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Abstract (244/250 words words)
Background: Older adults undergoing major abdominal, cardiac, or vascular surgery are highly vulnerable to postoperative complications, prolonged hospitalisation, functional decline, and mortality. Sarcopenia and frailty reduce physiological reserve, underscoring the potential role of prehabilitation in improving resilience to surgical stress and postoperative outcomes.
Objective: To evaluate the effects of exercise-based prehabilitation, alone or combined with nutritional, psychological, or educational components, on postoperative outcomes, including complications, length of stay, readmissions, mortality, quality of life, and economic indicators, as well as on body composition, functional reserve, and biological markers, in adults aged ≥65 years undergoing major abdominal, cardiac, or vascular surgery.
Methods: Medline, Scopus and EMBASE were searched for Randomised Controlled trials assessing prehabilitation programmes in older adults undergoing major abdominal, cardiac or vascular surgery. Data on study characteristics, interventions, outcomes, and methodological quality were extracted and synthesized narratively.
Results: Nine studies (n = 36–182; mean/median age 68–82) were included. Interventions lasted 2–6 weeks and involved exercise alone or multimodal programmes, delivered in-person, remotely, or via hybrid approaches. Vascular surgery studies showed modest reductions in complications and hospital stay, whereas abdominal surgery studies generally reported no significant improvements, except for isolated reductions in severe complications or gains in functional reserve. No studies involving cardiac surgery were identified. 
Conclusion: Prehabilitation in older adults remains understudied, especially in frail patients, the oldest old, and cardiac surgery. Robust trials are needed to assess individualized, multimodal, sarcopenia-targeted interventions and to integrate biological markers to clarify underlying mechanisms.
Key-words: Prehabilitation; Exercise; Older adults; Abdominal surgery; Cardiovascular surgery; Postoperative outcomes.

Introduction
As the global population continues to age, the number of older adults undergoing major surgical procedures is steadily rising (1, 2). Advancements in surgical techniques and anaesthesia management have increasingly enabled complex procedures, such as major abdominal, cardiac and vascular surgeries, to be performed safely in adults aged 65 years and older (3). Despite improvements in surgical and perioperative management, older adults continue to experience a high incidence of postoperative complications, which often result in prolonged hospital stays, increased risk of long-term sequelae, functional decline, or mortality (4). Age-related physiological changes, multimorbidity, sarcopenia and frailty, collectively increase vulnerability to surgical stress by reducing functional and metabolic reserves, thereby limiting older adults’ capacity to cope with the inflammatory, catabolic, and cardiopulmonary demands of surgery. Sarcopenia, the progressive loss of muscle mass, strength, and function, is especially important, as skeletal muscle is a key determinant of these reserves (5). Muscle weakness limits tolerance to surgical stress, delays early mobilisation, and increases the risk of postoperative complications such as infections and prolonged recovery (6). Impaired lower-limb strength may hinder early ambulation, a key factor in preventing functional decline, making preoperative optimisation a central goal in perioperative and geriatric care (1). In older surgical patients, prehabilitation may be particularly relevant as it targets key mechanisms underlying postoperative vulnerability, including sarcopenia, reduced physiological reserve, and impaired respiratory function (7). By improving preoperative muscle strength and aerobic capacity, exercise-based prehabilitation may increase functional and metabolic reserves, enabling patients to better withstand surgical stress and facilitating earlier postoperative mobilisation. Early ambulation, in turn, may reduce the risk of immobilisation-related complications such as thromboembolic events and functional decline (8). Furthermore, respiratory muscle weakness is common in older adults and may contribute to postoperative pulmonary complications (9). Inspiratory muscle training may enhance respiratory muscle strength, improve ventilation efficiency, and support effective coughing, thereby reducing the risk of atelectasis and postoperative pulmonary infections (10).
Traditionally, perioperative management has focused on postoperative rehabilitation to support recovery after surgery. In recent years, however, a paradigm shift has emerged within Enhanced Recovery After Surgery (ERAS) programmes, which adopt a multimodal, evidence-based, and multidisciplinary approach to optimize patient outcomes. ERAS protocols aim to minimize the physiological stress of surgery, shorten hospital stays, reduce complications, and accelerate functional recovery (11). Key components include preoperative patient education, nutritional optimisation, standardised anaesthetic and analgesic techniques, early mobilisation, and coordinated multidisciplinary care. Within this framework, there is a growing emphasis on prehabilitation, an anticipatory approach aiming to optimize functional reserve and physiological resilience before surgery (12) . By addressing multiple aspects of health (physical activity, nutrition, psychological well-being, cognitive function, social support, and medication management), prehabilitation can reduce complications, limit morbidity, and accelerate postoperative recovery (13).
Physical exercise constitutes the core component of prehabilitation programmes, and when integrated into a multimodal model, combining structured physical activity (such as aerobic, resistance, flexibility/stretching, balance or functional‑mobility training) with nutritional support and psychological preparation (aimed at helping patients manage stress, enhance motivation, and build resilience), evidence suggests enhanced outcomes (7, 14). Indeed, systematic reviews have demonstrated that prehabilitation can reduce postoperative complications, shorten hospital stays, and improve functional outcomes in general adult populations undergoing major surgery (15, 16). However, evidence specific to older adults remains limited and inconsistent. Older patients are sometimes excluded from clinical trials due to comorbidities or frailty, leading to an evidence gap precisely in the population most likely to benefit. Moreover, many studies focus on a single modality of prehabilitation, such as exercise alone, rather than a multimodal approach. Physical exercise interventions may be delivered in-person, remotely via telehealth platforms, or through a hybrid approach, and can be tailored to individual functional capacities or applied as a standardised programme (17). In addition, these elements, the type, intensity, and mode of delivery of the exercise component have been shown to influence effectiveness (18). Furthermore, factors such as baseline functional autonomy, nutritional status, cognitive impairments, and socio-economic conditions can significantly influence postoperative recovery.
The type of surgery may also modulate the effectiveness of prehabilitation (19). Major abdominal, cardiac and vascular surgeries represent some of the most physiologically demanding categories, often associated with prolonged operative times, high inflammatory responses, and considerable postoperative morbidity (4). Understanding how prehabilitation affects outcomes specifically in these contexts is therefore crucial. Beyond clinical endpoints, economic outcomes such as cost-effectiveness and healthcare resource utilization are also of growing interest, given the increasing pressure on healthcare systems to provide efficient and sustainable perioperative care (20). In addition, investigating biological markers may provide important insights into the physiological mechanisms through which prehabilitation influences functional recovery (21).
Despite a growing number of studies exploring prehabilitation in surgical populations, to date, no systematic review has comprehensively synthesized the available evidence focusing on prehabilitation programmes (exercise alone or combined with at least another modality) exclusively in older adults (≥65 years) undergoing major abdominal, cardiac or vascular surgery. Interventions aimed at restoring and maintaining functional reserve appear to have the greatest effect in previously fit individuals aged 60 to 79 years. However, it remains relevant to ask whether benefits, perhaps more modest but still meaningful, could also be achieved in very old patients (≥80 years). Filling these knowledge gaps is critical to inform perioperative guidelines, guide individualized patient care, and support the integration of prehabilitation into standard surgical pathways for older patients.
Therefore, the objective of the present systematic review was to examine the effects of prehabilitation programmes, including exercise alone or combined with at least one additional component such as nutritional optimisation, psychological support, or therapeutic education, on postoperative outcomes among adults aged 65 years and older undergoing major abdominal, cardiac or vascular surgery. Specifically, we aimed to evaluate their impact on postoperative complications, length of hospital stay, readmission rates, mortality, health-related quality of life, and economic outcomes but also body composition, functional reserve and biological markers. 


Methods
[bookmark: _Hlk217550499]Our manuscript was prepared in accordance with the PRISMA 2020 statement (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) (22). The entire review process, including importing search results, screening abstracts and full-text articles, and resolving disagreements, was managed using Covidence. The systematic review followed a pre-defined protocol that was submitted for prospective registration in PROSPERO; registration is currently pending (registration number: 1180250).
Inclusion and exclusion criteria
Population
The study population included adults aged 65 years and older (with 65 as the minimum age, not the mean age) who were scheduled for major abdominal, cardiac or vascular surgery, regardless of ethnicity, sex, or country of origin. Participants were eligible irrespective of their underlying medical condition. Eligible procedures encompassed the most commonly performed types of major surgery, including four main categories of abdominal surgery (colorectal, hepatic, bariatric, or urologic), major cardiac surgery (coronary artery bypass grafting, valve repair or replacement, or combined procedures), and major vascular surgery (aortic, peripheral arterial, or carotid procedures). 
Intervention
Eligible interventions included any prehabilitation programme initiated prior to surgery. All prehabilitation programmes including exercise alone or as part of a multimodal approach (combined with other interventions such as nutrition, psychological support, or therapeutic education, for example) were considered. Exercise components could include aerobic training, resistance exercise, flexibility training, or functional mobility exercises, delivered individually or in groups. Programmes could be personalized to individual needs and fitness levels, or standardised across participants following a predefined protocol. Interventions could be delivered in-person, remotely (e.g., via telehealth platforms), or through a hybrid model combining both modalities. The duration, frequency, and intensity of the interventions were not restricted, provided that they were implemented before the surgical procedure.
Comparators
Control conditions included usual preoperative care, defined as standard medical optimisation without a structured prehabilitation programme, or alternative prehabilitation interventions differing in their components, mode of delivery, or intensity.
Outcomes
Our systematic review includes studies that assessed one of the following outcomes using objective measures.
The primary outcomes of interest in this systematic review include postoperative complications, length of hospital stay, hospital readmission rates, mortality, and health-related quality of life. Postoperative complications were assessed using either the total number of complications or validated composite indices (such as the Comprehensive Complication Index (CCI) or Clavien-Dindo classification), according to standard clinical definitions. Length of hospital stay was recorded as the total number of days from surgery to discharge, providing an indicator of recovery efficiency. Readmission rates and mortality were evaluated within the short- and medium-term postoperative periods, as reported in the included studies. Health-related quality of life was extracted when available, using validated instruments. 
In addition to clinical and patient-reported outcomes, economic outcomes were analyzed. These included cost-effectiveness and total healthcare costs. When reported, incremental cost-effectiveness ratios or other economic evaluations were extracted.
Changes in body composition and functional reserve were also systematically examined. Objective measures of body composition (including lean mass and fat mass assessed via Dual-energy X-ray absorptiometry (DXA), bioelectrical impedance analysis (BIA), or similar validated methods), muscle strength (such as handgrip strength or lower-limb performance assessed through repeated chair-stand tests), and functional mobility (including Timed Up and Go (TUG), 6-Minute Walk Test (6MWT), Short Physical Performance Battery test (SPPB), and other standardised functional tests) were included. 
Finally, when reported, biological changes associated with the intervention, such as inflammatory, metabolic, proteomic, or lipidomic markers, were also included to provide deeper insight into the physiological mechanisms underlying prehabilitation effects.
Type of studies
Our systematic review was restricted to Randomised Controlled Trials (RCT).
Information sources and search strategies
We systematically searched Medline (Ovid), Scopus and EMBASE to identify studies that investigated prehabilitation programmes in adults aged 65 years and older undergoing abdominal, cardiac or vascular surgery. Search strategies were developed using a combination of MeSH terms and free-text keywords corresponding to the main concepts of the review, including abdominal and cardiac or vascular surgery, prehabilitation and physical activity/exercise. The full search strategies and terms used in each database are reported in Appendix I. 
In addition, the reference lists of all included studies were screened to identify further relevant publications. Unpublished and ongoing studies were sought through ClinicalTrials.gov.
All studies were considered at the title and abstract screening stage, regardless of language. For inclusion in the systematic review, only peer-reviewed journal articles published in English or French were retained, as these were the languages fluent to the authors. No date restriction was applied.
Study selection
During the first screening stage, two researchers (FB, OB) independently reviewed the titles and abstracts of all references, within Covidence, to exclude studies deemed irrelevant to the systematic review. In the second stage, the same researchers independently assessed the full texts of articles retained after the initial screening. Studies that did not meet the predefined inclusion criteria were excluded, and the reasons for exclusion are detailed in Appendix II. Any disagreements arising during the selection process were resolved through discussion and consensus.
Data extraction
Data were independently extracted by two researchers (FB, OB) using a standardised Excel sheet, which had been pretested on a sample of studies. Extracted information included: authors, journal name, year of publication, country, study objectives, sample size, study design, type of intervention, outcomes, results, conclusions, conflicts of interest, and funding sources. Any disagreements between the researchers were resolved through discussion and consensus. When relevant information was missing or unclear, the corresponding authors of the studies were contacted to obtain the necessary details.
Methodology quality assessment
The assessment of the methodological quality of the studies included in our systematic review has been performed using the Cochrane RoB-2 tool (23). Disagreements that arose between the reviewers have been resolved through discussion and consensus. All studies, regardless of quality, were included in the synthesis.
Data synthesis
The findings of the included studies were synthesized narratively due to the anticipated heterogeneity in study designs, interventions, outcomes, and measurement instruments. A descriptive summary was provided for each study, including key characteristics such as study population, sample size, type and components of the prehabilitation programme, duration and mode of delivery, and the reported outcomes. Age was summarized using either mean ± standard deviation or median [interquartile range], depending on the reporting format of the original studies, in order to maintain consistency with the source data. Comparisons between studies were made to identify patterns, similarities, and differences in intervention effects on postoperative complications, length of hospital stay, readmission rates, mortality, quality of life, and economic outcomes. The results will also be presented according to the frailty status of the studied populations. Narrative synthesis also included an assessment of the robustness and quality of evidence, integrating information from the risk of bias assessment. Additionally, where multiple studies reported similar outcomes, findings were grouped by type of surgery (abdominal vs cardiac or vascular).


Results
Selected studies and study characteristics
A total of 1,000 articles were initially identified through electronic database searches, including 75 from Medline, 661 from Scopus, and 264 from Embase. After removing 156 duplicates, 844 articles remained for title and abstract screening. Following this initial screening, 94 full-text articles were assessed for eligibility. Finally, 9 studies met the predefined inclusion criteria and were included in this systematic review (see flowchart on Figure 1 and Appendix II for the studies excluded from our systematic review and reasons of exclusion). 
The characteristics of the studies included in our systematic review are presented in Table 1. Among them, seven involved major abdominal surgery and two involved vascular surgery. To date, no studies have been conducted in the field of cardiac surgery. The studies were conducted in Denmark (n=2), Canada (n=2), China, The Netherlands, Sweden and UK (n=2). The duration of prehabilitation interventions ranged from 2 to 6 weeks prior to surgery. Among the nine included studies, the prehabilitation programme consisted solely of exercise in four studies, while the remaining five were multimodal interventions (four of which combined exercise and nutritional components). Exercise programmes were mostly mixed, integrating aerobic and resistance training, with intensity and progression individualized according to patient capacity. Regarding the mode of delivery, five studies implemented in-person supervised interventions, three used a hybrid approach combining in-person and remote/home-based components, and one study relied exclusively on a home-based programme. Adherence, which ranged from 61% (24) to 100% (25), was measured objectively for in-person sessions and self-reported by telephone or online surveys for remotely delivered sessions. Comparators varied across studies: six studies used standard preoperative care, one study applied postoperative rehabilitation, one study provided a lifestyle guide with a pedometer and one provided exercise advice. Eight studies out of nine assessed length of hospital stay (LoS) and postoperative complications, seven reported readmission rates, three evaluated quality of life, three measured mortality and only one included an economic analysis.
Effects of prehabilitation on measured outcomes
Across the nine studies included in this review, sample sizes ranged from 36 to 182 participants. A balanced sex distribution was observed and the mean or median age of participants varied from 68 to 82 years (Table 2).
Postoperative complications
Eight studies assessed postoperative complications, typically within 30 days after surgery, using measures such as the Comprehensive Complication Index (CCI), the Clavien–Dindo classification, or by reporting the number and percentage of patients experiencing complications. Among the studies involving abdominal surgery, no statistically significant differences were observed between intervention and control groups in overall complication rates or CCI scores. One study (26) reported a lower proportion of severe complications (CCI > 20) in the intervention group compared with control (10.5% vs. 25.9%, p = 0.033), while all others found no difference. Among the studies involving vascular surgery, one (27) reported a significant reduction in the number of complications in the intervention group (22.6%) compared with the control group (41%) (p = 0.01). This difference was observed for both cardiac and renal complications.
Length of stay and readmissions
Length of hospital stay (LOS) was reported in eight studies and ranged from median values of 4 to 21 days. None of the studies performed in abdominal surgery demonstrated a statistically significant difference between intervention and control groups. Similarly, readmission rates within 30 days after abdominal surgery were comparable across studies, with values generally around 10% in both groups and no significant between-group differences. In vascular surgery, one study (27) reported a significant reduction in median LOS in the prehabilitation group compared with the control group (7 vs. 8 days, p = 0.025).
Quality of life
Several studies evaluated health-related quality of life using instruments such as the 36-Item Short Form Health Survey (SF-36), the 8-Item Short Form Health Survey (SF-8), the EuroQol 5-Dimension questionnaire (EQ-5D), the EuroQol Visual Analogue Scale (EQ-VAS), or questionnaires developed by the European Organisation for Research and Treatment of Cancer (EORTC); one study used the 9-item Quality of Recovery scale (QoR-9)  to assess postoperative recovery. Across all measures, in both abdominal and vascular surgery studies, no significant between-group differences in quality of life were observed at baseline, before surgery, or at 4–12 weeks postoperatively.
Mortality and cost outcomes
In abdominal surgery studies, prehabilitation had no significant effect on postoperative mortality, with rates ranging from 1.8% to 7% across studies. Similarly, in vascular surgery, 30-day mortality was identical between groups (3.2%) in one study (27), while a longer-term 5-year study showed a non-significant reduction in all-cause mortality in the intention-to-treat analysis, but a significant reduction in the per-protocol analysis (7.8% vs. 25.8%, p = 0.01) (28). Similarly, a study in abdominal surgery evaluated hospitalisation costs and found no significant difference between the intervention and control groups (p = 0.557).
Physical health, functional reserve and biological markers
In abdominal surgery, four studies evaluated the effects of prehabilitation on functional reserve. Among these, three assessed the 6-Minute Walk Test (6MWT), but only one study (26) reported a positive effect, with an improvement of 20 m or more compared with baseline at four weeks postoperatively (p<0.001). Only one study examined changes in the Short Physical Performance Battery (SPPB) (24), and one study evaluated muscle strength outcomes, including handgrip strength and the 30-second sit-to-stand test (STS-30) (25). In cardiac or vascular surgery, none of the included studies assessed these functional outcomes. Furthermore, in abdominal surgery, only one study investigated the impact of the intervention on biological markers (25), focusing on the neutrophil-to-lymphocyte ratio (NLR), C-reactive protein (CRP), creatinine, and albumin; no significant positive effects were reported. In cardiac or vascular surgery, no studies assessed biological markers. Additionally, changes in body composition, such as lean mass or fat mass, were not investigated in any study, regardless of the type of surgery.
Results according to the physical frailty status
Among the included studies, three specifically targeted frail patients (24, 26, 29) and two recruited patients with low functional reserve (25, 30). The remaining four studies did not apply frailty-related selection criteria. No study in cardiac or vascular surgery has been conducted specifically in frail older adults, but Barakat et al. demonstrated significant benefits of prehabilitation in older adults regardless of their frailty status (27). In abdominal surgery, three studies have been conducted in frail populations, and one of them reported that prehabilitation reduced severe postoperative complications (26). In contrast, studies performed in non-frail populations have not demonstrated significant benefits.
Overall synthesis
Taken together, the results indicate that prehabilitation demonstrated limited and inconsistent benefits on postoperative outcomes in older adults undergoing surgery. In abdominal surgery, no significant differences were observed between intervention and control groups for complication rates, length of stay, readmissions, quality of life, or mortality, with the exception of one study reporting a reduction in severe complications. In vascular surgery, prehabilitation showed some improvements in complications and LOS, while short-term mortality was unaffected and long-term mortality benefits were limited to per-protocol analyses. Hospitalisation costs were reported in one study, with no significant difference between groups. Similarly, the effects of prehabilitation on functional reserve and biological markers were limited. In abdominal surgery, few studies reported improvements in 6MWT, SPPB, or muscle strength, and only one study assessed standard biological markers without showing significant effects. No studies evaluated these outcomes in cardiac or vascular surgery, and no study investigated changes in body composition. Overall, these findings suggest that the impact of prehabilitation on major postoperative outcomes remains uncertain. All results are summarized in Table 2.
Methodological quality
The results of the methodological quality of the studies included in our systematic review, assessed using the Cochrane RoB-2 tool, are shown in Table 3. Each study was evaluated across five domains: (1) bias arising from the randomization process, (2) bias due to deviations from intended interventions, (3) bias due to missing outcome data, (4) bias in measurement of the outcome, and (5) bias in selection of the reported result. Based on these assessments, an overall risk of bias was assigned to each study. All included studies were judged to have a low overall risk of bias. However, some concerns were identified in specific domains for certain studies. One study raised concerns regarding the randomization process, as participants were able to switch groups after randomization. Two studies presented concerns related to missing outcome data, since the authors did not report the number of missing data points or how these were handled. These findings suggest that, while the overall risk of bias is low, careful consideration should be given to these domain-specific limitations when interpreting the results.

Discussion
This systematic review aimed to synthesize evidence on exercise-based prehabilitation, alone or as part of multimodal programmes, in adults awaiting major abdominal, cardiac, or vascular surgery, with a focus on older populations. We evaluated their effects on complications, length of stay, readmission, mortality, quality of life, economic outcomes, body composition, functional reserve, and biological markers, to identify interventions most likely to benefit this population preoperatively. 
Older adults are a particularly vulnerable surgical population due to age-related physiological changes. Advancing age naturally reduces physiological reserve, the capacity of organ systems to adapt to stress, making surgery more challenging (31). This decline is compounded by sarcopenia, which directly diminishes functional reserve, and by common comorbidities such as cardiovascular, renal, or metabolic disorders, further limiting resilience (32). Many older individuals also present with frailty, a multidimensional syndrome characterized by reduced multisystem reserve, increasing susceptibility to adverse surgical outcomes (33). A meta-analysis in general surgery reported that frail patients have markedly higher short-term mortality (30-day), complication rates, and longer hospital stays compared to non-frail patients (34). In abdominal surgery specifically, frailty has been associated with a 2.56-fold increase in major morbidity and a 5.77-fold increase in short-term mortality (35). Furthermore, frailty was linked to worse long-term outcomes: in liver resection (hepatectomy), frail patients had higher in-hospital mortality, more severe complications, and longer hospital stays (36). Very old patients (≥75–80 years) are particularly at risk, with perioperative complications and mortality rising sharply with age. For example, individuals aged 80 years or older have been shown to have significantly higher perioperative complications and in-hospital mortality after non‑cardiac surgery (37). In cardiac surgery, octogenarians (≥ 80 years) exhibit nearly double the postoperative mortality rate compared to younger patients (38).  Given this vulnerability, prehabilitation is a critical preoperative strategy for frail and very old adults, as it may enhance resilience and reduce postoperative complications and mortality. Despite this, only three studies in our systematic review specifically targeted frail individuals (24, 26, 29), and none focused exclusively on the “oldest old,” highlighting a major gap in the literature, as the populations most likely to benefit from targeted preoperative interventions remain largely underrepresented in clinical research. 
In the general adult surgical population, prehabilitation studies show high heterogeneity, with considerable variability in intervention type, duration, intensity, and outcomes. A meta-analysis in cardiac surgery reported shorter hospital stays after prehabilitation (39), while another on prehabilitation before abdominal surgery in older adults found reduced postoperative complications but no change in length of stay (40). Both reviews included younger populations (mean age ~60 years), whereas our systematic review focused on adults aged 65 and older. Consistent with this, we found that prehabilitation reduced complications and hospital stay in vascular surgery, but effects were unclear in abdominal surgery. This heterogeneity complicates direct comparisons and underscores the need for standardised protocols and outcome measures to accurately evaluate prehabilitation effectiveness.
In our results, the most promising postoperative benefits were observed in studies implementing longer prehabilitation periods, particularly around six weeks (27, 28). In contrast, interventions lasting only two weeks may be too short to induce meaningful physiological adaptations or affect postoperative outcomes. Positive effects were more often reported in relatively younger older adults within the older adult spectrum and in vascular surgery populations, which made up about two-thirds of the studies showing benefit. Larger sample sizes in these studies may also have increased the likelihood of detecting clinically relevant effects. The study with the most pronounced benefits used a targeted muscle-strengthening programme (27), suggesting resistance training may be particularly effective in counteracting age-related sarcopenia, a key determinant of functional reserve and postoperative resilience (6). None of the included studies used fully individualized prehabilitation programmes despite wide variability in baseline function, comorbidities, and frailty. Emerging evidence suggests that tailoring interventions to each patient’s capacities could optimize physiological responses, enhance strength and endurance gains, and improve postoperative outcomes. For example, a randomised trial of personalized prehabilitation (exercise, nutrition, cognitive training) showed a 30% reduction in postoperative complications and improved functional reserve (41). Similarly, a pilot study in knee arthroplasty patients demonstrated that individualized programmes improved quadriceps strength by 15–20% and functional mobility by 0.5–1.0 points on the timed up-and-go test, compared with non-tailored interventions (42). An observational study in older adults reported that tailored prehabilitation based on frailty and baseline capacity increased 6-minute walk distance by 60 meters on average, highlighting the potential of personalized approaches to enhance postoperative resilience (43).
Despite growing interest in prehabilitation, the current literature reveals substantial gaps regarding older adults undergoing major surgery. One reason may be that ERAS protocols cover both preoperative and postoperative care, and few studies have specifically isolated the prehabilitation phase, partly explaining the limited number of eligible studies. Very few studies focused on older adults, and none targeted the “oldest old” (≥75–80 years). Comparative studies by frailty status are also lacking, limiting understanding of which subgroups benefit most. Economic evaluations are scarce, leaving uncertainty about cost-effectiveness. Several other gaps are notable: no studies were conducted in cardiac surgery, and vascular surgery research largely neglected frail patients despite their high risk of complications. Critically, no study has specifically investigated sarcopenia-targeted prehabilitation, such as dedicated muscle-strengthening programmes, which could be particularly relevant for older adults with reduced functional reserve. Very few studies examined prehabilitation effects on functional reserve, and none assessed whether improvements correlate with secondary outcomes like length of stay, readmissions, or complications. Changes in body composition were not assessed in any study, regardless of surgery type. Similarly, biological responses remain largely unstudied; only one abdominal surgery study (25) explored NLR, CRP, creatinine, and albumin, showing no significant benefits. No studies investigated more comprehensive biomarkers of physiological adaptation, including proteomic, lipidomic, or genomic profiles, which are increasingly recognized as key determinants of response to exercise and surgical stress. Finally, although the benefits of individualized prehabilitation are increasingly recognized, no study formally tested tailoring interventions based on baseline functional status, frailty, or comorbidities. Other potentially important components, such as therapeutic education, health literacy, and psychological support, have also been inadequately studied, despite their potential to optimize preoperative preparation, promote adherence, and improve postoperative outcomes in this vulnerable population
Together, these gaps highlight the limitations of current evidence and point to key avenues for future research. Well-designed trials are needed to assess the efficacy and cost-effectiveness of prehabilitation in older, frail, high-risk surgical patients, and to explore biological responses and the potential of personalized, sarcopenia-targeted interventions. In parallel, practical, evidence-based algorithms are needed to guide patient stratification, exercise prescription, multimodal integration, and monitoring, facilitating the implementation of tailored prehabilitation in routine care.
A major limitation of this systematic review is that few studies were specifically designed to evaluate the impact of prehabilitation, including exercise-based components, on postoperative outcomes such as length of stay, readmission, mortality, quality of life, and cost-effectiveness in older adults undergoing abdominal, cardiac, or vascular surgery. This reflects the underrepresentation of adults aged ≥65 years in clinical trials, despite their higher risk of postoperative complications. Another limitation is that our review focused only on three types of major surgery and included the most commonly performed procedures, which limits generalizability to other high-risk populations, such as thoracic, orthopaedic, or oncologic surgery. Most trials had small sample sizes and heterogeneous intervention protocols, limiting the strength of the evidence. There was substantial variability in intervention duration, exercise modality, supervision level, and multimodal components (e.g., nutrition), complicating comparisons and potentially diluting true effects. The populations studied were also heterogeneous, with participants aged 65–85 years and varying baseline functional status, comorbidities, and frailty levels. This diversity complicates interpretation, as prehabilitation effectiveness may differ across subgroups. Heterogeneity in surgical procedures adds further complexity. Studies included open, laparoscopic, or endovascular surgeries, each with different complication risks and recovery trajectories. Differences between simple procedures (e.g., isolated colectomy) and more complex ones (e.g., colectomy with hepatectomy or open vs endovascular AAA repair) may confound postoperative outcomes. Benefits of prehabilitation may be less apparent in minimally invasive procedures, whereas high-risk or extensive surgeries may overwhelm the effects of short-term preconditioning, particularly if programme duration is limited. Limited reporting of adherence and baseline physical or nutritional status further restricts interpretation. Adherence was measured objectively in-person but primarily self-reported for home-based or remote interventions (by questionnaire or by phone), which may overestimate true participation and partly explain the lack of significant findings. Indeed, self-reported adherence is susceptible to recall and social desirability biases. As adherence determines the actual exercise dose received, inadequate reporting limits identification of optimal exercise prescriptions and robust conclusions on effectiveness. Although resistance training can induce muscle hypertrophy and improve functional capacity, no well-established minimal training dose exists for frail or very old surgical patients. Evidence in older adults with sarcopenia suggests that programmes of ~three sessions per week, moderate-to-high relative loads (50–70% of 1RM), and several weeks’ duration are needed to achieve meaningful neuromuscular adaptations (e.g., strength gains and increases in lean mass) (44). However, it remains unclear whether the actual exercise doses in included studies met these thresholds, limiting interpretation of effects on muscle and functional recovery. Finally, our search was restricted to English and French publications, which may have excluded relevant studies in other languages. Thus, the conclusions of this review should be interpreted with caution.
Conclusion
Despite the recognized vulnerability of older adults to surgical stress, evidence on prehabilitation in this population remains limited and heterogeneous. Few studies have focused on older adults, and none on the “oldest old.” Frail patients are underrepresented, and no studies have systematically evaluated individualized programmes tailored to baseline functional status, frailty, or sarcopenia. Most interventions rely on standardised protocols that may not address the substantial inter-individual variability in older surgical populations. Prehabilitation specifically targeting sarcopenia, such as personalized resistance training with nutritional optimisation, has not been formally investigated, despite a strong physiological rationale.

Additionally, important components such as therapeutic education, health literacy, and psychological support have rarely been studied, and economic evaluations are scarce. Biological responses to prehabilitation remain largely unexplored, limiting understanding of the mechanisms of functional recovery. Variability in protocols, adherence assessment, and outcome measures further hinders interpretation and comparability of existing evidence.
These gaps underscore the urgent need for well-designed trials testing individualized, sarcopenia-targeted, prehabilitation in older, frail, high-risk surgical patients. Future studies should include biological markers to clarify physiological mechanisms and economic evaluations to guide clinical decisions and tailored preoperative care.
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Tables 
	Table 1: Characteristics of the studies included in the systematic review

	Reference
	Country
	Study participants and selection criteria of the population
	Type of surgery
	Study duration 
	Multimodal intervention
	Details of physical exercise (type, duration, frequency, intensity, supervision, mode of administration, personnalisation)
	Details of other components 
	Comparator
	Outcomes
	Funding

	Abdominal surgery

	Bojesen
2023 (25)
	Denmark
	Patients with low functional capacity.

Inclusion criteria:
· Patients planned for elective surgery with curative intent for colorectal cancer. 
· Low functional capacity: assessed with WHO performance status I (ambulatory, but restricted in physically strenuous activities) or II (ambulatory, but unable to carry out any work activities, sedentary less than 50% of waking hours).

Exclusion criteria:
· Inability to understand Danish.
· Chronic renal failure (creatinine ≥250 μmol/l)
· Inability to perform baseline tests or inability to perform training on a stationary exercise bike.
· Severe cognitive impairment (Mini-Mental State Examination ≤12).
· Patients planned for abdominal perineal resection.
· Subacute surgery.
· Neoadjuvant therapy.
· Metachronous cancer.
· Withdrawal of consent.
	Elective
colorectal cancer surgery.
	4 weeks
	Individualized physical activity 
+ a nutritional intervention consisting of both nutritional supplements and consultation with a dietician 
+ medical optimisation through an expanded medical check-up at inclusion.
	Type: supervised high-intensity interval training (HIIT) on a stationary exercise bike. 
Frequency: 3 times/week
Intensity: four high-intensity bouts of 2–3 min at a wattage achieved at 90% of the patient’s maximum oxygen uptake measured at baseline with a cardiopulmonary exercise test. Between each high-intensity bout, 3 min of low-intensity bouts (30% of the maximum oxygen uptake) were performed. The HIIT was followed by resistance training of the large muscle groups of three sets of 8–12 repetitions, following a predefined progression scheme, using machines (Technogym®, Italy).
Duration: minimum 4 weeks
Supervision: yes
	Nutrition
Type: consultation and uniform prescription of protein supplements (30 g of protein twice a day using the TMP-90 Shake® (Friesland Campina, Netherlands)) and vitamins (vitamin D with calcium (38 μg + 400 mg Unikalk Mega®, Orkla Health A/S, Denmark) and multivitamin (Apovit Multi®, Apovit, Denmark)).
Frequency: 1 time
Supervision: consultation with a dietician 
Time: the first week after inclusion
Duration: 1h

Medical check-up
Type: evaluation of baseline tests, bloodwork, referral to alcohol and smoking cessation, and possible drug discontinuation or dose reduction using the Danish health authority’s guidelines.
Frequency: 1 time
Supervision: principal investigator
Time: baseline
Duration: /
	Standard of care.
	1) Postoperative complications (30 days after surgery).
2) Length of hospital stay.
3) Readmission of more than 24h (within 30 days after surgery).
4) Change in hand grip strength (between baseline and preoperative testing session)
5) Change in 6MWT (6-minut walking test) (between baseline and preoperative testing session)
6) Change in STS 30s (Sit-to-stand test in 30 seconds) (between baseline and preoperative testing session)
7) Change in biomarkers: NLR (neutrophil to lymphocyte ratio), CRP (C-reactive protein), creatinine, albumin. (between baseline and preoperative session).
	Research and Innovation Framework Programmeme, one from the European Research Council (MOBILIZE, grant agreement No. 801790) and the other under grant agreement No. 945377 (ESCAPE).

	Carli
2020 (29)
	Canada
	Frail patients

Inclusion criteria:
· Consecutive patients older than 65 years.
· Scheduled for
surgical treatment of nonmetastatic colorectal cancer.

Exclusion criteria:
· A Fried Frailty Index of 1.
· Did not
· speak English or French.
· Had metastatic cancer.
· Had premorbid conditions (ie, cardiorespiratory, musculoskeletal,
and/or neurological) that contraindicated exercise and fitness
assessments,

Nb: frailty index 1 indicates no frailty; 2-3,
intermediate frailty; and 4-5, frailty

	Resection of Colorectal Cancer
	4 weeks
	Exercise + nutrition + psychological intervention
	Face-to-face 
Type: mixed: 30 minutes of moderate aerobic exercise (including a
5-minute warm-up) on a recumbent stepper, 
25 minutes of resistance exercises using an elastic band, and
5 minutes of stretching.
Frequency: 1 time/week
Intensity: Not specified
Duration: 4 weeks
Supervision: kinesiologist
Where: at the hospital prehabilitation unit 

Remote:
Type: personalized
home-based programme of aerobic activities (walk daily for a total
of 30 minutes as moderate-intensity aerobic activity) and resistance
training (elastic band routine 3 times per week)
	Nutrition
Type: Patients were advised on how to
improve their own daily dietary intake based on the balanced
plate concept. Target protein intake was 1.5 g/kg of
body weight (or adjusted body weight in obese patients) as
per the European Society for Clinical Nutrition and Metabolism
recommendation for patients with cancer. 
If the
patient did not meet the protein requirement by diet alone,
they were provided with whey protein supplementation
(Immunocal; Immunotec, Inc). Procedure: Patients were instructed to
use the supplements within 1 hour of their exercise training
to maximize muscle protein synthesis. 
Further nutritional
counseling included caloric balance, bowel movement
regularity, and glycemic control.
Supervision: dietitian.

Psychological intervention
Type: Potential causes of perioperative fatigue, anxiety,
and depression were discussed. Study participants were
provided with personalized coping strategies and received a
compact disc with an audio track containing the instructions
to help them perform the exercises at home 3 times a week.
The intervention also included counseling regarding smoking
and alcohol cessation. The use of nicotine replacement
therapy was decided through shared decision-making
Supervision: psychology trained
nurse

	Rehabilitation: The identical multimodal
programme was prescribed for patients in the Rehab
group; however, the interventions started only after postoperative
discharge from the hospital.
	1) Postoperative
complications were recorded to 30 days after surgery
and
scored by severity using the Clavien-Dindo classification.
The CCI was derived from these scores using the CCI calculator
available online.
2) Length of hospital stay
3) Readmission 
4) Quality of life (SF-36)
5) Change in 6MWT: Improved preoperatively and Postoperative (4 weeks)
	This study was supported by a
peer-reviewed grant from the Rossy Cancer
Network (Dr Carli) and a research grant from the
Peri Operative Programme charitable foundation

	Chen 
2024 (26)
	China
	Frail patients.

Inclusion criteria: 
· ≥65 years
· Fried Frailty Index score ≥ 2
· Patients scheduled for surgical resection of gastric adenocarcinoma
· Life expectancy estimated by the 
surgeon to be greater than six months.

Exclusion criteria:
· Patients scheduled for neoadjuvant therapy
· Metastatic cancer
· Unable to participate in exercise and fitness assessments due to pre-existing conditions
	Gastric cancer surgery.
	3 weeks.
	Aerobic and resistance exercises 
+ respiratory 
training 
+ nutritional counseling with whey protein 
supplementation + psychological adjustment.

Smoking cessation interventions were also included if necessary.
	Type: Mixed: 30 min of moderate aerobic exercise and 25 min of resistance exercises 
using an elastic band.
A 30-minute home-based exercise 
of aerobic endurance exercise (jogging, walking, cycling, 
at discretion) 
Frequency:  3 days/week.
Intensity: The programme aimed to achieve a 
moderate-to-high training intensity, corresponding to a 
Borg Scale score of 13 to 16, and to maintain the target 
heart rate.
Duration: 3 weeks.
Supervision:  physiotherapist.  one-on-one basis.
	Respiratory training:
Type:
using a TRI-BALL® 
respiratory trainer.
Frequency: 3 times/day
Duration: 10 min
Supervision: The initial session 
was conducted under the demonstration and 
guidance of a clinical physician. Subsequent sessions 
were performed by the patients at home

Nutrition intervention
Type:  Whey protein supplementation, If the patient did not 
meet the protein requirement.
The research team instructed patients and their families to use the FatSecret APP for daily calorie tracking. This approach aimed 
to enhance patients’ self-management skills, enabling 
them to make appropriate dietary adjustments based on 
their individual needs.
Procedure: These participants were instructed to consume the supplement within 
one hour after exercise to optimize muscle protein syn
thesis.
Supervision: dietician


Psychological intervention:
Type: Anxiety-coping interventions included relaxation techniques and deep breathing exercises. the intervention encompassed counseling on smoking and alcohol 
cessation
Supervision: one-to-one format by a nurse trained in psychological 
care.
	Perioperative care guided by ERAS  protocols.
	1) The comprehensive complications 
index (CCI) measured at 30 days after surgery.
2) 30-day overall complications.
3) 3-month postoperative quality of life.
4) Length of postoperative hospital stay.
5) In-hospital mortality.
6) Hospital readmission < 30 days
7) Change in 6MWT (4 weeks postoperative)
	/

	Danielsson
2025 (30)
	Sweden
	Older people with low physical fitness.

Inclusion criteria:
· ≥65 years. 
· Residents in Stockholm County.
·  Had a maximal walking speed <2 m/s (assessed with a 10-m walking test).

Exclusion criteria:
· Need for surgery within two weeks.
· Medical conditions prohibiting participation.
· Language, cognitive, or mobility barriers hindering study procedures.

	Colorectal cancer surgery: resection of colorectal adenocarcinoma and/or colorectal liver metastases.
	2-3 weeks.
	Exercise 
+ inspiratory muscle training.
	Type: Mixed: Aerobic and functional strength
Frequency: 5-6 times/week
Intensity: adjusted according to the participants rating of perceived exertion with the Borg CR-10 scale
Duration: 2 to 3 weeks before surgery. At least 6 sessions
Supervision: in person, physiotherapist
Where: at home
Details:
Aerobic exercises, such as walking, stair climbing, or other activities chosen by the physiotherapist, were performed in interval form with shorter bouts of higher intensity reaching 7–8 on the Borg CR-10 scale. The total duration for aerobic exercises was 20 min.
Functional strength training included sit-to-stand and step-up exercises with a frequency of three sets of 8 to 12 repetitions and an intensity of 7–8 on the Borg CR-10 scale. Weight belts could be added to increase intensity. Furthermore, physiotherapists included additional exercises to improve performance in activities identified with the Patient-Specific Functional Scale, a patient-generated questionnaire designed to assess limitations in activities of importance to the patient
Aerobic and strength exercises so the total number of sessions per week attained five to six times including the supervised sessions.
	Type: Inspiratory muscle training was performed with the electronic device Power Breathe K3 (POWER breathe International Ltd., Southam, UK). 
Intensity: A total of 30 repetitions was performed with an intensity of 5–7 on the Borg CR-10 scale. Physiotherapists were instructed to start with a resistance of 50 % of the patient's maximal inspiratory pressure and then adjust according to the participants Borg CR-10 grading.
Frequency: Participants in the intervention group were instructed to perform unsupervised exercise with the goal to include inspiratory muscle training twice daily.
	Usual care.
	1) Complications (Clavien-Dindo classifications): 30 days after surgery.
2) Comprehensive compli
3) cation index (CCI).
4) Length of hospital stay.
	This work was supported by the Swedish Cancer Society [grant number 190060 Pj]; the Swedish Research Council [grant number 2019–01382]; and the Erling-Persson Foundation, a framework funding grant to AT, [grant number 140604]. The funders had no role in study design, data collection, analysis and interpretation of data, writing of the report or decision to publish.

	Dronkers
2010 (45)
	The Netherlands
	Older adults.

Inclusion criteria: 
· Elective colon surgery (waiting period minimally two weeks and first surgical intervention for this pathology.
· Age 60 years.
· Adequate cognitive functioning (a good understanding and accurate execution of instructions). 

Exclusion criteria: 
· Heart disease that prohibits or impedes exercise.
· Severe systemic illness.
· Recent embolism, throm bophlebitis.
· Uncontrolled diabetes (fasting blood glucose of 4400mg/dL).
· Severe orthopaedic conditions that prohibit or impede exercise.
· Wheelchair dependence.



	Elective abdominal oncological surgery
	2–4 weeks
	Exercise 
	Type: Mixed. resistance training of the lower limb extensors (with a maximum of one set of 8–15rm, consistent with 60–80% of the one-repetition maximum18–21); inspiratory muscle training: patients breathed against a variable resistance (10–60% of the maximal inspiratory pressure) for about 15 minutes (240 breathing cycles); aerobic training: the subject trained at a moderate intensity of exercise (to 55–75% of maxi mal heart rate) or perceived exertion (between 11 and 13 on the Borg Scale; aerobic training lasted 20–30 minutes to obtain optimal benefit; training functional activities according to the patients’ capabilities and interest.
Frequency:2 times/week; 2-4 weeks.
Intensity: adjusted with the Borg Scale.
Duration: 60 minutes/session.
Supervision: Physiotherapist.
Where: outpatient department of physical therapy.
+
Type: When not training in the outpatient department, subjects followed a home-based training programme. This programme prescribed walking (patients received a pedometer to monitor this activity) or cycling.
Duration: minimum of 30 minutes per day.18 Intensity: The intensity was determined on the basis of the perceived exertion (Borg Scale score between 11 and 13). 
Type: Subjects were supplied with a device for inspiratory muscle training, a threshold loading device.
Frequency: everyday
Duration: 15 minutes per day.
Intensity: The threshold loading device was adjusted to a resistance equal to 20% of the maximal inspiratory pressure, measured at baseline. The resistance was increased incrementally based on the perceived exertion: if perceived exertion was 513, the resistance of the inspiratory threshold trainer was increased incrementally by 10% of the maximal inspiratory pressure.

	NA

	Home-based exercise advice. 
They were told of the importance of their physical condition to the postoperative course and were encouraged to be active for minimally 30 minutes a day in the period prior to hospital admission. 

They received a pedometer to monitor their activities. Once a week the pedometers were read out in the outpatient department by the therapist.
	1) Postoperative complications
2) LOS
3) Quality of life (EORTC Quality of Life Questionnaire: EORTC QLQ-C30 version 3)
	/

	Jensen
2014 (46)
	Denmark
	All patients scheduled for Radical Cystectomy. 

Inclusion criteria:
· muscle-invasive bladder cancer. 
· high-risk non-muscle-invasive bladder cancer.

Exclusion criteria:
· Mental or cognitive disorders.
· Voiding dysfunctions or neuro muscular diseases.


	Radical Cystectomy
	2 weeks
	Exercise
	Home-based progamme.
Type : Mixed. Endurance and strength exercises with repetitions.
A step-trainer was provided for home use.
Frequency : Twice a day.
Intensity : /
Duration : 2 weeks
Supervision: The physiotherapist introduced the programme.


	NA
	Standard care
	1) LOS
2) Complications (90 days)
3) Mortality (within 90days)
4) Readmission (within 30 days)
	

	McIsaac
2022 (24)
	Canada
	Older adults with frailty.

Inclusion criteria:
· ≥ 60 years.
· The ability to communicate in French or
English.
· A score of 4/9 on the Clinical Frailty Scale 

Exclusion criteria:
· Expected surgery date was <21 days from the day of enrolment (if the actual time from enrolment to surgery was <21 days patients were not excluded).
	Elective cancer surgery: elective surgical resection with
 curative intent for intra-abdominal or thoracic cancer (colo
rectal, thoracic, hepatobiliary, or urologic).
	<4 weeks before surgery
	Physical exercise 
+ nutrition
	Home-based total-body exercise
training programme
Type: mixed: 1)
 strength training (one set of 10 repetitions of 10 exercises,
 modified to the individual’s capabilities: push-ups, seated
 rows, chest fly, deltoid lift, bicep curls, triceps extensions,
 chair squats, hamstring curls, standing calf raises, and
 abdominal crunches); 2) aerobic exercise (e.g. walking, biking,
 or swimming) for 20 min at moderate intensity); and 3) flexibility (six stretches, each to be held for 20 s, done for two
 repetitions, targeting the chest, arms, legs, and trunk).
Frequency: 3 times/week
Intensity: aerobic: moderate intensity
Duration: 1h / session
Supervision: NA
	Nutrition: 
Healthy eating before surgery guide was provided.
	WHO Globa l Recommendations for Physical Activity for Health
for people 60 yr and pamphlet, Canada’s Food Guide,
and a pedometer.
	1) Quality of life (EQ-5D)
2) In
hospital complications were collected using the Post
operative Morbidity Survey (POMS) (total number)
3) Length of  hospital stay
4) Readmissions within 30 days
5) The
total cost of each hospitalisation
6) Change in 6MWT, 6-minut walking test (between baseline and fist postoperative visit)
7) Change in SPPB, short physical performance battery test (between baseline and fist postoperative visit)
	This work was supported by peer-reviewed funding from the
 International Anesthesia Research Society (Mentored
 Research Award, 2016) and the Canadian Frailty Network
 (Catalyst Grant, 2018). The sponsors played no role in design
 and conduct of the study; collection, management, analysis,
 and interpretation of the data; preparation, review, or
 approval of the manuscript; and decision to submit the
 manuscript for publication.

	Vascular surgery

	Barakat
2016 (27)
	UK
	Consecutive patients scheduled for elective open aneurysm repair or endovascular repair.

Inclusion criteria:
· Older than 18 years
· abdominal aortic aneurysm 5.5cm in maximum diameter
· Able to give informed written consent

Exclusion criteria:
· Presence of factors that may limit exercise participation, such as severe musculoskeletal disorders, or those requiring expedited or urgent aneurysm repair. 
· Thoracic aortic aneurysms. 
	Elective Abdominal Aortic Aneurysm Repair
	6 weeks
	Exercise 
	Hospital based exercise classes
Type: 5-minute warm up and stretching, cycle ergometer against moderate resistance for 2minutes, heel-raise repetitions for 2minutes, knee extensions against resistance repetitions for 2minutes, dumbbells’ biceps/arm curls repetitions for 2minutes, step-up lunges repetitions for 2minutes, knee bends (bodyweight) repetitions for 2minutes, and 5minutes for cool down and stretching. Between each of the exercise stations, patients either walked around the gym or on a treadmill, or rested for 2minutes before moving onto the next exercise.
Frequency: 3 times a week, for 1-hour duration
Intensity: /
Duration: 6 weeks
Supervision: Physiotherapist
	NA
	Standard treatment
	1) Composite endpoint of postoperative cardiac, pulmonary, and renal complications.
2) Length of hospital stay
3) 30-day mortality

	/

	Sethi 2024 (28)
	UK
	Consecutive patients scheduled for elective open aneurysm repair or endovascular repair.

Inclusion criteria:
· Older than 18 years
· abdominal aortic aneurysm 5.5cm in maximum diameter
· Able to give informed written consent

Exclusion criteria:
· Presence of factors that may limit exercise participation, such as severe musculoskeletal disorders, or those requiring expedited or urgent aneurysm repair. 
Thoracic aortic aneurysms. 
	Elective Abdominal Aortic Aneurysm Repair
	6 weeks
	Exercise
	Hospital based exercise classes
Type: 5-minute warm up and stretching, cycle ergometer against moderate resistance for 2minutes, heel-raise repetitions for 2minutes, knee extensions against resistance repetitions for 2minutes, dumbbells’ biceps/arm curls repetitions for 2minutes, step-up lunges repetitions for 2minutes, knee bends (bodyweight) repetitions for 2minutes, and 5minutes for cool down and stretching. Between each of the exercise stations, patients either walked around the gym or on a treadmill, or rested for 2minutes before moving onto the next exercise.
Frequency: 3 times a week, for 1-hour duration
Intensity: /
Duration: 6 weeks
Supervision: Physiotherapist
	NA
	Standard treatment
	1) All cause mortality.
2) Quality of life (Medical Outcomes Study Short-Form 8 (SF-8); EuroQoL EQ-5D-3 and EQ-5D VAS)

	/

	Legend: RCT = Randomized Controlled Trial; LOS = Length of Stay; CCI = Comprehensive Complication Index; 6MWT = 6-Minute Walk Test; SPPB = Short Physical Performance Battery; STS-30 = 30-second Sit-to-Stand Test; NLR = Neutrophil-to-Lymphocyte Ratio; CRP = C-Reactive Protein; ERAS = Enhanced Recovery After Surgery; EI = Echo Intensity; SWE = Shear Wave Elastography; MT = Muscle Thickness; VL = Vastus Lateralis; RF = Rectus Femoris; TA = Tibialis Anterior; MG = Medial Gastrocnemius; RoB-2 = Risk of Bias 2; DXA = Dual-energy X-ray Absorptiometry.




	Table 2: Main results of the studies included in the systematic review

	Reference
	Intervention group
n
Sex (male n (%); female n (%))
Age (years; mean ±SD or median (P25-P75))
	Control group
n
Sex (female n (%): male n (%))
Age (mean ±SD or median (P25-P75))
	Outcomes
	Main results
Intervention group
	Main results
Control group
	Main effect

	Abdominal surgery

	Bojesen
2023 (25)
	n=16
Male: 11 (69%)
Female: 5 (31%)
Age: 80 ± 6.9 years
	n=20
Male: 6 (30%)
Female: 14 (70%)
Age: 78 ± 6.3 years
	Length Of Stay (LOS) 
median (i.q.r., (range))
	4 (3–7 (1–30))

	4 (3–7 (2–18))

	P= 0.975

No effect

	
	
	
	Readmission of more than 24h (within 30 days after surgery)
n (%)
	3 (19%)

	1 (5%)

	P=0.303

No effect

	
	
	
	Postoperative complications 
(30 days after surgery)
	No. of patients with a complication Clavien-Dindo ≥3a: 
5 (31%)

Comprehensive complication index, median (i.q.r., (range)): 14.4 (0–26.9 (0–100))




	No. of patients with a complication Clavien-Dindo ≥3a: 
4 (20%)

Comprehensive complication index, median (i.q.r., (range)): 14.8 (0–23.6 (0–49.5))

	No. of patients with a complication Clavien-Dindo ≥3a:
p=0.470

Comprehensive complication index, median (i.q.r., (range)):
p=0.681

No effect

	
	
	
	Change in hand grip strength (kg), median (95% c.i.)
	0.6 (−0.6–1.8)
	1.1 (−0.004–2.2)
	P=0.132

No effect

	
	
	
	Change in 6-MWT (m), median (95% c.i.)
	−7.9 (−40.3–24.5)
	37 (7.7–66.5)
	P=0.293

No effect

	
	
	
	Change in STS 30 s (repetitions), median (95% c.i.)
	1.90 (0.80–3.02)
	1.61 (0.64–2.59)
	P=0.311

No effect

	
	
	
	Change in biomarkers:

Change in NLR, median (95% c.i.)

Change in CRP (mg/l), median (95% c.i.)

Change in creatinine (µmol/l), median (95% c.i.)

Change in albumin (g/l), median (95% c.i.)
	


−1.53 (−3.23–0.18)

−1.5 (−6.2–3.2)



−0.13 (−6.1–5.8)



0.38 (−1.7–2.5)
	


−0.39 (−1.88–1.11)

−0.6 (−4.5–3.26)



0.07 (−5.4–5.6)



−0.23 (−2.1–1.7)
	


P=0.257


P=0.517



P=0.142



P=0.674

No effect

	Carli
2020 (29)
	n=55
Male: 29 (52.7%)
Female: 26 (57.3%)
Age: 78 (72-82) years
	n=55
Male: 23 (41.8%)
Female: 32 (58.2%)
Age: 82 (75-84) years
	LOS
median (IQR)

	4 (3–8)

	5 (3–9)

	P=0.32

No effect

	
	
	
	Readmission
n (%)
	2 (3.6)

	5 (9.1)

	OR: 0.3 (0.03-1.9)

No effect

	
	
	
	Postoperative
complications 
(30 days after surgery)
	Comprehensive complication index (CCI):
Mean (SD)
12.7 (21,5)

Number of complications:
25 (45.5%)

	Comprehensive complication index (CCI):
Mean (SD)
15.7 (25.3)

Number of complications:
25 (45.5%)

	Comprehesive complication index (CCI):
p=0.45

Number of complications:
p=0.90

No effect

	
	
	
	Change in 6MWT

Improved preoperatively, Adjusted Estimate (95% CI)

Postoperative (4 wk), Adjusted Estimate (95% CI)
 
	

n (%) 
26(55.3)



n (%)
26 (68.4)
	

n (%)
10 (26.3)



n (%)
16(53.3)
	

OR, 2.2 (0.9 to 5.8)
P=0.10



OR, 1.9 (0.6 to 5.9)
P=0.26

No effect

	
	
	
	Quality of life (SF-36)
	Physical SF-36 subscale, mean (SD):
Baseline: 49.4 (21.2)
before surgery: 57.1 (19.0)
4 wk after surgery: 49.7 (20.0)

Mental SF-36 subscale, mean (SD):
baseline: 54.2 (23.1)
before surgery: 59.2 (20.8)
4 wk after surgery: 55.3 (22.6)

	Physical SF-36 subscale, mean (SD)
Baseline: 52.9 (18.7)
before surgery: 58.7 (19.4)
4 wk after surgery: 51.1 (14.7)

Mental SF-36 subscale, mean (SD)
baseline: 58.8 (20.2)
before surgery: 66 (19.4)
4 wk after surgery: 63.6 (15.3)
	Physical SF-36 subscale, 
baseline: NA
Before surgery: MD 0.16 (-6.7 to 7), p=0.96
Before surgery: MD -0.43 (-7.2 to 6.3), p=0.90

Mental SF-36 subscale
baseline: NA
Before surgery: MD -2.8 (-10.7 to 5), p=0.47
4 wk after surgery: MD -2.3 (-9.7 to 5.1)
P=0.53

No effect





	Chen 
2024 (26)
	n=57
Male:  33 (57.9%)
Female:  24 (42.1%)
Age: 73 [70.5-77] years

	n=58
Male: 28 (48.3%)
Female: 30 (51.7%)
Age: 74 [68-78] years

	Postoperative
complications 
(30 days after surgery)
	CCI: 
Mean (SD)
6.1 (15.8)

CCI > 20, n (%): 6 (10.5)

Overall complications:
n (%)
14 (24.6)
	CCI:
Mean (SD)
9.8 (12.7)

CCI> 20, n (%):  15 (25.9)

Overall complications:
n (%)
23 (39.7)
	CCI:
p=0.291


 CCI > 20, n (%):  p=0.033

Overall complications: p=0.083

	
	
	
	Quality of life (3 months after surgery)
	QOR 9, median (Q1-Q3):
1 week after surgery: 14 [12–15]
2 weeks after surgery: 16 [15–17]
4 weeks after surgery: 17 [17–18]

Total Physical SF-36 subscale, Mean (SD)
Baseline: 49.5 (19.3)
Before surgery: 56.7 (18.6)
4-week after surgery: 49.3 (20.2)

Total Mental SF-36 subscale, Mean (SD)
Baseline: 53.7 (22.4)
Before surgery: 59.3 (20.6)
4-week after surgery: 54.1 (21.9)
	QoR-9, median (Q1-Q3):
1 week after surgery: 13 [12–15]
2 weeks after surgery: 15.5 [14–17]
4 weeks after surgery: 17 [16–18]

Total Physical SF-36 subscale, Mean (SD)
Baseline: 51.8 (17.5)
Before surgery: 58.6 (19.5)
4-week after surgery: 51.2 (14.6)

Total Mental SF-36 subscale, Mean (SD)
Baseline: 58.5 (20.4)
Before surgery: 66.2 (19.6)
4-week after surgery: 62.5 (15.4)
	QoR-9
1 week after surgery: p=0.796
2 weeks after surgery: p=0.647
4 weeks after surgery: p=0.562

Total Physical SF-36 subscale
Baseline: p=0.836
Before surgery: p=0.921
4-week after surgery: p=0.648

Total Mental SF-36 subscale,
Baseline: p=0.901
Before surgery: p=0.933
4-week after surgery: p=0.647

No effect

	
	
	
	LOS
	Median (Q1-Q3)
8 [6-10]
	Median (Q1-Q3)
8 [7-11]
	p= 0.493
No effect

	
	
	
	In-hospital mortality
	n (%)
1 (1.8)
	n (%)
0 (0)
	p=0.311

No effect

	
	
	
	Hospital readmission 
(< 30 days)
	n (%)
3 (5.3)
	n (%)
3 (5.2)
	p=0.983

No effect

	
	
	
	Change in 6MWT: Improvement of 6MWD of 20 m or more compared with baseline
	n (%)
27 (47.4)
	n (%)
16 (27.6)
	P=0.028

	Danielsson
2025 (30)
	n=27
Male: 11 (41%)
Female: 16 (59%)
Age: 78 ± 4 years
	n=24
Male: 12 (50%)
Female: 12 (50%)
Age: 77 ± 7 years
	Complications (30 days after surgery)
	Participants with ≥1 complication, n (%):
13 (48.1)

CCI:
median (IQR): 0 (0–22.6)


Complication count, median (IQR):
 1 (0-2)

	Participants with ≥1 complication, n (%): 
15 (62.5)


CCI:
median (IQR): 8.7 (0–22.2)


Complication count, median (IQR):
1 (0-3)
	Participants with ≥1 complication, n (%): 
OR: 0.44 (0.13-1.52)

CCI: p=0.49




Complications count:
p=0.557

No effect

	
	
	
	LOS
	Median (IQR): 
5 (4–6)
	Median (IQR): 5.5 (4–7.8)
	p=0.55

No effect

	Dronkers
2010 (45)
	n=22
Male: 15 (68.2%)
Female: 7 (31.8%)
Age: 71.1 ± 6.3
	n=20
Male: 16 (80%)
Female: 4 (20%)
Age: 68.8 ± 6.4 years
	Complications (30 days)
	n (%):
9 (45%)
	n (%):
8 (38%)
	P=0.35

No effect

	
	
	
	LOS 
(days)
	16.2 ± 11.5
	21.6 ± 23.7
	P=0.31

No effect

	
	
	
	Quality of life
(EORTC)
	Global Health status:
Baseline:
70 ± 23 
T1: 72 ± 19


Functional Scale: Baseline: 
408 ± 67
T1: 413 ± 64


Symptom Scale:
Baseline: 
154 ± 122
T1: 119 ± 98

	Global Health status:
Baseline: 
71 ± 20
T1: 68 ± 18


Functional Scale:
Baseline: 
427 ± 53
T1: 425 ± 67


Symptom Scale:
Baseline: 
130 ± 90 
T1: 155 ± 117
	Global Health status difference:
Intervention: 2 ±  19
Control: -3 ±  13
P=0.88

Functional Scale difference:
Intervention: 5 ± 56
Control: -2 ± 39 
P=0.72

Symptom Scale difference :
Intervention: -35 ± 125
Control: 25 ± 75
P=0.20

No effect

	Jensen
2014 (46)
	n=50
Male: 39 (78%)
Female: 11 (22%)
Age: 69 (66 - 72)
	n=57
Male: 40 (70%)
Female: 17 (30%)
Age: 71(68-73)
	LOS 
(days)

	8 (3-30)
	8 (4-55)
	0.68

No effect

	
	
	
	Complications 
(90 days)

	Maximum grade Clavien–Dindo score:
0: 20 (40%) 
1: 9 (18%)
2: 9 (18%)
3: 8 (16%) 
4: 1(2%) 
5: 3 (6%)

No. Of complications, n (%) :
0 : 20 (40%) 
1 : 8 (16%)
2 : 9 (18%)
3 : 6 (12%)
4 : 4 (8%)
5 : 2 (4%)
6 : 1 (2%)
7 : 0 (0%)
	Maximum grade Clavien–Dindo score:
0: 20 (40%) 
1: 15 (26%)
2: 5 (9%)
3: 8 (14%) 
4: 2 (4%) 
5: 4 (7%)

No. Of complications, n (%) :
0 : 23 (40%) 
1 : 17 (30%)
2 : 6 (10%)
3 : 3 (5%)
4 : 4 (7%)
5 : 1 (2%)
6 : 1 (2%)
7 : 2 (4%)
	Maximum grade Clavien–Dindo score:
P=0.64






No. Of complications:
P=0.47

No effect


	
	
	
	Mortality 
(within 90 days)

	n (%):
3 (6%)
	n (%): 
4 (7%)
	P=0.84

	
	
	
	Readmission (within 30 days)
	n (%):
30 (13%)
	n (%):
4 (7%)
	P=0.49

	McIsaac
2022 (24)
	n=94
Male: 37 (39.4%)
Female: 57 (60.6%)
Age: 74 ± 7 years
	n=88
Male: 42 (47.7%)
Female: 46 (52.3%)
Age: 74 ± 6 years
	Quality of life (EQ-5D)
	Baseline:  
0.83 (0.11)
30 days:
0.83 (0.11)
	Baseline:
0.80 (0.14)
30 days:
0.77 (0.19)
	p=0.076

No effect

	
	
	
	Complications
	Any complication, n (%):
42 (51)

	Any complication, n (%):
42 (51%)


	p=0.134

No effect

	
	
	
	LOS
	Days, median (IQR):
6 (4-9)
	Days, median (IQR):
6 (3-10)
	p=0.739

No effect

	
	
	
	Readmission
	n (%): 13 (15)
	n (%): 8 (9)
	p=0.303 

No effect

	
	
	
	The
total cost of each hospitalisation
	$, median (IQR):
 16 074
 (12 525-21 577)
	$, median (IQR):
15 602
 (10 746-21 921)
	p= 0.557

No effect

	
	
	
	Change in 6 MWT  (between baseline and fist postoperative visit)
	Baseline: 306 (130)
Postoperative : 291 (170)

	Baseline: 323 (106)
Postoperative: 286 (125)
	Mean difference (95% CI)
14 (-26 to 56)
P=0.486

No effect

	
	
	
	Change in SPPB (/12) (between baseline and fist postoperative visit)
	Baseline: 8.4 (2.7)
Postoperative: 7.4 (3.9)
	Baseline: 9.0 (2.1)
Postoperative: 8.4 (2.7)
	Mean difference (95% CI)
-0.6 (-1.5 to 0.3)
P=0.189

No effect

	Vascular surgery

	Barakat
2016 (27)
	n=62
Male: 56 (90.3%)
Female: 6 (9.7%)
Age: 73.8 ± 6.5 years
	N=62
Male: 55 (88.7%)
Female: 7 (11.3%)
Age: 72.9 ± 7.9 years

	Complications 
n (%)
	14 (22.6%)

Cardiac complications :
5 (8.1%) 

Renal complications:
4 (6.5%)

Pulmonary complications :
7 (11.3%)
	26 (41.9%)

Cardiac complications :
14 (22.6%)

Renal complications:
13 (21%)

pulmonary complications :
13 (20.9%)
	P=0.021

Cardiac complications :
P=0.025

Renal complications:
P=0.019

pulmonary complications :
p=0.143

	
	
	
	LOS
Days
	Median, interquartile range [IQR]:
 7.0 [5.0–9.0] 
	Median, interquartile range [IQR]:
8.0 [6.0–12.3]

	P=0.025

	
	
	
	Mortality
(30 days after surgery)
	2 (3.2%)
	2 (3.2%)
	P=1

	Sethi
2024 (28)
	n=62
Male: 56 (90.3%)
Female: 6 (9.7%)
Age: 73.8 ± 6.5 years
	n=62
Male: 56 (90.3%)
Female: 6 (9.7%)
Age: 73.8 ± 6.5 years
	All cause mortality (5 years)
	ITT:
8 (12.9%)

PP:
4 (7.8%)
	ITT:
16 (25.8%)

PP:
16 (25.8%)
	ITT:
P=0.08

PP:
P=0.01


	
	
	
	Quality of life

	SF-8:
Physical component summary :
Change from baseline
-8.8 ± 9.9




Mental component summary:
Change from baseline
-3.5 ± 11.4



EQ-5D:
Change from baseline
-0.13 ± 0.34


EQ-VAS:
Change from baseline
-0.12 ± 0.28

	SF-8:
Physical component summary :
Change from baseline
-12.3 ± 9.4




Mental component summary:
Change from baseline
0.3 ± 10.3



EQ-5D:
Change from baseline
-0.20 ± 0.26


EQ-VAS:
Change from baseline
-0.19 ± 0.20
	SF-8:
Physical component summary :
Mean difference in change (between groups)
3.8 (1.9 - 9.4)
P=0.18


Mental component summary:
Mean difference in change (between groups)
0.8 (2.5 - 10.2)
P=0.23

EQ-5D:
Mean difference in change (between groups)
0.07(0.10-0.25)

EQ-VAS:
Mean difference in change (between groups)
0.07 (-0.08 - 0.21)
P=0.37


	Legend: n = number of participants; SD = standard deviation; IQR = interquartile range; LOS = Length of Stay; CCI = Comprehensive Complication Index; 6MWT = 6-Minute Walk Test; STS-30 = 30-second Sit-to-Stand Test; NLR = Neutrophil-to-Lymphocyte Ratio; CRP = C-Reactive Protein; QoR-9 = Quality of Recovery-9 scale; SF-36 = Short Form 36 Health Survey; EQ-5D = EuroQol 5-Dimension questionnaire; EQ-VAS = EuroQol Visual Analogue Scale; ITT = Intention-to-Treat analysis; PP = Per-Protocol analysis; EORTC = European Organisation for Research and Treatment of Cancer questionnaire; MD = mean difference; OR = odds ratio; CI = confidence interval; SD = standard deviation; we=week



	Table 3 : Critical appraisal of the Randomised Controlled Trials included in the systematic review

	Reference
	Domain 1:
Bias arising from the randomisation process
	Domain 2: 
Bias due to deviations from intended interventions
	Domain 3: 
Bias due to missing outcome data
	Domain 4: 
Bias in measurement of the outcome
	Domain 5: 
Bias in selection of the reported result
	Overall risk of bias


	Bojesen
2023
	
	
	
	
	
	

	Carli
2020
	
	
	
	
	
	

	Chen 
2024
	
	
	
	
	
	

	Danielsson
2025
	
	
	
	
	
	

	Dronkers
2010
	
	
	
	
	
	

	Jensen 
2016
	
	
	
	
	
	

	McIsaac
2022
	
	
	
	
	
	

	Barakat
2016
	
	
	
	
	
	

	Sethi
2024
	
	
	
	
	
	

	
Legend:
	Low risk
	

	Some concerns
	

	High risk
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Appendix
Appendix I : search strategies
Search strategy for Medline (Ovid)
1  Abdominal Surgery/
2  Gastrointestinal Surgical Procedures/
3  Colorectal Surgery/
4  Hepatectomy/
5  Pancreatectomy/
6  Gastrectomy/
7  Appendectomy/
8  Herniorrhaphy/
9  ((abdominal* OR gastrointestinal* OR colorectal* OR hepato* OR pancreatec* OR gastrectom* OR appendectom* OR hernia*) AND (surg* OR operat* OR resect* OR procedure*)).ti,ab,kf.
10  Cardiovascular Surgical Procedures/
11  Heart Surgery/
12  Coronary Artery Bypass/
13  Valve Replacement, Heart/
14  ((cardiac* OR heart* OR cardiovascul* OR coronary* OR valve* OR CABG OR bypass*) 
     AND (surg* OR operat* OR procedure* OR replacement* OR resect*)).ti,ab,kf.
15  1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14
16  Prehabilitation/
17  prehabilitat*.ti,ab,kf.
18 Preoperative Period/
19 Preoperative care/
20  (pre-operativ* adj3 (intervention* or programme* or rehab* OR prepar* OR optimis*)).ti,ab,kf.
21  ((preop* or pre-op* or before surgery OR before operat* OR presurg*) adj3 (intervention* or programme* OR rehab* OR optimis* OR preparation* )).ti,ab,kf.
22 ("enhanced recovery" adj3 (programme* OR pathway* OR protocol*)).ti,ab,kf.
23 (pre-surgical adj3 (optimis* OR intervention* OR programme* OR prepar*)).ti,ab,kf.
24 16 or 17 or 18 or 19 or 20 or 21 or 22 or 23

25 Exercise/  
26 Exercise Therapy/  
27 Physical Fitness/  
28 Motor Activity/  
29 physical* adj3 (train* or activity* or exercise* or programme*).ti,ab,kf.  
30 25 or 26 or 27 or 28 or 29  
31 15 AND 24 AND 30

Search strategy for Scopus
(
TITLE-ABS-KEY(abdominal surgery) 
OR TITLE-ABS-KEY(gastrointestinal surgery) 
OR TITLE-ABS-KEY(colorectal surgery) 
OR TITLE-ABS-KEY(hepatectomy) 
OR TITLE-ABS-KEY(pancreatectomy) 
OR TITLE-ABS-KEY(gastrectomy) 
OR TITLE-ABS-KEY(appendectomy) 
OR TITLE-ABS-KEY(herniorrhaphy) 
OR TITLE-ABS-KEY(abdominal AND surg) 
OR TITLE-ABS-KEY(gastrointestinal AND surg) 
OR TITLE-ABS-KEY(colorectal AND surg) 
OR TITLE-ABS-KEY(hepato AND surg) 
OR TITLE-ABS-KEY(pancreatec AND surg) 
OR TITLE-ABS-KEY(gastrectom AND surg) 
OR TITLE-ABS-KEY(appendectom AND surg) 
OR TITLE-ABS-KEY(hernia AND surg) 
OR TITLE-ABS-KEY(cardiovascular surgery) 
OR TITLE-ABS-KEY(heart surgery) 
OR TITLE-ABS-KEY(coronary artery bypass) 
OR TITLE-ABS-KEY(heart valve replacement) 
OR TITLE-ABS-KEY(cardiac AND surg) 
OR TITLE-ABS-KEY(heart AND surg) 
OR TITLE-ABS-KEY(coronar AND surg) 
OR TITLE-ABS-KEY(valve AND surg) 
OR TITLE-ABS-KEY(CABG AND surg) 
OR TITLE-ABS-KEY(bypass AND surg)
)
AND
(
TITLE-ABS-KEY(prehabilitation) 
OR TITLE-ABS-KEY(preoperative period) 
OR TITLE-ABS-KEY(preoperative care) 
OR TITLE-ABS-KEY(preoperative W/3 intervention) 
OR TITLE-ABS-KEY(preoperative W/3 programme) 
OR TITLE-ABS-KEY(preoperative W/3 rehab) 
OR TITLE-ABS-KEY(preoperative W/3 prepar) 
OR TITLE-ABS-KEY(preoperative W/3 optimis) 
OR TITLE-ABS-KEY(preop W/3 intervention) 
OR TITLE-ABS-KEY(preop W/3 programme) 
OR TITLE-ABS-KEY(preop W/3 rehab) 
OR TITLE-ABS-KEY(preop W/3 prepar) 
OR TITLE-ABS-KEY(preop W/3 optimis) 
OR TITLE-ABS-KEY("enhanced recovery" W/3 programme) 
OR TITLE-ABS-KEY("enhanced recovery" W/3 pathway) 
OR TITLE-ABS-KEY("enhanced recovery" W/3 protocol) 
OR TITLE-ABS-KEY(pre-surgical W/3 optimis) 
OR TITLE-ABS-KEY(pre-surgical W/3 intervention) 
OR TITLE-ABS-KEY(pre-surgical W/3 programme) 
OR TITLE-ABS-KEY(pre-surgical W/3 prepar)
)
AND
(
TITLE-ABS-KEY(exercise) 
OR TITLE-ABS-KEY(exercise therapy) 
OR TITLE-ABS-KEY(physical fitness) 
OR TITLE-ABS-KEY(motor activity) 
OR TITLE-ABS-KEY(physical W/3 train) 
OR TITLE-ABS-KEY(physical W/3 activity) 
OR TITLE-ABS-KEY(physical W/3 exercise) 
OR TITLE-ABS-KEY(physical W/3 programme)
)
AND
(
TITLE-ABS-KEY("randomized controlled trial") 
OR TITLE-ABS-KEY("randomised controlled trial")
)

Search strategy for EMBASE
('abdominal surgery'/de OR 'gastrointestinal surgery'/de OR 'colorectal surgery'/de OR 'hepatectomy'/de OR 'pancreatectomy'/de OR 'gastrectomy'/de OR 'appendectomy'/de OR 'herniorrhaphy'/de OR (((abdominal* OR gastrointestinal* OR colorectal* OR hepato* OR pancreatec* OR gastrectom* OR appendectom* OR hernia*) NEAR/3 (surg* OR operat* OR resect* OR procedure*)):ti,ab,kw) OR 'cardiovascular surgery'/de OR 'heart surgery'/de OR 'coronary artery bypass'/de OR 'heart valve replacement'/de OR (((cardiac* OR heart* OR cardiovascul* OR coronary* OR valve* OR cabg OR bypass*) NEAR/3 (surg* OR operat* OR procedure* OR replacement* OR resect*)):ti,ab,kw)) AND ('prehabilitation'/de OR prehabilitat*:ti,ab,kw OR 'preoperative period'/de OR 'preoperative care'/de OR (('pre operativ*' NEAR/3 (intervention* OR programme* OR rehab* OR prepar* OR optimis*)):ti,ab,kw) OR (((preop* OR 'pre op*' OR 'before surgery' OR 'before operat*' OR presurg*) NEAR/3 (intervention* OR programme* OR rehab* OR optimis* OR preparation*)):ti,ab,kw) OR (('enhanced recovery' NEAR/3 (programme* OR pathway* OR protocol*)):ti,ab,kw) OR (('pre surgical' NEAR/3 (optimis* OR intervention* OR programme* OR prepar*)):ti,ab,kw)) AND ('exercise'/de OR 'exercise therapy'/de OR 'physical fitness'/de OR 'motor activity'/de OR ((physical* NEAR/3 (train* OR activity* OR exercise* OR programme*)):ti,ab,kw))










Appendix II: Studies ineligible following full-text review (n=85)
	n
	Reference
	Reason of exclusion

	N=13
	Afshari 2025 
	Abstract congress

	
	Ausania 2018 
	Abstract congress

	
	Barberan-Garcia 2017 
	Abstract congress

	
	Estalella 2023 
	Abstract congress

	
	Gillis 2023 
	Abstract congress

	
	Harvey 2023 
	Abstract congress

	
	Kaye 2019 
	Abstract congress

	
	Li 2024 
	Abstract congress

	
	Soler-Silva 2022 
	Abstract congress

	
	Usupharach 2024 
	Abstract congress

	
	Vetsch 2024
	Abstract congress

	
	Waller 2020 
	Abstract congress

	
	Wu 2023 
	Abstract congress

	N=61
	Arthur 2000
	Wrong population

	
	Auclair 2021 
	Wrong population

	
	Ausania 2019 
	Wrong population

	
	Akowuah 2023 
	Wrong population

	
	Atoui 2024 
	Wrong population

	
	Awasthi 2019 
	Wrong population

	
	Azeez 2022 
	Wrong population

	
	Barberan-Garcia 2018 
	Wrong population

	
	Barberan-Garcia 2019
	Wrong population

	
	Bausys 2020 
	Wrong population

	
	Berardi 2025 
	Wrong population

	
	Bernardi 2022 
	Wrong population

	
	Boden 2018 
	Wrong population

	
	Boden 2020 
	Wrong population

	
	Bousquet-Dion 2023 
	Wrong population

	
	Chabot 2021 
	Wrong population

	
	Chen 2017
	Wrong population

	
	Chen 2019 
	Wrong population

	
	Cho 2014 
	Wrong population

	
	Contraras 2024
	Wrong population

	
	DenizDoğan 2022 
	Wrong population

	
	Fülöp 2021 
	Wrong population

	
	Gillis 2014 
	Wrong population

	
	Gillis 2025 
	Wrong population

	
	Gloor 2022 
	Wrong population

	
	Herdy 2008 
	Wrong population

	
	Hernon 2021 
	Wrong population

	
	Huang 2024 
	Wrong population

	
	Hulzebos 2006 
	Wrong population

	
	Kaibori 2013 
	Wrong population

	
	Kasvis 2023
	Wrong population

	
	Koç 2023 
	Wrong population

	
	Labuschagne 2022 
	Wrong population

	
	Liang 2018 
	Wrong population

	
	Li 2013 
	Wrong population

	
	Liang 2025 
	Wrong population

	
	Lopez-Hernandez 2025
	Wrong population

	
	López-Rodríguez-Arias 2021
	Wrong population

	
	Luo 2023 
	Wrong population

	
	Mayo 2011 
	Wrong population

	
	Minnella 2017 
	Wrong population

	
	Minnella 2018 
	Wrong population

	
	Mizuno 2024 
	Wrong population

	
	Ngo-Huang 2023 
	Wrong population

	
	Molenaar 2023 
	Wrong population

	
	Peng 2021
	Wrong population

	
	Scheenstra 2025
	Wrong population

	
	Shologan 2025 
	Wrong population

	
	Rengel 2019 
	Wrong population

	
	Ribeiro 2021 
	Wrong population

	
	Rosenfeldt 2011 
	Wrong population

	
	Steinmetz 2020 
	Wrong population

	
	Tanaka 2017
	Wrong population

	
	Tokgoz 2022 
	Wrong population

	
	Trépanier 2019 
	Wrong population

	
	Triguero-Cánovas 2023 
	Wrong population

	
	Sawatzky 2014 
	Wrong population

	
	Swaminathan 2020 
	Wrong population

	
	Vetsch 2025
	Wrong population

	
	Waller 2022 
	Wrong population

	
	Yang 2024 
	Wrong population

	
	Yau 2025 
	Wrong population

	N=3

	Barakat 2014 
	Wrong study design

	
	Gamage 2024 
	Wrong study design

	
	Hill 2020 
	Wrong study design

	N=2
	Sifuentes 2018 
	Wrong language

	
	Xu 2007 
	Wrong language

	N=2
	Chen 2017 
	Wrong outcomes

	
	Vetsch 2025
	Wrong outcomes

	N=1
	Czyzewski 2013 
	Wrong intervention

	N=2
	Boden 2018 
	Duplicate

	
	Gillis 2014 
	Duplicate
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