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This thesis focused on optimizing nutritional care for older adults at risk 
of malnutrition and sarcopenia, aiming to identify strategies that enhance 
recovery, quality of life, and healthcare efficiency.(1, 2) Malnutrition and 
sarcopenia are a growing burden as the risk for both conditions increases 
for the aging population. In addition, both conditions reinforce each 
other.(3) Older adults are especially vulnerable during hospitalization 
due to age-related physiological changes and multiple health conditions, 
which increase their risk of sarcopenia, functional decline, and hospital 
readmission. In addition, malnutrition often develops or worsens during 
hospital stay and continues after discharge, impacting recovery and long-
term health outcomes. Providing consistent nutritional care beyond the 
hospital setting is therefore essential to promote sustained recovery and 
improve overall quality of life.

SUMMARY OF FINDINGS

Chapter 2 showed that widely used malnutrition screening tools lack 
sufficient sensitivity to identify all older hospitalized patients at risk, 
underscoring the need for improved screening methods.

In Chapter 3 Dutch national data from 339,720 malnourished patients 
(2009-2019) were analysed and revealed that protein intake during 
hospital stay remains far below recommended levels, despite the 
availability of nutritional support.

Chapter 4 demonstrated that decreased appetite during and after 
hospitalization is common and strongly associated with sarcopenia-
related outcomes, including reduced muscle mass, strength, and physical 
performance.

Chapter 5 presented the protocol for the ProIntens trial, designed 
to evaluate a transmural, intensive dietetic care pathway aimed at 
optimizing protein intake and physical functioning in older patients with 
malnutrition during and after hospitalization.

Chapter 6 reported on the main effects of the ProIntens randomized 
controlled trial. It identified practical barriers in implementing an intensive 
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dietetic care pathway in the real-world setting, such as fragmented care, 
resource limitations and variability in patient needs. Due to low inclusion 
rates and attrition, power was too low to report on effects.

In Chapter 7 a holistic guiding framework for malnutrition research is 
introduced. It emphasized the integration of nutritional, functional and 
medical factors, and the adoption of more flexible designs to better 
capture real-world effects.

Chapter 8 and 9 showed results of systematically reviewed evidence 
on minerals and sarcopenia. The studies revealed that micronutrients 
such as magnesium and selenium may play an interactive role alongside 
protein in maintaining muscle mass, strength, and physical performance 
in older adults.

DETECTION OF MALNUTRITION

The detection of malnutrition follows a two step approach.(4) It starts 
with screening patients for the risk of malnutrition which is followed by 
assessment of criteria for the diagnoses of malnutrition. For screening, any 
validated screening tool is recommended. Yet, it differs greatly how these 
screening tools are developed, against which malnutrition definition and 
in what kind of patient group. In addition, the purpose of screening also 
differs(5). Some tools refer to the risk of malnutrition in a sense that a 
person is at risk of developing malnutrition in the near future, while other 
screening tools are developed to assess if there might be malnutrition 
present, after which it could be confirmed by assessing diagnostic criteria.
(6) The term ‘risk of malnutrition’ might therefore compass different 
aspects. In Dutch hospitals, all admitted patients are screened for 
potential existing malnutrition. For the last decade this process has been 
part of a set of quality indicators, which has triggered the implementation 
of screening tools as part of regular care.(7) Upon a positive screening 
outcome, a patient is referred to an in-hospital dietitian. However, the 
findings presented in this thesis underscore the limitations of existing 
malnutrition screening tools in accurately identifying older patients with 
malnutrition according to the most recent diagnostic criteria (Chapter 2). 
Current available screening tools often lack sensitivity and may fail to 
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detect patients at risk of malnutrition. The misclassification of older 
patients can be as high as 68%. This stresses the need for improvement 
in screening methods that are both sensitive and practical for use. We 
argued that due to the high prevalence of malnutrition (i.e. 42%) that 
for this specific patient group, one could directly assess the diagnostic 
criteria for malnutrition, without prior screening. This is very recently also 
advocated by the working group on malnutrition screening of the Global 
Leadership Initiative for Malnutrition (GLIM).(8) For patient groups that 
are known to be at risk of malnutrition, such as older adults and cancer 
patients, quick and easy identification of malnutrition is essential for an 
early start of treatment to prevent negative health outcomes. Integrating 
the diagnostic criteria of GLIM without prior screening should therefore 
be easily accessible, for example through electronic health records, 
where most of needed information is readily available. This could allow 
for a more automated identification without increasing the workload 
for health care professionals. The use of digital systems to support in 
screening seems underutilized.

INCREASING PROTEIN INTAKE AND PHYSICAL 
FUNCTIONING IN CLINICAL PRACTICE

Once patients are identified as being malnourished, the current guidelines 
recommend optimizing protein intake and the encouragement of physical 
activity.(9) However, Dutch national data over a decade, revealed that 
protein intake remains insufficient among hospitalized patients at risk of 
malnutrition, with many failing to meet even the minimum recommended 
levels (Chapter 3). Poor appetite might be one of the underlying factors 
for this insufficient intake. As seen in the Hospital-ADL study (Chapter 4), 
poor appetite is frequently reported during hospitalization, often persists 
after discharge, and is related with sarcopenic related outcomes such as 
poor physical functioning. Similarly, physical activity levels often decline 
sharply during hospitalization, further contributing to rapid muscle loss 
and functional decline.(10) While dietetic counselling and physiotherapy 
can support recovery, the ProIntens trial (Chapter 5 and 6) revealed the 
difficulties of embedding such multidisciplinary approaches into daily 
practice, reflecting both patient- and system-level barriers, as elaborated 
in the following sections..
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Personalization and behavioral changes in clinical practice
One key challenge is the need for more personalized treatment 
approaches. Current malnutrition guidelines and many interventions 
apply a “one-size-fits-all” model, which risks overlooking the heterogeneity 
of older patients. Malnutrition and sarcopenia can happen to any patient 
during hospitalization, regardless of their reason for hospitalization. 
Therefore, their needs and recovery goals can also differ greatly. Although 
the ProIntens intervention allowed dietitians some flexibility to adjust 
the intervention towards the patients’ needs, the number of contacts 
and intervention materials were standardized across participants. A 
more personalized approach, tailored to diagnosis, recovery goals and 
expected trajectory, may be more effective, yet complicated in traditional 
research design as it increases heterogeneity. Demonstrating measurable 
effects on patient levels directly requires nutritional interventions to be 
intensive and clearly distinct from usual care. This intensity, however, can 
be too demanding for older patients. Finding this balance between clear 
distinction for research effects and adjusting treatment towards patients 
needs might be a difficult task for dietitians to take on.

Optimizing care might therefore rely more on system-level improvement 
than solely on patient-level changes. Profiling patients upon admission 
to match them with the appropriate professionals, e.g. dietitians, 
physiotherapist, nurse, or other health professional, could strengthen 
outcomes. However, traditional RCTs limit such flexibility in the 
intervention. Alternative designs such as pragmatic, adaptive, or stepped 
wedge design may be more suitable for real-world setting research. The 
ProIntens intervention was initially designed as a stepped wedge trial to 
allow sufficient time for implementation and training of professionals, but 
the COVID-19 pandemic disrupted care organization and cluster stability, 
which is needed for the statistical power of a stepped wedge design. 
This made it unfeasible to conduct the trial as intended. Consequently, 
the parallel RCT design was used as an alternative, and left insufficient 
time to train and support healthcare professionals in adopting the new 
practices of the intervention.

In addition to these methodological obstacles, the trial revealed 
implementation barriers that were not fully anticipated. Although 
ProIntens was designed as an effect study, in hindsight it would have 
benefitted from being approached as an implementation study. The 
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evidence supporting increased protein intake and physical activity for 
treating malnutrition was already there. The remaining bottleneck lay 
in how to operationalize these principles in daily practice and across 
the hospital–home continuum. Earlier adoption of an implementation 
perspective could have helped identify the underlying reasons why 
increasing protein intake and promoting physical activity remain so 
challenging, as well as the stakeholder groups—patients, nurses, dietitians, 
physiotherapists, and primary care providers—whose engagement 
is essential for success. This experience underscores that advancing 
nutritional care requires not only effective interventions, but also a 
structured understanding of how to embed them within complex clinical 
environments. To optimize interdisciplinary collaboration and enhance 
patients’ self-management, a future implementation study could adopt 
a structured co-design approach. Such a study would begin with joint 
development sessions involving patients and health care professionals 
to create a roadmap that spans the full care trajectory from hospital 
admission to return home. This road map could incorporate profile-based 
triage at admission, coordinated care pathways with decision trees, goal-
setting cards and referral overviews, ensuring that all disciplines work 
from a shared framework. In parallel, a patient-centered decision support 
tool could be developed with patients and informal caregivers to help 
them understand which types of care are most relevant to achieving 
their recovery goals. Dietitians, physical therapists or nurses could guide 
patients in setting realistic and meaningful goals within this tool. Both the 
roadmap and decision support tool would benefit from iterative cycles 
of development, testing and refinement to ensure alignment with real-
world practice and to facilitate sustainable integration into routine care.

Patient Engagement and co-creation
There is a need for personalized and interdisciplinary health care. 
However, this approach also depends on patient engagement and self-
management.(11) Within the ProIntens intervention, next to support from 
the dietitian, self-management was integrated through an information 
folder based on behavior change principles. However, the folder was 
rarely used by participants, revealing a gap between intervention 
design and patient needs. The absence of patient co-creation during 
the development phase of the intervention likely limited its relevance. 
Intensively engaging end-users of intervention materials is essential. A 
more thorough needs assessment with potential end-users would likely 
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have improved the alignment of the intervention materials and delivery 
methods with patients’ capabilities, preferences, and recovery needs. 
However, identifying and recruiting potential end-users prior to the 
trial proved challenging. To comply with privacy regulations, we asked 
participating dietitians whether we could contact the patients they were 
currently treating, but many were hesitant to approach their patients 
out of concern for adding burden during an already vulnerable period. 
Attempts to recruit community-dwelling older adults through flyers 
in neighborhood centers also yielded no responses. These challenges 
highlight the practical barriers in involving frail older adults in early 
intervention design, even when their input is essential for creating truly 
patient-centered materials.

Integrating physical activity
Because the information folder was underused, the physical activity 
component of the intervention was less pronounced then intended. 
While the treatment of malnutrition calls for (an increase in) physical 
activity. A physiotherapy-led mobilization program had been planned, 
but reimbursement differences between dietetic care and physiotherapy 
care hindered implementation. Not every patient has insurance for 
physiotherapy or is able to afford it.(12) As a result, patients received 
paper-based exercise programs to perform independently after discharge 
– requiring high intrinsic motivation despite ongoing fatigue and poor 
appetite.

As the dietary guideline for malnutrition mention, a treating dietitian can 
also stimulate a patient to increase their physical activity.(9) Although 
dietitians were informed about patients’ physical performance levels, 
post-study evaluations revealed limited integration of this information 
into counselling. Similarly, warm handovers and transmural collaboration 
were found difficult due to time and reimbursement constraints. It needs 
to be studied what is needed to change this treatment reluctance. 
However, it does highlight that behavioral change is required not 
only from patients but also from healthcare professionals, and that 
successful implementation demands system-level support. Ensuring 
aligned responsibilities of health care professionals, dedicated time for 
interprofessional collaboration and adequate funding are prerequisites 
for sustainable, effective nutritional care.
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SARCOPENIA IN COEXISTENCE

Together, the presented findings show that improving nutritional care in 
clinical practice requires more than the implementation of guidelines, it 
demands alignment between patient capacity, professional collaboration, 
and system structures. Yet, even when these elements are optimized, 
maintaining muscle mass and function in older adults remains a major 
challenge. This reflects not only gaps in care delivery but also the 
biological complexity of aging, where malnutrition, inflammation, and 
inactivity interact to accelerate muscle loss and undermine recovery. 
Understanding this interplay between nutrition and muscle health is 
therefore crucial for developing interventions that support long-term 
functional outcomes.

Sarcopenia, defined by the progressive loss of muscle mass, strength, 
and function, emerges in this thesis as a multifactorial condition affected 
by nutritional status, disease burden, appetite, and physical activity level. 
While adequate protein intake remains central to muscle maintenance, 
our findings also highlight the importance of micronutrients such as 
magnesium and selenium in supporting muscle metabolism, oxidative 
balance, and neuromuscular function (Chapters 8 and 9). Poor appetite, 
frequently observed during and after hospitalization, further compromises 
nutritional intake and thereby muscle preservation (Chapters 3).

Importantly, an increasing number of older adults experience low muscle 
mass and muscle strength in combination with excess adipose tissue, 
a condition known as sarcopenic obesity. This paradoxical phenotype 
illustrates that undernutrition and overnutrition may coexist, and that 
body composition, rather than body weight alone, determines functional 
risk. To support clinical clarity, international collaborations such as GLIM, 
GLIS, and SOGLI are working towards harmonizing definitions and cut-off 
values for low muscle mass in malnutrition, sarcopenia, and sarcopenic 
obesity, reflecting shared underlying mechanisms.

Together, these insights demonstrate that addressing sarcopenia requires 
a holistic, integrated approach that combines dietary optimization, 
appetite support, and targeted physical activity within coordinated 
multidisciplinary care.
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FUTURE DIRECTIONS

The coexistence of malnutrition, sarcopenia, and sarcopenic obesity 
underscores the complexity of nutritional care in older adults. Body 
weight alone is insufficient to guide assessment or intervention; careful 
evaluation of muscle mass, function, and dietary intake is essential. 
Future strategies must therefore combine sensitive screening, timely 
detection, and integrated, interprofessional interventions that address 
both nutrition and functional outcomes.

Scalable and pragmatic approaches are needed to overcome persistent 
research and implementation challenges. Adaptive, pragmatic, or hybrid 
trial designs can allow flexible, patient-centered interventions while 
generating robust evidence, and embedding evaluation within routine 
care can capture real-world effectiveness. Transmural interdisciplinary 
collaboration, between dietitians, physiotherapists, nurses, and physicians, 
is crucial, particularly for complex phenotypes like malnutrition and 
sarcopenia, where individualized strategies may be required to prevent 
further muscle loss and optimize recovery.

Finally, systemic support is essential: adequate funding, clear role 
allocation, and alignment of responsibilities across healthcare settings 
can ensure sustainable implementation. By addressing these challenges, 
nutritional care can be fully integrated into treatment pathways for older 
adults, improving recovery, functional independence, and long-term 
health outcomes. The guiding framework in Chapter 7 represents a first 
step toward this vision, highlighting opportunities for research, clinical 
practice, and policy innovation.
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CONCLUSION

This thesis demonstrates that malnutrition and sarcopenia are highly 
prevalent and interrelated conditions in older adults, particularly during 
and after hospitalization. Together, these conditions significantly 
compromise physical function, recovery, and quality of life, while 
increasing healthcare use and costs. Through a combination of national 
data, clinical trials, and review studies, this work highlights critical gaps in 
detection, intervention, and continuity of care, while providing evidence-
based strategies to address them.

First, current malnutrition screening tools often fail to identify at-risk older 
adults, particularly those with subtle declines in nutritional status or with 
overlapping conditions such as sarcopenic obesity. Second, achieving 
recommended protein intake and promoting physical activity remain 
major challenges in hospital and post-discharge care. Factors such as poor 
appetite, heterogeneous patient needs, and system-level barriers limit 
adherence and effectiveness of nutritional interventions. Third, integrating 
interprofessional dietetic and physiotherapy-led care into routine practice 
requires interprofessional collaboration, patient engagement, and 
structural support to be sustainable and impactful. Finally, methodological 
constraints in traditional randomized controlled trials limit the ability to 
study interventions in frail, complex patients, emphasizing the need for 
pragmatic, adaptive, and real-world study designs.

Taken together, these findings advocate for a shift from isolated 
interventions to integrated, patient-centered, and system-supported 
strategies. Future research should combine sensitive screening, 
personalized interventions, and multidisciplinary care pathways, while 
leveraging digital systems and learning health frameworks to improve 
implementation and evidence generation. For policymakers and clinicians, 
this work underscores the urgency of embedding nutritional care as a core 
component of treatment pathways for older adults, thereby promoting 
recovery, functional independence, and quality of life.

Ultimately, optimizing nutritional care for older adults is not just a clinical 
imperative – it is a strategic investment in preserving independence, 
improving recovery, and enhancing quality of life across an aging 
population.
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