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Patients reported sustained, long-term lifestyle improvements following
prehabilitation. These improvements were not reflected in the PLCRC data,

likely due to high variability and the limited sample size of the dataset.
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ABSTRACT

Background and purpose: Prehabilitation—a multimodal intervention aimed at optimizing patients
physical, nutritional and psychological status prior to surgery—has been shown to improve postoperative
outcomes. However, the long-term impact of such programs on lifestyle remains poorly understood. Aim
is to evaluate long-term lifestyle changes following a 4-week prehabilitation program prior to elective col-
orectal cancer (CRC) surgery and to compare patient-reported outcomes over a 24-month postoperative
period between prehabilitation and control groups.

Patient/material and methods: This single-center cross-sectional study combined a prehabilitation spe-
cific questionnaire with longitudinal data from the Prospective Dutch Colorectal Cancer (PLCRC) cohort.
Questionnaires were distributed to CRC patients who underwent prehabilitation between 2021 and 2023.
Longitudinal data—including validated measures of physical activity and quality of life—were compared
between prehabilitation and control groups at 6, 12, and 24 months post-surgery.

Results: A total of 137 prehabilitation questionnaires were completed. Over half of the patients reported
sustained lifestyle changes, including increased physical activity, healthier dietary habits and smoking ces-
sation. However, longitudinal analyses of the PLCRC cohort (n=140) showed no significant differences in
physical activity or quality of life between the prehabilitation and control groups.

Interpretation: Patients reported perceived meaningful, sustained, long-term lifestyle improvements fol-
lowing prehabilitation. The positive patient perspective may help support the broader implementation of
prehabilitation in CRC care and highlights its potential to facilitate long-term lifestyle changes. However,
these improvements were not reflected in the PLCRC data, likely due to high variability and the limited
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sample size of the dataset.

Introduction

Prehabilitation, which aims to optimize patients’ fitness prior to
surgery, has been shown to improve preoperative functional
capacity and reduce postoperative complications, thereby
decreasing morbidity and mortality rates [1-7]. This multifac-
eted approach includes various preoperative interventions such
as (supervised) physical training, nutritional assessment and
intervention, cessation of smoking and alcohol consumption,
patient blood management (including correction of preopera-
tive anemia and hyperglycemia), and psychological support
when indicated [2-6, 8, 9]. Patients get the chance to improve
their fitness, their nutritional habits and lifestyle. Accordingly,
prehabilitation patients improved their steep ramp test and
their muscle strength postoperatively [10]. Prehabilitation also
positively impacts hospital resource utilization and reduces
healthcare costs by decreasing complications, length of hospital
stay, intensive care use, and readmissions [11]. As a result, preha-
bilitation has been implemented for patients undergoing

especially colorectal cancer (CRC) surgery in multiple hospitals
across the Netherlands [8].

Successful implementation is contingent upon patient
adherence to the program. While previous, small-scale qual-
itative interviews [12] and proof-of-concept studies [13] have
explored this topic, patient perceptions with the currently
implemented program in a larger cohort remain unknown.

After participation in a prehabilitation program, patients often
report adopting healthier lifestyle behaviors during follow-up. In
this context, lifestyle refers to modifiable health-related behaviors
such as physical activity, dietary habits, smoking behavior and
psychosocial coping, all of which are increasingly recognized as
important across the cancer care continuum. If prehabilitation
supports sustained adoption of these behaviors, its benefits may
extend beyond the perioperative period, potentially improving
quality of life and broader societal outcomes [14].

However, evidence regarding the long-term lifestyle effects
of prehabilitation remains limited and inconsistent. Previous
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studies have predominantly focused on short-term outcomes or
lacked longitudinal follow-up [15, 16], making it difficult to draw
conclusions about sustained behavioral change. Moreover,
maintaining lifestyle changes over time is inherently challenging,
with a well-documented gap between initial behavioral inten-
tion and sustained adherence, often accompanied by behavioral
relapse [17]. Consequently, the extent to which prehabilitation
leads to enduringlifestyle change has notyet been systematically
evaluated.

The aim of the present manuscript was twofold. First, we aimed
to explore patients’ experiences and self-perceived long-term
lifestyle effects of prehabilitation over a 12-month follow-up
period using a prehabilitation-specific questionnaire. Second, to
place these patient-reported perceptions in a comparative
context, we aimed to assess long-term patient-reported outcomes
at 24 months by comparing patients who did and did not undergo
prehabilitation using longitudinal prospective data.

Patients/material and methods
Study design

This mixed-design study consisted of a single-center cross-
sectional questionnaire study and a longitudinal cohort study
using prospectively collected data from the Prospective Dutch
Colorectal Cancer (PLCRC) cohort, a nationwide multidiscipli-
nary observational cohort in the Netherlands. All patients with
CRC, small bowel adenocarcinoma, and anal cancer were eligi-
ble for inclusion. After patients have given their informed con-
sent, longitudinal clinical data were registered, and patient
reported outcomes (PROMs) were collected [18]. Approval from
the medical ethical committee (METC) was requested; however,
formal approval was deemed unnecessary under Dutch law
(METC, Méxima MC). The study was approved by the Institutional
Review Board of Maxima MC (2024.0096). The study design
comprised two components. First, a cross-sectional prehabilita-
tion questionnaire assessed persistent effects of prehabilitation
on daily habits, lifestyle and experiences with the prehabilita-
tion program. Second, relevant PROMs from the longitudinal
PLCRC cohort were analyzed to be able to compare long-term
effects between patients who participated in the prehabilitation
program and patients who did not. Because the prehabilitation
questionnaire cohort and the PLCRC cohort were not identical
and could partially overlap, analyses were performed separately
for each study component.

Prehabilitation program

At Maxima MC, prehabilitation is implemented as a multimodal
standard-of-care program for patients with CRC undergoing
elective surgery, in accordance with the national prehabilitation
protocol [19]. The program has a duration of 4 weeks and
includes supervised physiotherapy sessions three times per
week, each lasting 1 hour. In addition, patients receive nutri-
tional counseling by a dietitian, including daily protein and
vitamin supplementation. Psychological support is provided

by a dedicated case manager. When indicated, additional inter-
ventions such as optimization of anemia status and a smoking
cessation program are incorporated.

Prehabilitation questionnaire

The prehabilitation questionnaire was sent to all eligible patients
(=18 years at time of surgery) who participated in the prehabili-
tation program prior to elective CRC surgery between January
2021 and September 2023 at Mdxima MC and were alive at the
time of questionnaire distribution (September 2024). Only
patients who provided consent and completed the question-
naire adequately were included. Baseline characteristics—age
at surgery, sex, body mass index (BMI), smoking habits (yes/no),
and American Society of Anesthesiologists (ASA) score—were
extracted from electronic medical records.

Patients received the questionnaire by e-mail, with a
reminder sent 1 week later if applicable. Non-responders were
subsequently sent a paper version by mail. Questionnaires were
included for analysis if at least one question related to the
prehabilitation program was answered. The questionnaire
primarily invited patients to rate their current lifestyle behavior
such as physical activity, dietary habits and smoking status in
comparison with their habits prior to diagnosis. Participants
responded to a series of positively framed statements (e.g.,“l am
more physically active than before my diagnosis”) using a
five-point Likert scale ranging from “completely agree” to
“completely disagree” In addition, the questionnaire assessed
participants’ experiences with the prehabilitation program.

PLCRC PROM questionnaires

PROMs from the PLCRC cohort were requested for all patients
who underwent elective CRC surgery at Maxima MC and partic-
ipated in the PLCRC study, which has been extensively described
elsewhere [18]. The PLCRC cohort comprised participants
between October 2018 (initiation of PLCRC) and November
2024, and analyses were based on questionnaires collected dur-
ing this inclusion period. Since the PLCRC cohort was initiated at
Méxima MC before prehabilitation implementation (January
2021), patients were divided into two groups: those who
received prehabilitation (prehab group) and those who did not
(control group). Participants were included only if they had
completed the initial questionnaires within 30 days before or
after surgery, and at least 6 months prior to the date of data col-
lection. Baseline characteristics were obtained from PLCRC data
and electronic medical records, including age at surgery, sex,
BMI, smoking habits (yes/no), and surgical procedure.

PROM data comprised of a comprehensive set of question-
naires administered at baseline (TO, time of inclusion in the
PLCRC cohort) and follow-up at 3, 6, 12, 18, 24, 36, 48, and 60
months post-inclusion. Given the interest in long-term
outcomes, yet taking into account the declining response rates
over time, analyses were limited to data collected at 6, 12, and
24 months. It should be noted that TO corresponded to the
moment of PLCRC inclusion, which did not necessarily coincide



with the time of diagnosis. As a result, TO could correspond to
the start of the prehabilitation program, a point midway through
the program, or just prior to surgery. Data at TO were therefore
excluded from between-group comparisons, due to the
considerable influence of the prehabilitation program on
activity levels and quality of life at this time point. During follow-
up, PROM assessments administered specifically in the context
of metastatic disease were excluded, as these reflect a distinct
clinical phase with determinants of quality of life and functioning
that are not comparable to those of non-metastasized patients.

PROM questionnaire scores were calculated according to
their respective scoring manuals.

Physical activity was evaluated using the Short QUestionnaire
to ASsess Health-enhancing physical activity (SQUASH), which
measures frequency, duration, and intensity of activities over
1 week. Metabolic Equivalent of Task (MET) units were calculated
for each activity to allow objective comparisons across different
types of physical activity. One MET-hour corresponds to the
energy expenditure of sitting quietly for 1 hour, while jogging at
a self-selected pace corresponds to approximately 7 MET-hours
per hour [20]. In addition to MET-hours, an activity score was
computed for each activity, incorporating the MET value, the
participant’s age, and the self-reported intensity. Both MET-hours
per week and activity scores were calculated for sports activities,
general daily activities, and total physical activity, resulting in six
distinct outcome variables. To ensure data validity, responses
were screened for implausible values (e.g., reporting more hours
of cycling per week than feasible). Outliers, defined as values
exceeding three times the interquartile range (IQR), were
manually reviewed. Participants were excluded from analyses at
the relevant time point if their responses, although technically
possible, were deemed highly unrealistic—for example,
reporting gardening 24 hours per day, 7 days per week.

Health-related quality of life was measured using the
EQ-5D-5L instrument [21]. The EQ-5D-5L index value (EQ-index),
ranging from -0.446 to 1.00, was derived using the Dutch value
set, while the visual analog scale (EQ-VAS), ranging from 0 to
100, for health status was analyzed separately [22]. Quality of life
was also assessed with the EORTC QLQ-C30 questionnaire.
Scores for functioning scales (physical, role, emotional, cognitive,
and social functioning) and global health status were computed
ona0-100scale, with lower scores indicating poorer functioning
[23]. Additionally, an EORTC QLQ-C30 summary score was
calculated [24].

Missing data were handled according to the guidelines
specified in each questionnaire’s manual [20, 23]. Analyses were
performed using available data only, and no imputation was
applied.

Statistical analysis

Baseline characteristics were compared between participants
and non-participants of the prehabilitation questionnaire to
assess potential non-response bias. Prehabilitation question-
naire results were reported descriptively. For the PROM ques-
tionnaire data, baseline characteristics were compared
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between the prehab and control groups. Two-sided analyses
were conducted using IBM SPSS Statistics (version 29.0,
Armonk, NY, United States). Continuous variables are pre-
sented as mean + standard deviation (SD) or median with
interquartile range (IQR), depending on data distribution, and
were analyzed using independent t tests or Mann-Whitney U
tests. Categorical variables are presented as counts and per-
centages and analyzed using the Chi-square, Fishers’ exact, or
Freeman-Halton tests as appropriate. Statistical significance
was set at p < 0.05.

Comparison of PROM questionnaire scores between the
prehab and control groups at each time point was performed
using independent t tests or Mann-Whitney U tests. Statistical
significance was set at p < 0.05, and to account for multiple
comparisons, the Holm-Bonferroni method was used.

Results

The results of the prehabilitation questionnaire and the PLCRC
PROM questionnaire are presented separately below. Of note,
54 patients were included in both sections, but were analyzed
separately according to the respective study designs.

Prehabilitation questionnaire—population

Between January 2021 and September 2023, a total of 217
patients participated in the prehabilitation program for elective
CRC surgery in Maxima MC. Of these, 198 patients were alive
and eligible to receive the questionnaire in September 2024. In
total, 137 (69%) questionnaires were eligible for analysis, and
the flowchart is depicted in Figure 1. Patient characteristics of
participants and non-participants are shown in Table 1. Groups
were comparable regarding sex, BMI, ASA score and smoking
status. Participants were significantly younger than non-
participants (p < 0.001).

Prehabilitation questionnaire—outcomes

The first section of the questionnaire assessed how participants’
current lifestyle habits compared to those prior to diagnosis or
symptom onset (Figure 2). For all subquestions, approximately
50% of participants agreed or completely agreed with state-
ments suggesting a positive long-term effect of prehabilitation.
Detailed scores for the individual subquestions are presented in
Figure 2.

The second section of the questionnaire assessed patients’
experiences with the prehabilitation program (Figure 2). The
program received a median overall rating of 9 (IQR 8-10).
Moreover, for all items in this section, more than 80% of
participants either agreed or completely agreed with the
statements. This high level of agreement indicates that patients
had a generally positive experience with the program. Detailed
scores for the individual sub-questions are presented in Figure 2.

Finally, 17 patients reported being active smokers at the time
of their diagnosis. Among these individuals, eight have
completely quit smoking, four report a reduction in smoking,
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Figure 1. Prehabilitation questionnaire—flowchart for eligible question-
naires of the prehabilitation cohort (January 2021-September 2023).

while the remaining five indicate smoking at the same or
increased levels compared to the time of diagnosis. Notably,
50% of the participants who reported smoking less, attributed
their behavioral change to the support provided by the
prehabilitation program.

PLCRC PROM questionnaires—population

The PLCRC dataset of Maxima MC included 214 patients, of
whom 116 underwent prehabilitation and 98 did not. A total of
140 participants were eligible for analysis, comprising 88 in the
prehab group and 52 in the control group (Figure 3). The mini-
mal number of participants completing the questionnaires
declined over time. By 24 months, the number of prehab and
control group respondents was 27 and 24, respectively.

The TO questionnaires were completed between April 2019
and April 2024. Baseline characteristics are presented in Table 2,
demonstrating comparability between the two groups.

PLCRC PROM questionnaires—outcomes

Physical activity questionnaire scores at time points T6,T12, and
T24 for both groups are presented in Figure 4. No differences
were observed between the prehab and control groups for any

Table 1. Baseline characteristics—prehabilitation questionnaire.

Characteristics Participants Non-participants P
n=137 n==61
Age, years, median 69.0 (62.0-75.5) 77.0(67.5-81.0) <0.001
(IQR)
Sex, male, n (%) 75 (54.7) 28 (45.9) 0.250
BMI, kg/m? median  25.7 (23.3-28.7)  25.1(23.0-28.3) 0.737
(IQR)
ASA score, n (%) 0.366
| 5(3.6) 4 (6.6)
Il 92 (67.2) 35(57.4)
1] 38 (27.7) 22 (36.1)
\% 2(1.5) 0(0.0)
Active smoker*, n (%) 14 (10.2) 8(13.1) 0.549

BMI: Body Mass Index; ASA: American Society of Anesthesiologists; IQR:
interquartile range. Significance was set at p < 0.05. *Please note the
discrepancy between the number of active smokers documented in this
Table (n = 14, medical records) and the self-reported number of smokers
(n=17), which may be attributed to the nature of self-reported information.

of the SQUASH subscale scores (all p > 0.05, Figure 4,
Supplementary Table 1). Because none of the unadjusted p-val-
ues approached statistical significance, applying a Holm-
Bonferroni correction for these comparisons was deemed
unnecessary.

Quality of life questionnaire scores at time points T6, T12, and
T24 for both groups are shown in Figure 5. To account for
multiple testing, the Holm-Bonferroni correction was applied
across the 27 group comparisons. None of the tests remained
statistically significant after correction (all adjusted p-values =
1.00). Consequently, no differences were detected between the
prehab and control groups in EQ-5D-5L or EORTC QLQ-C30
subscale scores (Figure 5, Supplementary Table 2).

Discussion and conclusion

This explorative study investigated the long-term lifestyle
effects of a prehabilitation program preceding elective CRC sur-
gery and patients’ experience with the program. Participants
reported sustained improvements in daily physical activity,
greater awareness of their physical fitness and healthier dietary
habits compared with their pre-diagnosis situation. These posi-
tive trends were not reflected in the PLCRC data, likely due to
substantial variability and the limited sample size. Overall,
patient satisfaction and adherence to the prehabilitation pro-
gram were high; participants indicated that the program met
their needs and that they would recommend it to others.
Literature on long-term effects of prehabilitation on lifestyle
habits is sparse and focuses on (disease free) survival or hospital
admission [25, 26]. The present study is, to our knowledge, the
first evaluation of long-term effects over a period of 24 months
of prehabilitation on physical activity, quality of life, and daily
functioning. Previous work demonstrates that adherence to
healthy lifestyle recommendations—encompassing diet,
physical activity and body composition—is positively associated
with health-related quality of life and functional outcomes
among long-term CRC survivors [27]. Although this cross-
sectional study does not examine prehabilitation nor assess
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Figure 2. Long-term lifestyle effects and patient experience of prehabilitation. Patients were asked to indicate the level of agreement with six statements
comparing their current lifestyle habits to those prior to symptom onset or diagnosis and six statements regarding the prehabilitation program.

longitudinal changes attributable to a structured preoperative
intervention, its results underscore the broader relevance of
sustained healthy lifestyle behaviors for long-term survivorship

PLCRC cohort
N=214
TO at or after
» 01/05/2024
N=27
TO before
01/05/2024
N=187

TO >30 days before
or after surgery
N=46

v

TO within 30 days
before or after
surgery
N=141

No CRC surgery
N=1

Prehab patients
N=88

Control patients
N=52

Figure 3. PLCRC PROM questionnaire—flowchart for eligible prehabilita-
tion and control patients of the PLCRC cohort (October 2018-November
2024). PLCRC: Prospective Dutch Colorectal Cancer; PROM: patient reported
outcomes; CRC: colorectal cancer.

outcomes. Consequently, the study indirectly reinforces the
rationale for investigating whether prehabilitation can induce
durable improvements in lifestyle, physical activity and quality
of life, as addressed in our 24-month follow-up evaluation.

Approximately 50% of participants agreed or completely
agreed with statements suggesting a positive long-term effect
of prehabilitation. Ferreira et al. [28] previously reported that
94% of patients intended to continue exercising after surgery.
This intention was assessed through a qualitative descriptive
study in which 52 cancer patients completed a structured
questionnaire evaluating their prehabilitation experience and
their motivation to maintain exercise habits [28]. We observed
that 45% of participants reported being more physically active
now compared to the period before their diagnosis. Due to the
phrasing of the question, it is not possible to determine whether
the remaining 55% are currently equally or less physically active.
Taken together, these findings indicate that our results align
closely with previous evidence, and the fact that at least 45% of
participants are certainly more active—with the remaining
group potentially equally active—suggests a remarkably
favorable and comparable long-term impact of prehabilitation
on physical activity levels. Potential differences between
individuals’ motivation to sustain lifestyle changes and the
extent to which such behaviors are ultimately carried out are
well-recognized in the literature, as motivation often exceeds
actual long-term implementation [29, 30].

Previous research into patient experience of prehabilitation
programs focuses on facilitators and barriers to increase
compliance of the program [12, 28, 31-33]. A general theme in
these articles is the importance of a patient-centered and
personalized program combined with education on the benefits
of prehabilitation before surgery. 86% of patients stated the
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Table 2. Baseline characteristics—PLCRC PROM questionnaires.

Characteristics Prehab Control P
n=88 n=>52

Age, years, mean (SD) 68.0 (11.1) 67.3(9.6) 0.702
Sex, male, n (%) 50 (56.8) 30(57.7) 0.920
BMI, kg/m? mean (SD) 26.1 (4.0) 27.1(4.7) 0.200
ASA score, n (%) 0.328

| 4 (4.5) 5(9.4)

Il 62 (70.5) 31 (60.4)

n 21(23.9) 14 (26.4)

\Y 1(1.1) 2(3.8)
Active smoker, n (%) 4 (4.5) 3(5.8) 0.711
Procedure, n (%) 0.288

Right sided hemicolectomy 38 (43.2) 24 (46.2)

Sigmoid 16(18.2) 11(21.2)

TME/PME 12 (13.6) 8(15.4)

Left sided hemicolectomy 8(9.1) 3(5.8)

APR 5(5.7) 5(9.6)

LAR 7 (8.0) 0(0.0)

Transverse colectomy 2(2.3) 0(0.0)

Subtotal colectomy 0(0.0) 1(1.9)

BMI: Body Mass Index; ASA: American Society of Anesthesiologists; TME: Total
Mesorectal Excision; PME: Partial Mesorectal Excision; APR: Abdominoperineal
Resection; LAR: Low Anterior Resection; SD: standard deviation. Significance
was set at p < 0.05.

program met their personal needs, with over 90% reporting
high compliance to the program, which is in line with the
literature [4, 13, 28, 32]. The importance of adequate support
and guidance in the period prior to surgery has been shown
before [12, 34]. In accordance, 87% of patients experienced that
the program helped them prepare for surgery.

Although positive long-term outcomes of prehabilitation
were suggested by self-reported responses in the prehabilitation
questionnaire, these findings should be interpreted with
caution. The reported long-term lifestyle improvements reflect

self-perceived changes rather than objectively measured
differences. Beyond previously reported short-term cost
reductions [11], sustained improvements in health, functioning
or quality of life may hypothetically translate into reduced long-
term societal costs, such as decreased work absenteeism or
healthcare utilization. However, examining such societal costs is
complex and influenced by numerous contextual factors, and
was therefore beyond the scope of the present study.

Several limitations should be considered when interpreting
these findings. The prehabilitation questionnaire was not
formally validated and consisted primarily of positively framed
questions, which may have introduced response bias.
Furthermore, outcomes were based on self-reported data,
reflecting perceived rather than objectively measured long-term
lifestyle changes and may therefore be subject to recall bias.
Survivorship bias and responder bias are also likely present, as
only patients who remained alive and responded during
follow-up were included and questionnaire participants tended
to be younger than non-participants. The relatively small sample
size and loss to follow-up in the PLCRC PROM data limited
statistical power over the 24-month follow-up, increasing the
likelihood that true between-group differences may have gone
undetected. In addition, residual confounding cannot be
excluded due to the non-randomized study design. Lastly,
the lack of a genuine baseline measurement implies that
comparisons at the follow-up time points should be interpreted
as cross-sectional snapshots rather than true longitudinal
trends. Taken together, these limitations underscore the
exploratory nature of the study and highlight the need for future
research using larger cohorts, validated (pre-intervention)
instruments and objective outcome measures.

At least 1 year after completing prehabilitation, patients
reported clear and meaningful long-term benefits, including
greater awareness of their lifestyle habits and increased daily
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physical activity compared to the period before diagnosis. These
self-reported improvements suggest that prehabilitation may
support sustained lifestyle changes beyond the immediate
perioperative phase, even though such effects were not
observable in the PLCRC dataset—likely due to substantial
variability and the limited sample size of the available data.
Complementing these long-term patient-reported outcomes,
the study also demonstrated high levels of patient satisfaction
and patients mainly reported strong compliance with the
multimodal prehabilitation program prior to elective CRC
surgery. The consistently positive patient experience may
therefore act as an important facilitator for broader imple-
mentation of prehabilitation within routine clinical practice.
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