extreme groups
(with risk, without risk).
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Extreme groups comparison (with risk, without risk) regarding fitness:
1. Activity and fitness

Table 2. Extreme groups comparison of activity regarding the fitness dimensions in male participants
n

Endurance

Strength

Coordination

Flexibility

Overall fitness

Q1 (M(SD))

31–36

0.58 (0.50)

0.36 (0.49)

0.38 (0.49)

0.38 (0.49)

0.48 (0.51)

Q5 (M(SD))

24–44

0.10 (0.31)

0.16 (0.37)

0.23 (0.42)

0.18 (0.39)

0.08 (0.28)

F

20.277

3.459

1.965

3.152

12.012

P

0.000

0.067

0.165

0.081

0.001

η²

0.26

0.05

0.03

0.05

0.19

Table 3. Extreme groups comparison of activity regarding the fitness dimensions in female participants
n

Endurance

Strength

Coordination

Flexibility

Overall fitness

Q1 (M(SD))

48–66

0.40 (0.49)

0.42 (0.50)

0.52 (0.50)

0.38 (0.49)

0.43 (0.50)

Q5 (M(SD))

46–85

0.11 (0.32)

0.17 (0.38)

0.26 (0.44)

0.18 (0.39)

0.15 (0.36)

F

12.750

8.640

9.753

5.297

10.419

P

0.001

0.004

0.002

0.023

0.002

η²

0.11

0.07

0.07

0.05

0.09

Activity displays the results of the N-Ex questionnaire. People at risk in activity (Q1) are defined as less than
one hour active per week (less than 400 kcal energy expenditure per week). The differences between people with
and without risk are all significant and partly very high (Tables 2 and 3). η² varies from 0.03 to 0.26 for men and from
0.05 to 0.11 for women. The greatest differences show the endurance for men and women. The smallest differences
occur for men regarding coordination and for women regarding flexibility.
Mean values are scaled 0–1, which allows a direct interpretation with a percentile score. As displayed in
Tables 2 and 3, 36–58% of men and 38–43% of women in Q1 have the risk factor inactivity. In the fit group of Q5,
only 8–23% of men and 11–26% of women have the risk factor inactivity.
This result is clear and confirms working hypothesis 1. Low fit people (Q1) more often display the risk factor
inactivity than high fit people do.
2. Body composition and fitness

Table 4. Extreme groups comparison of BMI regarding the fitness dimensions in male participants
n

Endurance

Strength

Coordination

Flexibility

Overall fitness

Q1 (M(SD))

31–39

0.84 (0.37)

0.72 (0.46)

0.78 (0.42)

0.75 (0.44)

0.81 (0.39)

Q5 (M(SD))

24–45

0.27 (0.45)

0.47 (0.51)

0.38 (0.49)

0.50 (0.51)

0.21 (0.41)

F

29.259

4.747

14.229

4.089

32.052

P

0.000

0.033

0.000

0.048

0.000

η²

0.33

0.06

0.16

0.06

0.37
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Table 5. Extreme groups comparison of BMI regarding the fitness dimensions in female participants
n

Endurance

Strength

Coordination

Flexibility

Overall fitness

Q1 (M(SD))

51–68

0.48 (0.50)

0.63 (0.49)

0.67 (0.48)

0.48 (0.50)

0.53 (0.50)

Q5 (M(SD))

43–81

0.15 (0.36)

0.24 (0.43)

0.17 (0.38)

0.19 (0.39)

0.09 (0.29)

F

14.352

18.752

43.299

11.670

26.584

P

0.000

0.000

0.000

0.000

0.000

η²

0.12

0.15

0.25

0.09

0.20

BMI represents the parameter for body composition. People at risk concerning body composition display
a BMI of 25 or higher (according to WHO (2018) classification), and therewith have the risk of being overweight.
Differences between people with and without risk are all significant and partly very high (Tables 4 and 5).
η² varies from 0.06 to 0.37 for men and from 0.09 to 0.25 for women. The greatest differences show the overall
fitness for men and the coordination dimension for women. The smallest differences occur when looking at flexibility
for men and women.
Mean values are scaled from 0–1, which allows a direct interpretation with a percentile score.
According to table 4, 19–26% of men in Q1 have the risk factor of being overweight, whereas 10–22%
of women in Q1 display this risk factor (Table 5). In the fit group of Q5, 0–7% of men and 0–2% of women display
the risk factor of being overweight.
This result is clear and confirms working hypothesis 2. Low fit people (Q1) more often have the risk factor
of being overweight than high fit people (Q5) do.
3. Fitness and heart-related health

Table 6. Extreme groups comparison of heart-related health regarding the fitness dimensions in male participants
n

Endurance

Strength

Coordination

Flexibility

Overall fitness

Q1 (M(SD))

30–35

0.23 (0.43)

0.26 (0.44)

0.19 (0.40)

0.26 (0.44)

0.25 (0.44)

Q5 (M(SD))

24–41

0.03 (0.18)

0.03 (0.18)

0.05 (0.22)

0.07 (0.27)

0.00 (0.00)

F

5.495

7.243

3.999

3.513

7.714

P

0.023

0.009

0.049

0.066

0.008

η²

0.09

0.10

0.05

0.06

0.13

Table 7. Extreme groups comparison of heart-related health regarding the fitness dimensions in female participants
n

Endurance

Strength

Coordination

Flexibility

Overall fitness

Q1 (M(SD))

47–66

0.16 (0.37)

0.17 (0.38)

0.22 (0.42)

0.10 (0.31)

0.15 (0.36)

Q5 (M(SD))

45–83

0.00 (0.00)

0.00 (0.00)

0.01 (0.11)

0.02 (0.14)

0.00 (0.00)

40

F

10.332

9.374

19.248

3.395

8.213

P

0.002

0.003

0.000

0.068

0.005

η²

0.09

0.08

0.13

0.03

0.07
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The heart-related health index includes coronary risks, built up through health questions and a diagnosis by
a physician.
People with the risk factor for coronary risk have been classified by a physician or confirmed this risk with
a self-assessed questionnaire.
The differences between people with and without risk are all significant and partly very high (Tables 6 and 7).
η² varies from 0.03 to 0.26 for men and from 0.05 to 0.11 for women. The greatest differences show the endurance
for men and women. The smallest differences occur regarding coordination for men and flexibility for women.
The mean values are scaled 0–1, which allows a direct interpretation with a percentile score. As displayed
in Tables 6 and 7, 19–26% of men and 10–22% of women in Q1 have the risk factor coronary risk. In the fit group
of Q5, only 0–7% of men and 0–2% of women have the risk factor coronary risk.
This result is clear and confirms working hypothesis 3. Low fit people (Q1) more often have coronary risk than
high fit people (Q5) do.

Discussion
In summary, these results suggest first tendencies regarding the statement “fitter people are healthier people”
and “the more fit the healthier”. The above shown aspects of activity, body composition and heart-related health
display mostly definite results for male and female subjects in relation to their fitness level. All working hypotheses
can be confirmed.
The relationships between risk factors and fitness factors are visible during the correlative analysis. They
are substantially more visible in the differentiation of people with and without risks. People with low fitness show
noticeable risks in activity, BMI and heart-related health. People with high fitness show health resources for activity,
BMI and heart-related health.
Activity (measured with N-Ex) and fitness show the clearest relationship. It is evident that especially the
endurance dimension displays a strong relationship with fitness as well as the overall fitness value. Flexibility and
activity display low relations. These results are in line with our expectations.
Body composition, measured with BMI, displays an expected clear relationship to the fitness dimensions.
In those dimensions, where body mass needs to be moved (endurance dimension), overweight and obese people
have considerable disadvantages. With female participants, coordinative-weak women are most overweight.
Heart-related health, measured with a questionnaire and a physician’s diagnosis, displays clear relationships
to fitness as well. The extreme value comparison suggests that there exists a threshold, and no strict linear relation
between fitness and heart-related health exists. However, these results provide further support for people with high
fitness to have better health chances.
It is unfortunate that the study includes some limitations. One source of weakness of this study is the sample
bias. Though part of the sample was gathered in a random-control study, altogether subjects are on average fit
and healthy. It is more striking that within this group of limited variances, those clear relationships between activity,
body composition, heart-related health and fitness can be observed. It can be assumed that a more representative
sample displays even clearer results.
Additionally, heart-related health in parts and activity are measured via questionnaires that subjects answered
by themselves. Health is a broad construct as well (WHO, 1986). Body composition and heart-related health
cover just a small part of this construct. Furthermore, self-assessed health and objectively diagnosed health are
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summed up for having one comparable parameter of health. Finally, yet importantly, this study presents crosssectional data. No statement can be made regarding the question if people with a higher coordination or flexibility
level stay healthier over the long term, for example. As stated in the introduction, long-term studies focusing on
cardiorespiratory endurance are numerous, but studies including the further health-related fitness dimensions are
hard to find. A concrete next step needs to be a follow-up study regarding the motor dimensions displayed in our
study. This point will be broadly described in the conclusion section.
This study points out that the level of fitness relates to one’s health, and vice versa, in a positive way. Precisely,
a higher fitness level in endurance, strength, coordination and flexibility relates to lower issues in heart-related
health.
In sum, this study presents a tendency other research groups can confirm with their studies (Blair et al., 1989;
Myers et al., 2004; Sandvik et al., 1993; Schmidt et al., 2017; Tittlbach et al., 2017). However, some challenges still
remain and need to be focused on in further studies:
1. Assessing fitness objectively must be standardized. Not just assessing one aspect of PF like
cardiorespiratory, which is evidently linked to health issues (Blair et al., 1989; Myers et al., 2004; Sandvik
et al., 1993; Schmidt et al., 2017; Tittlbach et al., 2017). Measuring a broad fitness status including strength,
coordination and flexibility can reveal further acknowledgments, which at this moment no one thought of in
detail (Brehm, Wagner, Sygusch, Schönung, Hahn, 2005).
2. Having a clear standard for displaying fitness levels. Different authors structured fitness levels in quintiles,
quartiles or according to the metabolic equivalent of task (MET). This study focused on quintiles according
to percentile ranks. In general, all of these studies generated their reference group out of their own sample.
3. Assessing health with the help of practicing physicians or the like. This study only integrated BMI and
heart-related health in part as objectively measured health aspects. However, the aim must be to have
a fully objective measured health construct (Brehm et al., 2005).
4. There should be a demand to examine different specific health aspects that are influenced through
an increase of PF. In completion to the first point, PF should be measured in different dimensions to
have concrete recommendations for the practical field. In general, more studies should be executed as
longitudinal studies to get statements regarding the dose-response-relationship.
5. Current studies focus on sedentary behavior as a higher risk factor than inactivity (Katzmarzyk, 2010;
Thorp, Owen, Neuhaus, Dunstan, 2011). We could not examine this parameter with our sample. The focus
of further research needs to have a full investigation of this risk factor as well.
This study is part of an overall evaluation of the EFB. This instrument aims to measure fitness and additional
aspects such as body composition and posture to figure out individual recommendations for each participant. Every
participant gets a certificate and seven pages of detailed feedback according to the results achieved. Based on this,
they receive recommendations by their trainer e.g. for attending special sport classes (Klemm et al., 2017). This
study confirms the assumption that a rise in PF, independent of people’s fitness level, can improve the heart-related
health of a person. This is the fundamental motivation of the EFB and its developers.
The most common reasons for Europeans to be physically active is to improve their health (54%) or to improve
their fitness (47%) (European Commission, 2018). With the help of the EFB counselling, they get an idea of how to
raise their fitness level and therewith to improve their health. Still, there is a need for more studies with standardized
tests, broad samples and executed longitudinal style to tell participants what they will benefit from. For practical
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relevance it can be stated that an increase in structured and well-planed activity (Tittlbach et al., 2017) increases
fitness and therewith increases health.
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