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better clarify causal effects and identify confounding. However, it
is important to be aware of potential sources of bias. To improve
validity and interpretability of findings other causal inference
frameworks, such as Structural Causal Model (SCM) or Directed
Acyclic Graphs (DAG) can be used [19,32]. Open science practices,
such as adherence to FAIR (Findable, Accessible, Interoperable and
Reusable) data principles and Decentralised Science (DeSci) ap-
proaches, can further improve transparency, data sharing and the
integration of findings across studies [33,34].

A model for how a framework could be operationalised is
provided by the Canadian REaCT program, which established
infrastructure to identify research challenges, harmonise ques-
tions and outcomes, and facilitate efficient trials in oncology [35].
A similar program in malnutrition could use the framework pre-
sented here as a foundation for coordinated, scalable research,
helping to overcome current fragmentation while still allowing
flexibility for innovation and context-specific adaptation.

Embracing this practical guiding framework can transform
malnutrition research from isolated efforts into a coordinated,
innovative field that accelerates discovery and improves outcomes
for patients.
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Appendix A

The practical guiding framework for development of in-
terventions for malnutrition and conducting research in vulner-
able populations was inspired by several studies. Details of these
studies and their contribution to the framework is elaborated
below.

Cochrane review (2021)

Study aim

In the Cochrane review of Baldwin et al. (2021), a total of 94
RCTs with 10,284 patients were included [10]. These studies
addressed disease-related malnutrition across various healthcare
settings and compared dietary advice, with or without oral
nutritional supplements (ONS), to no advice, ONS alone or dietary
advice alone.

Recruitment and design

The review highlighted that malnutrition occurs across several
health care settings, introducing heterogeneity into the study
populations. The authors suggested that populations should be
stratified based on disease types, severity of malnutrition and care
settings to identify subgroup-specific effects of interventions.
Achieving this level of stratification, however, requires more
adequately powered trials (framework step 1). In addition, they
recommended conducting nutrition research in diverse
geographic and socioeconomic contexts to understand the impact
of cultural, dietary and health care differences on malnutrition
interventions. To achieve this, these contextual factors should be
integrated into study design and considered in the analysis of
intervention effects (framework step 3).

Outcome selection and duration

There was a large diversity in outcome measures among the 94
RCTs. These inconsistencies hinders the ability to draw definitive
conclusions about intervention effectiveness. The authors advo-
cated for the establishment of a core outcome set for nutrition-
related trials, focusing on clinically relevant and patient-centred
outcomes (framework step 3).

The duration of included studies varied, with some lasting as
short as one month. Short-term studies may not capture the long-
term effects of nutritional interventions, such as changes in body
composition. Therefore longer-term studies should be designed to
evaluate sustained benefits or potential risks (framework step 3).

Furthermore, the authors of the Cochrane review advise uti-
lizing promising technologies such as digital health tools for di-
etary and physical activity monitoring and adherence. Advanced
methodologies can address limitations in data accuracy and
participant adherence. These digital tools can also support in
capturing the long-term effects through consistent, real-time
monitoring and follow-up.
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Prolntens trial (2025)

Study aim

The Prolntens trial aimed to evaluate the impact of an inten-
sified trans-sectorial dietetic intervention on physical functioning
and dietary protein intake of hospitalized older patients at risk of
malnutrition [23]. The study was designed as a parallel 2-arm
randomized controlled trial. The intervention started within 48 h
of hospitalization to target the acute nutritional status of the pa-
tients and followed the participants up to three months post-
discharge.

Recruitment and design

The study experienced difficulties in recruiting enough older
patients to assess intervention effectiveness. Potentially eligible
patients declined participation due fatigue at the time of inclusion.
Due to the RCT design, there was no flexibility to include these
patients later during their recovery or to offer them an adjusted
intervention. Although originally designed as a stepped-wedge
design, the COVID-19 pandemic made this design infeasible, as
the clusters (hospital wards within the Netherlands) were
constantly changing. These changes posed a threat to the statistical
power of the study. A pragmatic design might have been better
suited to account for such unforeseen events during the pandemic
and to allow older patients to participate at their own pace
(framework step 1).

Intervention delivery

The Prolntens intervention attempted to target several factors
associated with malnutrition in older patients, with a main focus
on protein intake. To match as closely to the real world as possible,
the intervention was set up to be delivered by trained dietitians in
both hospital and primary care settings. Although the intervention
was based on behavioural change theories, these primarily tar-
geted the patients themselves, with less emphasis on the sur-
rounding environment or the dietitians delivering the
intervention. Limited funding to support dietitians in modifying
their routine practices also contributed to low adherence to the
intervention. This shows that, in a real-world settings, greater time
and budget are needed to support those responsible for imple-
menting the intervention. A more pragmatic approach to deter-
mining when to begin measuring the intervention's effects could
further enhance its feasibility (framework step 1).

Although the Prolntens intervention was designed to address
several components of malnutrition (framework step 2), the RCT
structure and budget constraints allowed only for the active
involvement of dietitians. However, to be able to really support
older adults in several components of malnutrition, a multidisci-
plinary approach is needed. Short meetings between all involved
care professionals could facilitate this. Yet due to differences in
reimbursement between hospital and primary care and between
discipline within primary care, this is difficult to achieve [36].

Outcome selection and duration

In addition to targeting several components of malnutrition,
the Prolntens trial included numerous measurements and ques-
tionnaires to evaluate the intervention's effects. Some measure-
ments assessed overlapping outcomes. For example, muscle mass
was measured with both the Bioelectrical Impedance Analyses
(BIA) and with 2D Ultrasound, and muscle strength was measured
with handgrip and knee extension strength. While comparing
these methods in the study population was scientifically valuable,
the additional assessments may have been too demanding for
older patients. Outcome measures should therefore be carefully
selected to capture the effects of the intervention while
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considering the physical and cognitive limitations of older patients
(framework step 3).

A careful selection of outcomes is essential, not only to assess
relevant effect of the intervention, but also to ensure they are
manageable for older patients. In addition, the Prolntens trial used
only one primary outcome. For multifactorial intervention studies,
a composite outcome may be more appropriate, as it captures a
range of potential benefits across different patients. However, the
use of composite outcomes often requires larger sample sizes to
ensure adequate statistical power and to detect meaningful effects
across multiple domains. In addition, the follow-up period should
be long enough to detect meaningful changes in all relevant out-
comes (framework step 3). The Prolntens trial had a follow-up
period of 3 months post-discharge, which made it possible to
assess the transition from hospital to the home setting. However,
this duration could have been insufficient to detect changes in all
outcomes such as muscle mass, sustainable dietary changes or
behavioural changes.

EFFORT (2019) and NOURISH (2016)

Study aim

There are two important large-scale trials focusing on the
inpatient medical ward, with important differences in study
design: EFFORT and NOURISH [24,25]. EFFORT (Effect of early
nutritional support on Frailty, Functional Outcomes and Recovery of
malnourished medical inpatients Trial), was a pragmatic, non-
blinded, randomised controlled multicentre trial in Switzerland.
The EFFORT trial evaluated the impact of individualized nutritional
support designed to meet patients' energy, protein, and micro-
nutrient needs, compared to standard hospital meals. The primary
endpoint was a composite measure of severe complications,
including mortality, ICU admission, cardiovascular and gastroin-
testinal events, functional decline, and hospital readmission. The
results demonstrated that the nutritional intervention signifi-
cantly reduced the risk of mortality, with a number needed to treat
(NNT) of 37. The NOURISH trial was a multicentre, double-blinded,
placebo controlled trial. The trial assessed the impact of special-
ized, protein-rich oral nutritional supplements versus placebo on
clinical outcomes in hospitalized older patients with malnutrition,
across multiple centres in the United States [25]. Their primary
outcome was a composite of 90-day post discharge incidence of
death or nonelective readmission. They found a comparable
beneficial effect on mortality risk as the EFFORT trial (NNT = 20).

Recruitment and design

The EFFORT trial was able to include over 2000 medical pa-
tients at risk of malnutrition, while the NOURISH was able to enrol
652 patients. Both trials initiated recruitment through systematic
screening for malnutrition risk, followed by a multidisciplinary
assessment involving dietitians, nurses, and physicians to confirm
malnutrition. Both studies used regular screening for malnutrition
to identify patients eligible for inclusion, allowing for broad range
of patients to be included. In addition, both studies used dedicated
research staff for screening, assessment and intervention delivery.
A major challenge illustrated by the NOURISH trial was the
exclusion of nearly 60 % of screened patients due to comorbidities,
which limits generalizability to real-world populations of older,
multimorbid patients. High exclusion rates could be reduced by
using broader eligibility criteria and pragmatic or adaptive study
designs (framework par 1). Pragmatic designs allow researchers to
evaluate effectiveness in routine care, reducing exclusions that
arise from tightly controlled RCTs. Adaptive study designs could
allow interim assessments of safety and feasibility, enabling
broader inclusion at later stages. In addition, these designs allow
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for adjustment of the intervention for patients with conditions
such as renal impairment or diabetes mellitus. By shifting from
carefully defined “ideal” trial populations to those more reflective
of routine care, nutrition research can generate findings that are
both clinically relevant and broadly applicable.

Intervention delivery

In the EFFORT-trial, the intervention was based on patient
specific targets within a pragmatic treatment algorithm. Nutrition
strategies were escalated from fortified meals and oral nutritional
supplements to enteral or parenteral feeding when necessary
under dietitian-guided monitoring (see Figure Al). The patient
specific targets allowed for adjustment of the protocol towards
patients with kidney failure. This approach ensured that the
intervention remained manageable for patients and increased
adherence but does asks for dedicated and well trained (research)
staff for continuous monitoring and to adjust the nutritional plan
to ongoing changes on patients levels.

The clear set-up of the intervention in the NOURISH-trial
(standard care plus study product or placebo) made it straight-
forward for patients and easy to deliver for healthcare pro-
fessionals. But it is harder to adjust towards the needs for the
patient and it only targets one of the treatment components being
adequate nutritional intake (framework part 2).

Outcome selection and duration

The primary endpoint of EFFORT trial was a composite outcome
including all-cause mortality, ICU admission, major complications,
hospital readmission and functional decline in the 30 days after
hospital admission. The large sample size allowed for enough
statistical power for further analyses on different aspects of this
composite outcome. An other strong point is that these outcomes
are mainly assessed within regular care and are therefore not an
additional burden for patients. The composite endpoint did not
cover the complete picture of potential effects the intervention
could have on the patients and the follow-up duration of 30 days
post hospitalization could be considered mid-term. A longer
follow-up could capture a more complete understanding of func-
tional recovery and quality of life, which was done in secondary
analyses [37]. Still, the composite endpoint and follow-period did
allow for additional analyses on cost-effectiveness [38]. The
endpoint of the NOURISH trial was 90-day all-cause mortality or
nonelective readmission, which covers a longer period. There were
some additional secondary outcome measurements such as length
of stay, readmission and activities of daily living (ADL), however
they do not fully capture the effects on the trajectory of recover
(framework part 3).

The main strength of EFFORT were its large sample size,
adequately powered for a clinical endpoint, the multidisciplinary
approach and the extensive data collection, which enabled post-
trial analyses of costs, protein and biomarker subgroups, and the
long-term effects of nutrition [37-39]. However, limitations
included a relatively short follow-up period and it remains un-
certain which specific component of the intervention contributed
most to the observed effects. For NOURISH, the main strength was
its placebo-controlled multicenter design, and the relatively large
sample size. A limitation of the trial was the limited generaliz-
ability (hospitalized older adults with pulmonary or cardiovascu-
lar conditions) raising concerns about selection bias, and the
notable rate of early discontinuations. However, regarding the
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latter, because most participants who discontinued still contrib-
uted outcome data (through post-exit follow-up), the risk of bias
was minimized. Similar to the EFFORT trial, the combined com-
ponents of the intervention made it difficult to determine what
contributed most to the found effects.

Protein Recommendations to Increase Muscle — PRIMe Study (2021)

Study aim

The Protein Recommendations to Increase Muscle (PRIMe) trial
was a single-centre, two-arm, open-label, randomized controlled
pilot trial [26,27]. It aimed to assess the feasibility of prescribing
either 1.0 or 2.0 g/kg/day protein diets over 12 weeks in patients
with stage II-IV colorectal cancer (non-cachectic) undergoing
chemotherapy. The primary endpoint was to evaluate the feasi-
bility of achieving these protein targets and their preliminary ef-
fects on muscle mass (via appendicular lean soft tissue as
surrogate for muscle mass) and physical function.

Recruitment and design

PRIMe experienced a very low recruitment rate (<5 %). Many
patients declined participation due to being overwhelmed by a
recent cancer diagnosis or the perceived burden of the study
protocol. Moreover, attrition disproportionately affected the
higher-protein group (2.0 g/kg/day), with 8 out of 10 dropouts
occurring in this arm. The study's rigid design and intensive re-
quirements likely contributed to these difficulties. Importantly,
recruitment was also substantially impacted by the COVID-19
pandemic. Canada implemented strict public health restrictions
during the study period, and institutional policies at the University
prohibited unvaccinated individuals from entering campus facil-
ities, further narrowing the eligible participant pool and limiting
flexibility in data collection. These challenges highlight the need
for more adaptive and pragmatic research designs, particularly in
vulnerable patient populations and under restrictive external
conditions (framework part 1).

Intervention delivery

Although the intervention included individualized dietitian-led
counselling, weekly phone check-ins, and protein powder or pre-
cooked meat when needed, adherence was variable. Only 35.3 %
of patients in the 2.0 g/kg/day group achieved their target by week
12, and there was contamination across groups, with some par-
ticipants in the 1.0 g/kg/day group reaching higher intakes. The
practical burden of weighing food, recording intake, and adjusting
diets in real-time was high, and side effects (e.g., nausea, fatigue,
ostomies) often interfered with food intake.

Patients were required to complete multiple weighed 3-day
food records, attend in-person assessments, and respond to
weekly 24-h dietary recalls. Many found this burdensome, espe-
cially when dealing with cancer treatment side effects like fatigue
or appetite loss. These demands may have contributed to dropouts
and limited generalizability (framework Start).

Outcome selection and duration

The primary outcome was feasibility of dietary adherence and
maintenance of muscle mass, while secondary outcomes included
physical function and protein intake changes. Although improve-
ments were noted in protein intake and trends toward muscle
maintenance, statistical significance was not achieved for group
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Nutrition risk screening (NRS 2002) within 48 hours of hospital admission in all patients

» If increased risk for malnutrition = individual assessment of the patient
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Figure Al. A pragmatic treatment algorithm for managing malnutrition in hospitalized patients from Schuetz et al., 2019 [4].
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differences in muscle mass or physical function. This may be
attributed to the limited sample size, as the study was designed as
a pilot and not powered for these comparisons. Moreover, the 12-
week duration may have been insufficient to detect more robust
changes, particularly given the variability in treatment response
and disease trajectory. Nonetheless, the maintenance of muscle
mass itself represents a positive and promising finding, reinforcing
the potential value of targeted nutritional interventions during
cancer treatment.

The PRIMe trial illustrates both the strengths and limitations
outlined in the proposed guiding framework for optimizing
malnutrition research. It effectively incorporated key elements
such as individualized nutritional counselling, protein-targeted
interventions, behavioural support, and advanced outcome as-
sessments, including qualitative evaluation [40,41]. These features
align with the framework's emphasis on patient-centred and
comprehensive strategies. However, the trial also faced several
challenges—particularly low recruitment, high burden, rigid RCT
design, lack of early stakeholder engagement, and no long-term
follow-up. These barriers, compounded by the context of cancer
treatment, underscore the need for more pragmatic, flexible, and
scalable nutrition interventions, as advocated in the framework.

Lung Cancer Trials (2016, 2024)

Study aim

A 2016 trial in patients receiving curative intent (chemo)-
radiotherapy for lung cancer aimed to evaluate the effect of intensive
nutrition counselling on nutritional status, functional outcomes and
quality of life [28]. The study was designed as a randomized
controlled trial comparing the intervention to usual care within a
radiotherapy outpatient setting of a metropolitan cancer centre. The
intervention involved individualized dietary counselling starting a
week prior to treatment and continuing through to six weeks
following treatment completion. The intervention was designed to
be pragmatic, delivered by dietitians, in person and via telephone,
and guided by a care pathway, which outlined the timing and fre-
quency of individualized counselling. The challenges of conducting
such studies in patients with lung cancer is well established [42]. The
more recent PREDICT study (Predicting Muscle Loss During Lung
Cancer Treatment) study [29]. was an observational study examining
factors associated with muscle loss in patients with lung cancer
receiving (chemo)radiotherapy.

Recruitment and design

This study experienced challenges in participant recruitment,
having originally planned to recruit a larger sample to evaluate the
effectiveness of the intervention and then pivoting to a feasibility
study due to recruitment issues. The timing of the start of the
intervention meant potential participants were approached about
participation at a time they were relatively newly diagnosed with
lung cancer and amid decisions regarding optimal treatment op-
tions. Although many patients recognized the importance of
nutrition as part of their care, the overwhelming nature of this
time period proved to be a burden for participation in the trial.
Furthermore, a high proportion (68 %) of patients who were
screened for eligibility were planned for palliative treatment,
rendering them ineligible for inclusion. In addition, attrition was
37 % over the duration of the 12-week intervention for reasons
including disease progression, treatment discontinuation and loss
to follow up. A pragmatic and adaptive study design may have
enabled inclusion of patients planned for palliative treatment as
well as those planned for curative intent treatment (framework
part 1) [7]. Alternatively, a stepped wedge design in which the care
pathway was embedded as a new model of care within the clinical
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setting may have improved recruitment and allowed patients to
benefit from the new model of care and lessened the perception of
being asked to do more than usual care.

Intervention delivery

Notably, adherence and patient reported satisfaction with the
intervention were high, indicating once patients were involved in
the study they perceived a benefit and overcoming barriers to
participation is critical. For this patient group who are known to
experience a high burden of disease, co-design of nutrition in-
terventions is likely to be particularly important (framework Start
and part 3).

Similar challenges were faced in the more recent PREDICT
study in the same patient group. Although not an interventional
study, challenges with recruitment amid the COVID pandemic led
to recruitment of less than 50 % of the planned sample despite
recruiting across three cancer services.

Outcome selection and duration

A further factor contributing to the burden of participation in
the 2016 trial, was the time required for collection of study out-
comes in addition to the dietary counselling delivered for the
intervention and the already high number of appointments for
treatment and medical care. Utilizing data collected within routine
care would further minimize the burden of participation, however
this makes the collection of robust dietary intake data unlikely
(framework part 3). In the PREDICT trial, dietary intake was
assessed with 3-day food diaries, however due to the burden of
this method, non-adherence was high.
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