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Abstract

Background: Many childhood cancer survivors (CCS) develop treatment-related late effects, including an increased risk of
obesity and metabolic syndrome. A healthy lifestyle can reduce the risk of associated comorbidities. Therefore, at-risk CCS
could benefit from lifestyle counseling during regular long-term follow-up (LTFU).

Objective: We implemented a new form of care to decrease the long-term morbidity among CCS and to gain new insights into
the lifestyle of those patients.

Methods: Over a 1-year study period, lifestyle counseling was integrated into LTFU care. Metabolic disorders, including
hypercholesterolemia, diabetes mellitus, overweight or underweight, and low activity levels, were assessed as screening
parameters for various risk groups. The perspectives of CCS, physicians, and sports scientists were compared to identify
those with the highest needs. Each lifestyle counseling included general recommendations for physical activity, as well as an
assessment of individual preferences for and barriers to the implementation of a healthy lifestyle. A follow-up appointment
after 1 month was performed.

Results: Of the 155 CCS aged 18 to 63 years (n=100, 65% female and n=55, 35% male), 112 (72%) had an indication
for lifestyle counseling, identified by physicians, sports scientists, or the CCS themselves. Metabolic disorders affected 45%
(n=70) of these CCS, and 46% (n=72) did not meet recommended activity levels. A total of 120 (77%) CCS received lifestyle
counseling, including 8 initially uninterested individuals who became open to recommendations. Those with intensive cancer
treatment history showed the greatest need. A total of 65 (54%) CCS were advised to change their lifestyle in both areas
(diet and exercise) while 51 (43%) CCS received recommendations for only exercise (n=43 CCS, 36%) or diet (n=8 CCS,
7%). A total of 4 (3%) CCS, although interested in counseling, received no advice, as they already met the recommendations.
Follow-up revealed high adherence to recommendations and successful integration into daily lives. In total, 97% (n=150) of
survivors indicated that the provision of lifestyle counseling during LTFU would be generally beneficial.

Conclusions: Incorporating specialized health care professionals such as sports scientists into survivorship care enhances the
multidisciplinary approach of LTFU care. Promoting a healthy lifestyle by offering guideline-based lifestyle counseling is
broadly accepted among CCS and may reduce long-term morbidity.
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Introduction

Due to improved treatment modalities, the proportion of
patients surviving childhood and adolescent cancer has been
steadily increasing in recent decades, and 5-year overall
survival now exceeds 85% in German childhood cancer
survivors (CCS) [1]. Currently, more than 40,000 former
patients are included in the long-term follow-up (LTFU)
cohort of the German Childhood Cancer Registry [2]. These
CCS were diagnosed with cancer at least 5 years ago,
so regular oncological follow-up has usually already been
completed. During their lifetime, many of these survivors
are affected by further health problems and diseases caused
by the cancer and its therapy, so-called late effects [3].
These can manifest in different organs of the entire body.
Due to hormonal changes and altered body composition that
may occur during or after therapy, the risk of obesity and
associated diseases such as diabetes mellitus, cardiovascu-
lar disease, and hypertension increases [4]. Cardiovascular
disease, in turn, is among the most common nonmalignant
causes of death in survivors of cancer, with some groups
such as Hodgkin lymphoma survivors having a particularly
high risk [5,6]. Long-term sequelae may not only manifest in
physical form; many CCS develop psychological problems,
particularly depression or fatigue syndrome, during or even
years after cessation of cancer treatment [7,8]. For these CCS
at risk, it is particularly important to develop interventions or
treatments that can positively influence their long-term health.

According to Smith et al [9], over 70% of CCS do
not meet the lifestyle guidelines of the World Cancer
Research Fund. Furthermore, in more than 30% of the adult
CCS (median age: 32.7 years, 1598 participants), metabolic
syndrome was already prevalent, which is a combination of
metabolic parameters associated with increased cardiovascu-
lar risk. Consequently, multiple studies evaluated the effect
of counseling on CCS’ lifestyle and could demonstrate a
reduction in comorbidities, as well as a better quality of life
due to a healthy lifestyle [10,11]. Furthermore, blood pressure
in CCS improved due to lifestyle counseling in previous
studies [12]. Therefore, a healthier lifestyle could result in
less comorbidities including metabolic syndrome among CCS
[10]. A healthy lifestyle in this context includes in general no
smoking, the awareness of alcohol consumption, and regular
physical activity, as well as a vitamin and nutrition-rich diet
[13].

Additionally, previous studies demonstrated that the
occurrence of late effects can be positively influenced
by regular physical activity, exercise, and a healthy diet
[14,15]. Especially avoiding overweight and obesity has a
significant impact on the severity of late effects associated
with the metabolic syndrome [11]. According to Hammoud
et al [16], despite the available guidelines, many cardio-
metabolic risk factors in CCS remain underdiagnosed or
undertreated although CCS have a 4-fold increased risk of
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cardiac-related mortality compared to the general popula-
tion. The authors, therefore, recommend further studies that
incorporate nutrition, as well as physical activity, taking into
account the heterogeneity of late effects and the impact of
cancer treatment on the individual’s physical abilities. Both
the type and intensity of exercise may differ from the type
of sport practiced before the disease, but physical activity,
in general, has a benefit [15] as it not only improves body
composition and reduces the risk of future health conditions,
it also often positively affects mental health [17]. Additional
factors such as age, gender, and socioeconomic status (that
correlate inversely with the risk of obesity) also need to
be considered in lifestyle counseling [18-20]. As interest
in lifestyle counseling may decrease with increasing time
interval from diagnosis and late effects often do not mani-
fest until adulthood, it is especially important to inform and
counsel children, adolescents, and young adults about the
importance of prevention in terms of a healthy lifestyle [21].
The earlier the education about a healthy lifestyle including
physical activity and healthy nutrition starts, the more likely
this behavior will be maintained in future life [22]. Therefore,
the implementation of regular lifestyle counseling within the
framework of LTFU care could be a useful and practical
approach to informing CCS about a healthy lifestyle in order
to prevent future diseases.

In 2014, an interdisciplinary LTFU clinic for CCS (“LTFU
clinic”) was established at the University Medical Center
Schleswig-Holstein, Campus Luebeck [23]. Among others,
we were a consortium partner in the multicenter study CARE
for CAYA that took place from 2018 to 2021 and provided
specialized lifestyle counseling for high-risk CCS [24]. Based
on these experiences, we decided to implement lifestyle
counseling as part of standard care for every CCS during
their regular visit to our LTFU clinic. It included gen-
eral, guideline-based recommendations, as well as individu-
alized content based on the survivor’s needs. Risk factors
for cardiometabolic diseases such as cancer treatment, age,
gender, and socioeconomic status were assessed to identify
high-risk CCS. Additionally, we performed an analysis to
determine how many CCS are in need of lifestyle counseling
according to current guidelines [11,13] due to pre-existing
metabolic diseases and how they accepted and implemen-
ted counseling into their daily life. A subgroup analysis
was conducted to identify CCS who may escape standard
inclusion criteria for lifestyle counseling. Furthermore, we
aimed to develop and establish a lifestyle counseling program
considering the physician’s, the sports scientist’s, and CCS’
perspective on who could benefit most from counseling that,
due to limited resources, would be mainly limited to at-risk
CCS in most settings.
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Methods
Study Population

In this study, lifestyle counseling as a routine care offer was
implemented within regular LTFU care. All CCS visiting our
late effects clinic from February 2022 to the end of January
2023 were offered to participate in lifestyle counseling. They
were informed about this offer several weeks before their
visit to the LTFU clinic by phone and asked to participate in
this study during their stay in the clinic. Survivors who were
18 years or older at initial cancer diagnosis but had under-
gone cancer treatment in our local department for pediatric
oncology, mainly young adults with medulloblastoma, were
also transitioned to our late effects clinic and thus analyzed as
part of the study group. Risk stratification into three different
risk groups, based on survivors’ initial cancer diagnosis and
treatment, their risk for late effects, and their need for LTFU
examinations, was performed according to Gebauer et al [25],
with risk group 1 corresponding to a low, group 2 to a
medium, and group 3 to a high risk for late effects.

Inclusion Criteria

Inclusion criteria were hypercholesterolemia (total cholesterol
=5.0 mmol/L), diabetes mellitus (preexisting or hemoglobin
A1c [HbA ] 26.5%), BMI <18.5 or =30 kg/m?, not reaching
the recommended activity time (<150 minutes moderate or
<75 minutes vigorous activity time per week), or the need for
counseling expressed by the survivor [11].

These inclusion criteria were based on three different
perspectives on who would benefit most from counseling: the
perspective of the survivor (expresses the need for counsel-
ing), the perspective of the sports scientist (focus on activity
level and anthropometric data), and the perspective of the
treating physician (focus on metabolic diseases).

Exclusion Criteria

CCS who were not interested in lifestyle counseling or study
participation were excluded from this study.

Assessment of Inclusion Criteria

HbA . was assessed in order to check if CCS were in
a diabetic or prediabetic condition (HbA. level between
5.7% and 6.4%) [26]. For BMI calculation, most CCS were
measured wearing clothes, as well as with their prosthesis,
if needed. Only one CCS came to the LTFU care with-
out a prosthesis, therefore, we used a formula to correct
the BMI for CCS with amputated limbs [27]. Additionally,
we calculated the BMI with the Amputee Coalition BMI
Calculator Widget.

Ethical Considerations

This study was approved by the ethics committee of the
University of Luebeck (registration 18-087) and conducted in
accordance with the Helsinki Declaration of 1975. Informed
consent was obtained from all participants included in the
study, with the ability to opt-out. Data were saved anon-
ymously. Patients took part in the study voluntarily and
received no compensation other than counseling.
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Lifestyle Counseling

Every counseling was performed by the same sports scientist
(FR) with several years of experience in counseling of CCS.
It was scheduled for 30 minutes and took place in the LTFU
clinic right after the regular LTFU visit. The CCS were
informed about the appointment before they attended their
appointment in the LTFU clinic. Medical and anthropomet-
ric data was documented in the clinic’s database. Addition-
ally, CCS were asked to answer a set of lifestyle questions
(physical activity time, daily activity, and nutritional status) to
evaluate to which extent the lifestyle recommendations from
the American College of Sports Medicine and the American
Cancer Society (ASC) were already implemented [11]. Due to
those guidelines, cancer survivors should be physically active
for at least 150 minutes per week with moderate intensity or
75 minutes of vigorous-intensity. Physical activity should be
performed for at least 10 minutes at a time, and sedentary
activities should be avoided or reduced. It is also recommen-
ded that adults perform strength exercises at least twice a
week for the major muscle groups [11,28]. Every CCS was
asked to assess their subjective requirement for the need for
nutrition or sports counseling. Sports behavior, as well as
nutrition behavior, was assessed by subjective questioning.

During counseling, the sports scientist referred to the
recommendations of the ASC and German Nutrition Society,
considering the third, updated, and evidence-based ASC
nutrition and physical activity guideline for cancer survivors
that was published early during the study period in 2022
[11,29]. In addition to pointing out general recommenda-
tions, the sports scientist emphasized individual aspects that
were not in concordance with the guidelines. Consequently,
although every CCS was asked the same set of questions,
the content of lifestyle counseling depended on the CCS’s
individual needs (Multimedia Appendix 1). If CCS already
met the recommendations for physical activity and were still
interested in the counseling, counseling focused on general
lifestyle advices according to the guidelines from Rock et al
[11] such as smoking cessation and nutrition counseling.

After 4 weeks, every CCS received a remote follow-up
appointment, to check whether they were able to implement
the recommendations in their daily life and whether they
benefited from the counseling (Multimedia Appendix 1). All
statements were answered subjectively.

Statistical Analysis

For descriptive statistics, the median and range were
calculated for continuous variables. For categorical variables,
the absolute number, as well as the relative number of the
respective category, is presented.

Qualitative data were analyzed descriptively. They were
only collected for one question in a structured follow-up
interview by phone (“effect of lifestyle counseling”). The first
author (FR) made field notes during the interview. After-
ward, the perceived effect was categorized into three different
subcategories (weight loss, quality of life including more joy,
balance, and satisfaction, or both). These categories were
determined after obtaining an overview of patients’ responses.
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This approach was supervised by JG. Reliability was tested
by asking patients about their current weight and comparing
this answer to the documented weight in the database.

The programming language R (version 4.2.2; R Core
Team) was used for the entire analysis of the data.

Subgroup Analysis

For further analysis, three subgroup analyses were defined
to gain a better overview of CCS who may escape standard
inclusion criteria for lifestyle counseling. Subgroup 1 was
considered to include the CCS who had a need for counseling
based only on the criteria of the sports scientist and not from
the physician’s point of view. Subgroup 2 included CCS who
requested lifestyle counseling but did not need it based on
the inclusion criteria. Subgroup 3 included CCS who met
the inclusion criteria but rejected the offer for counseling.
We descriptively compared the subgroups regarding relevant
characteristics using the chi-square test or Fisher exact test
where appropriate.

Results

Survivors’ Characteristics

Overall, lifestyle counseling was offered to 155 CCS (n=100,
65% female and n=55, 35% male), who had a median age

Table 1. Characteristics of the study population (n=155).

Richter et al

of 30 years (IQR 24-39.5) with a range of 18 to 63 years.
Most CCS underlying diseases were lymphoma (n=45, 29%),
leukemia (n=42, 27%), and brain tumors (34/155, 22%). The
median age at first diagnosis was 12 years (IQR 5-16) with
a range of 0 to 35 years. In terms of diagnosis and therapy,
18 (12%) CCS were assigned to risk group 1, 42 (27%) CCS
to risk group 2, and 95 (61%) CCS to risk group 3. A total
of 61% (11/18) of survivors assigned to risk group 1 had an
indication for lifestyle counseling and 45% (19/42) of those
assigned to risk group 2. In the group with the highest risk
for late effects (risk group 3), 72% (68/95) had need for
lifestyle counseling. Detailed information on the characteris-
tics of the CCS is shown in Table 1. In addition, 29 (19%)
survivors were in a prediabetic condition, of which 10 (6%)
survivors were not included in the needs analysis as they did
not meet any inclusion criteria. Furthermore, 82 (53%) of all
CCS already received previous nutrition or sports counseling,
either organized by themselves, during rehabilitation stays, or
while being part of the study CARE for CAYA [21].

Characteristics Survivors (n=155)
Sex, n (%)

Female 100 (64.5)

Male 55 (35.5)
Age at counseling (years)

Median (IQR) 30 (24-39.5)

Range 18-63
Age at cancer diagnosis (years)

Median (IQR) 12 (5-16)

Range 0-35
Primary cancer diagnosis?, n (%)

Lymphomas 45 (29)

Leukemias 42 (27.1)

Brain tumors 34 (21.9)

Sarcomas 19 (12.3)

Embryonic tumors 7(4.52)

Rare tumors 8(5.2)
Radiation, n (%) 95 (61.3)
Total body or skull irradiation, n (%) 61 (394)
Chemotherapy, n (%) 142 (91.6)
Stem cell transplantation, n (%) 25 (16.1)
Operation, n (%) 75 (48.4)
Recurrence or relapse 27 (174)
Risk group, n (%)

1 18 (11.6)
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Characteristics Survivors (n=155)
2 42 (27.1)
3 95 (61.3)
Education level®, n(%)
No school degree 2(1.3)
Lower secondary education or less (ISCED <2) 14 (9)
Upper secondary+ non-tertiary postsecondary education (ISCED 3-4) 48 (30.9)
Tertiary education (ISCED =5) 91 (58.7)
Previous lifestyle counseling, n (%) 82 (52.9)
Desire for lifestyle counseling, n (%)
Sports and nutrition 39 (252)
Sports 27 (17.4)
Nutrition 1509.7)
None 74 (47.7)
Lifestyle counseling performed, n (%) 120 (77.4)
Recommendations, n (%)
Sports and nutrition 65 (54.2)
Sports 43 (35.8)
Nutrition 8(6.7)
None 4(3.3)

4According to the International Standard Classification of Education (ISCED) [30].

Needs Analysis and Lifestyle Counseling

Lifestyle counseling was provided to 120 survivors (response
rate 77.4%) including 112 survivors with a need for coun-
seling from either the physician’s, the sports scientist’s, or
the CCS’ perspective (Table 2). Additionally, 8 CCS opted
for lifestyle counseling after receiving further study informa-
tion although they initially did not indicate the need for it.
They were open to recommendations and the talk turned into
counseling.

For 27 (17%) survivors, there was no need for counseling,
while the remaining 8 (5%) survivors did not want counseling

even though there was a need from either the physician’s or
the sports scientist’s perspective.

As the inclusion criteria for this study were based on
the perspective of the survivor, the sports scientist, and the
treating physician on who would benefit most from lifestyle
counseling, we analyzed the need for counseling considering
these three approaches. The indication for lifestyle counsel-
ing based on these different perspectives only matched in 39
(35%) CCS (Figure 1).

Table 2. Percentage of survivors (n=155) meeting the different inclusion criteria (activity [<150 min per week], BMI [<18.5 or =30 kg/mz], diabetes

mellitus [preexistent or HbA |, 26.5%], hypercholesterolemia [=5 mmol/L], and desire by patient).

Inclusion criteria

Survivors (n=155), n (%)

Activity
BMI
Diabetes mellitus

Hypercholesterolemia
Desire by patient

72 (46.5)
38 (24.5)

9(5.8)
43 27.7)
81(52.3)

The median duration of the consultation was 25 (IQR 15-30)
minutes, with a range of 10 to 60 minutes. Most frequently,
CCS (65/120, 54%) were advised to change their lifestyle
in both areas (diet and exercise). Furthermore, 51 out of the
120 (43%) CCS received recommendations for only exercise
(43/120, 36%) or diet (8/120, 7%). There were 4 out of 120
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(3%) CCS who, although interested in counseling, received
no advice as they already met the lifestyle recommendations.

Almost all CCS (150/155, 97%) indicated that a general
offer of lifestyle counseling would be useful in the context of
LTFU.
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Figure 1. Overlap in the indication for lifestyle counseling based on the different perspectives of the physician, sports scientist, and childhood cancer

survivor.
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Follow-Up Interview

For motivational reasons and to check whether CCS were
able to implement the recommendations, all CCS with
counseling were asked if they wanted a second interview. A
total of 16 (14%) CCS did not want, or as they already met
the lifestyle recommendations, were not selected for a second
interview. In 53 (44%) CCS, it could not be performed due
to difficulties with the appointment arrangement outside of
the regular LTFU interval. A second interview was performed
in 51 (43%) CCS within 1 month. Of these, 49 (96%) CCS
reported to have implemented the recommendations of the

sports scientist in at least one of the areas, consisting of
exercise and diet (Table 3), and 33 (65%) CCS reported to
have improved their lifestyle in both areas, although only 21
(41%) CCS received counseling in both areas. In addition, 33
out of 51 (65%) CCS desired further support and counsel-
ing. Moreover, 50 CCS attending the follow-up appointment
initially indicated that lifestyle counseling should be part of
the LTFU care and confirmed this statement in the sec-
ond consultation. One CCS indicated only in the follow-up
appointment that lifestyle counseling would be useful.

Table 3. Characteristics of CCS? who participated in the follow-up interview 1 month after lifestyle counseling.

Assessed at first counseling

Survivors (n=51)

Inclusion criteria (sports scientist), n (%)
Inclusion criteria (physician), n (%)

Desire of counseling (CCS), n (%)
Characteristics at follow-up
Subjective benefit,n (%)
No
Yes
Unclear
Implementation of the recommendations, n (%)
Both
Sports
Nutrition
No

Duration of the counseling (minutes)

36 (71)
30 (59)
32(63)

2(4)
47 (92)
2(4)

33 (65)
8(16)
8 (16)
2 (4)
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Assessed at first counseling

Survivors (n=51)

Median (IQR)
Range

Effect perceived, n (%)
Yes, weight loss
Yes, quality of life

Yes, both
No

12 (10-19)
8-40

38 (75)

2 (4)

26 (51)

8 (16)

15 (29)

4CCS: childhood cancer survivors.

Subgroup Analysis

Although the physicians’ and sports scientists’ inclusion
criteria overlapped, 26 (17%) CCS need for counseling were
only identified based on the sports scientist’s perspective
(subgroup 1). A second interview was conducted with 13
of these CCS 1 month later, during which 12 (92%) CCS
reported having benefited from counseling.

In addition, 14 (9%) CCS expressed a need for counseling
from a personal point of view, although they did not meet
the inclusion criteria from the physician’s or sports scientist’s

perspective (subgroup 2). A second interview (recommended
for 9 of these CCS) was conducted with 5 CCS, 4 (80%) of
whom stated that they had benefited from the counseling.

Furthermore, 31 (20%) CCS did not express a need for
counseling, although they met the inclusion criteria (subgroup
3). A total of 23 (74%) CCS agreed to receive lifestyle
counseling. One month later, 15 of 16 (94%) participat-
ing CCS reported having benefited from counseling. These
subgroups are also shown in more detail in Table 4.

Table 4. Characteristics of childhood cancer survivors in the subgroup analysis, subdivided into three subgroups.

Subgroup 1?

Subgroup 2° Subgroup 3¢ Descriptive P

Characteristics (n=26), n (%) (n=14), n (%) (n=31), n (%) valued
Sex .19

Female 19 (73) 10 (71) 16 (52)

Male 7(27) 4(29) 15 (48)
Risk group 49

1 3(12) 31 2(7)

2 7(27) 4(29) 6(19)

3 16 (62) 7 (50) 23 (74)
Indication for counseling by sports scientist 26 (100) 0(0) 25 (81) Not performed
Indication for counseling by physician 0 (0) 0(0) 23 (74) Not performed
Desire for counseling 18 (69) 14 (100) 0(0) Not performed
Counseling performed 25 (96) 13 (93) 23 (74) 05
Follow-up appointment® .59

Performed 13 (50) 5(36) 16 (52)

Not indicated by sports scientist or survivor 2(8) 5(36) 9(29)

Not feasible 11 (42) 4(29) 6(19)
Implementation of the recommendations 35

Both 7(27) 301 9(29)

Sports 4(15) 0(0) 4 (13)

Nutrition 1(4) 1(7) 3(10)

No 1(4) 1(7) 0(0)

No follow-up 0(0) 9 (64) 15 (48)

4Subgroup 1: survivors who have a need for counseling based only on the inclusion criteria of the sports scientist and not from the sician’s poin
4Subgroup 1 ho h d fi ling based only on th 1 t f the sport: tist and not fi the phy point

of view.

bSubgroup 2: survivors who want lifestyle counseling but do not need it based on the criteria.
CSubgroup 3: survivors who need counseling based on the criteria but did not express a desire for counseling.
dDescriptive P-value from chi-square test (sex, follow-up appointment, implementation of the recommendations) and Fisher exact test (risk group,

counseling performed).

CFor follow-up appointment, we tested performed versus all other categories, and for implementation of the recommendations, we tested

implementation of at least one recommendation versus all other categories.
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Discussion

Principal Findings

Worldwide, as a result of advances in cancer treatment and
diagnostics, the proportion of long-term cancer survivors is
rapidly increasing [31]. As many of these survivors develop
chronic health conditions later in life, prevention measures
gain importance in follow-up care and management of these
CCS in order to reduce long-term morbidity and maintain a
good health-related quality of life. Regular physical activity
can have a major impact on metabolic health and reduce
risk factors for metabolic syndrome [11,17,32]. As shown in
previous studies, long-term sequelae, like diabetes mellitus
and obesity, occur more often in CCS than in the general
population and contribute to elevated morbidity and mortality
risk. This risk can be diminished by implementing a healthy
lifestyle based on regular physical activity and a healthy diet
[15,33].

In this study, indications for, as well as the feasibility
of, regular lifestyle counseling in an unselected cohort of
long-term CCS in a specialized LTFU care setting were
prospectively evaluated. In addition, we aimed to identify
CCS who could particularly benefit from counseling based
on three different perspectives (physician’s, CCS’, and sports
scientist’s view).

During the study, over 77% (120 out of 155) of the CCS
received lifestyle counseling with a special focus on physical
activity and nutrition. About 48% (n=74) of these CCS
expressed no need for counseling initially, but were either
interested in lifestyle recommendations or had indicators for
counseling (based on metabolic risk constellations or reduced
physical activity). Consequently, 39 CCS received lifestyle
counseling who initially did not state a need for it.

Due to difficulties in contacting, only 51 CCS received
a follow-up appointment. Almost all of these CCS (48/51,
94%) indicated that they benefited from lifestyle counseling
which is in line with previous studies that highlighted the
importance of lifestyle counseling in an unselected CCS
cohort as it resulted in higher activity levels after seeing a
health practitioner [32]. Considering different perspectives
on who would benefit from counseling resulted in a high
participation rate and satisfaction with the offer. However,
the overlap between the indications for counseling was poor.
We classified CCS into three distinct subgroups. Our findings
demonstrated that lifestyle counseling can be beneficial for
CCS, even if only one perspective recognizes the indication
for it. This highlights the relevance of a multidisciplinary
approach in LTFU care including sports scientists to support a
healthy lifestyle among this cohort [34,35].

Furthermore, our results show that especially CCS with
a high risk for late effects (risk group 3 with radiotherapy
exposure, according to Gebauer et al [25]) are in higher
need of lifestyle counseling. According to Rock et al [36],
survivors of pediatric acute lymphoblastic leukemia have
an increased risk of becoming overweight throughout their
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lives. Due to cancer treatment in childhood, like radiotherapy
exposure, metabolic late effects such as overweight, obesity,
and changes in body composition like an increase in fat
mass are common in CCS. They could also be demonstrated
in our cohort, with 46.5% (70/155) of the survivors being
affected by metabolic disorders [9,37,38]. Cranial radiation
often leads to endocrine disorders which in turn may result
in overweight or obesity [38,39]. Of note, although the
proportion of CCS with an indication for lifestyle counseling
was high across all risk groups, CCS with the lowest risk for
late effects (risk group 1 according to Gebauer et al [25])
appeared to be affected more often than CCS in risk group
2 (medium risk for late effects). This is most likely due to
the small number of CCS in risk group 1 included in this
study resulting in a selection bias. This finding should be
verified in further studies with more participants representing
the different risk groups (based on cancer treatment exposure)
in a more balanced way. However, the study findings suggest
that lifestyle counseling should be considered more strongly
for individuals in higher-risk groups. Consequently, CCS in
risk group 3, in particular, should be given serious considera-
tion for regular lifestyle counseling as already proposed by
Nathan et al [39].

The fact that almost all CCS (n=150, 97%) considered
lifestyle counseling to be beneficial, and those who repor-
ted benefits from it in the follow-up appointment (47/51,
92%), support the idea of incorporating lifestyle counseling
into regular LTFU care. In addition, 70% (36/51) of CCS
receiving a second counseling stated a positive effect on
weight or quality of life. These findings are consistent with
previous studies that have shown high levels of acceptance
and adherence to lifestyle counseling [10,33]. Zhang et al
[15,40], suggest that it is crucial to educate CCS about weight
management and healthy lifestyle as early as possible, but
older CCS may require more lifestyle counseling. Moreover,
men may have a greater need for lifestyle counseling (based
on the presence of metabolic diseases or a sedentary lifestyle)
as demonstrated in this study but often do not perceive
this need. Furthermore, the study revealed that CCS with a
normal weight who do not meet the inclusion criteria can
still derive benefits from counseling. Additionally, there were
29 (19%) CCS with a prediabetic metabolic condition, who
could benefit from counseling and should be included in
future studies.

Given the constraints of limited resources, it is crucial to
deliberate on the inclusion criteria for lifestyle counseling. As
demonstrated in this study, factors such as the higher risk for
late effects (risk group 3), based on treatment exposure, older
age, male gender, and reduced physical activity, as well as
established cardiovascular risk factors, such as the presence
of obesity, diabetes mellitus, or hypercholesterolemia could
serve as potential indicators for lifestyle counseling.

Limitations and Strengths of the Study

Limitations of this study included heterogeneity within the
study cohort such as predominance of female gender (n=100,
65%) and risk group 3 (n=95, 61%). This was a result
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of an unselected inclusion of every CCS receiving regular
LTFU care in our specialized clinic, which renders com-
parison of different risk groups more difficult. A higher
proportion of women in LTFU has also been observed in
previous studies performed in our cohort, as well as in
different LTFU cohorts, and was discussed as a consequence
of an increased engagement in preventive health behavior in
women compared with men [41 42].

In addition, 53% (n=82) of all CCS already received
previous nutrition or sports counseling which may have had
an impact on their lifestyle. However, the content of previous
counseling was not recorded in a structured way in this
study. Furthermore, in 53 (43%) CCS, a follow-up appoint-
ment could not be performed due to organizational difficul-
ties. Some measurements were based solely on information
provided by the CCS such as nutrition habits and weight
loss after counseling and could not be validated clinically.
For future research, it would be useful to assess data more
objectively and after a longer period of time to better assess
the long-term effect on metabolic parameters and activity. A
follow-up after 1 month, in this context, is not sufficient to
fully capture the impact of lifestyle counseling. However, in
the CARE for CAYA study that offered lifestyle counseling
to a predefined proportion of CCS, no significant effect of
the intervention in a follow-up after 1 year could be demon-
strated. As a consequence of these results, for this analysis,
we intended to investigate the short-term effect of counseling
assuming that the effects might be most pronounced during
the first weeks [43].

The small number of CCS experiencing nutritional issues
(n=15) may be attributed to the fact that the assessment
of nutritional parameters relied solely on subjective ques-
tioning. Especially for the evaluation of activity time, it
would have been useful to collect either objective data by
accelerometry or the moderate and vigorous activity minutes
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in the follow-up counseling. The assessment of the quality of
life did not involve the use of questionnaires; instead, CCS
provided subjective responses.

However, to our knowledge, this is the first study to
implement regular lifestyle counseling for every CCS in a
specialized setting with many years of experience within
LTFU care. We collected the data from an unselected cohort
in a prospective manner, which allowed us to include all
CCS receiving LTFU care and gain an overall understanding
of their needs. For further research, it might be useful to
analyze CCS after lifestyle counseling over a longer period
to see whether they sustained a health-promoting lifestyle.
Furthermore, it would be useful for future studies to promote
a mobile health intervention for CCS that might increase
adherence to adopting a healthier lifestyle [44].

Conclusions

Lifestyle counseling is feasible and considered useful by most
CCS. However, due to limited resources, counseling might
not be available for every CCS during LTFU. Therefore,
it is particularly important to identify CCS at risk for
metabolic complications. Although early implementation of
lifestyle changes is recommended in order to reduce long-
term morbidity, as demonstrated in this study, older CCS, as
well as male CCS, were especially in need of counseling.
This group should be actively screened for established risk
factors such as hypertension, diabetes mellitus, and hypercho-
lesterolemia. Additionally, a more intensive cancer treatment
exposure was confirmed as an independent risk factor for
poor metabolic outcome and should prompt initiation of
counseling. Consequently, as a healthy lifestyle including
regular physical activity and a nutrient- and vitamin-rich diet
can reduce survivors’ increased risk of developing metabolic
diseases, it should be part of regular LTFU care for CCS.
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