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Abstract: Li-Fraumeni-syndrome (LFS) is a rare, highly penetrant cancer predisposition syndrome
(CPS) caused by pathogenic variants (PVs) in TP53. Physical activity (PA) and a Mediterranean
diet lead to cancer reduction or survival benefits and increased quality of life (QoL), but this is yet
unstudied among LFS. TP53 PV carriers (PVC) and their relatives were questioned on dietary patterns
(Mediterranean Diet Adherence Screener), PA (Freiburg Questionnaire), QoL (Short-form-Health-
Survey-12), smoking, alcohol consumption and perception of cancer risk in a German bi-centric
study from March 2020–June 2021. The study enrolled 70 PVC and 43 relatives. Women compared
to men (6.49 vs. 5.38, p = 0.005) and PVC to relatives (6.59 vs. 5.51; p = 0.006) showed a healthier
diet, associated with participation in surveillance (p = 0.04) and education (diet p = 0.02 smoking
p = 0.0003). Women smoked less (2.91 vs. 5.91 packyears; p = 0.03), psychological well-being was
higher among men (SF-12: males 48.06 vs. females 41.94; p = 0.004). PVC rated their own cancer
risk statistically higher than relatives (72% vs. 38%, p < 0.001) however, cancer risk of the general
population was rated lower (38% vs. 70%, p < 0.001). A relative’s cancer-related death increased the
estimated personal cancer risk (p = 0.01). The possibilities of reducing cancer through self-determined
health behavior among PVC and relatives has not yet been exhausted. Educating families with a
CPS on cancer-preventive behavior requires further investigation with regard to acceptance and
real-life implementation.

Keywords: pathogenic TP53 germline variant; Li-Fraumeni syndrome; cancer prevention; physical
activity; cancer predisposition; SF-12; MEDAS

1. Introduction

Li-Fraumeni syndrome (LFS) is a rare and highly penetrant cancer predisposition
syndrome (CPS) caused by pathogenic/likely pathogenic variants (PVs) in the TP53 tumor
suppressor gene. Complex surveillance strategies are recommended for early cancer
detection and increased overall survival [1,2]. Individuals and relatives are known to carry
an emotional burden [3]. A recent study has outlined the complexity of LFS implementing
a new definition of the LFS spectrum rather than one syndrome, aiming at individualizing
cancer prevention and surveillance strategies TP53 PV carriers [4].

Lifestyle factors such as obesity, physical activity, diet, alcohol, and smoking are con-
sidered modifiable cancer risk factors [5,6]. According to the German Robert Koch Institute,
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a healthy diet, physical activity, and body weight have a high prevention potential for can-
cer [7]. In cancer patients, a survival benefit and an increased quality of life (QoL) through
physical activity (PA) is known throughout therapy and beyond [8–11]. PA was further
found to have an attributed risk reduction of up to 20% for breast cancer (BC) in cases of
familiar risk and genetic susceptibility [12]. Dietary studies focusing on the Mediterranean
diet have shown a protective anticancer effect in the general population [13,14]. A healthy
diet reduced the risk of developing BC for women with a germline BRCA1/2 PV [15]. Beside
PA and dietary patterns, lifestyle changes in terms of avoidance of well-recognized carcino-
gens such as smoking and alcohol consumption [16] might be preventive options, especially
for people with a CPS who need health education regarding a cancer preventive lifestyle.
Altogether, there are several options for self-determined cancer prevention strategies, yet
not established within German guidelines.

The purpose of this study was to analyze lifestyle factors including nutrition, PA, and
smoking habits among TP53 PV carriers and their social environment. To the best of our
knowledge, this is the first study to address these questions.

2. Methods
2.1. Study Population

This questionnaire-based bicentric study conducted at the University Hospitals in
Heidelberg and Hannover, Germany, was open to TP53 PV carriers ≥18 years and their rel-
atives between March 2020–June 2021. All TP53 PV carriers and relatives consulting these
centers were offered study participation independent of their current heath or treatment
status (active recruitment). In addition, the study was promoted through patient orga-
nizations, social media channels, newsletters, and personal contacts. Adequate German
language skills were a requirement for participation. All participants provided written
informed consent. Results were correlated with TP53 PV carriers vs. relative status, sex,
income, and body weight.

2.2. Measurements

Sociodemographic data were assessed using 15 self-designed items (Supplementary
Material File S1). Nutrition habits were evaluated employing the validated German ver-
sion of the Mediterranean Diet Adherence Screener (MEDAS) instrument with 12 items
on food intake and analyzed according to the published manual with a maximum of
14 points [17,18]. Physical activity (PA) was measured using the validated 12-item Freiburg
questionnaire, covering PA at work, during leisure time, and sports. The claimed duration
of activities was converted to metabolic equivalents (MET) as previously described [19]. The
German version of the well-known Short Form Health Survey 12 (SF-12 Version 2.0,Hogrefe,
Göttingen, Germany ) was used for health-related QoL measures, subdivided into mental
and physical health [20]. In addition, all study participants were asked to estimate their
own cancer risk and the risk of the general population; relatives were asked about the abso-
lute cancer risk of TP53 PV carriers. Part of the questionnaire can be found as Additional
File S1.

2.3. Statistical Analysis

The statistical analysis was performed using R 4.1.1. (Vienna, Austria) Empirical
distributions were determined by absolute and relative frequencies for categorical variables
using available case analysis. For continuous variables and composite scores, the mean
value, standard deviation, minimum, maximum, and median were calculated. For group
comparison of numerical data, we performed Mann–Whitney U tests as the presumptions
for an ANOVA were not met. Associations were determined using a correlation test based
on the Pearson’s coefficient for continuous variables and the Spearman’s coefficient for
ordinal variables. p-values ≤ 0.05 were regarded as significant.
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3. Results
3.1. Study Cohort, Cancer Experiences

The study enrolled 113 participants (81 women, 72%; 32 men, 28%): 70 TP53 PV
carriers (58 women, 83%; 12 men, 17%) and 43 relatives (23 women, 53%; 20 men, 47%).
The recruitment flow chart is shown in Figure 1. The social environment group comprised
20 spouses, 4 partners, 19 family members such as adult children, parents or siblings.
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Figure 1. Flow chart of active recruitment. PV = pathogenic/likely pathogenic TP53 variant carriers.

The mean time since diagnosis of the TP53 PV was 4 years (range 0–25 years). For 3%
of the study population, the diagnosis was made only in the past year, whereas 4% had
been living with the diagnosis for more than 10 years.

Sociodemographic data are shown in Table 1. In brief, the average participant was
aged 40 years (mean, range 20–69 years), married (n = 65, 58%), and had children (n = 68,
60%). A statutory health insurance (n = 105, 93%) was most common. More than half of the
participants were currently employed (n = 66, 58%), with an average monthly net income
of EUR 3,380, and 38% had a university degree (n = 42).

Regarding the prevalence of cancer, 51 study participants (45%) had received at least
one cancer diagnosis (TP53 PV carriers: n = 47, 67%; 4 relatives: n = 4, 9%). 4% (n = 4)
of the study population reported losing a sibling or child to cancer. Their own risk of
developing cancer was rated significantly higher by TP53 PV carriers than by their relatives
(72% vs. 38%, p < 0.001). In contrast, the risk of the general population to develop cancer
was estimated statistically significantly lower than by the relatives (38% vs. 70% p < 0.001).
The relatives estimated the mean absolute cancer risk for the TP53 PV carriers as 80%. A
death of a relative from cancer was the only factor with a statistically significant impact on
the estimation of the TP53 PV carriers’ own cancer risk (p = 0.01), but not among relatives
(p = 0.33). In contrast, neither a personal cancer diagnosis nor that of a family member
influenced the perceived cancer risk estimate (carriers: p = 0.89; p = 0.30; relatives: p = 0.12;
p = 0.69). In our study cohort, 80% of TP53 PV carriers followed at least some of the
recommended surveillance recommendations [1,2].
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Table 1. Characteristics of all study participants with a pathogenic/likely pathogenic (P/LP) TP53
germline variant as well as their relatives as captured with the questionnaire.

P/LP TP53 Variant Carriers
(n = 70) Relatives (n = 43) p-Value

Sex <0.01

Male n (%) 12 (17.14) 20 (46.51)

Female n (%) 58 (82.86) 23 (53.49)

Age (years) 0.27

Mean ± SD [range] 41.52 ± 12.11 [20–54] 38 ± 8.73 [22–66]

Median 38 36

Years since P/LP TP53 variant Diagnosis

Mean ± SD [range] 3.43 ± 3.28 [0–16] 4.95 ± 5.99 [0–25]

Median 2.0 3.0

0 (%) 3 (4) 1 (2)

>10 (%) 2 (3) 3 (7)

Marital Status 0.21

Single (%) 14 (20) 5 (12)

In a relationship (%) 11 (16) 8 (19)

Married (%) 41 (59) 24 (56)

Divorced (%) 3 (4) 2 (5)

Widowed (%) 1 (1) 4 (9)

Insurance Status 1

State (%) 65 (93) 40 (93)

Private (%) 5 (7) 3 (7)

Highest School-Leaving Qualification 0.62

High school (%) 24 (35) 15 (35)

College (%) 16 (23) 9 (21)

University (%) 24 (35) 18 (42)

Other (%) 5 (7) 1 (2)

Monthly Net Household Income (EUR ) 0.16

Mean ± SD [range] 3270 ± 2103 [600–9167] 3550 ± 1749 [450–7500]

Median 2545 3200

Current Occupation 0.56

Scholar/Student (%) 6 (9) 4 (9)

Freelancer (%) 2 (3) 4 (9)

Housewife (%) 3 (7) 2 (5)

Employee (%) 42 (60) 24 (56)

Public servant (%) 6 (9) 6 (14)

Retired (%) 6 (9) 1 (2)

Other (%) 5 (7) 2 (5)
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Table 1. Cont.

P/LP TP53 Variant Carriers
(n = 70) Relatives (n = 43) p-Value

Family (Question 1.9, 1.11, 1.12 1)

Having children (%) 39 (56) 29 (67) 0.3

Child with cancer (%) 9 (13) 10 (23) 0.45

Child deceased due to cancer (%) 1 (1) 3 (7) 0.19

Sibling with P/LP TP53 variant (%) 25 (36) 1 (2) <0.001

Sibling deceased due to cancer (%) 4 (6) 0 (0) n.a. +

Parent deceased due to cancer (%) 13 (30) 1 (2) 0.07

Own Cancer History (%) 47 (67) 4 (9) <0.001

Cancer Risk Estimation (%)

Own mean ± SD [range] 71.78 ± 22.74 [15–100] 37.71 ± 21.27 [5–100] <0.001

General mean ± SD [range] 37.89 ± 18.42 [1–90] 69.93 ± 29.88 [0–100] <0.001

Adherence to Surveillance Programm 0.474

Yes, totally (%) 37 (53) 27 (63)

Yes, partially (%) 24 (34) 12 (28)

Not anymore (%) 0 (0) 1 (2)

Never have (%) 4 (6) 1 (2)

Do not know (%) 2 (3) 1 (2)

Numbers are indicated with ± standard deviation and [range]; percentage is shown in (). SD = Standard
Deviation, BMI = Body Mass Index, n.a. = not applicable; 1 questionnaire in the supplement; + no deceased
siblings of relatives.

3.2. Lifestyle and Dietary Habits, Physical Activity, and Physical Wellbeing

The average participant was pre-obese with a mean BMI of 26 kg/m2 (range 18–66)
without any significant gender imbalance (see Table 2). The groups were equally distributed
for BMI with almost half (51% TP53 PV carriers and 52% relatives) being normal or under-
weighted (BMI < 25 kg/m2), followed by a third meeting the criteria of pre-obesity (29% and
31% for BMI 25–<30 kg/m2), 12% and 10% for obesity class I (BMI 30–<35 kg/m2), 6% and
2% for class II (BMI 35–<40 kg/m2), 3% and 5% for class III (BMI > 40 kg/m2), respectively.
In summary, 20% of the study population was considered obese (BMI ≥ 30 kg/m2).

The entire study population tended not to follow a Mediterranean diet, shown by an
overall MEDAS score of 6. The following statistically significant differences were found:
(1) Women had healthier diets than men (6.49 vs. 5.28, p = 0.005); and (2) TP53 PV carriers
than their relatives (6.59 vs. 5.51; p = 0.006).

Regarding smoking behavior, it was found that women smoked less often than men
(2.91 vs. 5.91 packyears) (p = 0.03), and TP53 PV carriers tended to smoke less than their
relatives (1.93 vs. 4.51 packyears, p = 0.14). Overall, the proportion of smokers in the entire
study population was high with 73.5% (77.1% TP53 PV carriers vs. 67.4% relatives). Alcohol
consumption was almost the same in the entire study population without significant gender
differences (p = 0.21) or TP53 PV carriers versus relative status (p = 0.64).

PA as assessed with the Freiburg questionnaire revealed men to be slightly more
physically active than women (21.82 vs. 21.02, p = 0.48) and TP53 PV carriers more active
than their relatives (22.63 vs. 18.99), without statistically significant differences (p = 0.28).
Regarding physical and psychological well-being (SF-12), the entire study population rated
their physical well-being nearly the same as the average population (48.83), while the
psychological well-being appeared to be lower (43.70) than average. Men felt physically
(51.19 vs. 47.88, p = 0.17) and psychologically (48.06 vs. 41.94, p = 0.004) statistically
significantly better than women. The relatives of LFS carriers showed a trend toward
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lower physical well-being (men: 50.49 vs. 52.35; women 47.37 vs. 48.09, p = 0.65) but
higher psychological well-being than LFS carriers (45.99 vs. 42.28, p = 0.07). The only
statistically significant difference among PV carriers with respect to a personal cancer
history was the physical well-being (53.46 vs. 46.51, p = 0.018) which was better among
former cancer patients, whereas differences in the areas PA (p = 0.69), diet (p = 0.86), and
alcohol consumption (p = 0.48) were not statistically significant. The cohort size with data
on smoking behavior was too small for analysis.

Table 2. Lifestyle and Dietary Habits, Physical Activity of people with a pathogenic/ likely pathogenic
(P/LP) TP53 germline variant as well as their relatives as captured with the questionnaire.

P/LP TP53 Variant Carriers
(n = 70) Relatives (n = 43) p-Value

BMI (kg/m2) 0.66

Mean ± SD [range] 26.82 ± 7.31 [18.52–66.21] 25.83 ± 5.17 [18.22–40.72]

Median 24.97 24.44

BMI Distribution (%)

<25 kg/m2 51 52

25–<30 kg/m2 29 31

30–<35 kg/m2 12 10

35–<40 kg/m2 6 2

>40 kg/m2 3 5

MEDAS score 6.59 5.51 0.01

Pack years 1.93 4.51 0.14

Physical Activity (metabolic equivalents) 22.63 18.99 0.28

In a further step, we examined factors that correlate with lifestyle habits: A high BMI
(>25 kg/m2) was not associated with unhealthy behavior such as smoking or alcohol con-
sumption. There was even a trend of more alcohol consumption among thinner participants
(p = 0.14) and a significant difference toward more alcohol intake among those with higher
incomes (p = 0.04). The level of education correlated significantly with healthy behaviors
in relation to diet (p = 0.02) and less smoking (p = 0.0003), but not with PA (p = 0.39) or
alcohol consumption (p = 0.81). Losing a close person due to cancer was associated with
lower alcohol intake, but this was not statistically significant (p = 0.07) and had no effect on
psychological well-being or an overall healthy lifestyle. Participation in LFS surveillance
correlated with a healthy diet (p = 0.04) but not with the other lifestyle factors (smoking
p = 0.92, PA p = 0.11, alcohol p = 0.49).

4. Discussion

This is to our knowledge the first nationwide analysis of lifestyle factors and health
behavior among TP53 PV carriers and their relatives. We found that women with a TP53
PV had healthier diets and smoked less; however, there is an untapped potential for life-
style-derived cancer prevention habits among this LFS cohort, who estimated their own
cancer risk to be very high.

We had assumed that being aware of a CPS diagnosis and therefore knowing about the
increased lifetime cancer risk would encourage a healthier lifestyle. However, our analysis
revealed only slightly reduced smoking habits and a healthier diet of affected participants in
comparison to their relatives but not to the general population. Similar results of unchanged
life-style habits despite being confronted with a severe, life-threatening diagnosis have
been described for young cancer patients maintaining an unhealthy lifestyle in respect of
obesity, diet, and exercise after their cancer diagnosis [21].
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A Mediterranean diet is an indicator for a healthy diet. It has not yet been followed in
our cohort, although it is known to reduce cancer risk and also the risk of other diseases [22].
It was even slightly less frequently applied by men, concordant with previous findings [23].
These findings go along with previous reports in Germany, that women tend to eat heathier,
e.g., more fruits and vegetables, then men [24]. For individuals with a CPS such as BRCA1/2
PV carriers, a beneficial effect of a Mediterranean diet was described with a modulation
of early breast cancer (BC) penetrance among women aged 18–30 due to body weight
reduction of at least 10 pounds [25,26].

Furthermore, the distribution of BMI in our cohort corresponds to the German popula-
tion aged 40–45 years [27]. Most study participants had at least a pre-obese BMI, which
is associated not only with a risk for cancer, but also numerous other diseases [28]. In the
present study, we did not elicit whether participants were aware of the impact of their
lifestyle and BMI on their risk of developing cancer. A healthy dietary approach with its
inherent cancer prevention characteristics is yet underachieved in our cohort and should be
the focus of LFS-specific health education and self-empowerment. Even guidelines could
help the affected individuals. It can be assumed that the risk of developing cancer could be
reduced in TP53 PV carriers by motivating them to conscientiously follow a Mediterranean
diet. Current preclinical and clinical studies are underway to focus on pharmacological
risk reduction via metabolic stimulation [5,29].

The commonly known carcinogens [30] of smoking and alcohol intake do increase
cancer in general but especially in combination with an underlying CPS such as BRCA1/2
PV carriers [31] and were not abandoned in our high-risk cohort. On the contrary, the
proportion of smokers in our study was significantly higher than the national average
of 22.8%. However, in accordance with nationwide data, our study showed more male
than female smokers [32]. In respect to alcohol consumption, the study population meets
the distribution of alcohol intake in the German general population [33] and results of
previous studies, e.g., outlining a higher alcohol consumption among people with a higher
income [34]. However, other findings regarding a higher BMI associated with higher
alcohol consumption [35] could not be confirmed in our rather small cohort.

PA has a cancer preventive effect in respect to cancer relapse and onset. The recommen-
dations of the PA Guidelines for Americans, which include 15–20 MET hours for adults [36]
was followed by the majority of the participants. However, its potential as a primary and
tertiary cancer prevention strategy for CPS and improved QoL addressing fatigue and
treatment tolerance are not yet sufficiently put into practice [37]. E-Health interventions
offer the possibility to increase and monitor PA as shown for BC leading to long-lasting
beneficial aspects [38] and furthermore harbor options to guide cancer prevention beside
PA only. Issues concerning alcohol, obesity, and PA were almost equally distributed among
TP53 PV carriers and their relatives, pointing out a general need of support and guidance to
self-derived cancer prevention not only for the affected but also for their relatives. Several
other studies have pointed out the importance of a general healthy lifestyle (diet and body
weight, PA, alcohol consumption, smoking) for people with an inherited CPS such as Lynch
syndrome [39]. Although such mechanisms have not been prospectively investigated in
TP53 PV carriers, these findings and our descriptions underscore the need for patients’
education as well as prospective studies for detailed life-style recommendations to exhaust
the cancer protective possibilities. As in our study, an unhealthy lifestyle was shown to
correlate with poorer adherence to the surveillance program in other diseases, e.g., in
patients with cirrhosis [40]. In our cohort the participation in surveillance was in general
high and similar to that described in our preliminary study [3]. The present results clearly
show that there are groups among TP53 PV carriers who should be in focus in terms of
their adherence not only to the surveillance program but also to a healthy lifestyle. These
groups need more support to improve their life expectancy and quality.

Additionally, concordant to our findings, previous studies have outlined that children
from households with lower levels of education are less likely to follow a cancer preventive
lifestyle such as Mediterranean diet [41] and more likely to become smokers [42]; therefore,
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they need special attention. Interestingly, the proportion of university graduates was
slightly higher compared with the general German population (34%) [43] as was the income
of our study population compared to the general population with an average of EUR 2044
in 2021 [44]. The proportion of those with statutory insurance was similar to the general
population. All aspects emphasize a gender- and socioeconomic-specific education on
cancer prevention [45].

Beyond physical well-being, psychological aspects such as self-efficacy are also im-
portant motivational factors for a cancer preventive behavior [46]. Regarding the SF-12
questionnaire, our results confirm previous studies, for example, in women with BC [47],
which showed that cancer (predisposition) reduced psychological but not physical well-
being. The picture in our cohort is similar to that in a large survey in Germany [48], with
men reporting better physical (50.55 vs. 49.49) and mental well-being (51.14 vs. 48.94)
than women. Whereas the physical well-being among our cohort was considerably lower
than in the general population (43.7 vs. 50.0) [48], neither a healthy diet nor PA influenced
psychological or physical well-being.

The self-estimation of cancer risk is described as a psychological burden and a relevant
factor for health care decision making in individuals with a CPS [49,50]. Interestingly, both
relatives and TP53 PV carriers realistically estimate their own risk of developing cancer,
but those affected underestimate the risk of the general population, while relatives clearly
overestimate the general lifetime cancer risk in Germany of 42% for women and 49% for
men [51]. It has already been shown that communication about cancer risk can influence
the screening behavior of high-risk families [52]. It would be hoped that this could also
influence the lifestyle of affected individuals with a CPS.

The fact that smoking relatives but not the smoking TP53 PV carrier rate their risk of
developing cancer higher suggests that the relatives are probably aware of their unhealthy
behavior. TP53 PV carrier may assume that their pre-existing, elevated cancer risk will not
be further increased even by harmful behavior.

The nature of our study inherits the possibility of selection bias as known from
previous studies in this field [53]. The fact, that most participants were recruited through
the consultation for hereditary breast and ovarian cancer may lead also to a selection bias
Additionally, TP53 PV carriers were able to select participating relatives among all their
relatives, leading to an additional selection bias. As described previously, some affected
individuals did not want their relatives to be interviewed, causing a lower participating
rate [54]. However, the LFS relatives have yet rarely been studied [53] and this study was
conducted in a diverse cohort of TP53 PV carriers and their relatives.

5. Conclusions

Cancer prevention is a major goal of current nationwide campaigns such as the
“National Decade Against Cancer” of the Federal Ministry of Education and Research in
Germany. Especially in a population at high cancer risk, such as TP53 PV carriers, it is useful
to focus on patient and family education, particularly from childhood onward, especially
for people with a lower level of education, to ensure a healthy and cancer-preventive
behavior. To empower cancer prevention in this high-risk population, TP53 PV carriers and
their relatives should be made aware of possibilities to improve their lifestyle including
on the one hand a reduction in noxious substances such as alcohol and cigarettes, and on
the other hand preventive agents such as PA and a Mediterranean diet. Men in particular
should be sensitized to the importance of a healthy diet and smoking cessation and women
to the importance of integrating physical activity into everyday life. Adopting a healthy
lifestyle needs support for concrete implementation in daily life by using, e.g., modern
technologies such as apps. Larger prospective cohort studies for TP53 PV carriers along
with the recommended implementations are desirable for integrating cancer prevention
into a treatment plan at the time of genetic diagnosis.
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Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/curroncol29100614/s1, File S1: Translated self-designed questionnaire.

Author Contributions: J.N., S.K., I.M., C.P.K. and S.S. conceived the study, designed the questionnaire.
J.N., S.K., F.S., M.K., C.P.K. and S.S. recruited patients and managed the data, including quality control.
I.M., C.P.K. and S.S. received research funding, J.N. and S.S. drafted the manuscript, and all authors
contributed substantially to its revision. All authors have read and agreed to the published version of
the manuscript.

Funding: S.S. and I.M. have been supported by the Bundesministerium für Bildung und Forschung,
Federal Ministry of education and research, BMBF (01GM1909D), M.K. by the Bundesministerium
für Bildung und Forschung, Federal Ministry of education and research, BMBF (01GM1909D),
C.P.K. has been supported by the Bundesministerium für Bildung und Forschung, Federal Min-
istry of education and research, BMBF ADDRess (01GM1909A) and by the Deutsche Kinderkreb-
sstiftung (DKS2019.13). J.N. was supported by the Faculty of Medicine Heidelberg in the form of
the Rahel-Goitein-Strauss fellowship. For the publication fee we acknowledge financial support by
Deutsche Forschungsgemeinschaft within the funding programme, Open Access Publikationskosten
as well as by Heidelberg University.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and the study protocol was approved by the local ethics committees prior to
the start of the study (Heidelberg S-017/2020, Hannover 7233).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study. Written informed consent has been obtained from the patients to publish this paper. Clinical
Trial Registration: German clinical trials register: DRKS00021040.

Data Availability Statement: The data that support the findings of this study are available from the
corresponding author upon reasonable request.

Acknowledgments: We thank all study participants for their contribution. We like to thank Corinna
Perchtold-Stefan, Maike Kleemeyer, and Sabine Schäfer for their advice with the Freiburg Question-
naire on PA. We thank Katherine Taylor for proofreading.

Conflicts of Interest: The authors declare that they have no conflict of interests.

References
1. Kratz, C.P.; Achatz, M.I.; Brugières, L.; Frebourg, T.; Garber, J.E.; Greer, M.-L.C.; Hansford, J.R.; Janeway, K.A.; Kohlmann, W.K.;

McGee, R.; et al. Cancer screening recommendations for individuals with li-fraumeni syndrome. Clin. Cancer Res. 2017, 23,
e38–e45. [CrossRef] [PubMed]

2. Villani, A.; Shore, A.; Wasserman, J.D.; Stephens, D.; Kim, R.H.; Druker, H.; Gallinger, B.; Naumer, A.; Kohlmann, W.;
Novokmet, A.; et al. Biochemical and imaging surveillance in germline TP53 mutation carriers with Li-Fraumeni syndrome: 11
year follow-up of a prospective observational study. Lancet Oncol. 2016, 17, 1295–1305. [CrossRef]

3. Rippinger, N.; Fischer, C.; Haun, M.W.; Rhiem, K.; Grill, S.; Kiechle, M.; Cremer, F.W.; Kast, K.; Nguyen, H.P.; Ditsch, N.; et al.
Cancer surveillance and distress among adult pathogenic TP53 germline variant carriers in Germany: A multicenter feasibility
and acceptance survey. Cancer 2020, 126, 4032–4041. [CrossRef] [PubMed]

4. Kratz, C.P.; Freycon, C.; Maxwell, K.N.; Nichols, K.E.; Schiffman, J.D.; Evans, D.G.; Achatz, M.I.; Savage, S.A.; Weitzel, J.N.;
Garber, J.E.; et al. Analysis of the Li-Fraumeni spectrum based on an international germline TP53 variant data set: An international
agency for research on cancer TP53 database analysis. JAMA Oncol. 2021, 7, 1800–1805. [CrossRef]

5. Wang, P.-Y.; Ma, J.; Li, J.; Starost, M.F.; Wolfgang, M.J.; Singh, K.; Pirooznia, M.; Kang, J.-G.; Hwang, P.M. Reducing fatty acid
oxidation improves cancer-free survival in a mouse model of li-fraumeni syndrome. Cancer Prev. Res. 2021, 14, 31–40. [CrossRef]
[PubMed]

6. Whiteman, D.C.; Wilson, L.F. The fractions of cancer attributable to modifiable factors: A global review. Cancer Epidemiol. 2016,
44, 203–221. [CrossRef]

7. Barnes, B.; Kraywinkel, K.; Nowossadeck, E.; Schönfeld, I.; Starker, A.; Wienecke, A.; Wolf, U. Bericht zum Krebsgeschehen in
Deutschland 2016; Robert-Koch-Institut: Berlin, Germany, 2016; p. 185.

8. Eng, L.; Pringle, D.; Su, J.; Shen, X.; Mahler, M.; Niu, C.; Charow, R.; Tiessen, K.; Lam, C.; Halytskyy, O.; et al. Patterns, perceptions,
and perceived barriers to physical activity in adult cancer survivors. Support. Care Cancer 2018, 26, 3755–3763. [CrossRef]
[PubMed]

9. Steindorf, K.; Schmidt, M.E.; Klassen, O.; Ulrich, C.M.; Oelmann, J.; Habermann, N.; Beckhove, P.; Owen, R.; Debus, J.;
Wiskemann, J.; et al. Randomized, controlled trial of resistance training in breast cancer patients receiving adjuvant radiotherapy:
Results on cancer-related fatigue and quality of life. Ann. Oncol. 2014, 25, 2237–2243. [CrossRef]

https://www.mdpi.com/article/10.3390/curroncol29100614/s1
https://www.mdpi.com/article/10.3390/curroncol29100614/s1
http://doi.org/10.1158/1078-0432.CCR-17-0408
http://www.ncbi.nlm.nih.gov/pubmed/28572266
http://doi.org/10.1016/S1470-2045(16)30249-2
http://doi.org/10.1002/cncr.33004
http://www.ncbi.nlm.nih.gov/pubmed/32557628
http://doi.org/10.1001/jamaoncol.2021.4398
http://doi.org/10.1158/1940-6207.CAPR-20-0368
http://www.ncbi.nlm.nih.gov/pubmed/32958587
http://doi.org/10.1016/j.canep.2016.06.013
http://doi.org/10.1007/s00520-018-4239-5
http://www.ncbi.nlm.nih.gov/pubmed/29808379
http://doi.org/10.1093/annonc/mdu374


Curr. Oncol. 2022, 29 7777

10. Depenbusch, J.; Haussmann, A.; Tsiouris, A.; Schmidt, L.; Wiskemann, J.; Ungar, N.; Sieverding, M.; Steindorf, K. The association
between physicians’ exercise counseling and physical activity in patients with cancer: Which roles do patients’ satisfaction and
previous physical activity levels play? Psychooncology 2020, 29, 1856–1863. [CrossRef] [PubMed]

11. Patel, A.V.; Friedenreich, C.M.; Moore, S.C.; Hayes, S.C.; Silver, J.K.; Campbell, K.L.; Winters-Stone, K.; Gerber, L.H.; George, S.M.;
Fulton, J.E.; et al. American college of sports medicine roundtable report on physical activity, sedentary behavior, and cancer
prevention and control. Med. Sci.Sports Exerc. 2019, 51, 2391–2402. [CrossRef] [PubMed]

12. Kehm, R.D.; Genkinger, J.M.; MacInnis, R.J.; John, E.M.; Phillips, K.-A.; Dite, G.S.; Milne, R.L.; Zeinomar, N.; Liao, Y.;
Knight, J.A.; et al. Recreational physical activity is associated with reduced breast cancer risk in adult women at high risk
for breast cancer: A cohort study of women selected for familial and genetic risk. Cancer Res. 2020, 80, 116–125. [CrossRef]

13. Pérez-López, F.R.; Chedraui, P.; Haya, J.; Cuadros, J.L. Effects of the Mediterranean diet on longevity and age-related morbid
conditions. Maturitas 2009, 64, 67–79. [CrossRef]

14. Grosso, G.; Buscemi, S.; Galvano, F.; Mistretta, A.; Marventano, S.; La Vela, V.; Drago, F.; Gangi, S.; Basile, F.; Biondi, A.
Mediterranean diet and cancer: Epidemiological evidence and mechanism of selected aspects. BMC Surg. 2013, 13, S14.
[CrossRef] [PubMed]

15. Coletta, A.M.; Peterson, S.K.; Gatus, L.A.; Krause, K.J.; Schembre, S.M.; Gilchrist, S.C.; Arun, B.; You, Y.N.; Rodriguez-Bigas, M.A.;
Strong, L.L.; et al. Diet, weight management, physical activity and Ovarian & Breast Cancer Risk in women with BRCA1/2
pathogenic Germline gene variants: Systematic review. Hered. Cancer Clin. Pract. 2020, 18, 5. [PubMed]

16. Boffetta, P.; Hashibe, M. Alcohol and cancer. Lancet Oncol. 2006, 7, 149–156. [CrossRef]
17. Martínez-González, M.A.; García-Arellano, A.; Toledo, E.; Salas-Salvadó, J.; Buil-Cosiales, P.; Corella, D.; Covas, M.I.; Schröder, H.;

Arós, F.; Gómez-Gracia, E.; et al. A 14-item Mediterranean diet assessment tool and obesity indexes among high-risk subjects:
The PREDIMED trial. PLoS ONE 2012, 7, e43134. [CrossRef] [PubMed]

18. Hebestreit, K.; Yahiaoui-Doktor, M.; Engel, C.; Vetter, W.; Siniatchkin, M.; Erickson, N.; Halle, M.; Kiechle, M.; Bischoff, S.C.
Validation of the German version of the Mediterranean Diet Adherence Screener (MEDAS) questionnaire. BMC Cancer 2017,
17, 341. [CrossRef] [PubMed]

19. Ainsworth, B.E.; Haskell, W.L.; Whitt, M.C.; Irwin, M.L.; Swartz, A.M.; Strath, S.J.; O’Brien, W.L.; Bassett, D.R., Jr.; Schmitz, K.H.;
Emplaincourt, P.O.; et al. Compendium of physical activities: An update of activity codes and MET intensities. Med. Sci.
Sports Exerc. 2000, 32, S498–S504. [CrossRef]

20. Drixler, K.; Morfeld, M.; Glaesmer, H.; Brähler, E.; Wirtz, M.A. Validation of the Short-Form-Health-Survey-12 (SF-12 Version 2.0)
assessing health-related quality of life in a normative German sample. Z. Fur Psychosom. Med. Psychother. 2020, 66, 272–286.

21. Glenn, B.A.; Hamilton, A.S.; Nonzee, N.J.; Maxwell, A.E.; Crespi, C.M.; Ryerson, A.B.; Chang, L.C.; Deapen, D.; Bastani, R.
Obesity, physical activity, and dietary behaviors in an ethnically-diverse sample of cancer survivors with early onset disease.
J. Psychosoc. Oncol. 2018, 36, 418–436. [CrossRef]

22. Mentella, M.C.; Scaldaferri, F.; Ricci, C.; Gasbarrini, A.; Miggiano, G.A.D. Cancer and mediterranean diet: A Review. Nutrients
2019, 11, 2059. [CrossRef] [PubMed]

23. Raparelli, V.; Romiti, G.F.; Spugnardi, V.; Borgi, M.; Cangemi, R.; Basili, S.; Proietti, M.; the EVA Collaborative Group. Gender-
related determinants of adherence to the mediterranean diet in adults with ischemic heart disease. Nutrients 2020, 12, 759.
[CrossRef] [PubMed]

24. Mensink, G.; Burger, M.; Beitz, R.; Henschel, Y.; Hintzpeter, B. Was essen wir heute? In Ernährungsverhalten in Deutschland;
Beiträge zur Gesundheitsberichterstattung des Bundes; Robert Koch-Institut: Berlin, Germany, 2002.

25. Arthur, R.S.; Wang, T.; Xue, X.; Kamensky, V.; E Rohan, T. Genetic factors, adherence to healthy lifestyle behavior, and risk of
invasive breast cancer among women in the UK biobank. J. Natl. Cancer Inst. 2020, 112, 893–901. [CrossRef] [PubMed]

26. Kotsopoulos, J.; I Olopade, O.; Ghadirian, P.; Lubinski, J.; Lynch, H.T.; Isaacs, C.; Weber, B.; Kim-Sing, C.; Ainsworth, P.;
Foulkes, W.; et al. Changes in body weight and the risk of breast cancer in BRCA1 and BRCA2 mutation carriers. Breast Cancer Res.
2005, 7, R833–R843. [CrossRef] [PubMed]

27. Statista. 2017. Available online: https://www.destatis.de/DE/Themen/Gesellschaft-Umwelt/Gesundheit/Gesundheitszustand-
Relevantes-Verhalten/Tabellen/liste-koerpermasse.html (accessed on 22 December 2021).

28. Kolb, R.; Sutterwala, F.S.; Zhang, W. Obesity and cancer: Inflammation bridges the two. Curr. Opin. Pharmacol. 2016, 29, 77–89.
[CrossRef]

29. Walcott, F.L.; Wang, P.-Y.; Bryla, C.M.; Huffstutler, R.D.; Singh, N.; Pollak, M.N.; Khincha, P.P.; A Savage, S.; Mai, P.L.;
Dodd, K.W.; et al. Pilot study assessing tolerability and metabolic effects of metformin in patients with li-fraumeni syndrome.
JNCI Cancer Spectr. 2020, 4, pkaa063. [CrossRef] [PubMed]

30. World-Health-Organization. 2021. Available online: https://www.who.int/news-room/fact-sheets/detail/cancer (accessed on
26 January 2022).

31. Ginsburg, O.; Ghadirian, P.; Lubinski, J.; Cybulski, C.; Lynch, H.; Neuhausen, S.; Kim-Sing, C.; Robson, M.; Domchek, S.;
Isaacs, C.; et al. Smoking and the risk of breast cancer in BRCA1 and BRCA2 carriers: An update. Breast Cancer Res. Treat. 2009,
114, 127–135. [CrossRef]

32. Statista: Rauchen - Statistiken und Zahlen 2021. Available online: https://de.statista.com/themen/150/rauchen/ (accessed on
22 December 2021).

http://doi.org/10.1002/pon.5506
http://www.ncbi.nlm.nih.gov/pubmed/32779261
http://doi.org/10.1249/MSS.0000000000002117
http://www.ncbi.nlm.nih.gov/pubmed/31626056
http://doi.org/10.1158/0008-5472.CAN-19-1847
http://doi.org/10.1016/j.maturitas.2009.07.013
http://doi.org/10.1186/1471-2482-13-S2-S14
http://www.ncbi.nlm.nih.gov/pubmed/24267672
http://www.ncbi.nlm.nih.gov/pubmed/32165993
http://doi.org/10.1016/S1470-2045(06)70577-0
http://doi.org/10.1371/journal.pone.0043134
http://www.ncbi.nlm.nih.gov/pubmed/22905215
http://doi.org/10.1186/s12885-017-3337-y
http://www.ncbi.nlm.nih.gov/pubmed/28521737
http://doi.org/10.1097/00005768-200009001-00009
http://doi.org/10.1080/07347332.2018.1448031
http://doi.org/10.3390/nu11092059
http://www.ncbi.nlm.nih.gov/pubmed/31480794
http://doi.org/10.3390/nu12030759
http://www.ncbi.nlm.nih.gov/pubmed/32183044
http://doi.org/10.1093/jnci/djz241
http://www.ncbi.nlm.nih.gov/pubmed/31899501
http://doi.org/10.1186/bcr1293
http://www.ncbi.nlm.nih.gov/pubmed/16168130
https://www.destatis.de/DE/Themen/Gesellschaft-Umwelt/Gesundheit/Gesundheitszustand-Relevantes-Verhalten/Tabellen/liste-koerpermasse.html
https://www.destatis.de/DE/Themen/Gesellschaft-Umwelt/Gesundheit/Gesundheitszustand-Relevantes-Verhalten/Tabellen/liste-koerpermasse.html
http://doi.org/10.1016/j.coph.2016.07.005
http://doi.org/10.1093/jncics/pkaa063
http://www.ncbi.nlm.nih.gov/pubmed/33490865
https://www.who.int/news-room/fact-sheets/detail/cancer
http://doi.org/10.1007/s10549-008-9977-5
https://de.statista.com/themen/150/rauchen/


Curr. Oncol. 2022, 29 7778

33. Statista: Umfrage zur Häufigkeit des Alkoholkonsums in Deutschland bis 2021. Available online: https://de.statista.com/
statistik/daten/studie/1200222/umfrage/haeufigkeit-alkoholkonsum-deutschland/ (accessed on 22 December 2021).

34. Ormond, G.; Murphy, R. The effect of alcohol consumption on household income in Ireland. Alcohol 2016, 56, 39–49. [CrossRef]
[PubMed]

35. Smarandescu, L.; Walker, D.; Wansink, B. Mindless drinking: How gender and BMI relate to the consumption of alcohol. Int. J.
Drug Policy 2014, 25, 1131–1134. [CrossRef] [PubMed]

36. Piercy, K.L.; Troiano, R.P.; Ballard, R.M.; Carlson, S.A.; Fulton, J.E.; Galuska, D.A.; George, S.M.; Olson, R.D. The physical activity
guidelines for americans. JAMA 2018, 320, 2020–2028. [CrossRef]

37. Ancellin, R. Benefits of physical activity for cancer patients. Rev. Prat. 2019, 69, 438–443.
38. Dorri, S.; Asadi, F.; Olfatbakhsh, A.; Kazemi, A. A systematic review of electronic health (eHealth) interventions to improve

physical activity in patients with breast cancer. Breast Cancer 2020, 27, 25–46. [CrossRef] [PubMed]
39. Van Duijnhoven, F.J.; Botma, A.; Winkels, R.; Nagengast, F.M.; Vasen, H.F.; Kampman, E. Do lifestyle factors influence colorectal

cancer risk in Lynch syndrome? Fam. Cancer 2013, 12, 285–293. [CrossRef] [PubMed]
40. Mancebo, A.; González-Diéguez, M.L.; Navascués, C.A.; Cadahía, V.; Varela, M.; Pérez, R.; Rodrigo, L.; Rodríguez, M. Adherence

to a semiannual surveillance program for hepatocellular carcinoma in patients with liver cirrhosis. J. Clin. Gastroenterol. 2017, 51,
557–563. [CrossRef]

41. Wärnberg, J.; Pérez-Farinós, N.; Benavente-Marín, J.C.; Gómez, S.F.; Labayen, I.; G. Zapico, A.; Gusi, N.; Aznar, S.; Alcaraz, P.E.;
González-Valeiro, M.; et al. Screen time and parents’ education level are associated with poor adherence to the mediterranean
diet in spanish children and adolescents: The PASOS study. J. Clin. Med. 2021, 10, 795. [CrossRef] [PubMed]

42. Kuntz, B.; Lampert, T. Smoking and passive smoke exposure among adolescents in Germany. Dtsch. Arztebl. Int. 2016, 113, 23–30.
[CrossRef]

43. Statista. Bildungsstand: Verteilung der Bevölkerung in Deutschland nach höchstem Schulabschluss (Stand 2019). 2019.
Available online: https://de.statista.com/statistik/daten/studie/1988/umfrage/bildungsabschluesse-in-deutschland/
(accessed on 7 January 2022).

44. Statista: Durchschnittlicher Netto-Jahresarbeitslohn von ledigen Arbeitnehmern ohne Kinder1 in Deutschland von 1960 bis 2022.
2021. Available online: https://de.statista.com/statistik/daten/studie/164047/umfrage/jahresarbeitslohn-in-deutschland-seit-
1960/#:~{}:text=Im%20Jahr%202021%20betr%C3%A4gt%20der%20durchschnittliche%20Netto-Arbeitslohn%20-,Vergleich%20
zum%20Vorjahr%20um%20rund%20vier%20Prozent%20gestiegen (accessed on 7 January 2022).

45. Statista. Anzahl der Mitglieder und Versicherten der gesetzlichen und privaten Krankenversicherung in den Jahren 2014
bis 2020. 2020. Available online: https://de.statista.com/statistik/daten/studie/155823/umfrage/gkv-pkv-mitglieder-und-
versichertenzahl-im-vergleich/ (accessed on 7 January 2022).

46. Conley, C.C.; Agnese, D.M.; Vadaparampil, S.T.; Andersen, B.L. Factors associated with intentions for breast cancer risk
management: Does risk group matter? Psychooncology 2019, 28, 1119–1126. [CrossRef]

47. Cervera, S.; Aubá, E. Calidad de vida y dinámica familiar tras el diagnóstico de cáncer de mama. Boletín Psicol. 2005, 85, 7–29.
48. Nübling, M.; Andersen, H.; Mühlbacher, A. Entwicklung eines Verfahrens zur Berechnung der Körperlichen und psychischen

Summenskalen auf Basis der SOEP-Version des SF 12 (Algorithmus). In DIW Data Documentation; German Institute for Economic
Research: Berlin Germany, 2006.

49. Hoskins, L.M.; Roy, K.M.; Greene, M.H. Toward a new understanding of risk perception among young female BRCA1/2
“previvors”. Fam. Syst. Health 2012, 30, 32–46. [CrossRef]

50. Katapodi, M.C.; Northouse, L.; Pierce, P.; Milliron, K.J.; Liu, G.; Merajver, S.D. Differences between women who pursued genetic
testing for hereditary breast and ovarian cancer and their at-risk relatives who did not. Oncol. Nurs. Forum 2011, 38, 572–581.
[CrossRef]

51. Erdmann, F.; Spix, C.; Katalinic, A.; Christ, M.; Folkerts, J.; Hansmann, J.; Kranzhöfer, K.; Kunz, B.; Manegold, K.;
Penzkofer, A.; et al. Krebs in Deutschland für 2017/2018; Robert-Koch-Institut: Berlin, Germany, 2021; Volume 13.

52. McCann, S.; MacAuley, D.; Barnett, Y.; Bunting, B.; Bradley, A.; Jeffers, L.; Morrison, P.J. Family communication, genetic testing
and colonoscopy screening in hereditary non-polyposis colon cancer: A qualitative study. Psychooncology 2009, 18, 1208–1215.
[CrossRef]

53. Young, J.L.; Pantaleao, A.; Zaspel, L.; Bayer, J.; Peters, J.A.; Khincha, P.P.; Bremer, R.C.; Loud, J.T.; Greene, M.H.; Achatz, M.I.; et al.
Couples coping with screening burden and diagnostic uncertainty in Li-Fraumeni syndrome: Connection versus independence.
J. Psychosoc. Oncol. 2019, 37, 178–193. [CrossRef]

54. Lammens, C.R.; Bleiker, E.M.; Verhoef, S.; Ausems, M.G.; Majoor-Krakauer, D.; Sijmons, R.H.; Hes, F.J.; Gómez-García, E.B.;
Van Os, T.A.; Spruijt, L.; et al. Distress in partners of individuals diagnosed with or at high risk of developing tumors due to rare
hereditary cancer syndromes. Psychooncology 2011, 20, 631–638. [CrossRef]

https://de.statista.com/statistik/daten/studie/1200222/umfrage/haeufigkeit-alkoholkonsum-deutschland/
https://de.statista.com/statistik/daten/studie/1200222/umfrage/haeufigkeit-alkoholkonsum-deutschland/
http://doi.org/10.1016/j.alcohol.2016.10.003
http://www.ncbi.nlm.nih.gov/pubmed/27814793
http://doi.org/10.1016/j.drugpo.2014.08.018
http://www.ncbi.nlm.nih.gov/pubmed/25265898
http://doi.org/10.1001/jama.2018.14854
http://doi.org/10.1007/s12282-019-00982-3
http://www.ncbi.nlm.nih.gov/pubmed/31187411
http://doi.org/10.1007/s10689-013-9645-8
http://www.ncbi.nlm.nih.gov/pubmed/23657759
http://doi.org/10.1097/MCG.0000000000000734
http://doi.org/10.3390/jcm10040795
http://www.ncbi.nlm.nih.gov/pubmed/33669366
http://doi.org/10.3238/arztebl.2016.0023
https://de.statista.com/statistik/daten/studie/1988/umfrage/bildungsabschluesse-in-deutschland/
https://de.statista.com/statistik/daten/studie/164047/umfrage/jahresarbeitslohn-in-deutschland-seit-1960/#:~{}:text=Im%20Jahr%202021%20betr%C3%A4gt%20der%20durchschnittliche%20Netto-Arbeitslohn%20-,Vergleich%20zum%20Vorjahr%20um%20rund%20vier%20Prozent%20gestiegen
https://de.statista.com/statistik/daten/studie/164047/umfrage/jahresarbeitslohn-in-deutschland-seit-1960/#:~{}:text=Im%20Jahr%202021%20betr%C3%A4gt%20der%20durchschnittliche%20Netto-Arbeitslohn%20-,Vergleich%20zum%20Vorjahr%20um%20rund%20vier%20Prozent%20gestiegen
https://de.statista.com/statistik/daten/studie/164047/umfrage/jahresarbeitslohn-in-deutschland-seit-1960/#:~{}:text=Im%20Jahr%202021%20betr%C3%A4gt%20der%20durchschnittliche%20Netto-Arbeitslohn%20-,Vergleich%20zum%20Vorjahr%20um%20rund%20vier%20Prozent%20gestiegen
https://de.statista.com/statistik/daten/studie/155823/umfrage/gkv-pkv-mitglieder-und-versichertenzahl-im-vergleich/
https://de.statista.com/statistik/daten/studie/155823/umfrage/gkv-pkv-mitglieder-und-versichertenzahl-im-vergleich/
http://doi.org/10.1002/pon.5066
http://doi.org/10.1037/a0027276
http://doi.org/10.1188/11.ONF.572-581
http://doi.org/10.1002/pon.1487
http://doi.org/10.1080/07347332.2018.1543376
http://doi.org/10.1002/pon.1951

	Introduction 
	Methods 
	Study Population 
	Measurements 
	Statistical Analysis 

	Results 
	Study Cohort, Cancer Experiences 
	Lifestyle and Dietary Habits, Physical Activity, and Physical Wellbeing 

	Discussion 
	Conclusions 
	References

