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ABSTRACT 

Background: The PROMIS-29 questionnaire assesses general physical and mental health 

aspects that may be relevant to surgical recovery. However, evidence regarding the 

psychometric properties PROMIS-29 in the context of colorectal surgery remains limited. 

This study aims to assess the content validity, internal consistency, construct validity, and 

responsiveness of PROMIS-29 as a measure of recovery after colorectal surgery. 

Methods: A cohort of adult patients (≥18 years) undergoing elective colorectal resection at 

two academic hospitals completed the PROMIS-29 questionnaire preoperatively and weekly 

until the postoperative week (POW) 4. Physical Health Summary (PHS) and Mental Health 

Summary (MHS) scores were derived from PROMIS-29 t-scores (higher scores indicating 

better health status). Content validity was assessed by comparing PROMIS-29 items against 

the conceptual framework of recovery after abdominal surgery. Internal consistency was 

assessed using Cronbach’s alpha. Construct validity and responsiveness were assessed by 

testing a priori hypotheses.  

Results: Overall, 282 patients were included (59±15 years, 48% female, 78% minimally 

invasive, median hospital stay 3 days). PROMIS-29 items covered 36% of health domains 

considered important by patients. Internal consistency was acceptable (>0.7). The construct 

validity of PHS and MHS scores was limited (0 out of 4 hypotheses confirmed on POW1; 1 

or 2 hypotheses confirmed on POW2-4). Responsiveness was supported before POW2, but 

not after.  

Conclusion: This study supports that PROMIS-29 has limited content validity, construct 

validity, and responsiveness when used to measure recovery within 4 weeks after colorectal 

surgery. There remains a need to develop psychometrically sound PROMs to measure 

postoperative recovery. 
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RÉSUMÉ 

Introduction : Le questionnaire PROMIS-29 évalue les aspects généraux de la santé 

physique et mentale qui peuvent être pertinents pour la récupération chirurgicale. Cependant, 

les preuves concernant les propriétés psychométriques du PROMIS-29 dans le contexte de la 

chirurgie colorectale restent limitées. Cette étude vise à évaluer la validité du contenu, la 

cohérence interne, la validité de construit et la réactivité du PROMIS-29 en tant que mesure 

de la récupération après une chirurgie colorectale. 

Méthodes :  Une cohorte de patients adultes (≥18 ans) subissant une résection colorectale 

élective dans deux hôpitaux universitaires a complété le questionnaire PROMIS-29 en période 

préopératoire, puis chaque semaine jusqu'à la 4e semaine postopératoire (POW4). Les scores 

de la santé physique (PHS) et de la santé mentale (MHS) ont été dérivés des scores t du 

PROMIS-29 (des scores plus élevés indiquant un meilleur état de santé). La validité du 

contenu a été évaluée en comparant les items du PROMIS-29 au cadre conceptuel de la 

récupération après une chirurgie abdominale. La cohérence interne a été évaluée à l'aide de 

l'alpha de Cronbach. La validité de construit et la réactivité ont été évaluées via des tests 

d'hypothèses de groupes connus. 

Résultats : Au total, 282 patients ont été inclus (59±15 ans, 48 % de femmes, 78 % en 

chirurgie mini-invasive, séjour hospitalier médian de 3 jours). Les items du PROMIS-29 

couvraient 36 % des domaines de santé jugés importants par les patients. La cohérence interne 

était acceptable (>0.7). La validité de construit des scores PHS et MHS était limitée (aucune 

hypothèse confirmée à POW1; 1 ou 2 hypothèses confirmées à POW2-4). La réactivité était 

confirmée avant POW2, mais pas après. 

Conclusion : Cette étude montre que le PROMIS-29 a une validité de contenu, une validité de 

construit et une réactivité limitées lorsqu'il est utilisé pour mesurer la récupération au cours 

des 4 semaines suivant une chirurgie colorectale. Il reste nécessaire de développer des 
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instruments de mesure des résultats psychométriquement solides pour évaluer la récupération 

postopératoire. 
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CHAPTER 1 -INTRODUCTION 

 

1.1 Recovery After Colorectal Surgery 

Surgery offers symptom relief or a potential cure for many malignant and benign 

colorectal conditions, including cancer, diverticulitis, and inflammatory bowel disease [1–6]. 

Colorectal surgery represents a considerable volume of operating room procedures, with 

approximately 300,000 colorectal resections conducted in North America every year [7, 8]. 

Despite its therapeutic benefits, colorectal surgery imposes substantial physiological stress on 

patients, leading to a cascade of metabolic and hormonal events triggered by surgical trauma 

[9]. This surgical stress response, characterized by systemic inflammation, 

immunosuppression, and insulin resistance, invariably leads to a rapid decline in 

postoperative health – manifested as pain, fatigue, reduced mobility, and impaired bowel 

function – that requires weeks to months for full recovery (Figure 1) [9, 10]. 

 

 

 

 

 

 

 

 

Figure 1. Postoperative recovery trajectory 
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The degree of surgical stress experienced by patients positively correlates with the 

extent of surgical trauma and with their likelihood of developing postoperative complications 

[11–13]. In fact, colorectal surgical procedures are associated with a significant morbidity 

burden, with approximately 30% of patients experiencing postoperative complications [14] 

such as postoperative ileus, infections, and anastomotic leaks [15, 16]. Given these 

complications, many patients require prolonged hospital stays (>5 days), post-discharge 

emergency department visits (~20%), and hospital readmissions (~10%) [17–19]. 

Importantly, complications also considerably prolong postoperative recovery and may prevent 

some patients from fully restoring their preoperative level of function. Prolonged or 

incomplete recovery not only increases direct medical costs [20], but also imposes substantial 

indirect burdens on patients, carers, and society, including lost work time, reduced wages, 

diminished productivity, and a lower quality of life [21]. 

1.2 Perioperative Care in Colorectal Surgery 

Given the growing recognition of postoperative morbidity as a major factor affecting 

patients and healthcare systems, improving recovery after colorectal surgery has become a 

crucial target for quality-of-care improvement [22]. To address this issue, Enhanced Recovery 

Pathways (ERPs) have gained widespread acceptance as the new standard of care after 

colorectal surgery [23] Introduced by Henrik Kehlet et al. in the 1990s [24], ERPs aim to 

minimize surgical stress response and enhance recovery through comprehensive, 

multidisciplinary care involving multiple preoperative, intraoperative, and postoperative 

interventions [25]. In colorectal surgery, ERAS© society guidelines recommend 24 

interventions as part of patients’ ‘optimal’ perioperative care, including patient education and 

engagement, minimally invasive surgery, multimodal analgesia, early oral nutrition, and 

mobilization [25, 26]. 
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Over the past three decades, innovations in surgical technologies have also been 

proposed to improve postoperative recovery outcomes. Minimally invasive surgery (MIS) 

performed using laparoscopic, hand-assisted, and robotic approaches, has become the 

preferred approach for performing colorectal surgical procedures. Compared to open surgery, 

these techniques reduce blood loss, postoperative pain intensity, and facilitate earlier recovery 

of bowel function and mobilization [27]. Furthermore, MIS has shown benefits in reducing 

patients’ length of hospital stay, postoperative complications, and healthcare costs, 

particularly when combined with ERPs [23, 28–30]. A meta-analysis of randomized 

controlled trials conducted by Zhuang et al [31], demonstrated that, within ERP settings, MIS 

significantly decreases morbidity by 22% and total hospital stay by an average of 1.92 days, 

when compared to open surgery.  

1.3 Measurement of Postoperative Recovery  

1.3.1 Traditional Measures 

Most studies on strategies aimed to enhance recovery after surgery rely on traditional 

outcome measures such as length of stay (LOS) and postoperative complications to evaluate 

intervention effectiveness [32, 33]. These metrics are clinician- or observer-reported 

outcomes that are relevant for surgeons, institutions, and payers [34]. Surgeons consider LOS 

as an index of a “successful” surgery, reflecting an effective procedure without complications 

[35]. To institutions and payers, LOS is an index of resource utilization as prolonged hospital 

stay may increase healthcare costs and impact the availability of beds in surgical wards, 

negatively affecting surgery waitlists [36, 37]. Postoperative complications are a relevant 

outcome for all stakeholders in surgery. They are undesirable to patients, can impact 

surgeons’ reputation, and lead to unplanned healthcare re-utilization (i.e., emergency 

department visits, and readmissions). Importantly, in countries such as the United States, 
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hospitals may face reduced reimbursements due to penalties associated with high 

complication-related readmission rates [38]. However, despite the undeniable importance of 

LOS and complications as indicators of surgical success to care providers, these traditional 

metrics have limitations when used as surrogate measures of recovery.  

For instance, LOS can be influenced by external factors unrelated to the recovery process, 

such as the absence of post-discharge family support, insurance status, or lack of established 

discharge destination [39, 40]. Postoperative complications are inconstantly defined across 

studies, making it challenging to compare the results from studies focused on this outcome 

[41–43]. Importantly, these traditional measures fail to fully capture the complexity of the 

recovery process, which encompasses multiple dimensions of health and extends beyond 

hospital discharge [10, 12, 44]. Finally, these metrics overlook the perspective of patients – 

those who are actually recovering from the surgical procedure [45, 46]. For patients, the 

meaning of recovery is multifaceted and encompasses numerous dimensions, such as 

overcoming mental challenges, resuming normal habits and routines, reclaiming 

independence, alleviating symptoms, and re-finding joy in life [45].Therefore, to effectively 

measure postoperative recovery, there is a need for metrics that are centered on the patient’s 

perspective and consider all dimensions of recovery. 

1.3.2 Patient-reported Outcomes Measures (PROMs) 

Patient-reported outcomes measures (PROMs) have emerged as valuable tools for 

measuring postoperative recovery. PROMs are standardized questionnaires completed by 

patients themselves, which provide insights into their personal health status and recovery 

experience [34]. They can be unidimensional or multidimensional, measuring single or 

multiple constructs [47, 48]. They can also be generic, addressing general aspects of health 

applicable to the entire population, or condition-specific, focusing on aspects affected by a 



15 

 

particular disease or condition [47, 48]. By incorporating PROMs into perioperative care 

research, patients are engaged as the key stakeholders in their recovery process [49]. 

Furthermore, PROMs have the potential to identify patients with persisting symptoms or 

postoperative functional impairments, which are important in guiding quality improvement 

initiatives [47]. When integrated into routine clinical practice, PROMs can help surgeons gain 

a deeper understanding of what recovery means to their patients. These insights can 

potentially enhance personalized care and increase patient satisfaction [34]. 

The American Society for Enhanced Recovery (ASER) and Perioperative Quality 

Initiative (POQI) workgroup, an international, multidisciplinary non-profit organization that 

sets standards for optimizing perioperative care, established a consensus on best practices for 

integrating PROM in the context of postoperative recovery [50]. Their recommendations 

include collecting questionnaires at different time points, specifically preoperatively (at 

baseline), immediately after surgery, and after hospital discharge, to delineate patients’ 

recovery trajectories. Additionally, questionnaires with a shorter recall period (less than 24h) 

should be used within the first week after surgery (including in-hospital stay), while those 

with a longer recall period should be preferred for evaluating long-term recovery beyond the 

first week [50].  

Many studies have evaluated the impact of interventions to enhance recovery (i.e., 

ERPs and MIS) using PROMs [51, 52]. However, their findings were conflicting, suggesting 

that while these interventions improve LOS and complication rates, they may not necessarily 

improve recovery from the patients’ perspective [51, 52]. This uncertainty raises questions 

about whether the lack of patient-reported improvement reflects a genuine failure of the 

interventions to enhance recovery or if it indicates that the PROMs used were inadequate for 

measuring recovery. To draw valid conclusions, it is essential that PROMs are supported by 

strong psychometric properties. 
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1.3.3 Psychometric Properties of PROMs 
 

 Measuring recovery through PROMs requires a careful selection of questionnaires that 

are capable of capturing aspects of perioperative health status that are meaningful to patients. 

This ensures that conclusions drawn from PROM data are robust and relevant. Consequently, 

establishing the psychometric properties of PROMs within the context of recovery is of 

paramount importance. Psychometric properties refer to the characteristics and qualities of 

PROMs, including assessments that determine their quality. According to the Consensus-

based Standards for the Selection of Health Status Measurement Instruments (COSMIN) [53], 

nine psychometric properties are relevant to PROMs: content validity, structural validity, 

internal consistency, cross-cultural validity, reliability, measurement error, criterion validity, 

construct validity, and responsiveness. To the International Society for Quality-of-Life 

Research (ISOQOL), robust evidence regarding four of these properties is minimally required 

for the use of PROMs in studies on comparative-effectiveness: content validity, internal 

consistency, construct validity, and responsiveness (definitions in Table 1) [54].  
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Measurement property Definitions 

Content Validity 
The degree to which the content of an HR-PRO instrument 

is an adequate reflection of the construct to be measured. 

Internal Consistency The degree of interrelatedness among items. 

Construct Validity 

The degree to which the scores of an HR-PRO instrument 

are consistent with hypotheses (for instance with regard to 

internal relationships, relationships to scores of other 

instruments, or differences between relevant groups) based 

on the assumption that the HR-PRO instrument validly 

measures the construct to be measured. 

Responsiveness 
The ability of an HR-PRO instrument to detect change over 

time in the construct to be measured. 

HR-PRO, health-related patient-reported outcome. 
 

Table 1. Definitions of measurement properties [55]. 

According to COSMIN, content validity is the single most important psychometric 

property of a PROM [56]. To evaluate the content validity in the context of recovery, the first 

essential step is to comprehensively understand recovery from the patients’ perspective. In 

fact, the Food and Drug Administration (FDA) guidelines for PROMs emphasize the 

importance of identifying themes that best describe the concept of interest (i.e., recovery) 

through qualitative studies and incorporating them into a conceptual framework [57]. In line 

with these principles, Fiore et al. [46] conducted a qualitative study involving 30 patients 

from four different countries, identifying 39 recovery-related themes and establishing the first 

conceptual framework of recovery after abdominal surgery [46].  

It is important to note that content validity can impact other psychometric properties 

[56]. For instance, asking questions that do not fit a context-specific conceptual framework 

(e.g., enquiring patients about knee pain intensity after abdominal surgery) may reduce 

internal consistency-reliability. Not having sufficient items to cover all relevant aspects of a 
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conceptual framework (e.g., not asking about the re-establishment of gastrointestinal function 

after abdominal surgery) can negatively impact other fundamental psychometric properties 

such as construct validity and responsiveness [56]. This hinders the PROM’s ability to 

differentiate between patients with different recovery patterns or detect changes over time.  

Although PROMs should have robust psychometric properties when used to measure 

postoperative recovery, a comprehensive systematic review conducted by Fiore et al. 

identified important research gaps in this field. The review addressed the psychometric 

properties of 22 PROMs used to measure recovery after abdominal surgery [58] and 

supported that none of these PROMs met the minimum methodological standard set by 

ISOQOL [54]. Specifically, several PROMs showed limited content validity and the quality 

of studies on other psychometric properties was generally limited [58].  

As an ideal recovery-related PROM is yet to be determined, while new research 

emerges, the ASER/POQI workgroup has recommended some PROMs for use in both 

research and clinical practice [50] These recommendations, based on expert consensus, 

include questionnaires from the National Institutes of Health (NIH) Patient-Reported 

Outcome Measurement Information System (PROMIS), such as the PROMIS-29 [50].  

 

1.3.4 Patient-Reported Outcome Measurement Information System (PROMIS) 

PROMIS was established in 2004 as one of the initiatives of the NIH Roadmap for 

Medical Research, which aimed to develop PROMs according to optimal standards for use in 

research and routine clinical practice [59, 60]. This system comprises an extensive array of 

generic PROMs, targeting domain-specific or multidimensional aspects of health [61, 62]. 

PROMIS PROMs were created using Item Response Theory (IRT), a technique that uses 

diagnostic information (e.g., error estimates and fit statistics) to evaluate whether adding the 
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scores from a collection of items is justified [63–65].  By providing detailed insights into the 

properties of individual PROM items, IRT enhances the precision of measuring patients’ 

health state [63–65]. This precision allows for the development of adaptive questionnaires 

that adjust to each patient’s responses, thereby reducing the burden on patients while 

maintaining high measurement accuracy [66, 67] PROMIS measures are calibrated against 

norms from the US population [68] and their scores are standardized to a common metric (T-

score with mean=50 and SD=10), enhancing comparability of health states across different 

patient populations [69]. 

The PROMIS profiles consist of a series of tools designed to evaluate key health 

domains through fixed short forms or computer adaptive tests. Among the available 

instruments, PROMIS-29, PROMIS-43, and PROMIS-57 differ primarily in the number of 

items per domain, with 4, 6, and 8 items, respectively [70]. While longer profiles, such as 

PROMIS-43 and PROMIS-57, offer greater reliability and precision, they may risk 

overburdening patients, making them less practical for routine clinical use. Conversely, 

PROMIS-29 strikes a balance by reducing patient burden while maintaining coverage across 

essential domains[70].  

The PROMIS-29 adult profile is a generic multidimensional questionnaire that 

addresses seven health domains (i.e., physical function, fatigue, pain interference, depression, 

anxiety, ability to participate in social roles and activities, and sleep disturbance). Each 

domain consists of four items selected from the PROMIS item banks and calibrated using IRT 

[71–73]. The questionnaire also includes a single 0–10 numeric rating to assess pain intensity 

[70, 74]. Recent research by Hays et al. [75] supports that PROMIS-29 can be further 

summarized in one physical and one mental health summary score by combining specific 

domain scores.  
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1.4 Research gap and study aim 

By assessing general aspects of physical and mental health, PROMIS-29 may represent 

a suitable tool for measuring recovery after surgery. However, despite having its use 

recommended by consensus[50], evidence regarding the psychometric properties of PROMIS-

29 in the context of perioperative care remains scarce. As patients undergoing colorectal surgery 

have a considerable postoperative morbidity burden, they are an ideal population for studies 

assessing the psychometric properties of PROMs aimed at assessing recovery. Therefore, this 

thesis research aimed to contribute evidence regarding the content validity, internal consistency 

reliability, construct validity, and responsiveness of PROMIS-29 in the context of recovery after 

colorectal surgery. 
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2.1 Introduction 
 

Despite important advances in perioperative care (i.e., minimally invasive surgery[76] 

and enhanced recovery pathways [ERPs][25]), colorectal surgery remains associated with a 

substantial morbidity burden [14] Postoperative complications affect 30-50% of patients [77] 

and often result in functional impairment, requiring weeks to months for full recovery[12].  

Therefore, there is an urgent need to optimize strategies to measure and improve recovery 

after colorectal surgery [78, 79]. 

Research focused on interventions aimed at enhancing postoperative recovery often 

relies on traditional measures such as length of hospital stay (LOS) or complication rates to 

assess treatment outcomes [32]. However, these measures fall short of capturing the 

complexity of the recovery process or patients' perspective [10, 32]. Recognizing this 

limitation, recent literature advocates for the measurement of postoperative recovery using 

patient-reported outcomes (PROs)[80, 81] – reports of health provided directly by the patient 

without interpretation by others [34]. Nevertheless, PRO measures (PROMs) currently used in 

the context of recovery after colorectal surgery were generally not developed according to 

robust scientific standards and lacked adequate psychometric properties (i.e., evidence of 

quality and precision)[58]. 

The questionnaire PROMIS-29 [70], derived from the National Institutes of Health 

(NIH) Patient-Reported Outcomes Measurement Information System (PROMIS)[82], was 

developed according to rigorous qualitative and quantitative methods, using an item response 

theory (IRT) framework to optimize item selection and create unidimensional linear scores 

[83]. As PROMIS-29 measures general aspects of physical and mental health that may be 

relevant to surgical recovery, consensus recommendation endorses its use in the context of 

perioperative care and research[50]. However, despite this endorsement, evidence regarding 

the psychometric properties of PROMIS-29 in the context of colorectal surgery remains 
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scarce[58]. To address this knowledge gap, this study aimed to assess the content validity, 

internal consistency reliability, construct validity, and responsiveness of PROMIS-29 in the 

context of recovery after colorectal surgery. 

2.2 Material and Methods 
 

Study design and setting 

This psychometric study was designed according to the COnsensus-based Standards 

for the selection of health Measurement INstruments (COSMIN)[84].  We analysed secondary 

data from a cohort study focused on opioid consumption and health status following 

colorectal surgery[85].  Ethics approval was obtained from the participating institutions 

(MUHC REB ref.: MP-37-2020-6273, CIUSSS West-Central REB ref: MEO-37-2020-2156), 

and all participants provided informed consent.  

Eligible study participants were adult patients (≥18 years) undergoing elective 

colorectal resection at two university-affiliated hospitals in Montreal, Canada, between 

February 2021 and September 2022. Consistent with the primary study’s selection criteria, we 

excluded patients (1) undergoing major concomitant non-colorectal procedures (e.g., liver 

resection); (2) with conditions hindering PRO assessment (e.g., cognitive impairment, 

inability to understand English or French); (3) with anticipated difficulties in post-discharge 

follow-up (e.g., limited access to a telephone or computer). To reduce sample heterogeneity, 

in this secondary analysis, our cohort was further refined by excluding patients who did not 

receive a bowel resection (e.g., ostomy reversals). At both participating institutions, patients 

received perioperative care following enhanced recovery after surgery (ERAS) principles, 

with a targeted length of stay (LOS) < 3 days[25]. In one of the institutions, selected patients 

were eligible for same-day discharge[86]. 

Measures and procedures 
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We reviewed electronic medical records to obtain data concerning patient 

characteristics (i.e., age, sex, surgical diagnosis, Body Mass Index [BMI; kg/m2], 

comorbidities, American Society of Anaesthesiologists [ASA] score), procedure 

characteristics (i.e., type of surgery, surgical approach, procedure length, stoma creation) and 

postoperative outcomes (i.e., LOS, 30-day complications [classified according to Clavien-

Dindo [43]], 30-day emergency department [ED] visits, and 30-day hospital readmissions). 

The PROMIS-29 [70] was administered preoperatively and at postoperative weeks 

(POW) 1, 2, 3, and 4. This 29-item questionnaire targets seven health domains, including 

anxiety, depression, fatigue, pain interference, physical function, sleep disturbance, and 

participation in social roles and activities. Responses are obtained on a 5-point Likert scale, 

with an additional 0–10 numerical scale to quantify pain intensity[70]. Each domain consists 

of four items targeting a seven-day recall period, except the domains ‘physical function’ and 

‘participation’, where the recall period is not specified. PROMIS-29 domain scores can be 

combined into a Physical Health Summary Score (PHS) and Mental Health Summary Score 

(MHS) using algorithms developed by Hays et al.[75] All scores are expressed as t-scores, 

with 50 as the mean score ± 10 standard deviations, referencing a US population [68].  T‐

scores can be calculated for a domain if at least one item of that domain is completed, with 

data deemed ‘missing’ if no items are completed [87]. Higher scores indicate more of the 

concept being measured. Our primary psychometric analysis focused on PROMIS-29 PHS 

and MHS. Secondary analyses examined individual PROMIS-29 health domains.  

Content validity assessment 

Content validity refers to the degree to which the content of a PROM questionnaire 

provides an adequate reflection of the construct to be measured [55]. In the present study, the 

construct of interest is ‘postoperative recovery’ in the context of colorectal surgery. To assess 

content validity, PROMIS-29 items were evaluated against the conceptual framework of 
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recovery after abdominal surgery proposed by Alam et al. [46] This framework has been 

informed by qualitative interviews with patients undergoing abdominal surgery (including 

colorectal) in four different countries (Canada, Brazil, Italy, and Japan). Both PROMIS-29 

items and framework domains[46] have been previously mapped to the World Health 

Organization’s International Classification of Functioning, Disability, and Health (ICF)[88], 

which facilitates content validity assessment by providing a common language for describing 

health-related states[89]. To appraise content validity, we evaluated PROMIS-29’s relevance 

and comprehensiveness in relation to the conceptual framework of recovery after abdominal 

surgery[56].  To evaluate relevance (are all PROMIS-29 items relevant to the process of 

postoperative recovery?), we assessed the extent to which PROMIS-29 items align with the 

recovery framework[56]. To evaluate comprehensiveness (are all framework domains 

addresses by PROMIS-29?), we assessed the extent to which the framework domains are 

covered by PROMIS-29 items[56].  

Content validity was further appraised by calculating floor and ceiling effects [55, 56]. 

These occur when a substantial number of respondents (>15%) score at the lower or upper 

extremes of a questionnaire, respectively[90].  With floor or ceiling effects, the questionnaire 

may not be sensitive enough to detect differences at both ends of the scale. The maximum and 

minimum t-score values for each specific PROMIS-29 domain were obtained from the 

questionnaire’s scoring manual (version 2.1)[70]. Based on these values, we calculated floor 

and ceiling effects for summary scores (PHS and MHS) using the formula by Hays et al. [75]  

Internal consistency reliability 

Internal consistency is a crucial component of reliability assessment, examining the 

degree of interrelatedness among the items in a PROM[55]. In our evaluation of internal 

consistency, we employed Cronbach’s alpha to assess the extent to which PROMIS-29 items 

measure a single underlying trait within each summary and domain scale[55].  
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Construct validity assessment 

Construct validity refers to the degree to which the scores of a PROM are consistent 

with hypotheses based on the assumption that the questionnaire validly measures the construct 

of interest (i.e., postoperative recovery)[55].  The construct validity of PROMIS-29 scores 

was assessed by testing a priori hypotheses based on the assumption that, across the four 

postoperative time points, scores would indicate ‘better’ recovery in patients: 

1) with shorter length of stay (LOS ≤4 days) vs. longer (LOS >4 days)[91, 92].  

2) without 30-day postoperative complications vs. with 30-day complications[91–93].  

3) undergoing minimally invasive surgery vs. open (or converted)[92, 94].  

4) without a new stoma vs. with a new stoma [94, 95].  

Construct validity was deemed 'sufficient' when at least 75% of the construct validity 

hypotheses were supported by the data[53].  In a post hoc analysis, we assessed PROMIS-29 

scores among patients without 30-day postoperative severe complications vs. with 30-day 

postoperative severe complications (Clavien-Dindo grade III or above)[91–93].  

Responsiveness assessment 

Responsiveness is the ability of a PROM to detect changes over time in the construct 

being measured[55].  This was assessed by testing a priori hypotheses based on the 

assumption that PROMIS-29 scores follow the expected trajectory of recovery after surgery. 

This trajectory is characterized by an initial decline in patients’ health status followed by a 

gradual return toward baseline (preoperative) health [10]. Therefore, we hypothesized that 

PROMIS-29 scores would indicate that patients have a ‘better’ health status: 

1) preoperatively vs. at POW1 (decline expected). 

2) at POW2 vs. POW1 (improvement expected). 

3) at POW3 vs. POW2 (improvement expected). 
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4) at POW4 vs. POW3 (improvement expected). 

Responsiveness was deemed 'sufficient' when at least 75% of the responsiveness hypotheses 

were supported by the data[96]. 

Sample size 

This study used secondary data from 282 patients enrolled in a cohort study. 

According to COSMIN standards, studies including ≥100 participants are considered to have 

an adequate sample size for the assessment of internal consistency, construct validity, and 

responsiveness [97]. The content analysis conducted in our study is descriptive and not 

sensitive to sample size.  

Statistical analysis 

All statistical analyses were conducted using Stata Version 18 software (StataCorp, 

College Station, TX, USA). Categorical variables were presented as frequencies and 

percentages, while continuous variables were expressed as means and standard deviations 

(SD) or medians with interquartile ranges, as appropriate. Data concerning content validity 

were analyzed using descriptive statistics. For internal consistency assessment, Cronbach’s 

alpha was calculated for PROMIS-29 summary and domain scores at each time point[98, 99]. 

Linear regression was employed to test construct validity and responsiveness hypotheses with 

PROMIS-29 scores serving as the dependent variable. In the construct validity analysis, 

regression coefficients represent the between-group mean difference in PROMIS-29 scores, 

after adjustment for baseline scores. To test responsiveness, we ran different linear regression 

models for each specific hypotheses (baseline vs. POW1, POW2 vs. POW1, POW3 vs. 

POW2, POW4 vs. POW3) and regression coefficients represent the mean difference in 

PROMIS-29 scores between the time points of interest. Missing data were addressed using 
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multiple imputations with predictive mean matching [100]. Estimates from 50 imputed 

datasets were combined using Rubin’s rules [101]. 

According to COSMIN recommendations, it is advised that psychometric hypothesis 

testing be based on the expected direction and magnitude of differences/relationships, rather 

than p-values (which can be influenced by sample size and multiple comparisons)[102].  For 

internal consistency, we hypothesized that Cronbach’s alpha would be acceptable (>0.7[90]).  

For construct validity and responsiveness, we hypothesized that differences between groups 

or time points would exceed a minimal important difference (MID) of 3.0 t-score points. This 

MID value is supported by systematic review findings [103] and PROMIS leadership 

consensus [104]. To ensure the robustness of our results, we conducted sensitivity analyses 

considering MIDs calculated using distribution-based methods: (1) standard error of measures 

(SEM) determined as the SD multiplied by square root of 1-Cronbach’s and (2) based on half 

of a SD of each baseline score [105]. 

2.3 Results 
 

A total of 755 patients were screened during the study period and 282 were included 

in the psychometric analysis. The study flow diagram and reasons for non-participation are 

described in Figure 2. Most patients (73%) completed all the questionnaires during the 

follow-up period. Rates of missing data at different time points (addressed using multiple 

imputation) ranged from 2-14% (Supplemental Digital Content 1).  
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Figure 2. Participant flowchart 

 

The median age of participants was 59 ± 16 years, 52% were male, 64% had ASA 

score ≤ 2, 61% had surgery for malignancy, and 19% received a new stoma (Table 2). Most 

participants underwent minimally invasive surgery (78%) and colon resection (62%). The 

median LOS was 3 days [IQR 1-6] and 16% of participants were discharged on the same day 

of the procedure. Within 30 days, 34% of participants developed a postoperative complication 

(8% major complications), 20% required an ED visit, and 9% were readmitted to the hospital. 

Rates and definitions of specific complications are reported in Supplemental Digital 

Content 2. 

Patients assessed for eligibility between 

February 2021 and September 2022 

(n= 755) 

MET EXCLUSION CRITERIA BEFORE SURGERY 

(n=162) 

• Ineligible procedure (i.e., no planned resection) (n=12)  

• Planned major non-colorectal procedure during index 

operation (n=26) 

• Emergency surgery (n=35) 

• Cognitive impairment (n=18) 

• Does not speak English or French (n=58) 

• Limited access to telephone or computer (n=7) 

• Hearing loss (n=1) 

• Surgery cancelled or delayed until after the study 

period (n=4) 

• Death before surgery (n=1) 

 

ELIGIBLE BUT NOT RECRUITED (n=206) 

• Refused participation (n=202) 

• Surgery rescheduled to non-participating hospital (n=2) 

• Could not be reached before surgery (n=2) 

Participants recruited 

(n= 387) 

EXCLUDED AFTER SURGERY (n=105) 

• No bowel resection conducted (n=77) 

• Emergency surgery (n=3) 

• Major non-colorectal procedure conducted during 

index operation or study follow-up (n=9) 

• Death during hospital stay (n=2) 

• Lost to follow-up (n=14) 

Patients included 

(n= 282) 
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Table 2. Participants’ demographics, operative characteristics, and 

postoperative outcomes (n=282). 

Age, years 59 ± 16 

Sex (Male) 148 (52) 

BMI, Kg/m2 26 [23-29] 

ASA score 

    I-II 

    III-IV 

 

179 (64) 

101 (36) 

Charlson Comorbidity Score 2 [1-3] 

Diagnosis  

    Malignancy 173 (61) 

    Diverticulitis 32 (11) 

    Inflammatory bowel disease 48 (17) 

    Others 29 (10) 

Surgical approach a 

    Minimally invasive 

    Open 

 

220 (78) 

62 (22) 

Type of surgery 

    Colon b 

    Rectal c 

 

175 (62) 

107 (38) 

Formation of new stoma 55 (19) 

Time of Surgery, min 215 [163-308] 

30-day complication 

    Minor complication (CD I-II) 

    Major complication (CD III-V) 

97 (34) 

260 (92) 

22 (8) 

30-day emergency department visits 55 (20) 

30-day hospital readmissions 25 (9) 

Length of stay, days 3 [1-6] 

Same day discharge 46 (16) 

Data are expressed as n (%), mean ± SD, median [interquartile range]. 

BMI, Body Mass Index; ASA, American Society of Anaesthesiologists; CD, Clavien-Dindo. 
a Surgical approach was categorized into open (including converted [n=22]) and minimally 

invasive surgery (including laparoscopic [n=217] and hand-assisted [n=3]). 
b Procedures included are small bowel resection (n=14), right hemicolectomy (n=73), ileocolic 

resection (n=20), transverse colectomy (n=2), left hemicolectomy (n=16), sigmoid resection 

(n=27), subtotal/total colectomy (n=9), Hartmann’s procedure (n=4), reversal Hartmann’s 

procedure (n=10). 
c Procedures included are anterior rectal resection (n=83), abdominoperineal resection (n=12), 

proctocolectomy (n=7), and proctocolectomy with ileal-pouch anal anastomosis (n=5). 

 

Data concerning PHS and MHS at different time points are reported in Table 3. Data 

concerning domain-specific PROMIS-29 scores are reported in Supplemental Digital 

Content 3. 
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Table 3. PROMIS-29 physical and mental health summary scores, internal consistency, and 

floor and ceiling effects. 

 Sample (n) Mean ± SD 
Median 

[IQR] 

Cronbach 

Alpha 

Floor  

Effect 

(%) 

Ceiling 

Effect 

(%)  

Physical health summary score (range 20.4-58.9)   

Preoperatively 274 49 ± 10 55 [42-58] 0.89 0 0 

POW1 252 40 ± 8 39 [35-44] 0.88 0 0 

POW2 250 44 ± 8 43 [39-49] 0.88 0 0 

POW3 243 46 ± 9 46 [40-56] 0.91 0 0 

POW4 256 49 ± 9 49 [43-58] 0.90 0 0 

Mental health summary score (range 19.5-66.1)   

Preoperatively 274 50 ± 9 50 [44-56] 0.89 0 0 

POW1 252 47 ± 8 47 [42-52] 0.88 0 0 

POW2 250 50 ± 8 50 [45-56] 0.88 0 0 

POW3 243 51 ± 9 52 [46-58] 0.91 0 0 

POW4 256 53 ± 9 54 [48-60] 0.90 0 0 

Higher PHS scores indicate better physical health; Higher MHS scores indicate better mental health. 

The floor effect represent the frequence of patients achieving the lowest PROMIS-29 t-score. 

The ceiling effect represent the frequence of patients achieving the highest PROMIS-29 t-score. 

The minimally important difference (MID) was calculated as half of the standard deviation of each baseline t-score. 

POW, postoperative week 

 

Psychometric analysis 

Content Validity 

The content analysis of PROMIS-29 items in relation to the conceptual framework of 

recovery after abdominal surgery is summarized in Table 4. Overall, most of the ICF domains 

covered by PROMIS-29 (14/15, 93%) are pertinent to the conceptual framework of recovery 

after abdominal surgery, revealing high relevance. This indicates that the content of PROMIS-

29 is generally relevant to the process of postoperative recovery, particularly concerning the 

recovery of overall physical and mental health.  However, many ICF domains included in the 

conceptual framework (15/38, 39%) are not covered by PROMIS-29, indicating low 

comprehensiveness. This suggests that PROMIS-29 does not cover many issues that are 

relevant to the process of postoperative recovery, including recovery of visceral functions 

(i.e., digestive, defecation, and urinary functions), skin repair, ability to change body 

positions, and ability to self-care.  
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Table 4. Content validity of PROMIS-29.  

ICF domains covered by PROMIS-29 or the Conceptual 

Framework of Recovery  
  

First-level domains  Second-level categories 

Covered by the 

Conceptual 

Framework? 

 

Covered by 

PROMIS-29? 

 

Body functions (b)    Items (n) 

Mental functions (b1) 

Energy and drive functions (130)  ✓ ✓ 4  

Sleep functions (134) ✓ ✓ 4  

Attention functions (140)  ✓ ✓ 1  

Emotional functions (152)  ✓ ✓ 8 

Sensory functions and 

pain (b2) 

Sensations associated with hearing and 

vestibular functions (240) 
✓ X  0  

Sensation of pain (280)  ✓ ✓ 5  

Functions of the 

cardiovascular, 

hematological, 

immunological, and 

respiratory systems (b4) 

Respiratory functions (440) ✓ X 0 

Exercise tolerance functions (455)  ✓ ✓ 2 

Functions related to the 

digestive, metabolic, and 

endocrine systems. (b5) 

Ingestion functions (510) ✓ X 0 

Digestive functions (515) ✓ X 0 

Defecation functions (525) ✓ X 0 

Sensation associated with the digestive 

system (535) 
✓ X 0 

Genitourinary and 

reproductive functions (b6) 
Urination functions (620) ✓ X 0 

Neuromusculoskeletal and 

movement-related 

functions (b7) 

Muscle power functions (730) ✓ X 0 

Functions of the skin and 

related structures (b8) 

Repair functions of the skin (820) ✓ X 0 

Sensation related to the skin (840) ✓ X 0 

Activities and participation     

General tasks and  

demands (d2) 

Undertaking multiple tasks (220) ✓ X 0 

Carrying out daily routine (230)  ✓ ✓ 1  

Handling stress and other 

psychological demands (240) 
✓ X 0 

Mobility (d4) 

Changing basic body position (410) ✓ X 0 

Maintaining body position (415) ✓ X 0 

Lifting and carrying objects (430) ✓ X 0 

Hand and arm use (445) ✓ X 0 

Walking (450)  ✓ ✓ 1  

Moving around (455)  ✓ ✓ 1  

Using transportation (470) ✓ X 0 

Driving (475) ✓ X 0 

Self-care (d5) 

Washing oneself (510) ✓ X 0 

Caring for body parts (520) ✓ X 0 

Dressing (540) ✓ X 0 

Looking after one’s health (570) ✓ X 0 

Domestic life (d6) 

Acquisition of goods and services 

(620) 
✓ ✓ 1  

Preparing meals (630) ✓ X 0 

Doing housework (640) ✓ ✓ 2 

Assisting others (660) ✓ ✓ 1  

Interpersonal interactions and 

relationships (d7) 

Basic interpersonal interactions (710) X ✓ 1  

Intimate relationships (770) ✓ X 0 
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Major life areas (d8) Remunerative employment (850) ✓ ✓ 1  

Community, social, and civic 

life (d9) 
Recreation and leisure (920) ✓ ✓ 1 

 

The PROMIS-29 summary scores, PHS and MHS, did not present floor or ceiling 

effects as no patients achieved maximum or minimal scores at any time point (Table 3). In 

contrast, floor and ceiling effects (>15%) were common for PROMIS-29 domain scores, with 

the highest percentages of maximal and minimal scores observed preoperatively and at 4 

weeks after surgery (Supplemental Digital Content 3).  The domain ‘physical function’ 

exhibited the highest ceiling effect, with 53% of participants reporting the maximum level of 

physical function preoperatively and 40% at 4 weeks. The domain ‘depression’ showed the 

highest floor effect, with over 40% of participants reporting the lowest possible level of 

depression at all time points. 

Internal Consistency Reliability 

The internal consistency reliability across all PROMIS-29 summary and domain 

scores was deemed ‘good’ to ‘excellent’, with Cronbach’s alpha ranging from 0.81 to 0.98 

(Table 3; Supplemental Digital Content 3). 

Construct validity 

The construct validity of PROMIS-29 summary scores in the context of recovery after 

colorectal surgery was limited. None of the a priori hypotheses concerning PROMIS-29 PHS 

scores were supported by the data on POW1, while only 1 out of 4 hypotheses (25%) were 

supported on POW 2, 3, and 4 (Table 5). For PROMIS-29 MHS scores, none of the a priori 

hypotheses were supported on POW1, 2, and 4, and only 1 hypothesis was supported on POW 

3 (25%). Construct validity was not considerably improved when using an alternative 

hypothesis concerning postoperative complications (severe complications vs. no severe 

complications) (Table 5). Limited construct validity was also observed in sensitivity analyses 
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targeting a MID = SEM (zero PHS hypotheses supported on POW1 and 1 hypotheses 

supported on POW2, 3, 4; zero MHS hypotheses supported on POW1 and 2, 2 hypotheses 

supported on POW3, and 1 hypothesis supported on POW4). When considering a MID = 1/2 

SD, no PHS and MHS construct validity hypotheses were supported (Supplemental Digital 

Content 4 and 5).  

Table 5. Construct validity of PROMIS-29 physical and mental health summary scores. 

 POW1 POW2 POW3 POW4 

Physical health summary score     

1. Shorter LOS (LOS ≤4 days) vs. 

longer LOS (LOS >4 days) 
1.1 (0.9 to 3.1) 2.6 (0.7 to 4.6) 3.4 (1.6 to 5.5) 3.3 (1.4 to 5.3) 

2. No 30- day complications vs.  

30-day complications 
2.3 (0.4 to 4.3) 2.4 (0.5 to 4.3) 2.7 (0.6 to 4.7) 2.9 (1.0 to 4.9) 

3. Minimally invasive vs.  

open 
1.8 (-0.4 to 4.1) 3.2 (1.1 to 5.4) 2.9 (0.6 to 5.2) 2.3 (0.1 to 4.5) 

4. No new stoma vs. 

new stoma 
1.4 (-0.9 to 3.7) 1.8 (0.4 to 4.0) 2.2 (0.2 to 4.6) 1.6 (0.6 to 3.9) 

- No 30-day severe complications 

vs. 30-day severe complications  
0.9 (-2.8 to 4.6) 1.7 (-1.9 to 5.5) 2.9 (1.0 to 6.8) 3.3 (0.3 to 6.9) 

Mental health summary score     

1. Shorter LOS (LOS ≤4 days) vs.  

longer LOS (LOS >4 days) 
0.2 (-1.8 to 2.1) 2.3 (0.4 to 4.1) 2.9 (1.0 to 4.9) 2.2 (0.3 to 4.2) 

1. No 30- day complications vs.  

30-day complications 
1.7 (-0.3 to 3.6) 2.4 (0.6 to 4.2) 2.6 (0.6 to 4.6) 2.1 (0.2 to 4.0) 

2. Minimally invasive vs.  

open 
0.3 (-2.6 to 1.9) 1.2 (-0.9 to 3.2) 1.3 (-0.9 to 3.5) 1.1 (-1.1 to 3.3) 

3. No new stoma vs.  

new stoma 
1.7 (-0.6 to 4.0) 2.5 (0.4 to 4.6) 3.3 (1.0 to 5.5) 2.1 (0.2 to 4.3) 

- No 30-day severe complications 

vs. 30-day severe complications 
1.4 (-2.4 to 5.1) 2.3 (-1.0 to 5.7) 3.6 (-0.2 to 7.4) 3.0 (-0.6 to 6.6) 

Data are the mean difference (95% CI) in the t-score. 

Mean differences were considered relevant if above the minimally important difference (MID) of 3 points. 

Hypothesis supported by the data are bolded.  

LOS, length of stay; POW, postoperative week. Severe complications are defined as Clavien-Dindo ≥ 3. 

  

 

The construct validity of PROMIS-29 specific domains was also limited, with only 

0% to 50% of a priori hypotheses supported (Supplemental Digital Content 6).  The 

performance of some domains (i.e., “fatigue”, “physical function”, and “ability to participate 

in social roles and activities”) was improved when analyses considered only severe 

complications and targeted a MID = SEM; at certain time points, 75% of the hypotheses were 
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confirmed (Supplemental Digital Content 7). No construct validity hypotheses were 

supported when targeting a MID = 1/2 SD (Supplemental Digital Content 8). 

Responsiveness 

In our primary responsiveness analysis, both PHS and MHS scores were able to 

delineate the expected recovery trajectory when measured from baseline to POW2, but 

differences observed on POW3 and POW4 were no longer meaningful (Table 6). The same 

results were observed in sensitivity analyses considering a MID = SEM and a MID = 1/2 SD 

(Supplemental Digital Content 4 and 5).    

Table 6. Responsiveness of PROMIS-29 physical and mental health summary scores. 

 Mean difference (95% CI) 

Physical health summary score  

1. Baseline vs. POW1 9.9 (8.5 to 11.4) 

2. POW2 vs. POW1 3.9 (2.5 to 5.2) 

3. POW3 vs. POW2 2.7 (1.3 to 4.2) 

4. POW4 vs. POW3 2.4 (0.9 to 3.9) 

Mental health summary score  

1. Baseline vs. POW1 3.1 (1.6 to 4.5) 

2. POW2 vs. POW1 3.1 (1.8 to 4.5) 

3. POW3 vs. POW2 1.6 (0.2 to 3.0) 

4. POW4 vs. POW3 1.8 (0.3 to 3.2) 

Data are the mean difference (95% CI) in the t-score. 

Hypotheses supported by the data are bolded.  

Mean differences were considered relevant if above the minimally important difference (MID) of 3 points. 

POW, postoperative week. 

 

The responsiveness of PROMIS-29 specific domains was also limited, with 0% to 

50% of the hypotheses supported by the data (Supplemental Digital Content 9). The domain 

“pain interference” was sensitive to alternative MIDs, with all the responsiveness hypotheses 

confirmed (100%) when considering a MID = SEM (Supplemental Digital Content 10 and 

11). 

2.4 Discussion 
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Contemporary literature underscores the importance of using PROMs to assess 

postoperative recovery from the patient’s perspective[10, 58, 80]. The popularity of the 

PROMIS measurement system, proposed by the NIH, prompted guidelines to suggest the 

PROMIS-29 questionnaire as a potential tool for measuring patient-reported recovery after 

colorectal surgery[50]. However, the present study supports that PROMIS-29 has limited 

content validity, construct validity, and responsiveness in this context. While PROMIS-29 

showed strong internal consistency, it only captured 39% of the themes that patients consider 

relevant to the process of recovery after abdominal surgery. Additionally, a priori hypotheses 

tested for construct validity had very limited support, underscoring the inability of PROMIS-

29 to differentiate between patients with different recovery trajectories. Finally, PROMIS-29 

was responsive to the expected recovery trajectory up to 2 weeks after surgery, but not 

thereafter.  

This study’s major strength lies in its adherence to COSMIN quality standards for the 

appraisal of PROMs[84]. To prevent reporting bias, our analyses focused on psychometric 

hypotheses posed a priori. All hypotheses were based on effect sizes (i.e., expected 

magnitude of differences and correlations) rather than statistical significance, thereby 

reducing the impact of sample size and type II error on our results. Furthermore, we analyzed 

a relatively large participant sample (n=282), in line with COSMIN sample size 

recommendations for studies on psychometric properties. Given these design considerations, 

we believe this study contributes important new knowledge to inform guidelines and future 

research on strategies to measure recovery after colorectal surgery.  

Our results are in line with evidence supporting that generic patient-reported measures 

of health status, such as PROMIS-29, have limited comprehensiveness and sensitivity when 

used to measure recovery after colorectal surgery[58]. As with other generic PROMs such as 

the Short-form 36 (SF-36) and WHO Disability Assessment Schedule 2.0 (WHODAS 
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2.0)[58], PROMIS-29 does not cover many issues that are relevant to the process of 

postoperative recovery after abdominal surgery. These include the recovery 

of gastrointestinal, urinary functions, skin repair, the ability to change body positions, and the 

ability to self-care [46]. In addition, PROMIS 29 has a relatively long recall period (i.e. the 

period of time that patients are asked to consider when responding to PRO items) of 7 days. 

Given the highly dynamic nature of recovery in the first weeks following surgery, PROMs 

with extended recall periods may be unable to capture rapid changes in a patient’s health 

status. These shortcomings may compromise the psychometric properties of PROMs, 

explaining the inability of PROMIS-29 to differentiate between patients expected to have 

different recovery patterns, such as those with and without postoperative complications, and 

its limited responsiveness to the expected recovery trajectory. Using PROMs not supported by 

strong psychometric properties can mislead clinicians and researchers, potentially resulting in 

research waste and misguided clinical decisions[106].   

Our findings differ from those observed in a recent study by Pecorelli et al[91], which 

supported the construct validity and responsiveness of PROMIS-29 when measuring recovery 

up to 90 days after pancreatic surgery[91].  This discrepancy can potentially be attributed to 

the higher extent of physiological stress experienced by patients following pancreatic 

resections compared to colorectal resections. Surgical stress response correlates with surgical 

complexity and the extent of tissue damage[12],  significantly impacting the risk of 

postoperative complications and the length of recovery[13]. Most patients in the present study 

underwent colonic resection, with a median LOS of 3 days (16% of patients having same-day 

discharge), and 8% experienced severe complications within 30 days. In Pecorelli’s cohort 

[91], most patients underwent pancreaticoduodenectomy (53%), with a median LOS of 9 

days, and 26% experienced 30-day severe complications.   Given the higher morbidity 

associated with pancreatic procedures, patients’ compromised postoperative health state may 
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further impact the PROMIS-29 domains, thereby influencing the questionnaire’s 

psychometric properties. As with any abdominal surgery, many issues experienced by patients 

undergoing pancreatic resection are not addressed by PROMIS-29. However, Pecorelli et 

al[91] support that some recovery-related domains, such as overall physical and mental 

function, may be adequately captured by PROMIS-29 after complex pancreatic procedures. 

Our results suggest that this may not be the case for patients undergoing less extensive 

colorectal procedures, such as colorectal resections. 

 This study has some limitations. First, since we used secondary data from a cohort 

study, we were unable to formulate psychometric hypotheses prior to data collection, as 

recommended by COSMIN [97]. Additionally, our sample was limited to patients who met 

specific inclusion criteria and consented to participate in the primary study, which may 

restrict the generalizability of our findings. For instance, our cohort consisted of relatively 

healthy patients, with 64% having an ASA score of ≤ 2. As a result, we cannot rule out the 

possibility that different results might be observed in more comorbid patients undergoing 

colorectal surgery. Finally, our study was conducted in institutions with established ERPs and 

a high rate of laparoscopic surgeries (78%), so our results may not be generalizable to other 

care contexts.  

2.5 Conclusion 
 

This study supports that PROMIS-29 has limited content validity, construct validity, and 

responsiveness for measuring recovery within 4 weeks post-colorectal surgery. The absence 

of robust PROMs for assessing recovery in this context remains an important research gap. 

There is a pressing need to develop psychometrically sound PROMs to measure postoperative 

recovery after colorectal surgery in accordance with existing recovery frameworks[46] and 

optimal methodological standards[34, 57, 97].  



39 

 

2.6 Disclosures 

Francesca Fermi, Samin Shirzadi, Ghadeer Olleik, Makena Pook, Maxime Lapointe Gagner, 

Sarah Al Ben Ali, Philip Nguyen-Powanda, Elahe Khorasani, Tahereh Najafi Ghezeljeh, 

Naser Alali MD, Katy Dmowski, Pepa Kaneva, Nicolò Pecorelli, Liane S. Feldman, Marylise 

Boutros, Lawrence Lee, Julio F. Fiore Jr have no disclosures in relation to this study. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



40 

 

CHAPTER 3 - CONCLUSION AND FUTURE DIRECTIONS 

 

 The need for high-quality and psychometrically sound PROMs to measure recovery 

after surgery has been emphasized in recent literature[58]. The consensus statement by 

ASER/POQI identified PROMIS-29 as a potential tool to fill this gap [50]. As a generic 

multidimensional questionnaire, PROMIS-29 encompasses both physical and mental domains 

and was developed according to optimal scientific standards and modern psychometric 

methods (item response theory) [57]. Although this questionnaire showed promising results in 

measuring recovery after pancreatic surgery [91], evidence of its psychometric properties 

after colorectal surgery remains limited [58]. Findings from this thesis research supports that 

PROMIS-29 has limited content validity, construct validity, and responsiveness when 

measuring recovery after colorectal surgery. This suggests that, in this specific context, the 

PROMIS-29 does not meet the minimum quality standards required by ISOQOL [54]. Indeed, 

our findings support that PROMIS-29 only covers 36% of recovery-related themes important 

for the patients, it is unable to discriminate between patients with different recovery 

trajectories (e.g., with vs. without complications), and is only responsive to recovery 

trajectories up to two weeks post-surgery. A systematic review conducted by Fiore et al. in 

2018 underlined the current absence of questionnaires supported by robust psychometric 

properties [58].  

In line with the results, future studies should focus on developing a sound PROM to 

effectively evaluate postoperative recovery after colorectal and other abdominal surgeries. In 

alignment with FDA and ISPOR guidelines [57, 107, 108], an ongoing project by our group 

aims to bridge this research gap by developing a psychometrically robust PROM to measure 

recovery after abdominal surgery. The initial step, led by Alam et al. in 2019 [46], involved 

developing a conceptual framework of recovery post-abdominal surgery. Through interviews 
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with 30 patients across four countries, 39 essential recovery themes were identified. Based on 

this framework, an item back with 59 questions was created. The subsequent phase, currently 

ongoing, entails the use of Rasch Measurement Theory to guide the selection of items and 

development of scoring rules in a cohort study including 100 patients undergoing abdominal 

procedures. Upon completion, the final steps will involve evaluating the measurement 

properties and developing electronic platforms to aid data collection and facilitate the use of 

computerized adaptive testing. 

The development of a robust recovery-specific PROM will bring important benefits to 

research by providing a robust patient-centered outcome measure for comparative-

effectiveness research of innovations in abdominal surgery. When used in clinical practice, 

this PROM will address the needs of patients, caregivers, and payers who seek information 

about the time required to recover “back to normal” for the safe resumption of leisure and 

work activities. Also, the collection of PRO data through mobile operating systems (e.g., 

mobile phones, tablets) and web portals will empower patients to track their own recovery 

trajectory in real-time and potentially identify complications early when they may be more 

easily treated.  

In the future, we envision that recovery-specific PROM data will be seamlessly 

integrated into electronic health records, providing a unique opportunity for recovery auditing 

and database-driven research. This has the potential to streamline the identification of 

impactful interventions to improve recovery, enrich patient-centered surgical decision-

making, and set recovery benchmarks [109]. By leveraging these advancements, we can 

transform surgical recovery into a more precise, patient-centered, and data-driven process, 

ultimately enhancing the overall quality of perioperative care. 
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APPENDIX 

 

Supplemental Digital Content 1. Missing PROMIS-29 data at different time points 

(imputed) 

 Baseline POW1 POW2 POW3 POW4 

PROMIS-29 domains      

- Physical Function 6 (2) 30 (11) 32 (11) 38 (13) 25 (9) 

- Anxiety 6 (2) 30 (11) 32 (11) 38 (13) 25 (9) 

- Depression 6 (2) 30 (11) 32 (11) 38 (13) 25 (9) 

- Fatigue 6 (2) 30 (11) 32 (11) 38 (13) 25 (9) 

- Sleep disorders 7 (2) 30 (11) 32 (11) 39 (14) 26 (9) 

- Ability to participate in 

social roles and activities 
7 (2) 30 (11) 32 (11) 39 (14) 25 (9) 

- Pain interference 6 (2) 30 (11) 32 (11) 39 (14) 25 (9) 

- Pain intensity 6 (2) 30 (11) 32 (11) 38 (13) 25 (9) 

PROMIS-29 summary scores 

- PHS score 8 (3) 30 (11) 32 (11) 39 (14) 26 (9) 

- MHS score 8 (3) 30 (11) 32 (11) 39 (14) 26 (9) 

Data are expressed as n (%). 

PHS, physical health summary score; MHS, mental health summary score; POW, postoperative week. 
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Supplemental Digital Content 2. 30-day postoperative complications (total n=97/282) 

Type of complication Definition 
Frequency 

n (%) 

INTRAOPERATIVE[110]   

Clinically significant 

hemorrhage 

Intraoperative bleeding requiring transfusion of packed 

red blood cells (PRBC) during surgery or within 24 

hours after surgery. 

2 (1) 

Urinary tract injury 
Injury of the ureter or bladder requiring intraoperative 

repair. 

1 (0) 

Cardiac or respiratory 

complications 

Any cardiovascular (e.g. cardiac arrhythmia, myocardial 

infarction) or respiratory (e.g. pneumothorax) 

complication occurring during surgery. 

1 (0) 

POSTOPERATIVE  
 

MEDICAL  
 

Cardiovascular  
 

Cardiac arrhythmia 
ECG diagnosis of new arrhythmia requiring at least a 

pharmacologic intervention.[111] 

2 (1) 

Deep vein thrombosis 
Radiological confirmation of deep vein thrombosis or 

anticoagulation started due to clinical findings. 
1 (0) 

Pulmonary embolism Radiological evidence of pulmonary embolism. 2 (1) 

Respiratory 
  

Pneumoniae 

Hospital acquired pneumonia, defined as presence of 

lung infiltrate at chest x-ray accompanied with signs of 

infection and initiation of antibiotic treatment.[112] 

2 (1) 

Lobar atelectasis Radiological finding of at least one lobar collapse.[111] 2 (1) 

Other medical 
  

Acute Kidney Injury 

Increase in serum creatinine ×2 from baseline or 

reduction of glomerular filtration rate greater than 

50%.[113] 

5 (2) 

Urinary retention 

 Reinsertion of indwelling urinary catheter after removal 

attempt or patient discharged with urinary drainage 

(excluding patients with permanent indwelling urinary 

catheter). 

11 (4) 

Anemia 
Low serum hemoglobin requiring transfusion of PRBC, 

unrelated to any identified source of bleeding. 
4 (1) 

Other gastrointestinal 

complications 

Any other complication of the gastrointestinal tract 

requiring treatment (e.g. blood per rectum, diarrhea, 

high stoma output). 

15 (5) 

Psychiatric complications 
New psychiatric symptoms including delirium and 

depression, requiring pharmacological treatment. 
2 (1) 

Infectious 
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Urinary tract infection 

Upper or lower urinary symptoms and urine culture with 

no more than two species of organisms, at least one of 

which is a bacteria of ≥105 CFU/ml.[114] 

8 (3) 

Wound infection 

Purulent drainage, with or without positive culture, from 

the superficial incision or any sign or symptom of 

infection (e.g. pain or tenderness, localized swelling, 

redness) and superficial incision is deliberately opened 

by the surgeon or attending physician. Not included if 

part of intra-peritoneal abscess.[115] 

9 (3) 

Intra- or retroperitoneal 

abscess 

Radiologic finding of deep collection of pus associated 

with systemic signs of infection or finding during 

reoperation. 

10 (4) 

Other infectious 

complications 

Any other documented infectious complication (e.g. 

Clostridium difficile colitis). 
5 (2) 

Surgical 
  

Anastomotic leak 

Documentation at reoperation OR documentation by 

imaging technique (e.g. radiologically, endoscopically) 

of leakage from the surgical connection between the two 

bowel ends into the abdomen or pelvis with either 

spillage and/or fluid collection around the anastomotic 

site or extravasation through a wound, drain site, or 

anus.[16] In the case of rectal surgery, a pelvic abscess 

close to the anastomosis is also considered as 

anastomotic leakage.[116] 

4 (1) 

Mechanical bowel 

obstruction 

Documentation at reoperation OR radiologically of 

mechanical small or large bowel obstruction. 
1 (0) 

Wound dehiscence 

Separation of the abdominal wall muscle fascia large 

enough to necessitate operative closure of the wound OR 

incisional hernia diagnosed after primary discharge. 

[117]  

7 (2) 

Bleeding Any postoperative bleeding (e.g. intra-abdominal, 

gastrointestinal) requiring transfusion of at least 2 PRBC 

after surgery. 

6 (2) 

Ileus (primary postoperative 

ileus) 

Abdominal distention OR vomiting associated with 

intolerance of solid food intake or inability to pass gas or 

stool beyond POD3 (target day for discharge), unrelated 

to any other ongoing complication. 

26 (9) 

Other surgical 

complications 

Any other surgical complication necessitating treatment 

or delaying discharge (e.g. abdominal wall hematoma). 
3 (1) 

Anesthesia-related   

Anesthesia-related 

complications 

Any anesthesia-related complication occurring after 

surgery (e.g. peripheral nerve injuries). 
2 (1) 

Symptoms delaying 

discharge 

 
 

Pain 

 

Uncontrolled pain requiring prolonged treatment 

delaying discharge, unrelated to any other complication. 
2 (1) 

The data are reported as a frequency of events among the entire population. Overall, 9% (n=24/282) of patients 

experienced more than one complication. 
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Supplemental Digital Content 3. Domain-specific PROMIS-29 scores, internal consistency, 

and floor and ceiling effects. 

PROMIS-29 domains Sample (n) Mean ± SD Median [IQR] 
Cronbach 

Alpha 

Floor 

Effect (%) 

Ceiling 

Effect (%) 

Physical function (range 22.5-57)   

Preoperatively 276 49 ± 9 57 [43-57] 0.89 1 53 

POW1 252 40 ± 8 39 [34-43] 0.81 2 8 

POW2 250 43 ± 8 42 [38-48] 0.83 1 16 

POW3 244 46 ± 8 45 [40-57] 0.86 1 26 

POW4 257 48 ± 9 48 [42-57] 0.87 1 40 

Anxiety (range 40.3 – 81.6)   

Preoperatively 276 56 ± 9 56 [51-61] 0.90 16 1 

POW1 252 52 ± 9 54 [40-58] 0.88 26 1 

POW2 250 50 ± 9 51 [40-56] 0.90 38 0 

POW3 244 49 ± 9 48 [40-56] 0.92 44 0 

POW4 257 48 ± 9 48 [40-56] 0.91 49 0 

Depression (range 41 – 79.4)   

Preoperatively 276 49 ± 8 49 [41-56] 0.88 41 0 

POW1 252 49 ± 8 49 [41-54] 0.88 46 0 

POW2 250 47 ± 8 41 [41-52] 0.92 58 0 

POW3 244 47 ± 8 41 [41-54] 0.90 56 0 

POW4 257 46 ± 8 41 [41-52] 0.90 63 0 

Fatigue (range 33.7 – 75.8)   

Preoperatively 276 50 ± 10 49 [43-57] 0.94 16 2 

POW1 252 53 ± 10 53 [49-59] 0.94 8 3 

POW2 250    50 ± 9 49 [46-55] 0.93 10 1 

POW3 244 49 ± 10 49 [43-55] 0.95 17 3 

POW4 257 47 ± 10 49 [40-51] 0.96 24 1 

Sleep disorders (range 32 – 73.3)   

Preoperatively 275 50 ± 8 50 [46-56] 0.84 4 0 

POW1 252 50 ± 8 50 [46-54] 0.88 4 3 

POW2 250 48 ± 8 48 [44-52] 0.86 4 1 

POW3 242 48 ± 8 48 [41-52] 0.89 9 2 

POW4 256 47 ± 9 48 [41-52] 0.87 12 2 

Ability to participate in social roles and activities (range 27.5 – 64.2)   

Preoperatively 275 51 ± 11 52 [44-64] 0.95 6 29 

POW1 252 44 ± 10 44 [37-52] 0.94 10 9 

POW2 250 48 ± 10 48 [42-54] 0.94 6 15 

POW3 243 50 ± 10 50 [44-58] 0.95 5 23 

POW4 257 52 ± 10 52 [44-64] 0.95 3 30 

Pain interference (range 41.6 – 75.6)   

Preoperatively 276 51 ± 11 50 [42-60] 0.98 47 5 

POW1 252 58 ± 9 58 [54-64] 0.96 15 7 

POW2 250 53 ± 9 56 [42-60] 0.96 28 2 

POW3 243 51 ± 9 54 [42-56] 0.94 38 0 

POW4 257 50 ± 9 50 [42-56] 0.97 47 3 

Pain intensity (range 0-10)   

Preoperatively 276 2.6 ± 2.8 2 [0-4] - 34 1 

POW1 252 3.1 ± 2.1 3 [1-4] - 10 0 

POW2 250 2.2 ± 1.9 2 [1-3] - 18 0 

POW3 244 1.9 ± 1.9 1 [0-3] - 27 1 
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POW4 257 1.6 ± 2.1 1 [0-2] - 37 1 

The floor effect represent the frequence of patients achieving the lowest PROMIS-29 t-score. 

The ceiling effect represent the frequence of patients achieving the highest PROMIS-29 t-score. 

A higher and a lower T-value indicates a superior health-reported quality of life in positive and negative domains, respectively. 

Positive domains= Physical Function, Ability to participate in social roles and activities; Negative domains= Anxiety, Depression, 

Fatigue, Sleep disturbance, pain interference. 

POW, postoperative week. 
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Supplemental Digital Content 4.  Construct validity and responsiveness of PROMIS-29 

physical and mental health summary scores – Sensitivity analysis considering a minimally 

important difference (MID) of standard error of measure (SEM) of each baseline t-score. 

 

 Mean difference (95% CI) 

Hypotheses for construct validity POW1 POW2 POW3 POW4 

Physical health summary score (MID 3.3)     

1. Shorter LOS (LOS ≤4 days) vs. 

longer LOS (LOS >4 days) 
1.1 (0.9 to 3.1) 2.6 (0.7 to 4.6) 3.4 (1.6 to 5.5) 3.3 (1.4 to 5.3) 

2. No 30day-complications vs.  

30day-complications 
2.3 (0.4 to 4.3) 2.4 (0.5 to 4.3) 2.7 (0.6 to 4.7) 2.9 (1.0 to 4.9) 

3. Minimally invasive vs.  

open 
1.8 (-0.4 to 4.1) 3.2 (1.1 to 5.4) 2.9 (0.6 to 5.2) 2.3 (0.1 to 4.5) 

4. No new stoma vs. 

new stoma 
1.4 (-0.9 to 3.7) 1.8 (0.4 to 4.0) 2.2 (0.2 to 4.6) 1.6 (0.6 to 3.9) 

- No severe complications vs. 

severe complications  
0.9 (-2.8 to 4.6) 1.7 (-1.9 to 5.5) 2.9 (1.0 to 6.8) 3.3 (0.3 to 6.9) 

Mental health summary score (MID 3)     

1. Shorter LOS (LOS ≤4 days) vs.  

longer LOS (LOS >4 days) 
0.2 (-1.8 to 2.1) 2.3 (0.4 to 4.1) 2.9 (1.0 to 4.9) 2.2 (0.3 to 4.2) 

2. No 30-day complications vs. 

30-day complications 
1.7 (-0.3 to 3.6) 2.4 (0.6 to 4.2) 2.6 (0.6 to 4.6) 2.1 (0.2 to 4.0) 

3. Minimally invasive vs.  

Open 
0.3 (-2.6 to 1.9) 1.2 (-0.9 to 3.2) 1.3 (-0.9 to 3.5) 1.1 (-1.1 to 3.3) 

4. No new stoma vs.  

new stoma 
1.7 (-0.6 to 4.0) 2.5 (0.4 to 4.6) 3.3 (1.0 to 5.5) 2.1 (0.2 to 4.3) 

- No severe complications vs. 

severe complications  
1.4 (-2.4 to 5.1) 2.3 (-1.0 to 5.7) 3.6 (-0.2 to 7.4) 3.0 (-0.6 to 6.6) 

  Mean difference (95% CI)  

 

Hypotheses for responsiveness 

Physical health summary score 

(MID 3.3) 

Mental health summary score 

(MID 3) 

1. Baseline vs. POW1 9.9 (8.5 to 11.4) 3.1 (1.6 to 4.5) 

2. POW2 vs. POW1 3.9 (2.5 to 5.2) 3.1 (1.8 to 4.5) 

3. POW3 vs. POW2 2.7 (1.3 to 4.2) 1.6 (0.2 to 3.0) 

4. POW4 vs. POW3 2.4 (0.9 to 3.9) 1.8 (0.3 to 3.2) 

Data are the mean difference (95% CI) in the t-score. 

Hypothesis supported by the data are bolded. Mean differences were considered relevant if above a minimally important difference 

(MID) of standard error of measure (SEM) of each baseline t-score. 

LOS, length of stay; POW, postoperative week. Severe complications are defined as Clavien-Dindo ≥ 3. 
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Supplemental Digital Content 5.  Construct validity and responsiveness of PROMIS-29 

physical and mental health summary scores – Sensitivity analysis considering a minimally 

important difference (MID) of half the standard deviation of each baseline t-score. 

 

 Mean difference (95% CI) 

Hypothesis for construct validity POW1 POW2 POW3 POW4 

Physical health summary score (MID 5)     

1. Shorter LOS (LOS ≤4 days) vs. 

longer LOS (LOS >4 days) 
1.1 (0.9 to 3.1) 2.6 (0.7 to 4.6) 3.4 (1.6 to 5.5) 3.3 (1.4 to 5.3) 

2. No 30day-complications vs.  

30day-complications 
2.3 (0.4 to 4.3) 2.4 (0.5 to 4.3) 2.7 (0.6 to 4.7) 2.9 (1.0 to 4.9) 

3. Minimally invasive vs.  

open 
1.8 (-0.4 to 4.1) 3.2 (1.1 to 5.4) 2.9 (0.6 to 5.2) 2.3 (0.1 to 4.5) 

4. No new stoma vs. 

new stoma 
1.4 (-0.9 to 3.7) 1.8 (0.4 to 4.0) 2.2 (0.2 to 4.6) 1.6 (0.6 to 3.9) 

- No severe complications vs. 

severe complications 
0.9 (-2.8 to 4.6) 1.7 (-1.9 to 5.5) 2.9 (1.0 to 6.8) 3.3 (0.3 to 6.9) 

Mental health summary score (MID 4.5)     

1. Shorter LOS (LOS ≤4 days) vs.  

longer LOS (LOS >4 days) 
0.2 (-1.8 to 2.1) 2.3 (0.4 to 4.1) 2.9 (1.0 to 4.9) 2.2 (0.3 to 4.2) 

2. No 30day-complications vs. 

30day complications 
1.7 (-0.3 to 3.6) 2.4 (0.6 to 4.2) 2.6 (0.6 to 4.6) 2.1 (0.2 to 4.0) 

3. Minimally invasive vs.  

open 
0.3 (-2.6 to 1.9) 1.2 (-0.9 to 3.2) 1.3 (-0.9 to 3.5) 1.1 (-1.1 to 3.3) 

4. No new stoma vs.  

new stoma 
1.7 (-0.6 to 4.0) 2.5 (0.4 to 4.6) 3.3 (1.0 to 5.5) 2.1 (0.2 to 4.3) 

- No severe complications vs. 

severe complications  
1.4 (-2.4 to 5.1) 2.3 (-1.0 to 5.7) 3.6 (-0.2 to 7.4) 3.0 (-0.6 to 6.6) 

 Mean difference (95% CI) 

 

Hypotheses for responsiveness 

Physical health summary score 

(MID 5) 

Mental health summary score 

(MID 4.5) 

1. Baseline vs. POW1 9.9 (8.5 to 11.4) 3.1 (1.6 to 4.5) 

2. POW2 vs. POW1 3.9 (2.5 to 5.2) 3.1 (1.8 to 4.5) 

3. POW3 vs. POW2 2.7 (1.3 to 4.2) 1.6 (0.2 to 3.0) 

4. POW4 vs. POW3 2.4 (0.9 to 3.9) 1.8 (0.3 to 3.2) 

Data are the mean difference (95% CI) in the t-score. 

Hypothesis supported by the data are bolded. Mean differences were considered relevant if above the minimally important difference 

(MID). 

LOS, length of stay; POW, postoperative week. Severe complications are defined as Clavien-Dindo ≥ 3. 
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Supplemental Digital Content 6. Construct validity of PROMIS-29 domains  

 

Domains POW1 POW2 POW3 POW4 

Physical Function     

1. Shorter LOS (LOS ≤4 days) vs.  

longer LOS (LOS >4 days) 
1.6 (0.2 to 3.5) 2.8 (1.0 to 4.7) 3.5 (1.6 to 5.5) 3.6 (1.7 to 5.5) 

2. No 30day-complications vs.  

30day-complications 
2.3 (0.5 to 4.2) 2.6 (0.7 to 4.4) 2.7 (0.7 to 4.6) 3.1 (1.3 to 5.0) 

3. Minimally invasive vs.  

open 
2.2 (0.0 to 4.3) 3.2 (1.1 to 5.4) 2.9 (0.7 to 5.1) 2.4 (0.2 to 4.5) 

4. No new stoma vs.  

New stoma 
1.4 (-0.8 to 3.6) 1.9 (-0.3 to 4.1) 2.0 (0.2 to 4.3) 1.8 (-0.4 to 4.0) 

- No severe complications vs. 

severe complications 
1.3 (-2.4 to 4.9) 1.9 (-1.6 to 5.4) 2.5 (-1.1 to 6.1) 3.4 (-0.1 to 6.9) 

Anxiety     

1. Shorter LOS (LOS ≤4 days) vs. 

longer LOS (LOS >4 days) 
-1.2 (-3.4 to 0.9)    -1.8 (-3.8 to 0.3) -2.9 (-4.9 to -0.8) -2.2 (-4.3 to -0.2) 

2. No 30day-complications vs.  

30day-complications 
-1.1 (-3.2 to 1.1) -2.5 (-4.5 to -0.4) -2.4 (-4.5 to -0.4) -2.4 (-4.4 to -0.4) 

3. Minimally invasive vs.  

Open 
-0.2 (-2.7 to 2.2) 0.8 (-1.6 to 3.1) -0.8 (-3.1 to 1.6) -0.1 (-2.4 to 2.2) 

4. No new stoma vs. 

new stoma 
-1.8 (-4.4 to 0.8) -2.4 (-4.8 to 0.0) -2.9 (-5.4 to -0.5) -2.4 (-4.9 to 0.0) 

- No severe complications vs.  

severe complications  
-0.5 (-4.5 to 3.5) -1.4 (-5.3 to 2.5) -2.0 (-5.9 to 2.0) -3.3 (-7.1 to 0.5) 

Depression     

1. Shorter LOS (LOS ≤4 days) vs.  

longer LOS (LOS >4 days) 
-2.1 (-4.1 to -0.1) -2.1 (-4.0 to -0.2) -2.2 (-4.0 to -0.3) -2.8 (-4.6 to -1.0) 

2. No 30day-complications vs.  

30day-complications 
-1.0 (-3.0 to 0.9) -1.9 (-3.8 to -0.0) -2.0 (-3.9 to -0.2) -1.9 (-3.7 to -0.1) 

3. Minimally invasive vs.  

open 
0.4 (-1.9 to 2.6) 0.3 (-1.9 to 2.5) -0.2 (-2.4 to 1.9) -0.5 (-2.6 to 1.5) 

4. No new stoma vs.  

New stoma 
-2.0 (-0.3 to 4.3)    -2.4 (-4.7 to -0.2) -3.0 (-5.2 to -0.7) -2.2 (-4.3 to -0.1) 

- No severe complications vs.  

severe complications  
1.2 (-2.6 to 5.0) -0.5 (-4.1 to 3.1) -2.2 (-5.8 to 1.4) -1.5 (-4.9 to 1.8) 

Fatigue     

1. Shorter LOS (LOS ≤4 days) vs.  

longer LOS (LOS >4 days) 
-1.3 (-3.6 to 1.0) -3.4 (-5.5 to -1.2) -4.3 (-6.6 to -2.0) -4.1 (-6.3 to -1.8) 

2. No 30day-complications vs. 

30day-complications 
-3.3 (-5.6 to -1.0) -3.1 (-5.2 to -0.9) -4.0 (-6.3 to -1.6) -3.8 (-6.1 to -1.6) 

3. Minimally invasive vs. 

open 
0.1 (-2.5 to 2.8)    -2.0 (-4.5 to 0.4) -2.2 (-4.9 to 0.5) -2.5 (-5.1 to 0.1) 

4. No new stoma vs.  

New stoma 
-1.3 (-4.1 to 1.4) -2.7 (-5.2 to -0.1) -2.6 (-5.3 to 0.2) -2.2 (-4.9 to 0.5) 

- No severe complications vs.  

severe complications  
-3.2 (-7.6 to 1.1) -2.9 (-6.9 to 1.1) -4.5 (-8.9 to -0.1) -4.7 (-9.0 to -0.5) 

Sleep disturbance     

1. Shorter LOS (LOS ≤4 days) vs.  

longer LOS (LOS >4 days) 
1.5 (-0.5 to 3.5) -0.2 (-2.1 to 1.7) -0.6 (-2.5 to 1.3) 0.2 (-1.8 to 2.2) 
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2. No 30day-complications vs.  

30day-complications 
-0.1 (-2.1 to 1.8) -1.0 (-2.9 to 0.8) -1.7 (-3.5 to 0.2) -1.0 (-3.0 to 0.9) 

3. Minimally invasive vs. 

open 
-0.4 (-2.7 to 1.9) -0.2 (-2.3 to 2.0) -0.3 (-2.5 to 1.9) -0.2 (-2.4 to 2.1) 

4. No new stoma vs.  

New stoma 
1.0 (-3.4 to 1.4) -0.8 (-2.9 to 1.4) -2.6 (-4.9 to -0.3) -1.8 (-4.2 to 0.5) 

- No severe complications vs. 

severe complications  
-1.4 (-5.4 to 2.5) -1.5 (-5.0 to 2.1) -3.7 (-7.3 to -0.2) -1.1 (-4.8 to 2.6) 

Ability to participate in social roles  

and activities 
    

1. Shorter LOS (LOS ≤4 days) vs. 

longer LOS (LOS >4 days) 
-0.1 (-2.7 to 2.5) 2.3 (-0.0 to 4.6) 2.6 (0.1 to 5.0) 1.1 (-1.3 to 3.5) 

2. No 30day-complications vs.  

30day-complications 
2.7 (0.2 to 5.3) 3.0 (0.7 to 5.3) 2.6 (0.2 to 5.1) 1.1 (-1.2 to 3.5) 

3. Minimally invasive vs.  

open 
0.3 (-2.6 to 3.2) 2.5 (-0.1 to 5.2) 1.9 (-1.0 to 4.7) 0.7 (-2.0 to 3.3) 

4. No new stoma vs.  

New stoma 
1.8 (-1.2 to 4.8) 2.1 (-0.6 to 4.8) 3.6 (0.7 to 6.5) 1.3 (-1.5 to 4.1) 

- No severe complications vs.  

severe complications  
2.0 (-2.8 to 6.8) 3.7 (-0.7 to 8.0) 5.5 (0.1 to 10.0) 3.2 (1.1 to 7.5) 

Pain interference     

1. Shorter LOS (LOS ≤4 days) vs.  

longer LOS (LOS >4 days) 
3.1 (0.7 to 5.5) -0.1 (-2.3 to 2.2) -0.6 (-2.8 to 1.7) -0.9 (-3.1 to 1.3) 

2. No 30day-complications vs.  

30day-complications 
0.1 (-2.3 to 2.5) -0.7 (-2.9 to 1.5) -1.1 (-3.3 to 1.1) -1.4 (-3.6 to 0.8) 

3. Minimally invasive vs.  

open 
1.2 (-1.5 to 3.9) 1.4 (1.2 to 4.0) -1.1 (-3.7 to 1.5) -1.3 (-3.8 to 1.2) 

4. No new stoma vs. 

New stoma 
-1.11 (-3.9 to 1.7) -1.9 (-4.5 to 0.7) -2.6 (-5.2 to -0.0) -1.4 (-3.9 to 1.2) 

- No severe complications vs.  

severe complications  
1.2 (-3.5 to 5.9) 0.4 (-3.7 to 4.5) -1.4 (-5.7 to 2.8) 1.0 (-5.0 to 3.1) 

Data are the mean difference (95% CI) in the t-score. 

Hypothesis supported by the data are bolded. Mean differences were considered relevant if above a minimally important difference (MID) of 

3 t-score points. 

POW, postoperative week; LOS, length of stay. Severe complications are defined as Clavien-Dindo ≥ 3. 
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Supplemental Digital Content 7. Construct validity of PROMIS-29 domains – Sensitivity 

analysis considering a minimally important difference (MID) of standard error of measure 

(SEM) of each baseline t-score.  

 

Domains POW1 POW2 POW3 POW4 

Physical Function (MID 3)     

1. Shorter LOS (LOS ≤4 days) vs.  

longer LOS (LOS >4 days) 
1.6 (0.2 to 3.5) 2.8 (1.0 to 4.7) 3.5 (1.6 to 5.5) 3.6 (1.7 to 5.5) 

2. No 30day-complications vs.  

30day-complications 
2.3 (0.5 to 4.2) 2.6 (0.7 to 4.4) 2.7 (0.7 to 4.6) 3.1 (1.3 to 5.0) 

3. Minimally invasive vs.  

open 
2.2 (0.0 to 4.3) 3.2 (1.1 to 5.4) 2.9 (0.7 to 5.1) 2.4 (0.2 to 4.5) 

4. No new stoma vs.  

New stoma 
1.4 (-0.8 to 3.6) 1.9 (-0.3 to 4.1) 2.0 (0.2 to 4.3) 1.8 (-0.4 to 4.0) 

- No severe complications vs. 

severe complications 
1.3 (-2.4 to 4.9) 1.9 (-1.6 to 5.4) 2.5 (-1.1 to 6.1) 3.4 (-0.1 to 6.9) 

Anxiety (MID 2.8)     

1. Shorter LOS (LOS ≤4 days) vs. 

longer LOS (LOS >4 days) 
-1.2 (-3.4 to 0.9)    -1.8 (-3.8 to 0.3) -2.9 (-4.9 to -0.8) -2.2 (-4.3 to -0.2) 

2. No 30day-complications vs.  

30day-complications 
-1.1 (-3.2 to 1.1) -2.5 (-4.5 to -0.4) -2.4 (-4.5 to -0.4) -2.4 (-4.4 to -0.4) 

3. Minimally invasive vs.  

Open 
-0.2 (-2.7 to 2.2) 0.8 (-1.6 to 3.1) -0.8 (-3.1 to 1.6) -0.1 (-2.4 to 2.2) 

4. No new stoma vs. 

new stoma 
-1.8 (-4.4 to 0.8) -2.4 (-4.8 to 0.0) -2.9 (-5.4 to -0.5) -2.4 (-4.9 to 0.0) 

- No severe complications vs.  

severe complications  
-0.5 (-4.5 to 3.5) -1.4 (-5.3 to 2.5) -2.0 (-5.9 to 2.0) -3.3 (-7.1 to 0.5) 

Depression (MID 2.8)     

1. Shorter LOS (LOS ≤4 days) vs.  

longer LOS (LOS >4 days) 
-2.1 (-4.1 to -0.1) -2.1 (-4.0 to -0.2) -2.2 (-4.0 to -0.3) -2.8 (-4.6 to -1.0) 

2. No 30day-complications vs.  

30day-complications 
-1.0 (-3.0 to 0.9) -1.9 (-3.8 to -0.0) -2.0 (-3.9 to -0.2) -1.9 (-3.7 to -0.1) 

3. Minimally invasive vs.  

open 
0.4 (-1.9 to 2.6) 0.3 (-1.9 to 2.5) -0.2 (-2.4 to 1.9) -0.5 (-2.6 to 1.5) 

4. No new stoma vs.  

New stoma 
-2.0 (-0.3 to 4.3)    -2.4 (-4.7 to -0.2) -3.0 (-5.2 to -0.7) -2.2 (-4.3 to -0.1) 

- No severe complications vs.  

severe complications  
1.2 (-2.6 to 5.0) -0.5 (-4.1 to 3.1) -2.2 (-5.8 to 1.4) -1.5 (-4.9 to 1.8) 

Fatigue (MID 2.4)     

1. Shorter LOS (LOS ≤4 days) vs.  

longer LOS (LOS >4 days) 
-1.3 (-3.6 to 1.0) -3.4 (-5.5 to -1.2) -4.3 (-6.6 to -2.0) -4.1 (-6.3 to -1.8) 

2. No 30day-complications vs. 

30day-complications 
-3.3 (-5.6 to -1.0) -3.1 (-5.2 to -0.9) -4.0 (-6.3 to -1.6) -3.8 (-6.1 to -1.6) 

3. Minimally invasive vs. 

open 
0.1 (-2.5 to 2.8)    -2.0 (-4.5 to 0.4) -2.2 (-4.9 to 0.5) -2.5 (-5.1 to 0.1) 

4. No new stoma vs.  

New stoma 
-1.3 (-4.1 to 1.4) -2.7 (-5.2 to -0.1) -2.6 (-5.3 to 0.2) -2.2 (-4.9 to 0.5) 

- No severe complications vs.  

severe complications  
-3.2 (-7.6 to 1.1) -2.9 (-6.9 to 1.1) -4.5 (-8.9 to -0.1) -4.7 (-9.0 to -0.5) 
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Sleep disturbance (MID 3.2)     

1. Shorter LOS (LOS ≤4 days) vs.  

longer LOS (LOS >4 days) 
1.5 (-0.5 to 3.5) -0.2 (-2.1 to 1.7) -0.6 (-2.5 to 1.3) 0.2 (-1.8 to 2.2) 

2. No 30day-complications vs.  

30day-complications 
-0.1 (-2.1 to 1.8) -1.0 (-2.9 to 0.8) -1.7 (-3.5 to 0.2) -1.0 (-3.0 to 0.9) 

3. Minimally invasive vs. 

open 
-0.4 (-2.7 to 1.9) -0.2 (-2.3 to 2.0) -0.3 (-2.5 to 1.9) -0.2 (-2.4 to 2.1) 

4. No new stoma vs.  

New stoma 
1.0 (-3.4 to 1.4) -0.8 (-2.9 to 1.4) -2.6 (-4.9 to -0.3) -1.8 (-4.2 to 0.5) 

- No severe complications vs. 

severe complications  
-1.4 (-5.4 to 2.5) -1.5 (-5.0 to 2.1) -3.7 (-7.3 to -0.2) -1.1 (-4.8 to 2.6) 

Ability to participate in social roles  

and activities (MID 2.5) 
    

1. Shorter LOS (LOS ≤4 days) vs. 

longer LOS (LOS >4 days) 
-0.1 (-2.7 to 2.5) 2.3 (-0.0 to 4.6) 2.6 (0.1 to 5.0) 1.1 (-1.3 to 3.5) 

2. No 30day-complications vs.  

30day-complications 
2.7 (0.2 to 5.3) 3.0 (0.7 to 5.3) 2.6 (0.2 to 5.1) 1.1 (-1.2 to 3.5) 

3. Minimally invasive vs.  

open 
0.3 (-2.6 to 3.2) 2.5 (-0.1 to 5.2) 1.9 (-1.0 to 4.7) 0.7 (-2.0 to 3.3) 

4. No new stoma vs.  

New stoma 
1.8 (-1.2 to 4.8) 2.1 (-0.6 to 4.8) 3.6 (0.7 to 6.5) 1.3 (-1.5 to 4.1) 

- No severe complications vs.  

severe complications  
2.0 (-2.8 to 6.8) 3.7 (-0.7 to 8.0) 5.5 (0.1 to 10.0) 3.2 (1.1 to 7.5) 

Pain interference (MID 1.6)     

1. Shorter LOS (LOS ≤4 days) vs.  

longer LOS (LOS >4 days) 
3.1 (0.7 to 5.5) -0.1 (-2.3 to 2.2) -0.6 (-2.8 to 1.7) -0.9 (-3.1 to 1.3) 

2. No 30day-complications vs.  

30day-complications 
0.1 (-2.3 to 2.5) -0.7 (-2.9 to 1.5) -1.1 (-3.3 to 1.1) -1.4 (-3.6 to 0.8) 

3. Minimally invasive vs.  

open 
1.2 (-1.5 to 3.9) 1.4 (1.2 to 4.0) -1.1 (-3.7 to 1.5) -1.3 (-3.8 to 1.2) 

4. No new stoma vs. 

New stoma 
-1.1 (-3.9 to 1.7) -1.9 (-4.5 to 0.7) -2.6 (-5.2 to -0.0) -1.4 (-3.9 to 1.2) 

- No severe complications vs.  

severe complications  
1.2 (-3.5 to 5.9) 0.4 (-3.7 to 4.5) -1.4 (-5.7 to 2.8) 1.0 (-5.0 to 3.1) 

Data are the mean difference (95% CI) in the t-score. 

Hypothesis supported by the data are bolded. Mean differences were considered relevant if above a minimally important difference (MID) 

of standard error of measure (SEM) of each baseline t-score. POW, postoperative week; LOS, length of stay. Severe complications are 

defined as Clavien-Dindo ≥ 3. 
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Supplemental Digital Content 8. Construct validity of PROMIS-29 domains – Sensitivity 

analysis considering a minimally important difference (MID) of half the standard deviation of 

each baseline t-score. 

 

Domains POW1 POW2 POW3 POW4 

Physical Function (MID 4.5)     

1. Shorter LOS (LOS ≤4 days) vs.  

longer LOS (LOS >4 days) 
1.6 (0.2 to 3.5) 2.8 (1.0 to 4.7) 3.5 (1.6 to 5.5) 3.6 (1.7 to 5.5) 

2. No 30day-complications vs.  

30day-complications 
2.3 (0.5 to 4.2) 2.6 (0.7 to 4.4) 2.7 (0.7 to 4.6) 3.1 (1.3 to 5.0) 

3. Minimally invasive vs.  

open 
2.2 (0.0 to 4.3) 3.2 (1.1 to 5.4) 2.9 (0.7 to 5.1) 2.4 (0.2 to 4.5) 

4. No new stoma vs.  

New stoma 
1.4 (-0.8 to 3.6) 1.9 (-0.3 to 4.1) 2.0 (0.2 to 4.3) 1.8 (-0.4 to 4.0) 

- No severe complications vs. 

severe complications 
1.3 (-2.4 to 4.9) 1.9 (-1.6 to 5.4) 2.5 (-1.1 to 6.1) 3.4 (-0.1 to 6.9) 

Anxiety (MID 4.5)     

1. Shorter LOS (LOS ≤4 days) vs. 

longer LOS (LOS >4 days) 
-1.2 (-3.4 to 0.9)    -1.8 (-3.8 to 0.3) -2.9 (-4.9 to -0.8) -2.2 (-4.3 to -0.2) 

2. No 30day-complications vs.  

30day-complications 
-1.1 (-3.2 to 1.1) -2.5 (-4.5 to -0.4) -2.4 (-4.5 to -0.4) -2.4 (-4.4 to -0.4) 

3. Minimally invasive vs.  

Open 
-0.2 (-2.7 to 2.2) 0.8 (-1.6 to 3.1) -0.8 (-3.1 to 1.6) -0.1 (-2.4 to 2.2) 

4. No new stoma vs. 

new stoma 
-1.8 (-4.4 to 0.8) -2.4 (-4.8 to 0.0) -2.9 (-5.4 to -0.5) -2.4 (-4.9 to 0.0) 

- No severe complications vs.  

severe complications  
-0.5 (-4.5 to 3.5) -1.4 (-5.3 to 2.5) -2.0 (-5.9 to 2.0) -3.3 (-7.1 to 0.5) 

Depression (MID 4)     

1. Shorter LOS (LOS ≤4 days) vs.  

longer LOS (LOS >4 days) 
-2.1 (-4.1 to -0.1) -2.1 (-4.0 to -0.2) -2.2 (-4.0 to -0.3) -2.8 (-4.6 to -1.0) 

2. No 30day-complications vs.  

30day-complications 
-1.0 (-3.0 to 0.9) -1.9 (-3.8 to -0.0) -2.0 (-3.9 to -0.2) -1.9 (-3.7 to -0.1) 

3. Minimally invasive vs.  

open 
0.4 (-1.9 to 2.6) 0.3 (-1.9 to 2.5) -0.2 (-2.4 to 1.9) -0.5 (-2.6 to 1.5) 

4. No new stoma vs.  

New stoma 
-2.0 (-0.3 to 4.3)    -2.4 (-4.7 to -0.2) -3.0 (-5.2 to -0.7) -2.2 (-4.3 to -0.1) 

- No severe complications vs.  

severe complications  
1.2 (-2.6 to 5.0) -0.5 (-4.1 to 3.1) -2.2 (-5.8 to 1.4) -1.5 (-4.9 to 1.8) 

Fatigue (MID 5)     

1. Shorter LOS (LOS ≤4 days) vs.  

longer LOS (LOS >4 days) 
-1.3 (-3.6 to 1.0) -3.4 (-5.5 to -1.2) -4.3 (-6.6 to -2.0) -4.1 (-6.3 to -1.8) 

2. No 30day-complications vs. 

30day-complications 
-3.3 (-5.6 to -1.0) -3.1 (-5.2 to -0.9) -4.0 (-6.3 to -1.6) -3.8 (-6.1 to -1.6) 

3. Minimally invasive vs. 

open 
0.1 (-2.5 to 2.8)    -2.0 (-4.5 to 0.4) -2.2 (-4.9 to 0.5) -2.5 (-5.1 to 0.1) 

4. No new stoma vs.  -1.3 (-4.1 to 1.4) -2.7 (-5.2 to -0.1) -2.6 (-5.3 to 0.2) -2.2 (-4.9 to 0.5) 
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New stoma 

- No severe complications vs.  

severe complications  
-3.2 (-7.6 to 1.1) -2.9 (-6.9 to 1.1) -4.5 (-8.9 to -0.1) -4.7 (-9.0 to -0.5) 

Sleep disturbance (MID 4)     

1. Shorter LOS (LOS ≤4 days) vs.  

longer LOS (LOS >4 days) 
1.5 (-0.5 to 3.5) -0.2 (-2.1 to 1.7) -0.6 (-2.5 to 1.3) 0.2 (-1.8 to 2.2) 

2. No 30day-complications vs.  

30day-complications 
-0.1 (-2.1 to 1.8) -1.0 (-2.9 to 0.8) -1.7 (-3.5 to 0.2) -1.0 (-3.0 to 0.9) 

3. Minimally invasive vs. 

open 
-0.4 (-2.7 to 1.9) -0.2 (-2.3 to 2.0) -0.3 (-2.5 to 1.9) -0.2 (-2.4 to 2.1) 

4. No new stoma vs.  

New stoma 
1.0 (-3.4 to 1.4) -0.8 (-2.9 to 1.4) -2.6 (-4.9 to -0.3) -1.8 (-4.2 to 0.5) 

- No severe complications vs. 

severe complications  
-1.4 (-5.4 to 2.5) -1.5 (-5.0 to 2.1) -3.7 (-7.3 to -0.2) -1.1 (-4.8 to 2.6) 

Ability to participate in social roles  

and activities (MID 5.5) 
    

1. Shorter LOS (LOS ≤4 days) vs. 

longer LOS (LOS >4 days) 
-0.1 (-2.7 to 2.5) 2.3 (-0.0 to 4.6) 2.6 (0.1 to 5.0) 1.1 (-1.3 to 3.5) 

2. No 30day-complications vs.  

30day-complications 
2.7 (0.2 to 5.3) 3.0 (0.7 to 5.3) 2.6 (0.2 to 5.1) 1.1 (-1.2 to 3.5) 

3. Minimally invasive vs.  

open 
0.3 (-2.6 to 3.2) 2.5 (-0.1 to 5.2) 1.9 (-1.0 to 4.7) 0.7 (-2.0 to 3.3) 

4. No new stoma vs.  

New stoma 
1.8 (-1.2 to 4.8) 2.1 (-0.6 to 4.8) 3.6 (0.7 to 6.5) 1.3 (-1.5 to 4.1) 

- No severe complications vs.  

severe complications  
2.0 (-2.8 to 6.8) 3.7 (-0.7 to 8.0) 5.5 (0.1 to 10.0) 3.2 (1.1 to 7.5) 

Pain interference (MID 5.5)     

1. Shorter LOS (LOS ≤4 days) vs.  

longer LOS (LOS >4 days) 
3.1 (0.7 to 5.5) -0.1 (-2.3 to 2.2) -0.6 (-2.8 to 1.7) -0.9 (-3.1 to 1.3) 

2. No 30day-complications vs.  

30day-complications 
0.1 (-2.3 to 2.5) -0.7 (-2.9 to 1.5) -1.1 (-3.3 to 1.1) -1.4 (-3.6 to 0.8) 

3. Minimally invasive vs.  

open 
1.2 (-1.5 to 3.9) 1.4 (1.2 to 4.0) -1.1 (-3.7 to 1.5) -1.3 (-3.8 to 1.2) 

4. No new stoma vs. 

New stoma 
-1.11 (-3.9 to 1.7) -1.9 (-4.5 to 0.7) -2.6 (-5.2 to -0.0) -1.4 (-3.9 to 1.2) 

- No severe complications vs.  

severe complications  
1.2 (-3.5 to 5.9) 0.4 (-3.7 to 4.5) -1.4 (-5.7 to 2.8) 1.0 (-5.0 to 3.1) 

Data are the mean difference (95% CI) in the t-score. 

Hypothesis supported by the data are bolded. Mean differences were considered relevant if above the minimally important difference (MID). 

POW, postoperative week; LOS, length of stay. Severe complications are defined as Clavien-Dindo ≥ 3. 
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Supplemental Digital Content 9. Responsiveness hypotheses. 

 

Responsiveness Hypotheses Mean difference (95% CI) 

Physical function   

1. Baseline vs. POW1 10.1 (8.7 to 11.5) 

2. POW2 vs. POW1 3.5 (2.2 to 4.9) 

3. POW3 vs. POW2 2.7 (1.3 to 4.1) 

4. POW4 vs. POW3 2.3 (0.8 to 3.7) 

Anxiety   

5. Baseline vs. POW1 3.4 (1.9 to 5.0) 

6. POW2 vs. POW1 -2.6 (-4.0 to -1.1) 

7. POW3 vs. POW2 -1.0 (-2.5 to 0.5) 

8. POW4 vs. POW3 -0.8 (-2.3 to 0.7) 

Depression   

1. Baseline vs. POW1 0.8 (-0.6 to 2.2) 

2. POW2 vs. POW1 -1.6 (-3.0 to -0.2) 

3. POW3 vs. POW2 0.3 (-1.0 to 1.7) 

4. POW4 vs. POW3 -1.1 (-2.5 to 0.2) 

Fatigue   

1. Baseline vs. POW1 -3.7 (-5.4 to -2.0) 

2. POW2 vs. POW1 -2.6 (-4.2 to -1.0) 

3. POW3 vs. POW2 -1.9 (-3.6 to -0.3) 

4. POW4 vs. POW3 -1.9 (-3.6 to -0.2) 

Sleep disturbance   

1. Baseline vs. POW1 -0.2 (-1.6 to 1.2) 

2. POW2 vs. POW1 -1.6 (-3.0 to -0.2) 

3. POW3 vs. POW2 -0.7 (-2.1 to 0.6) 

4. POW4 vs. POW3 -0.8 (-2.2 to 0.7) 

Ability to participate in social roles and 

activities  

 

1. Baseline vs. POW1 6.9 (5.1 to 8.7) 

2. POW2 vs. POW1 3.7 (2.1 to 5.4) 

3. POW3 vs. POW2 2.2 (0.5 to 3.8) 

4. POW4 vs. POW3 2.0 (0.3 to 3.7) 

Pain interference   

1. Baseline vs. POW1 -7.0 (-8.7 to -5.3) 

2. POW2 vs. POW1 -4.7 (-6.2 to -3.1) 

3. POW3 vs. POW2 -2.1 (-3.6 to -0.6) 

4. POW4 vs. POW3 -1.7 (-3.2 to -0.2) 

Data are the mean difference (95% CI) in the t-score. 

Hypothesis supported by the data are bolded. Mean differences were considered relevant if above a 

minimally important difference (MID) of 3 t-score points. 

POW, postoperative week. 
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Supplemental Digital Content 10. Responsiveness hypotheses – Sensitivity analysis 

considering a minimally important difference (MID) of standard error of measure (SEM) of 

each baseline t-score. 

 

Responsiveness Hypotheses Mean difference (95% CI) 

Physical function (MID 3)  

1. Baseline vs. POW1 10.1 (8.7 to 11.5) 

2. POW2 vs. POW1 3.5 (2.2 to 4.9) 

3. POW3 vs. POW2 2.7 (1.3 to 4.1) 

4. POW4 vs. POW3 2.3 (0.8 to 3.7) 

Anxiety (MID 2.8)  

1. Baseline vs. POW1 3.4 (1.9 to 5.0) 

2. POW2 vs. POW1 -2.6 (-4.0 to -1.1) 

3. POW3 vs. POW2 -1.0 (-2.5 to 0.5) 

4. POW4 vs. POW3 -0.8 (-2.3 to 0.7) 

Depression (MID 2.8)  

1. Baseline vs. POW1 0.8 (-0.6 to 2.2) 

2. POW2 vs. POW1 -1.6 (-3.0 to -0.2) 

3. POW3 vs. POW2 0.3 (-1.0 to 1.7) 

4. POW4 vs. POW3 -1.1 (-2.5 to 0.2) 

Fatigue (MID 2.4)  

1. Baseline vs. POW1 -3.7 (-5.4 to -2.0) 

2. POW2 vs. POW1 -2.6 (-4.2 to -1.0) 

3. POW3 vs. POW2 -1.9 (-3.6 to -0.3) 

4. POW4 vs. POW3 -1.9 (-3.6 to -0.2) 

Sleep disturbance (MID 3.2)  

1. Baseline vs. POW1 -0.2 (-1.6 to 1.2) 

2. POW2 vs. POW1 -1.6 (-3.0 to -0.2) 

3. POW3 vs. POW2 -0.7 (-2.1 to 0.6) 

4. POW4 vs. POW3 -0.8 (-2.2 to 0.7) 

Ability to participate in social roles and 

activities (MID 2.5) 

 

1. Baseline vs. POW1 6.9 (5.1 to 8.7) 

2. POW2 vs. POW1 3.7 (2.1 to 5.4) 

3. POW3 vs. POW2 2.2 (0.5 to 3.8) 

4. POW4 vs. POW3 2.0 (0.3 to 3.7) 

Pain interference (MID 1.6)  

1. Baseline vs. POW1 -7.0 (-8.7 to -5.3) 

2. POW2 vs. POW1 -4.7 (-6.2 to -3.1) 

3. POW3 vs. POW2 -2.1 (-3.6 to -0.6) 

4. POW4 vs. POW3 -1.7 (-3.2 to -0.2) 

Data are the mean difference (95% CI) in the t-score. 

Hypothesis supported by the data are bolded. Mean differences were considered relevant if above a 

minimally important difference (MID) of 2.7 t-score points. 

POW, postoperative week. 
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Supplemental Digital Content 11. Responsiveness hypotheses – Sensitivity analysis 

considering a minimally important difference (MID) of half the standard deviation of each 

baseline t-score. 

 

Responsiveness Hypotheses Mean difference (95% CI) 

Physical function (MID 4.5)  

1. Baseline vs POW1 10.1 (8.7 to 11.5) 

2. POW2 vs POW1 3.5 (2.2 to 4.9) 

3. POW3 vs POW2 2.7 (1.3 to 4.1) 

4. POW4 vs POW3 2.3 (0.8 to 3.7) 

Anxiety (MID 4.5)  

1. Baseline vs POW1 3.4 (1.9 to 5.0) 

2. POW2 vs POW1 -2.6 (-4.0 to -1.1) 

3. POW3 vs POW2 -1.0 (-2.5 to 0.5) 

4. POW4 vs POW3 -0.8 (-2.3 to 0.7) 

Depression (MID 4)  

1. Baseline vs POW1 0.8 (-0.6 to 2.2) 

2. POW2 vs POW1 -1.6 (-3.0 to -0.2) 

3. POW3 vs POW2 0.3 (-1.0 to 1.7) 

4. POW4 vs POW3 -1.1 (-2.5 to 0.2) 

Fatigue (MID 5)  

1. Baseline vs POW1 -3.7 (-5.4 to -2.0) 

2. POW2 vs POW1 -2.6 (-4.2 to -1.0) 

3. POW3 vs POW2 -1.9 (-3.6 to -0.3) 

4. POW4 vs POW3 -1.9 (-3.6 to -0.2) 

Sleep disturbance (MID 4)  

1. Baseline vs POW1 -0.2 (-1.6 to 1.2) 

2. POW2 vs POW1 -1.6 (-3.0 to -0.2) 

3. POW3 vs POW2 -0.7 (-2.1 to 0.6) 

4. POW4 vs POW3 -0.8 (-2.2 to 0.7) 

Ability to participate in social roles and 

activities (MID 5.5) 

 

1. Baseline vs POW1 6.9 (5.1 to 8.7) 

2. POW2 vs POW1 3.7 (2.1 to 5.4) 

3. POW3 vs POW2 2.2 (0.5 to 3.8) 

4. POW4 vs POW3 2.0 (0.3 to 3.7) 

Pain interference (MID 5.5)  

1. Baseline vs POW1 -7.0 (-8.7 to -5.3) 

2. POW2 vs POW1 -4.7 (-6.2 to -3.1) 

3. POW3 vs POW2 -2.1 (-3.6 to -0.6) 

4. POW4 vs POW3 -1.7 (-3.2 to -0.2) 

Data are the mean difference (95% CI) in the t-score. 

Hypothesis supported by the data are bolded. Mean differences were considered relevant if above a 

minimally important difference (MID). 

POW, postoperative week. 

 


