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Abstract

Background: Multimodal prehabilitation has the potential to reduce complications, shorten hospital stays, and decrease healthcare 
resource utilization. However, its impact on patient-centred outcomes, such as patient reported-outcomes, has been less 
extensively studied. This study assessed the effect of multimodal prehabilitation on patient-perceived quality of recovery following 
elective surgery.

Methods: This was a prospective cohort study of patients undergoing elective gastrointestinal surgery between 1 February 2024 and 28 
February 2025 who met institutional criteria for prehabilitation. Outcomes, including comparing postoperative complications, length 
of hospital stay, and perceived recovery, were compared between patients who completed the prehabilitation program and those who 
did not (control cohort). The primary outcome measure was the Quality of Recovery-15 (QoR-15) questionnaire score.

Results: In all, 188 patients were included in the study. The 94 patients who completed the prehabilitation program over a 
mean(standard deviation) of 4.5(1.6) weeks had fewer postoperative complications per patient than did patients in the control 
group (mean(standard deviation) 1.0(1.4) versus 1.4(1.4); P = 0.008). In addition, mean(standard deviation) QoR-15 scores were 
significantly higher in the prehabilitation than control group at baseline (129.5(15.0) versus 122.9(17.0); P = 0.003), discharge 
(117.2(14.0) versus 106.8(15.0); P < 0.001), and 30 days after discharge (128.2(16.0) versus 118.5(14.0); P < 0.001). At 30 days after 
discharge, 66% of patients in the prehabilitation group had recovered all three pre-identified essential activities, compared with 
35% in the control group (P = 0.001).

Conclusions: The findings suggest that prehabilitation not only reduces postoperative morbidity and facilitates physical recovery but 
also enhances patients’ subjective experience of recovery throughout the surgical journey, supporting its integration into routine 
perioperative care for digestive surgery.
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Introduction
Healthcare quality has traditionally been assessed through clinical 

outcomes such as treatment response, complications rates, or 

survival. However, patients’ priorities often differ from those of 

healthcare professionals1,2. Since 2008, the Institute for Healthcare 

Improvement has proposed the Triple Aim framework3 as an 

innovative approach to optimizing healthcare systems through the 

simultaneous pursuit of three interrelated objectives: improving the 

patient experience (including quality and satisfaction), enhancing 

population health, and reducing per-capita healthcare costs.

This approach has evolved into the Quintuple Aim4, which 

integrates provider wellbeing and health equity as additional 

interconnected objectives. This fosters a more equitable, 

effective, and sustainable healthcare system. The assessment of 

patient experience within healthcare interventions has become 

an integral part of evaluating healthcare quality, aligning with 

the principles of patient-centred care5–7. Patients’ perspectives 

about their healthcare experience can play a crucial role in 

hospital management8; consequently, patient-reported outcome 

and experience measures (PROMs and PREMs, respectively) have 
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gained significant traction as integrated tools to evaluate 
healthcare goals among patients and healthcare users9–11. In the 
surgical setting, where surgery is often part of a broader 
process, the Quality of Recovery 15-item questionnaire 
(QoR-15)12 has gained popularity for its accurate assessment 
following surgery, enabling precise evaluation of recovery from 
the patient’s perspective and supporting both personalized care 
and shared clinical decision-making.

Prehabilitation is defined as a patient-tailored preoperative 
intervention encompassing exercise training, physical activity, 
nutritional optimization, and psychological support13,14. 
Multimodal prehabilitation programs have been shown to be 
effective in improving preoperative functional capacity, 
minimizing postoperative morbidity, and accelerating 
recovery15,16. Numerous studies have demonstrated that 
prehabilitation helps reduce hospital stays and postoperative 
complications, especially in high-risk patients or those 
undergoing complex surgeries17. However, despite these well 
documented clinical benefits18,19, the impact of prehabilitation 
on PREMs and PROMs has received significantly less attention. It 
remains unclear whether the reduction in postoperative 
morbidity is accompanied by improved patient-perceived care 
and recovery. As patient experience is becoming increasingly 
relevant in the evaluation of healthcare interventions, it is 
imperative to determine whether prehabilitation programs 
enhance self-perceived recovery after surgery.

The main objective of this study was to compare 
patient-perceived recovery from surgery at hospital discharge 
between two cohorts: one that participated in a multimodal 
prehabilitation program and a contemporaneous cohort that did 
not receive the intervention. Secondary objectives included 
assessing differences between the two cohorts in postoperative 
complications, length of hospital stay, and recovery of daily 
activities 1 month after discharge.

Methods
Study design
A prospective cohort study was conducted to evaluate the impact 
of a multimodal prehabilitation program on patients’ quality of 
recovery at a tertiary care hospital (Hospital Clinic of Barcelona) 
between 1 February 2024 and 28 February 2025. The study was 
approved by the local ethics committee (Approval no. HCB/2023/ 
0941) and all patients provided written informed consent before 
enrolment. The Strengthening the Reporting of Observational 
Studies in Epidemiology (STROBE)20 guidelines were followed in 
reporting this study (supplementary material).

Patients scheduled for major elective gastrointestinal surgery 
who fulfilled the following institutional criteria were considered 
for prehabilitation: moderate to high risk of postoperative 
complications, defined as American Society of Anesthesiologists 
(ASA)21 grade III or IV; and/or age ≥ 70 years; and/or the 
presence of cancer-related deconditioning due to disease and/or 
treatment; and/or patients undergoing highly complex surgeries 
according to the National Institute for Health Care Excellence 
(2016)22 classification.

Patients who declined participation in the prehabilitation 
program or those referred less than 2 weeks before surgery (due 
to logistical or organizational constraints, rather than clinical 
criteria) were assigned to the control cohort. Patients with 
neurological or cognitive impairment or language barriers 
preventing them from understanding and completing the 
QoR-15 questionnaire were excluded from the study.

Intervention: multimodal prehabilitation program
The multimodal prehabilitation program was delivered by a 
multidisciplinary team comprising anaesthesiologists, 
physiotherapists, dieticians, psychologists, and nurses. Full 
details of the program can be found elsewhere17. Briefly, the 
intervention consisted of the following: 

• Functional optimization: patients participated in supervised 
aerobic and resistance training sessions two to three times 
per week, each session lasting approximately 60 minutes. 
Exercise intensity was individually tailored according to 
patients’ baseline functional capacity and was increased 
weekly as tolerated. In addition, a goal-setting physical 
activity program was provided. Patients were encouraged 
to increase their daily step count by 500–1000 steps/day 
each week, if feasible, and to minimize sedentary 
behaviour. Breathing exercises were also introduced if 
patients were scheduled for open surgery or considered at 
increased risk of postoperative pulmonary complications.

• Nutritional intervention: nutritional status was assessed 
using the Malnutrition Universal Screening Tool23 and 
malnutrition was diagnosed according to the Global 
Leadership Initiative on Malnutrition24 criteria. All patients 
received dietary counselling focused on protein 
enrichment to support increased physical activity. In 
patients diagnosed with malnutrition, nutritional 
supplementation was prescribed to ensure adequate 
caloric and protein intake through diet therapy and 
supplementation. In addition, these patients were followed 
up fortnightly with telephone calls.

• Psychological support: patients completed the Hospital 
Anxiety and Depression Scale (HADS)25 questionnaire and 
were offered an individualized consultation with the unit’s 
psychologist; particular emphasis was placed on those 
presenting with higher emotional distress (HADS scores 
≥ 8), who were referred for a more thorough assessment 
and individualized follow-up.

Patients who did not participate in the prehabilitation program 
received standard preoperative care, including general 
recommendations on physical activity, nutrition, smoking 
cessation, and alcohol reduction, from their anaesthetist. 
Patients diagnosed with iron-deficiency anaemia were treated 
with intravenous iron. Both the control and prehabilitation 
cohorts followed enhanced recovery after surgery26 protocols.

Outcome measures
The primary outcome of this study was patient-perceived 
postoperative recovery at hospital discharge, measured using 
the validated Spanish version of the QoR-1527. This instrument 
has demonstrated strong internal consistency in the 
postoperative period (Cronbach’s alpha = 0.856) and excellent 
test–retest reliability (intraclass correlation coefficient = 0.998; 
95% confidence interval 0.996 to 0.999). The questionnaire 
includes 15 items, each rated from 0 to 10, with total scores 
ranging from 0 to 150 and higher scores indicating better 
recovery. QoR-15 scores were categorized28 as excellent (> 135), 
good (122–135), moderate (90–121), or poor (< 90). According to 
current literature29, the minimal clinically important difference 
(MCID) for the QoR-15 has been identified as 6 points.

In addition, at the time of study inclusion, patients were asked 
to identify, using a customized questionnaire, three activities of 
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daily living that they consider essential to resume at 30 days after 
hospital discharge. At 30 days after surgery, using the same 
questionnaire, patients were asked to identify which of these 
three activities they had recovered. To this end, the 
questionnaire included the following open-ended question: 
‘Which activities are the most important to you that you would 
like to resume after surgery?’. Participants were allowed to list 
up to three activities, listing one, two or three activities in no 
particular order.

Patients were assessed at three time points: before surgery at 
study inclusion (T0; within 24 hours before surgery), the day of 
hospital discharge (TD), and 30 days after hospital discharge 
(T30). The questionnaire was administered by a member of the 
research team who was blinded to the patient’s cohort 
allocation. Similarly, hospital discharge was determined by the 
attending surgical team in accordance with standardized 
institutional care criteria.

Demographic and clinical data collected included age, sex, ASA 
classification, frailty status (evaluated using the Canadian Health 
and Safety Assessment Clinical Frailty Scale30), neoadjuvant 
therapy, surgical approach (open versus laparoscopic/robotic), 
and duration of surgery (in minutes). Postoperative outcomes 
included complications graded according to the Clavien–Dindo 
classification31, the Comprehensive Complication Index32, 
length of hospital stay (LOS), intensive care unit (ICU) 
admissions, and ICU length of stay. Emergency department 
visits and hospital readmissions within 30 days after discharge 
were also recorded.

In addition, for the prehabilitation cohort, program adherence 
to exercise training (planned versus completed sessions) was 
recorded by the clinical team, along with program duration and 
any adverse events. Functional capacity was assessed both in 
the preoperative period and at 30 days after discharge using the 
six-minute walk test (6MWT)33 and the 30-second sit-to-stand 
test (30STS)34. In addition, physical activity levels were recorded 
using the self-reported Yale Physical Activity Survey35 (YPAS) 
questionnaire.

Statistical analysis and sample size calculation
Sample size estimation was based on previously published data 
reporting a common standard deviation of the QoR-15 score of 
17.1 points28. To detect a 6-point30 MCID with 80% power and a 
5% type I error, a total sample of 180 patients was required, 
including a 10% dropout rate.

Baseline characteristics between the study cohorts were 
compared using appropriate univariate statistical tests based on 
variable type and distribution. Continuous variables were 
analysed using Student’s t test or the Wilcoxon rank-sum test, 
whereas categorical variables were compared using χ2 or 
Fisher’s exact tests, as appropriate. Variables showing baseline 
imbalances were included as covariates in the subsequent 
models.

Recovery trajectories were analysed using the QoR-15 scale 
through a linear mixed-effects (LME) model. The primary 
outcome was assessed at three time points: T0, TD, and T30. 
Time, cohort allocation (control versus prehabilitation), and their 
interaction were specified as fixed effects. Patient-level random 
intercepts were included to account for repeated measurements 
within individuals. The imbalanced baseline variables between 
study groups were subsequently included as covariates in the 
linear mixed-effects model to adjust for potential confounding; 
these included ASA classification, frailty status, education level, 
and receipt of preoperative neoadjuvant therapy. Estimated 

marginal means were calculated, and pairwise comparisons 
between groups and time points were performed with 
Bonferroni adjustment to control for multiple testing.

Throughout the paper, continuous variables are reported as the 
mean with standard deviation (s.d.) or median and interquartile 
range, depending on their distribution, whereas categorical 
variables are presented as absolute and relative frequencies. P <  
0.05 was considered significant. Analyses were performed using 
SPSS® version 26 for Windows© (IBM, Armonk, NY, USA) and R 
version 4.1.0 (R Foundation for Statistical Computing, Vienna, 
Austria).

Results
Of the 200 patients referred to the unit, 102 engaged in the 
prehabilitation program. Of these, five patients did not undergo 
surgery, and three had not undergone surgery by the end of the 
study period (Fig. 1). The control cohort consisted of 98 patients. 
Of these, 38 actively declined participation in the prehabilitation 
program. Reported reasons included logistical difficulties to 
attend (22 patients), such as a lack of support, transportation 
issues, or scheduling conflicts, or simply a lack of motivation to 
engage in the exercise program (16 patients). Four patients were 
not operated on and were therefore excluded from the analysis. 
The final analysis included 94 patients in each cohort.

Baseline characteristics for both cohorts are presented in 
Table 1. Initial comparisons revealed no differences between 
cohorts in terms of age or sex distribution (P = 0.059). Patients in 
the prehabilitation cohort had higher ASA grades (P = 0.029), 
greater frailty (P = 0.009) and lower educational attainment (P <  
0.001), and a higher proportion of patients in the prehabilitation 
cohort received neoadjuvant therapy (P = 0.007). No significant 
differences were observed between cohorts regarding the type of 
surgery performed (P = 0.321).

Effect of prehabilitation on patient experience
Table 2 presents QoR-15 scores in the prehabilitation and control 
cohorts at each of the three time points (T0, TD, and T30), 
including both continuous scores and categorical classifications. 
In addition, Fig. 2 shows estimated marginal means derived 
from the linear mixed-effects models, which account for 
repeated measures and adjust for potential confounding 
variables such as ASA grade, frailty status, educational level, 
and neoadjuvant therapy. Both approaches yielded concordant 
results and are described in detail below.

Patients who participated in the prehabilitation program had 
significantly higher QoR-15 scores at all time points evaluated. 
Post hoc comparisons confirmed a consistent advantage for 
the prehabilitation cohort at T0 (P = 0.003), TD (P < 0.001), and 
T30 (P < 0.001) compared with the control group. The greatest 
benefit was observed at discharge, with a mean(s.d.) difference 
of 10.6(2.1) points (Table 2).

No significant interactions between group and time were 
detected at discharge (P = 0.436) or at 30 days (P = 0.166), 
indicating that both groups exhibited a similar temporal change 
in QoR-15 scores after surgery. Within-group temporal contrasts 
showed that in both groups QoR-15 scores worsened 
significantly from T0 to TD (P < 0.001) and partially improved 
from TD to T30 (P < 0.001). However, full recovery to baseline 
levels was only observed in the prehabilitation cohort, with no 
significant difference between T0 and T30 (P = 1.000); in 
contrast, the control cohort showed a residual deficit at T30 
(P = 0.046).
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Figure 3 shows changes in QoR-15 categories across the three 
time points (T0, TD, and T30) separately for the control and 
prehabilitation cohorts. In addition, QoR-15 scores were higher 
in patients in the prehabilitation cohort than in the control 
group regardless of the incidence of postoperative complications 
(Fig. 4).

Finally, 30 days after hospital discharge, 57 patients (66%) in 
the prehabilitation cohort reported having recovered the three 
activities they had identified as essential to them, compared 
with only 29 patients (35%) in the control cohort (P = 0.001; 
Table 3).

Impact of prehabilitation on surgical outcomes
The incidence of postoperative complications per patient was 
lower in the prehabilitation than control group (1.0 versus 1.4 
per patient, respectively; P = 0.008). There were no statistically 
significant differences between the two groups in length of 
hospital stay, ICU admissions, or ICU length of stay (Table 3). A 
greater proportion of patients were reported to need a caregiver 
after hospital discharge in the control compared with 
prehabilitation cohort (29 versus 11%, respectively; P = 0.003).

Impact of prehabilitation in functional status
Prehabilitation patients completed a mean(s.d.) of 86(15)% of 
scheduled exercise sessions over a mean(s.d.) of 4.5(1.6) weeks. 
Significant improvements were observed between the baseline 
and presurgical assessment in functional capacity, with 
mean(s.d.) changes in the 6MWT of 14.4(47.4) m (P = 0.023), 
30STS of +2.3(3) repetitions (P < 0.001), and YPAS of +18.4(14.7) 
(P < 0.001). At 30 days after discharge, patients had declined to 
baseline values in the 6MWT (mean(s.d.) difference −1.5(53.4) m; 
P = 0.800), showed a sustained improvement in the 30STS 
(+1.1(2.5) repetitions; P = 0.002), and did not show a significant 
improvement in YPAS scores (+2.3(12.7); P = 0.135).

Nutritional and psychological follow-up
All patients included in the prehabilitation program underwent 
an individual nutritional assessment at both the beginning and 
end of the intervention. According to Global Leadership 
Initiative on Malnutrition criteria, 13 patients were diagnosed 
with severe malnutrition and 28 were diagnosed with moderate 
malnutrition. During the course of the program, 10 patients 
attended an additional in-person visit, whereas 47 were 
contacted by telephone to monitor their progress. Furthermore, 
32 patients received an immunomodulatory formula during the 
week before surgery as part of the nutritional optimization 
strategy.

Among the patients included in the prehabilitation program, 44 
(47%) had HADS scores > 8. Of these patients, 26 (59%) completed 
individualized weekly follow-up, 2 (5%) were referred to 
specialized psychological services, and the remaining 16 (36%) 
declined psychological intervention.

Discussion
This study specifically evaluated the impact of prehabilitation on 
patient-perceived postoperative recovery at the time of hospital 
discharge. The results suggest that, in a real-world clinical 
setting involving major gastrointestinal surgery, prehabilitation 
may be associated with improved surgical outcomes and a more 
positive overall patient experience, regardless of the incidence 
of postoperative complications. In addition, patients who 
underwent prehabilitation regained a greater proportion of their 
key daily activities within 30 days of discharge, which was 
reflected in the recovery of their baseline functional capacity. 
These findings support the potential value of multimodal 
prehabilitation in the surgical setting, both in terms of 
postoperative outcomes and in improving patient experience 
and recovery of autonomy after major surgery.

Referred to prehabilitation
n = 200

Prehabilitation cohort

Prehabilitation n = 102

Change in surgical plan:
no surgery n = 4

Control cohort n = 98

Prehabilitation n = 94 No prehabilitation n = 94

Control cohort
Less than 2 weeks until
surgery n = 60
Declined prehabilitation n = 38

Pending surgery at the
end of the study n = 3

Change in surgical plan:
no surgery n = 5

Fig. 1 Flowchart of study enrolment
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Prehabilitation has been associated with favourable surgical 
outcomes, such as reduced postoperative complications, shorter 
LOS, or enhanced postoperative functional recovery36,37. 
Consistent with these findings, patients in the prehabilitation 
cohort in the present study experienced fewer postoperative 
complications than those in the control group (1.0 versus 1.4; P =  
0.008), with a trend towards shorter LOS. However, there is 
limited evidence in the current literature regarding the potential 
impact of prehabilitation on patients’ perception of recovery 
following surgery. The scarce data available are from one study 
conducted in a population undergoing cardiac surgery38 and 
another involving patients undergoing colorectal surgery39. In 
both studies, recovery perception was assessed using the 
QoR-15, which has been extensively used in surgical 
populations40,41 and has demonstrated sensitivity to changes in 
patients’ health status42. This makes it a useful PROM, because 
its composite recovery score allows for meaningful comparisons 
between interventions43. Moreover, the availability of an 
established MCID enhances its applicability in clinical trials and 
outcome studies44.

The studies referenced above38,39 yielded contradictory results. 
Specifically, prehabilitation demonstrated positive effects on 

quality of recovery in patients undergoing colorectal surgery at 
72 hours after surgery39, but not in those undergoing cardiac 
surgery38. This discrepancy may stem from the observation that 
the beneficial outcomes of prehabilitation in patients 
undergoing colorectal surgery have not been robustly 
reproduced in the cardiac surgery population45. It is likely that 
surgical patients will exhibit varying responses to this 
therapeutic strategy. In addition, the discrepancy may be due to 
fact that the timing of the QoR-15 assessment is arbitrary. The 
decision to measure QoR-15 at hospital discharge in the present 
study was motivated by the heterogeneity of surgical procedures 
included, which led to diverse recovery patterns. The aim of this 
study was to capture the patient’s perception at the moment 
clinicians consider hospital treatment no longer necessary, 
providing a consistent benchmark across patients.

The observed difference in QoR-15 scores at hospital discharge 
(10.4 points) between cohorts exceeded the established MCID of 6 
points, suggesting that prehabilitation may meaningfully improve 
the perception of postoperative recovery in patients undergoing 
major gastrointestinal surgery. The fact that patients who 
engaged in prehabilitation reported higher QoR-15 scores before 
surgery, after completing the program, supports existing evidence 
that prehabilitation enhances physical and psychological 
wellbeing, as reported in previous randomized clinical trials46–48. 
The QoR-15 assesses key domains such as pain, physical comfort, 
functional independence, psychological support, and emotional 
state, all of which are directly influenced by multimodal 
prehabilitation interventions. Notably, this difference persisted 
over time, suggesting that the relative advantage associated with 
prehabilitation was maintained consistently throughout the 
postoperative course. A QoR-15 score of ≥ 118 has been 

Table 1 Preoperative clinical data and type of surgery by group

Prehabilitation 
(n = 94)

Control  
(n = 94)

P*

Age (years), mean(s.d.) 71.5(10.3) 70.0(12.7) 0.666
Sex 0.059

Male 58 (62%) 44 (47%)
Female 36 (38%) 50 (53%)

ASA grade ≥ III 68 (72%) 51 (54%) 0.029
CHSA† CFS ≥ 4 45 (48%) 36 (38%) 0.009
Educational 

attainment
< 0.001

None 1 (1%) 4 (4%)
Primary 46 (49%) 21 (23%)
Secondary 31 (33%) 24 (26%)
University 13 (14%) 27 (29%)
Ph.D. 2 (2%) 4 (4%)
Professional 
education

1 (1%) 13 (14%)

Neoadjuvant therapy 37 (39%) 18 (19%) 0.007
Type of surgery 0.321

Colorectal resection 34 (36%) 34 (36%)
Liver resection 6 (6%) 7 (7%)
Bariatric 2 (2%) 3 (3%)
Gastrectomy 8 (9%) 7 (7%)
Oesophagectomy 19 (20%) 8 (9%)
Pancreatectomy 8 (9%) 15 (16%)
HIPEC 9 (10%) 13 (14%)
Other‡ 8 (9%) 7 (7%)

Surgical approach 0.982
Open 21 (22%) 24 (26%)
Laparoscopic 38 (40%) 36 (3%)
Robotic 35 (37%) 34 (3%)

Surgical time (min), 
mean(s.d.)

282.7(149.6) 282.6(162.2) 0.900

Values are n (%) unless otherwise stated. †The CHSA CFS classifies patients into 
nine levels based on their functional status and degree of dependency from ‘very 
fit’ (1) to ‘terminally ill’ (9). Patients scoring ≥ 4 can be considered vulnerable. 
‡Other includes complex abdominal wall surgery and supra-adrenalectomy. All 
procedures included were classified as major surgeries according to the criteria of 
the National Institute for Health and Care Excellence. s.d., standard deviation; 
ASA, American Society of Anesthesiologists; CHSA CFS, Canadian Health and 
Safety Assessment Clinical Frailty Scale; HIPEC, hyperthermic intraperitoneal 
chemotherapy; min, minutes. Between-group comparisons for numerical 
variables were performed using two-tailed Student’s t-tests or Wilcoxon rank- 
sum tests according to parametric assumptions. Categorical variables were 
analysed using Chi-square or Fisher’s exact tests based on expected frequencies. 
Statistical significance was set at P < 0.05.

Table 2 QoR-15 scores at different time points

Prehabilitation 
(n = 94)

Control  
(n = 94)

P*

Baseline QoR-15 score, 
mean(s.d.)

129.5(15.0) 122.9(17.0) 0.003

Baseline QoR-15 
category

0.001

Excellent 42 (45%) 18 (20%)
Good 22 (23%) 44 (47%)
Moderate 29 (31%) 26 (28%)
Poor 1 (1%) 5 (5%)

Discharge QoR-15 score, 
mean(s.d.)

117.2(14.0) 106.8(15.0) < 0.001

Discharge QoR-15 
category

< 0.001

Excellent 4 (4%) 2 (2%)
Good 35 (38%) 10 (11%)
Moderate 52 (55%) 70 (74%)
Poor 3 (3%) 12 (13%)

30-day QoR-15 score, 
mean(s.d.)

128.2(16.0) 118.5(14.0) < 0.001

30-day QoR-15 category < 0.001
Excellent 34 (37%) 8 (9%)
Good 31 (34%) 42 (45%)
Moderate 27 (29%) 40 (43%)
Poor 0 3 (3%)

Values are n (%) unless otherwise stated. Patients were divided into recovery 
categories based on QoR-15 scores as follows: excellent, score ≥ 136; good, score 
122–135; moderate, score 90–121; and poor, score < 90. QoR-15, Quality of 
Recovery 15-item questionnaire; s.d., standard deviation. *Between-group 
comparisons for numerical variables were performed using two-tailed 
Student’s t-tests or Wilcoxon rank-sum tests according to parametric 
assumptions. Categorical variables were analysed using Chi-square or 
Fisher’s exact tests based on expected frequencies. Statistical significance was 
set at P < 0.05.

Dana et al. | 5



documented to reflect good postoperative recovery42. Bearing this 
in mind, the mean QoR-15 score at hospital discharge was higher 
in the prehabilitation cohort (117.0 points) than in the control 
cohort (106.0 points; P < 0.001). A significantly greater proportion 
of patients in the prehabilitation than control group achieved or 
exceeded the 118-point threshold indicative of good recovery (51 
versus 21%, respectively), reinforcing the clinical relevance of the 
observed improvement.

It may be argued that the difference in quality of recovery is 
simply due to prehabilitated patients experiencing fewer 
postoperative complications during their hospital stay. 
However, prehabilitated patients still exhibited a better quality 
of recovery than control patients, even when their 
postoperative course was complicated (P = 0.006). This is 
consistent with the findings of Ten Cate et al.49 in a multicentre 
randomized trial in colorectal surgery, who found that 
regardless of postoperative complications, patients undergoing 
prehabilitation exhibited faster recovery of functional capacity 
measured by 6MWT.

In the present study, the improvement in perceived recovery 
was accompanied by a greater extent of recovery of preferred 
activities by patients in the prehabilitation compared with 
control cohort. In particular, 57 patients (66%) in the 
prehabilitation cohort reported having resumed all three of 
their prioritized activities by 30 days after discharge, compared 
with 29 patients (35%) in the control cohort (P = 0.0001). This 
suggests that prehabilitation supports not only medical 
recovery but also a return to patients’ normal routines and 
home environments.

This study has several limitations. First, the prospective cohort 
study design is not optimal for comparing groups on the primary 
outcome. Notably, the control cohort included patients who were 
less frail and had fewer co-morbidities. Although this may 
highlight the beneficial effects of prehabilitation in high-risk 
patients, it introduces a selection bias. This reflects real-world 
clinical practice, where patients perceived as more vulnerable 
by the surgeon are referred earlier to the prehabilitation unit or 
have their surgery postponed until they complete the program. 
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showed higher recovery scores across all time points. Error bars represent the standard deviation. QoR-15, Quality of Recovery 15-item questionnaire; T0, before 
surgery; TD, discharge day; T30, 30 days after surgery.
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Fig. 3 Sankey diagram showing changes in QoR-15 scores over time 

The diagram shows the changes in the number of patients in each QoR-15 category (excellent, good, moderate, poor) from baseline (T0) to TD and T30 in the a 
prehabilitation and b control cohorts. Patients in the prehabilitation group maintained a more stable distribution across categories over time, with fewer 
patients shifting towards worse QoR-15 categories at TD and a greater proportion returning to higher categories by T30, compared with the control cohort. 
QoR-15, Quality of Recovery 15-item questionnaire; T0, before surgery; TD, discharge day; T30, 30 days after surgery.
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To address this, adjustments were made for key baseline 
differences (ASA grade, frailty status, education level, and 
neoadjuvant therapy) in the statistical models. Although this 
does not eliminate the bias entirely, it mitigates its impact. The 
observational design was chosen because prehabilitation is 

already standard of care in the study hospital, and it was not 
ethically appropriate to deny access to patients who could 
benefit from it. This methodological decision allowed evaluation 
of the impact of the intervention in a real-world clinical setting, 
aligned with the principles of pragmatic research, which aim to 
generate evidence applicable to routine practice. Patients 
involved in prehabilitation showed an improvement in 
functional capacity that may explain the better perception of 
their health status. In addition, the study was conducted at a 
single institution, which limits its external validity. Finally, 
patients in the control cohort did not undergo all assessments 
(for example functional capacity), which restricts comparisons 
in some domains.
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Table 3 Postoperative outcomes

Prehabilitation 
(n = 94)

Control  
(n = 94)

P*

Patients with no 
complications during 
admission

49 (52%) 34 (36%) < 0.001

Total no. of complications, 
mean(s.d.)

1.0(1.4) 1.4(1.4) 0.008

CCI, mean(s.d.) 11.9(16) 14.9(15) 0.290
LOS (days), mean(s.d.) 8.7(9) 9.2(12) 0.622
ICU admission 45 (48%) 41 (44%) 0.526
ICU† (days), mean(s.d.) 3(4.6) 2.5(2.8) 0.518
Patient destination at 

hospital discharge
0.003

Discharge to home 76 (83%) 67 (71%)
Discharge to home with  

support services
10 (11%) 25 (29%)

Convalescent care facility 6 (6%) 1 (1)
Post-discharge emergency 

visit
16 (17%) 27 (29%) 0.071

Post-discharge readmission 11 (12%) 14 (16%) 0.367
No. of essential activities 

recovered 30 days after 
discharge‡

0.001

0 6 (6%) 11 (1%)
1 9 (10%) 25 (30%)
2 20 (23%) 28 (34%)
3 57 (66%) 29 (35%)

Values are n (%) unless otherwise stated. †The number of ICU days was 
calculated only for patients admitted to the ICU. ‡Before undergoing surgery, 
patients specified three activities they considered essential to recover by 30 
days after discharge. s.d., standard deviation; CCI, Comprehensive 
Complication Index; LOS, length of hospital stay; ICU, intensive care unit. 
*Between-group comparisons for numerical variables were performed using 
two-tailed Student’s t-tests or Wilcoxon rank-sum tests according to 
parametric assumptions. Categorical variables were analysed using Chi-square 
or Fisher’s exact tests based on expected frequencies. Statistical significance 
was set at P < 0.05.

Prehabilitation cohort

No complications

10.15 points (95% c.i. 4.8, 15.5; P < 0.001)

8.54 points (95% c.i. 2.4, 14.7; P = 0.006)
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Fig. 4 QoR-15 scores at hospital discharge by cohort and complication 
status 

QoR-15 scores in patients in the prehabilitation and control cohorts, with and 
without complications. The boxes show the interquartile range, with the 
median value indicated by the horizontal line; whiskers show the range. The 
mean (standard deviation) QoR-15 scores (‘X’) were 113.5 (15.1) and 120.2 
(11.1) in the prehabilitation cohort with and without complications, 
respectively, and 105.0 (15.9) and 110.0 (13.0) in the control cohort with and 
without complications, respectively. QoR-15, Quality of Recovery15-item 
questionnaire; c.i., confidence interval.

Dana et al. | 7



Disclosures
The authors declare no conflict of interest.

Supplementary material
Supplementary material is available at BJS Open online.

Data availability
The data sets generated and analysed during this study are not 
publicly available due to ethical and legal restrictions under 
applicable data protection regulations. However, data may be 
available upon reasonable request to the corresponding author, 
subject to approval by the relevant ethics committees.

References

1. Snyder CF, Aaronson NK, Choucair AK, Elliott TE, Greenhalgh J, 
Halyard MY et al. Implementing patient-reported outcomes 
assessment in clinical practice: a review of the options and 
considerations. Qual Life Res 2012;21:1305–1314

2. Shulman LN, Browner AE, Palis BE, Mallin K, Kakade S, Carp N 
et al. Compliance with cancer quality measures over time and 
their association with survival outcomes: the Commission on 
Cancer’s experience with the quality measure requiring at 
least 12 regional lymph nodes to be removed and analyzed 
with colon cancer resections. Ann Surg Oncol 2019;26:1613–1621

3. Berwick DM, Nolan TW, Whittington J. The triple aim: care, 
health, and cost. Health Aff 2008;27:759–769

4. Nundy S, Cooper LA, Mate KS. The quintuple aim for health care 
improvement: a new imperative to advance health equity. JAMA 
2022;327:521–522

5. Nuti S, De Rosis S, Bonciani M, Murante AM, Vainieri M, Noto G. 

Rethinking healthcare performance evaluation systems 
towards the people-centredness approach: their pathways, 
their experience, their evaluation. Healthc Pap 2017;17:56–64

6. Marshall S, Haywood K, Fitzpatrick R. Impact of 
patient-reported outcome measures on routine practice: a 
structured review. J Eval Clin Pract 2006;12:559–568

7. Kotronoulas G, Kearney N, Maguire R, Harrow A, Di Domenico D, 
Croy S et al. What is the value of the routine use of 
patient-reported outcome measures toward improvement of 
patient outcomes, processes of care, and health service 
outcomes in cancer care? A systematic review of controlled 
trials. J Clin Oncol 2014;32:1480–1501

8. Black N. Patient reported outcome measures could help 
transform healthcare. BMJ 2013;346:f167–f167

9. Weldring T, Smith SM. Patient-reported outcomes (PROs) and 
patient-reported outcome measures (PROMs). Health Serv 
Insights 2013;6:61–68

10. Lungu DA, Pennucci F, De Rosis S, Romano G, Melfi F. 
Implementing successful systematic patient reported outcome 
and experience measures (PROMs and PREMs) in robotic 
oncological surgery—the role of physicians. Int J Health Plann 
Manage 2020;35:773–787

11. Varagunam M, Hutchings A, Neuburger J, Black N. Impact on 
hospital performance of introducing routine patient reported 
outcome measures in surgery. J Health Serv Res Policy 2014;19: 
77–84

12. Stark PA, Myles PS, Burke JA. Development and psychometric 
evaluation of a postoperative quality of recovery score: the 
QoR-15. Anesthesiology 2013;118:1332–1340

13. Fleurent-Gregoire C, Burgess N, McIsaac DI, Chevalier S, Fiore JF 

Jr, Carli F et al. Towards a common definition of surgical 
prehabilitation: a scoping review of randomised trials. Br J 
Anaesth 2024;133:305–315

14. Dana F, Sebio-García R, Tena B, Beatriz T, Marina S, Francisco V 
et al. Perioperative nursing as the guiding thread of a 
prehabilitation program. Cancers (Basel) 2022;14:5376

15. Barberan-García A, Ubré M, Roca J, Roca J, Lacy AM, Burgos F 
et al. Personalised prehabilitation in high-risk patients 
undergoing elective major abdominal surgery: a randomized 
blinded controlled trial. Ann Surg 2018;267:50–56

16. Ubré Lorenzo M. Prehabilitación como estrategia de optimización 
preoperatoria. Ph.D. Thesis, Department of Medicina i Recerca 
Translacional, Universidad de Barcelona, 2024

17. Risco R, González-Colom R, Montané-Muntané M, Cano I, Vela E, 
Sebio R et al. Actionable factors fostering health value 
generation and scalability of prehabilitation: a prospective 
cohort study. Ann Surg 2022;278:e217–e225

18. Barakat HM, Shahin Y, Khan JA, McCollum PT, Chetter IC. 
Preoperative supervised exercise improves outcomes after 
elective abdominal aortic aneurysm repair: a randomized 
controlled trial. Ann Surg 2016;264:47–53

19. Carli F, Zavorsky GS. Optimizing functional exercise capacity in 
the elderly surgical population. Curr Opin Clin Nutr Metab Care 
2005;8:23–32

20. von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC, 
Vandenbroucke JP. The Strengthening the Reporting of 
Observational Studies in Epidemiology (STROBE) statement: 
guidelines for reporting observational studies. Lancet 2007;370: 
1453–1457

21. American Society of Anesthesiologists. Statement on ASA Physical 
Status Classification System. https://www.asahq.org/standards-and- 
guidelines/asa-physical-status-classification-system (accessed 26 
May 2025)

22. National Institute for Health and Care Excellence (NICS). Routine 

Preoperative Tests for Elective Surgery. NICE Guideline NG45 
https://www.nice.org.uk/guidance/ng45 (accessed 26 May 2025)

23. Todorovic V, Russell C, Elia M. The ‘MUST’ Toolkit. https://www. 
bapen.org.uk/must-and-self-screening/must-toolkit (accessed 
6 June 2025)

24. Cederholm T, Jensen GL, Correia MI, González MC, Fukushima R, 
Higashiguchi T et al. GLIM criteria for the diagnosis of 
malnutrition—a consensus report from the global clinical 
nutrition community. J Cachexia Sarcopenia Muscle 2019;10:207–217

25. Zigmond AS, Snaith RP. The hospital anxiety and depression 
scale. Acta Psychiatr Scand 1983;67:361–370

26. Ljungqvist O, Scott M, Fearon KC. Enhanced recovery after 
surgery: a review. JAMA Surg 2017;152:292–298

27. Morales-Ariza V, Loaiza-Aldeán Y, de Miguel M, Peña-Navarro 
M, Martínez-Silva O, González-Tallada A et al. Validation and 
cross-cultural adaptation of the postoperative Quality of 
Recovery 15 (QoR-15) questionnaire for Spanish-speaking 
patients: a prospective cohort study. Am J Surg 2022;225:740–747

28. Kleif J. Gögenur I. Severity classification of the Quality of Recovery-15 
score—an observational study. J Surg Res 2018;225:101–107

29. Myles PS, Myles D. An updated minimal clinically important 
difference for the QoR-15 scale. Anesthesiology 2021;135:934–935

30. Rockwood K, Song X, MacKnight C, Bergman H, Hogan DB, 
McDowell I et al. A global clinical measure of fitness and frailty 
in elderly people. CMAJ 2005;173:489–495

31. Dindo D, Demartines N, Clavien PA. Classification of surgical 
complications: a new proposal with evaluation in a cohort of 
6336 patients and results of a survey. Ann Surg 2004;240:205–213

8 | BJS Open, 2026, Vol. 10, No. 1

http://academic.oup.com/bjsopen/article-lookup/doi/10.1093/bjsopen/zraf156#supplementary-data
https://www.asahq.org/standards-and-guidelines/asa-physical-status-classification-system
https://www.asahq.org/standards-and-guidelines/asa-physical-status-classification-system
https://www.nice.org.uk/guidance/ng45
https://www.bapen.org.uk/must-and-self-screening/must-toolkit
https://www.bapen.org.uk/must-and-self-screening/must-toolkit


32. Slankamenac K, Graf R, Barkun J, Puhan MA, Clavien PA. The 

comprehensive complication index: a novel continuous scale 
to measure surgical morbidity. Ann Surg 2013;258:1–7

33. Holland AE, Spruit MA, Troosters T, Puhan MA, Pepin V, Saey D 
et al. An official European Respiratory Society/American 
Thoracic Society technical standard: field walking tests in 
chronic respiratory disease. Eur Respir J 2014;44:1428–1446

34. Jones CJ, Rikli RE, Beam WC. A 30-s chair-stand test as a measure 
of lower body strength in community-residing older adults. Res 
Q Exerc Sport 1999;70:113–119

35. Donaire-Gonzalez D, Gimeno-Santos E, Serra I, Roca J, Balcells E, 
Rodríguez E et al. Benefits of physical activity on COPD 
hospitalisation depend on intensity. Arch Bronconeumol 2011; 
47:552–560

36. Soh NH, Yau CRZ, Low XZ, Wong J. Prehabilitation outcomes in 
surgical oncology patients undergoing major abdominal 
surgery: a meta-analysis of randomized control trials. Ann 
Surg Oncol 2025;32:1236–1247

37. Carli F, Scheede-Bergdahl C. Prehabilitation to enhance 
perioperative care. Anesthesiol Clin 2015;33:17–33

38. Yau DKW, Ng FF, Wong MH, Underwood MJ, Wong RHL, Joynt 
GM et al. Effect of exercise prehabilitation on quality of 
recovery after cardiac surgery: a single-centre randomised 
controlled trial. Br J Anaesth 2025;134:45–53

39. Bojesen RD, Dalton SO, Skou ST, Jørgensen LB, Walker LR, 
Eriksen JR et al. Preoperative multimodal prehabilitation before 
elective colorectal cancer surgery in patients with WHO 
performance status I or II: randomized clinical trial. BJS Open 
2023;7:zrad134

40. Campfort M, Cayla C, Lasocki S, Rineau E, Léger M. Early quality 
of recovery according to QoR-15 score is associated with 
one-month postoperative complications after elective surgery. 
J Clin Anesth 2022;78:110638

41. Myles PS. Measuring quality of recovery in perioperative clinical 
trials. Curr Opin Anaesthesiol 2018;31:396–401

42. Myles PS, Shulman MA, Reilly J, Kasza J, Romero L. Measurement 

of quality of recovery after surgery using the 15-item quality of 
recovery scale: a systematic review and meta-analysis. Br J 
Anaesth 2022;128:1029–1039

43. Bowyer A, Jakobsson J, Ljungqvist O, Royse C. A review of the 
scope and measurement of postoperative quality of recovery. 
Anaesthesia 2014;69:1266–1278

44. Kleif J, Waage J, Christensen KB, Gögenur I. Systematic review of 
the QoR-15 score, a patient-reported outcome measure 
measuring quality of recovery after surgery and anaesthesia. 
Br J Anaesth 2018;120:28–36

45. Lopez-Hernandez A, Gimeno-Santos E, Navarro-Ripoll R, Arguis 
MJ, Romano-Andrioni B, López-Baamonde M et al. Differential 
response to preoperative exercise training in patients 
candidates to cardiac valve replacement. BMC Anesthesiol 2024; 
24:280

46. Molenaar CJL, Minnella EM, Coca-Martinez M, Ten Cate DWG, 
Regis M, Awasthi R et al. Effect of multimodal prehabilitation 
on reducing postoperative complications and enhancing 
functional capacity following colorectal cancer surgery: the 
PREHAB randomized clinical trial. JAMA Surg 2023;158:572–581

47. van Rooijen S, Carli F, Dalton S, Thomas G, Bojesen R, Le Guen M 
et al. Multimodal prehabilitation in colorectal cancer patients to 
improve functional capacity and reduce postoperative 
complications: the first international randomized controlled 
trial for multimodal prehabilitation. BMC Cancer 2019;19:98

48. Minnella EM, Awasthi R, Loiselle SE, Agnihotram RV, Ferri LE, 
Carli F. Effect of exercise and nutrition prehabilitation on 
functional capacity in esophagogastric cancer surgery: a 
randomized clinical trial. JAMA Surg 2018;153:1081–1089

49. Ten Cate DWG, Molenaar CJL, Garcia RS, Bojesen RD, Tahasildar 
BLR, Jansen L et al. Multimodal prehabilitation in elective 
oncological colorectal surgery enhances postoperative 
functional recovery: a secondary analysis of the PREHAB 
randomized clinical trial. Eur J Surg Oncol 2024;50:108270

Dana et al. | 9


	Impact of prehabilitation on patient-perceived quality of recovery after surgery: prospective cohort study
	Introduction
	Methods
	Study design
	Intervention: multimodal prehabilitation program
	Outcome measures
	Statistical analysis and sample size calculation

	Results
	Effect of prehabilitation on patient experience
	Impact of prehabilitation on surgical outcomes
	Impact of prehabilitation in functional status
	Nutritional and psychological follow-up

	Discussion
	Collaborators
	Funding
	Acknowledgements
	Author contributions
	Disclosures
	Supplementary material
	Data availability
	References




