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1. Zusammenfassung (deutsch)

Aufgrund des demografischen Wandels und bemerkenswerter Fortschritte in der Medizin,
wachst die Bevodlkerungsgruppe der Uber 60-Jahrigen rasant und die durchschnittliche
Lebenserwartung &lterer Menschen wird voraussichtlich weiter steigen. Das Offentliche
Gesundheitssystem sieht sich demnach mit einem dringenden Handlungsbedarf konfrontiert,
um dieser alteren Bevolkerung mit erheblichem Risiko des Funktionsverlustes gerecht zu
werden und den Alterungsprozess positiv beeinflussen zu koénnen. Die grofite
Herausforderung besteht demnach darin, dass die zusatzlichen Lebensjahre nicht durch einen
schlechten Gesundheitszustand und funktionelle Einschrankungen gepragt sind, sondern die
Funktionalitat, und auch die Lebensqualitat in genau diesen Jahren aufrecht erhalten werden.
Das vorrangige Ziel besteht demnach darin, die Anzahl an behinderungsfreien Jahren zu
maximieren und den Zeitraum der Morbiditat und Gebrechlichkeit in der alternden Bevoélkerung
zu verkirzen. Um genau diese Aspekte des Alterns besser greifen zu kénnen und die
multidimensionalen Aspekte der Gebrechlichkeit darstellen zu kdnnen, wurden umfassende
geriatrischen Assessments (Comprehensive Geriatric Assessment CGA) zum Goldstandard
fur den diagnostischen Prozess in der Geriatrie. Der daraus abgeleitete Multidimensionale
Prognostischer Index (MPI) bietet eine weitere Grundlage, um den alteren Menschen in seiner
vielfaltigen, komplexen und multidimensionalen Art wahrzunehmen und sowohl physische,
psychische, funktionelle und soziale Aspekte zu erheben, sowie die multidimensionale Frailty
und Prognose zu quantifizieren. Als wichtiger, die Prognose beeinflussender Baustein, bleibt
der zunehmende Funktionsverlust zu nennen. Aufgrund des demografischen Wandels nimmt
demnach auch die Pravalenz von Krankheiten wie der Sarkopenie, definiert als ein allgemeiner
und fortschreitender, altersbedingter Riickgang von Muskelmasse, Kraft und Funktion stetig
zu. Wie genau sich die Sarkopenie jedoch auf die Prognose alterer Patienten, mit dem
hochgradig pradiktiven Wert des MPI gemessen, auswirkt, ist noch nicht ausreichend erforscht

und soll in dieser Dissertation weiter beleuchtet werden.

Basis dieser vorliegenden Dissertation ist die Studie mit dem Titel " 'Vun nix kiitt nix' - Patient,
Geriater und Hausarzt als multiprofessionelles Team filir ein intersektorales
Entlassungsmanagement”. Diese Interventionsstudie befasste sich mit dem Thema des
Entlassungsmanagements fur altere, multimorbide Patienten in der Akutversorgung. Priméares
Ziel der Studie war es, die Effektivitat eines Tailored Intersectoral Discharge Program (TIDP)
bei der Optimierung des Ubergangs von der stationéren in die ambulante Versorgung und bei
der Verbesserung der Behandlung multimorbider Personen durch gemeinsame klinische
Entscheidungsfindung zu untersuchen. In einer Subanalyse, die die Hauptgrundlage dieser

Dissertation bildet, wurde sich auf die Sarkopenie konzentriert, die Probleme, die mit ihrer
9



Diagnose einhergehen, und ihren Einfluss auf den Gesundheitszustand, die Frailty und die

Prognose von &lteren Patienten.

Die "Vun nix kitt nix" - Studie konnte zeigen, dass die intersektorale Triade aus Hausarzt,
Patient und Geriater in der Lage ist, die Gebrechlichkeit bei akut hospitalisierten Patienten zu
reduzieren und die Stimmung, wie auch das Selbstwertgefihl zu verbessern. Obwohl kein
signifikanter Effekt der Intervention auf die Rehospitalisierungsraten nachgewiesen werden
konnte, lieferte die Studie neue Erkenntnisse bezuglich Verringerung der Gebrechlichkeit und
Verbesserung der Patientenbezogenen Ergebnissen (Patient Reported Outcome Measures,
PROMs) in Form von hoéherem Selbstwertgeflihl und weniger depressiven Symptomen.
Daruber hinaus konnte in der Sekundaranalyse gezeigt werden, welch multifaktoriellen
Einfluss die Sarkopenie auf die Prognose, die Gebrechlichkeit und die kurzfristigen Ergebnisse
alterer, multimorbider Patienten haben kann. Signifikante Unterschiede zwischen Patienten
mit Sarkopenie und denen ohne Anzeichen flr Sarkopenie konnten nicht nur in Bezug auf
korperliche Parameter und Komorbiditdten, sondern auch in hinsichtlich der selbst
wahrgenommenen Lebensqualitat, des Wohlbefindens und des Selbstwertgeflhles aufgezeigt

werden.

Die vorliegenden Analysen an stark phanotypisierten Patienten konnten demnach die klinische
Relevanz von Sarkopenie durch ihre Quantifizierung mittels PROMs und einer gut etablierten
CGA-basierten Messung von Prognose und multidimensionaler Frailty aufdecken.
Perspektivisch sollten die Ergebnisse dafiir genutzt werden, weitere Forschung unter
Verwendung der etablierten diagnostischen Kriterien fir Sarkopenie zu betreiben, und zu
untersuchen, ob zusatzliche krankenhausinterne Bewegungs- oder/und
Ernahrungsinterventionen oder Rehabilitationsprogramme, die speziell auf den individuellen,
mit Sarkopenie verbundenen Status ausgerichtet sind, eine praventive Wirkung auf den

weiteren klinischen und ambulanten Verlauf haben kénnten.
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2. Introduction

"Aging is not lost youth but a new stage of opportunity and strength.”
Betty Friedan (1921-2006)"

The human species is constantly faced with unprecedented challenges, be it through global
warming and its associated effects, antimicrobial and drug resistance or pandemics like the
recently experienced SARS-CoV-2 (Severe Acute Respiratory Syndrome CoronaVirus type 2)
outbreak, which profoundly impacted not only the healthcare sector but also interpersonal
dynamics and community spirit. One of these challenges which is no longer elusive and difficult
to assess is constant acceleration of aging, a phenomenon that can be observed worldwide.
The longevity revolution is evident in the drastic rise in life expectancy, as can also be seen in
the example of Germany. While men born in Germany in 1950 had a mean life expectancy of
64.6 years, newborn male babies born in 2020 can expect to reach 78.9 years and those born
in 2060 even 84.4 years. The expected numbers are even higher for women; according to
statistical forecasts, average life expectancy in 2060 could rise to 88.8 years for women born
in Germany?. This shows the extreme extent to which life expectancy has increased in recent
decades, and at the same time makes it clear that our healthcare system is facing a challenge
that has never been more present and obvious. On the one hand, this increase in life
expectancy is a testament to remarkable advancements and progress in the medical field,
effectively reducing infant mortality and combating once-deadly infectious diseases like
tuberculosis or AIDS. Significant investments have also been made in preventing chronic
conditions such as cardiovascular diseases, diabetes and cancer. Furthermore, people have
been encouraged to embrace healthier lifestyles with reduced tobacco use, increased physical
activity, and a greater focus on healthy nutritious diets and living, culminating in an overall
understanding of health, all of which are beginning to bear fruit. On the other hand, in light of
these tremendous developments, our healthcare system is confronted with an unprecedented
challenge, given the substantial number of older patients requiring individualized and time-
intensive help. The population segment of persons older than 60 years is the most rapidly
growing one and mean life expectancy in older individuals is predicted to continue increasing
which therefore goes hand in hand with an increase of people at risk of functional decline.
Countries’ health systems and their workforces all over the world are facing an enormous
challenge®.

But what exactly does it mean to age and what are the inevitable steps in the process of aging?
Generally, when contemplating aging and the population of older adults, various age-related

conditions such as a decrease in hearing and vision, decelerated and precarious mobility, back
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pain or declining social memory come to mind. From a scientific and biological point of view,
the process of aging involves multitudinous complex factors that lead to molecular and cellular
damage, which then in turn manifest themselves in a decrease in physical, mental, or
functional efficiency*. However, these changes are by no means linear or uniform for every
aging person, neither are they concordant with a person's chronological age. They rather are
as individual and diverse as the human beings themselves. Since the release of the book
"Evolutionary Biology of Aging" by Michael R. Rose in 1991, the proposed definition of aging
as "a persistent decline in the age-specific fitness components of an organism due to internal

" has often been used and adapted by other evolutionary biologists.

physiological deterioration
As the body ages, it experiences declines at the cellular, molecular, epigenomic, organic and
various other levels, rendering it more vulnerable and increasing the likelihood of becoming
frail or developing a chronic disease®. Over time, these changes and physical alterations can
no longer be compensated for and eventually lead to death. However, aging does not have to
be an accumulation of deterioration that inevitably leads to death, but it can also bring an array
of positive effects. The crucial goal is that the years that are added to people's lives are not
compromised by poor health status and functional limitations. Therefore, the primary objective
is to maximize the disability-free years and to compress the period of morbidity and mortality
in the aging population’. To achieve this objective, medical care needs to be tailored to the
individual needs of the patients rather than being solely disease-orientated. Otherwise, health
care systems are confronted with immense costs and a significant burden of illnesses and
functional limitations®. Considering the increasing complexity of patient's problems due to
demographic changes, follow-up care for older patients after their stay in the hospital as well
as the interface between acute inpatient and outpatient care are gaining importance to
minimize the risk of inefficient, over-, or undertreatment. A narrow collaboration among
providers both intra- and intersectoral would therefore be required, but unfortunately is often
rather neglected due to lack of time or appropriate remuneration.

To facilitate personalized care for older patients and gain an optimal overview of their relevant
dimensions such as their functional status, mental health, and socio-medical parameters, the
usage of the Comprehensive Geriatric Assessment (CGA)*'" and the derived Multidimensional
Prognostic Index (MP1)'*"* have proven effective. Consequently, MPI can assist physicians
and other healthcare professionals in making improved clinical decisions regarding diagnostics
and treatment of older patients, enabling targeted discharge management and better patient
outcomes overall'®.

The cornerstone of this dissertation is the study titled "Vun nix kditt nix' - Patient, geriatrician
and general practitioner as a multi-professional team for intersectoral discharge management".
This intervention study addresses the previously broached issue of discharge management for

12



older, multimorbid patients in acute care. The primary aim of the study was to investigate the
effectiveness of a Tailored Intersectoral Discharge Program (TIDP) in optimizing the patient's
inpatient-outpatient transition and improving the treatment of multimorbid individuals through
shared clinical decision-making. A secondary analysis, which forms the main basis of this
dissertation, focuses on sarcopenia, the problems that come along with its diagnosis, and its
influence on older patients’ health status, frailty, and prognosis.

The following chapters provide an overview of the challenges posed by an aging population
and the current state of geriatric medicine, including assessment tools such as the CGA and
MPI. The concepts of frailty and sarcopenia, along with their diagnostic approaches, will also
be introduced, with particular attention to the difficulties in precisely defining and diagnosing
sarcopenia. The dissertation briefly presents the results of the primary study, with the findings
from the secondary analyses discussed in detail and critically evaluated in the context of

current research.

Throughout the dissertation, only the male form will be used when referring to individuals or
groups. This is done solely to enhance readability but naturally includes both female and male

individuals in context.

21 How to age in good health?

"The trick is growing up without growing old."” - Casey Stengel (1890-1975)

Over the last few decades, it has become increasingly clear that the ultimate goal of aging is
not simply to grow old indefinitely at any cost, but to age while maintaining good health and
well-being. This shift in perspective emphasizes the importance of prevention and early
intervention, enabling individuals to reach old age without compromising their health and
quality of life. It is therefore not just the longevity that matters; equally important is the condition
in which one can experience those later years. While some individuals may enjoy excellent
health both physically and mentally in their 70s and beyond, remaining "fit as a fiddle", others
may experience frailty and weakness even earlier in life. The question therefore arises as to
what factors impact upon this desired healthy aging and which precise conditions dictate how
the further future will look? How can the number of people experiencing positive aging
trajectories be maximized to the fullest?

In their retrospective cohort study of centenarians'’, Evert et al. suggest a classification of
centenarians into three clinically distinguishable morbidity patterns: patients remaining free of
the diagnosis of a chronic disease until the age of 100, formed the group of the "escapers”, as

they were able to outrun a condition causing many deaths annually and worldwide. The
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"delayers” were diagnosed with a chronic disease after reaching the age of 80, while the
"survivors", who comprised the largest proportion of the study population, described individuals
who received their first diagnosis of a chronic disease before reaching 80 years of age but
survived beyond it'’. With their publication, the authors aimed to develop a method capable of
forecasting "health-related survivorship outcomes" of the older, since each person undergoes
an individual and unique development and responds differently to various conditions. However,
the key question remains: How does one become an "escaper" and to what extent can one
directly influence this outcome, or is it largely determined by genetics? It remains an important
topic to pinpoint at which junctures an intervention is possible and necessary in order to

achieve the goal of healthy living.

2.2 Geriatric Medicine - a milestone

Interest in the process of aging and maintaining health can be traced back to the times of
Hippocrates, but it was not until a century ago that geriatrics began to find true integration
within the medical field, especially in the United States and in the United Kingdom'®. The need
for a specialized and specific professional group became inevitable in order to face the
challenges arising from increasing life expectancy. In the early twentieth century, Ignatz Leo
Nasher published a paper proposing the term "geriatrics" to refer to the field focusing on
diseases in older age. The term originated from the Greek words "geron" (meaning "old
person") and "iatrikos" (meaning "medical science") and being the counterpart to what
pediatrics is for the youngest segment of the population'. The first impetus for the
implementation of geriatrics in a medical student's curriculum, as well as the establishment of
a separate word for older chronically ill patients was published by British doctor Marjory W.
Warren in 1943 in her article "Care of chronic sick - A case for treating chronic sicks in blocks
in a general hospital" ?°. She was also the first to establish an organized geriatric medicine unit
in a British hospital and promoted innovative methods by highlighting the importance of a
multidisciplinary approach to meet the needs of older patients and abandoning the assumption
that a disease can no longer be cured merely because of a certain age. In another paper she
stressed the need for geriatrics to be recognized as a distinct branch of medicine, deserving
of greater attention and support: "until the subject is recognized as a special branch of
medicine in this country it will not receive the sympathy and attention it deserves"?2'. This
important step, the recognition by the British National Health Service (NHS) of geriatrics as a
medical specialty finally occurred in the 1950s, paving the way for its development and

expansion in other countries as well*2.
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In modern Geriatric Medicine, the focus remains on multidisciplinary teams, early active
involvement and rehabilitation, tailored interventions, all with a patient-centered rather than
disease-focused approach. A patient-centered approach presupposes "providing care that is
respectful of and responsive to individual patient preferences, needs, and values and ensuring
that patient values guide all clinical decisions"#*. To achieve this, highly trained professionals
are essential and patients need to be perceived in the context of their individual pasts, with
their current desires and decision-making regarded as a cooperative process rather than a
confrontation of the patient with a unilateral, already settled plan®. While challenging, this
approach yields rewards in the form of higher satisfaction and well-being on the part of the
patients, which in turn can positively impact the prognosis, shorten the duration of treatment

and thus reduce healthcare costs?.

2.2.1. Frailty and its consequences

Due to its high prevalence in older people, frailty is a significant multidimensional geriatric
syndrome that has garnered increasing attention in Geriatric Medicine® . It is characterized as
a multidimensional, age-associated decline in function as well as in the reserve of multiple
physiological systems and capacities?, leading to a certain state of vulnerability, representing
the visual expression of aging®®. Being a multidimensional and highly prevalent state in the
process of aging, it is associated with an increased risk of falls, hospitalization, disability and
mortality®. It is a condition brought about by the deterioration of multiple physiological systems
which occur naturally with aging, resulting in a state in which changes in health and increased
vulnerability occur when triggered by sudden, even minimal stressors®'. In other words, a small
and seemingly trifling event that one would not expect to trigger a noticeable reaction can lead
to a significant and disproportionate change in a person's health state. These can be small
events like the introduction of a new medication, a minor infection, or surgery that can
subsequently result in states of dependency, immobility, instability or delirium, while a fit and
robust older person would react with a temporary small decline in function, followed by a return
to previous homeostasis®'. Despite significant effort in research in the last two decades, a
consensus on the definition of frailty has not yet been reached. In 2001, Fried et al. defined a
"physical phenotype of frailty" based on the presence of at least three out of five components®,
the first being unintentional weight loss of at least 10 pounds in the last year. As other
characteristics, they defined weakness (determined by low grip strength), self-reported
exhaustion indicating poor endurance and energy, slow gait speed and a low level of physical
activity®. Patients showing one or two of these characteristics were considered as ,,prefrail"
or in other words in an intermediate state while those without any of those 5 characteristics

were considered "robust"*°. However, as these characteristics focus on the state of extreme
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physical vulnerability, this model neglects, in relative terms, the multidimensionality associated
with frailty. More recent models consider various dimensions, such as cognition, genetics,
psychological or socio-economic domains®*3, With the frailty index published by Rockwood
and Mitntski, a measurable way to quantify the vulnerability was proposed by considering frailty

as an "accumulation of deficits"3*

. In their stochastic approach, various potential deficits,
geriatric syndromes, functional restrictions and social deficiencies are assessed and combined
in one score, thereby taking into account a wider range of factors than the phenotypical
approach of Fried. It is also worth mentioning that frailty should not be regarded as a static
state, but as a constantly changing and dynamic process with regular shifts between the
different states of frailty®>. The overall picture of frailty can be seen as the terminal point of a
dynamic progression starting with functional integrity and well-being and then developing in a
slow and sometimes imperceptible process still with the potential to be reversed, but more
commonly worsening over time®. When it comes to assessment and diagnostics, various
methods are available, differing in their extent and clinical context, but with a common
characteristic of determining the elevated likelihood of adverse outcome?®’. Multiple studies
across different subpopulations and settings could consistently show a correlation between

36-38

frailty and mortality Moreover, associations with frailty were demonstrated when

considering falls, dependency, disabilities, depression, poor social interaction or

hospitalisations®*44.

In summary, even though an international consensus for a definition and assessment of frailty
is still under development at present, some key points have emerged: Firstly, frailty is a
complex and multidimensional condition, influenced not only by physical components but also
by social, cognitive, psychological and many other factors?. Secondly, it is a predominantly
age-related condition, but not exclusive to aging, as not all individuals experience frailty as
they grow old. It therefore should be viewed as a separate condition that may occur alongside
the physiological aging process®. And third, frailty is an evolving, dynamic condition with

fluctuations between different frailty states over a period of time®.

Adverse outcomes that have been proven to come along with sarcopenia, an age-related loss
of muscle mass and function, that will be covered in detail in the following chapters of this
thesis, are comparable to many of those being associated with frailty*®. At the present time,
the relationship between sarcopenia and frailty is yet to be fully understood and it remains
unclear whether sarcopenia acts as a "mediator" to many of the adverse outcomes that arise
with frailty or if it is a clinical manifestation of frailty*®*’. It even seems as if the question is
similar to the one asking whether the chicken or the egg came first, and until now there is no

answer to this question either. However, it is evident that both sarcopenia and frailty present
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important overlaps in their influence on prognosis, and both represent an issue bringing certain
challenges in the future, when considering the fact that people are getting older and age-
related loss of muscle function together with frailty will be common co-occurrences of aging.
Another commonality both frailty and sarcopenia share is the challenge of correctly identifying
and treating patients. By virtue of vague and inconsistent definitions, medical personnel have
to meet the challenge of identifying patients at risk appropriately and proactively before they
even become frail or sarcopenic. For this to succeed, a comprehensive approach is urgently

needed.

2.2.2. The Comprehensive Geriatric Assessment

The UK health-care system was a pioneer in recognizing the importance of a multidisciplinary
approach that does not exclusively focus on disease management but on enhancing the quality
of life and overall outcomes of older individuals. This groundbreaking concept gave rise to the
CGA, which has become a cornerstone of modern Geriatric Medicine. It has become one of
the most important tools for creating an overarching concept for facilitating treatment and long-
term tracking of older patients, as well as clinical decision making.

Developed by Marjory Warren in the late 1930's® in order to meet the challenges posed by
increasing age, the standard of CGA has evolved significantly in 1987 due to the pooling of
various experts in that field by the National Institutes of Health NIH*“°_ In 1991, Rubenstein
et al. defined the CGA as "a technique for multidimensional diagnosis of frail, older people with
the purpose of planning and/or delivering medical, psychosocial, and rehabilitative care” *°.
Ellis et al. in 2017 further emphasized its complexity and overarching purpose, describing it as
"a multi-dimensional diagnostic and therapeutic process that is focused on determining a frail
older person's medical, functional, mental, and social capabilities and limitations with the goal
of ensuring that problems are identified, quantified, and managed appropriately” °’.

It is perspicuous that for a process as complex as aging is in its entirety, a tool combining and
incorporating all those elements was needed to be able to provide best possible care for the
older population. The power and strength of the CGA lies in its ability to synergize mental,
physical and functional status, while simultaneously evaluating social capabilities, quality of
life and environmental factors, thus offering an objective insight into the overall health status
of older patients*®. All the information gathered by means of the CGA is intended to provide an
individualized treatment approach with the aim of stimulating independence and quality of life
of the patients®>. However, despite decades of interest and research, no general agreement
on the best CGA tool has been reached. There are many elements that can be included in the
CGA and a huge variety of comprehensive assessment tools have been elaborated. The CGA

therefore is not a defined, rigid bundle of questionnaires, but rather a multidisciplinary concept
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integrating different valid and reliable tools of geriatric domains thought to be the foundation
for the diagnostic and treatment process of older patients.

Typically, the CGA includes gathering information about self-care abilities and activities of daily
living, accomplishing functional tasks, mobility, activity status, fall history, pain, depressive
symptoms and social environment. Additionally cognition, mood, medication intake, nutrition
status, urinary continence, living situation and financial as well as social support are items that
contribute to the CGA®?3. Numerous meta-analyses have demonstrated that comprehensive
geriatric assessment enhances detection of geriatric challenges and issues and can lead to
improvements in functional status®®*®°. In their newest generalized information, Ward et al.
summarize that CGA "is based on the premise that a systematic evaluation of frail older
persons by a team of health professionals may identify a variety of treatable health problems

and lead to better health outcomes" 3.

2.2.3. The Multidimensional Prognostic Index

Initially developed and validated to predict mortality, the MPI has also become an important
prognostic tool for evaluating frailty®>°®. It is derived from eight domains of the CGA: the Katz's
Activities of Daily Living (ADL)* for daily dependence, Lawton’s Instrumental Activities of Daily
Living (IADL)*®, the Cumulative lliness Rating Scale (CIRS)*® for comorbidity assessment,
Exton Smith Scale (ESS)® for ulcer risk assessment, Mini Nutritional Assessment Short Form
(MNA-SF)®' for nutritional status evaluation, Short Portable Mental Status Questionnaire
(SPMSQ)®? for cognitive assessment, as well as data regarding medication intake and

cohabitation status.

Each item within these domains is scored according to the presence of problems, classified as
none (= 0 points), minor (=0.5 points), or major (= 1 point). Based on these 8 subcategories, a
mathematical algorithm is used to calculate the final MPI score, classifying the patients into
three risk groups for "all-cause mortality"®®. Low risk corresponds to MPI < 0.34, moderate risk
to MPI between 0.34 and 0.66, and high risk for overall mortality to MPI > 0.66°.

In their multidimensional domain analysis comparing different frailty instruments, Pilotto et al.
demonstrated that the MPI exhibits the highest prognostic accuracy when it comes to mortality
prediction in older, hospitalized patients®. At this point, numerous studies have established
the importance of the MPI, making it a globally-used instrument to predict both short- and long-

term mortality and frailty®®.
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It should also be emphasised that the MPI's accuracy extends beyond the geriatric internal
medicine setting. It has been proven effective in various inpatient domains including but not
limited to Oncology'%4, Nephrology®®, Gastroenterology®, Cardiology'* or Cardiac surgery for
patients undergoing transcatheter aortic valve implantation TAVI'. In conclusion, the MPI
stands as a crucial tool for predicting mortality and frailty, and its versatility and effectiveness

have been confirmed in diverse medical settings.

Although evidence suggests that sarcopenia significantly influences poor outcomes related to
frailty, an association between sarcopenia and MPI is, to our current knowledge, yet to be

established®”:46:68

2.3 Sarcopenia

2.3.1. Origin and Definition

For a long time, the phenomenon of aging was far away from occupying the center of interest
in medical research. It was not until the Twentieth Century when a shift occurred and medical
research began focusing more specifically on human aging and all that it entails. What became
apparent very quickly and impressively, was the age-related changes of physiological
functions, be it in the area of hearing, vision, basal metabolic rate, renal or lung function or
cognitive capabilities®®. Among these changes, what could not be overlooked by either the
affected individuals or the researchers were the age-related changes in motility and movement,
as well as the diminishing of muscle mass over the period of life’. In 1988, Irwin H. Rosenberg
drew attention to the significant decline of lean body mass with progressive aging and laid the
first stone for a widespread definition of a health condition that had already been observed at

that time but not at all defined or further described:

“No decline with age is more dramatic or potentially more functionally significant than the

decline in lean body mass... Why have we not given it more attention?" "

Rosenberg at that point introduced the term "sarcopenia" for the first time. The roots of this
term’s origin are based on the Greek words ,,sarx" for flesh and ,,penia" for loss™, collectively
referring to the scarcity of "meat". It defined an important and in Rosenberg's words "dramatic"
change in body composition (most of all a progressive paucity of skeletal muscle mass) and
related functions. Rosenberg's publication paved the way for further exploration and research
on this geriatric topic. Over time, the definition has been further elaborated and broadened to
develop a concept that goes beyond the mere loss of muscle mass. In 2010 an important
milestone in the process of definition development was established with the incorporation of
muscle function into the concept of sarcopenia, being of more predictive value on outcomes’"-
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73, From this point on muscle mass has no longer been considered the only factor influencing
or contributing to sarcopenia and the importance of muscle function and therefore strength,
endurance and performance has become more and more clear™. This shift in perspective
attracted increased scientific interest that is also reflected very clearly in the number of
publications on sarcopenia in the medical database of PubMed. While a total of 880
publications could be found in the period from the late 1980s to 2009, the number of

publications increased to more than 10,400 hits in the following decade.

In 2010, the European Working Group on Sarcopenia in Older People (EWGSOP) published
their first consensus on definition and diagnosis to facilitate a clinical approach in age-related
sarcopenia’®. Representatives from the European Geriatric Medicine Society, the European
Society for Clinical Nutrition and Metabolism, the International Association of Gerontology and
Geriatrics European Region and the International Association of Nutrition and Aging were
significantly involved in the findings of the published consensus. They clarified the need to
consider both muscle mass and function to diagnose sarcopenia, acknowledging that muscle
strength is not exclusively and solely dependent on muscle mass and that their interaction is
not linear, explaining the limited clinical value if considering only mass’. Subsequently, in
2011, the International Working Group on Sarcopenia published an operational definition,
defining sarcopenia as "the age-associated loss of skeletal muscle mass and function.
Sarcopenia is a complex syndrome that is associated with muscle mass loss alone or in
conjunction with increased fat mass”" "®. The purpose of the consensus was to create an easy
approach to assess potentially affected patients and to deliver an objective definition. Also in
2011, the Society for Sarcopenia, Cachexia and Wasting Disorders (SSCWG) proposed the
term "sarcopenia with limited mobility" as a definition for a patient with decreased muscle mass

and in need of therapeutic treatment due to poor physical performance’’.

An important milestone was achieved in 2016 by veering away from the concept of sarcopenia
as an event occurring incidentally in the aging process but to classify it as a recognized official
disease in the International Classification of Diseases and Related Health Problems (ICD-10)
in the United States and later in the German ICD-system (ICD-10-GM) in 20188, This
recognition marked a shift from perceiving sarcopenia as a geriatric syndrome to a distinct
medical condition’®. The ICD-code M62-5- also incorporates the loss of muscle mass together
with reduced functionality and is therefore considerably more precise than the definition only

focusing on muscle mass.

However, unawareness and overburdening with diagnostic steps, as well as lack of the

required specific tools have shaped the day-to-day clinical practice. Moreover, the growth in
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interest is not yet manifesting in better patient care and outcomes such as fewer falls, fractures,
hospitalizations, and mortality. This is also the reason why the EWGSOP published an update
of their previous original definition in January 2019 "to increase consistency of research
design, clinical diagnoses and ultimately, care for people with sarcopenia" . Clinical progress
and research-based updates over the last decade have been used by the experts of EWGSOP
in order to deliver a clear and comprehensive definition of sarcopenia, that is also largely
supported by the Asian Working Group on Sarcopenia’. Although it is certainly not the only
definition that exists, it is the one most commonly used, also by other international scientific
expert groups such as the European Geriatric Medicine Group or the International Association
of Gerontology and Geriatrics European Region. In general, the definition incorporates low
muscle strength "as a key characteristic of sarcopenia”, low muscle mass as an important
indicator to confirm the diagnosis and poor physical performance to rank severity. The exact
parameters incorporated into the updated version of the EWGSOP2 definition of sarcopenia
and a more detailed overview of diagnostic approaches will be highlighted later in this
dissertation, but at this point it can already be stated that case-finding, diagnosis and

evaluation are to be significantly facilitated.

Having discussed the progress made in defining sarcopenia and the ongoing efforts to achieve
a unified definition, it is essential to shed light on the current state of research and interest in
this area. As already mentioned before, a total of 880 publications can be found in the period
between the late 1980s and 2009 but more than 10,400 publications in the following decade,
and in 2022 alone a staggering 3,334 results can be found when searching using the term
"sarcopenia" in the PubMed database. This again proves the tremendous interest the topic

has garnered, particularly in recent years.

Unfortunately, despite all efforts to create a unified definition, there are still significant
discrepancies in the various studies and scientific papers addressing the topic of sarcopenia.
Furthermore, it is not only the exact definition of the term which poses an obstacle to worldwide
comparability, but above all the wide range of diagnostic options that are used to evaluate
different aspects of sarcopenia, which unfortunately still differ even after the publication of a
comprehensive definition. Despite publication of definitions that clarify deteriorated muscle
function as a condition for diagnosis, sarcopenia continues to be conflated with pure loss of
muscle mass in many studies. This lack of a global consensus between widely used definitions
is of course still hindering both the field of research and the implementation of sarcopenia into
clinical practice.

This is why the Global Leadership Initiative in Sarcopenia (GLIS)®' was recently formed with

the goal of finally establishing a universal and global definition of sarcopenia which from that
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point on will be used in every upcoming paper. As a first step, the international GLIS aims to
fuse and form a definition of sarcopenia that is all-encompassing and can be universally
acknowledged and circulated. It is formed by the Australian and New Zealand Society for
Sarcopenia and Frailty Research (ANZSSFR), Asian Working Group for Sarcopenia (AWGS),
European Working Group on Sarcopenia in Older People (EWGSOP) and Sarcopenia
Definitions and Outcomes Consortium (SDOC), therefore uniting expert groups from all over
the world®'. Once a global conceptual definition of sarcopenia is available, effort will be devoted
to operationalizing the elements involved, and to publish assessments, cutoffs, algorithms, and
outcome measures®?. Whether a final and worldwide enforceable consensus will be found in
the near future remains to be seen, as it would represent another revolution in the field of
sarcopenia research. Until then, the definition by Cruz-Jentoft, as one of the best-known

experts in the field of sarcopenia, provides an overarching and comprehensible basis:

" Sarcopenia has been defined as a progressive and generalized skeletal muscle disorder
that involves the accelerated loss of muscle mass and function. Sarcopenia is associated

with increased adverse outcomes including falls, functional decline, frailty, and mortality." &

2.3.2. Prevalence of sarcopenia

The decline of neuromuscular performance and function, as well as the debilitation
experienced by individuals as they age, are widely recognized as inevitable steps in the aging
process of every human being. Even without any specific underlying diseases, observing the
body's decreased functionality compared to the peak years of youth is a common experience
for seniors and they observe that the body is not as functional anymore as it used to be in the
their twenties. Over the past decades, several cross-sectional studies have compared muscle
function and strength in healthy, young probands and older women and men3*#°

Overall, the worldwide estimated prevalence of sarcopenia varies significantly, ranging from 5
to 13% for individuals in their sixth or seventh decade, highly depending on the measurement
tool used for screening®®’. For those aged 80 years or above, the estimated prevalence is
even higher, ranging from 11 to 50% being affected by sarcopenia®®. These marked
variations in the prevalence of sarcopenia according to setting and population might be
attributable to widely unclearly defined diagnostic criteria and the fact that despite increased
awareness for sarcopenia in the last decade, comprehensive translation into clinical practice

and standardized assessment are yet to be achieved at the time of writing®%°,

Nonetheless, regardless of the differences and varying numbers, there is a consensus that the

891 For instance, in the
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German KORA-Age study conducted in 2017, the EWGSOP1 definition published in 2010 was
used to diagnose sarcopenia, and accordingly the prevalence in patients = 65 years from the
region of Augsburg was investigated®®. They found an average prevalence of sarcopenia of
5.7% (7.5% in women, 4.0% in men) with linear increase in prevalence with age both for men
and women. Specifically, the prevalence rose from 2.2% in the group of 65-69 year old to

12.4% in those aged 80 years and above®.

A systematic review by Cruz-Jentoft et al., which included 18 studies, also using the EWGSOP
consensus definition, reported a prevalence of 1 to 29% in community-dwelling individuals, 14
to 33% (up to 68% in men) in populations living in long-term care facilities, and 10% in the
hospitalized population®. It should be noted, however, that the results concerning prevalence
in hospitalized patients are primarily based on those of only one study by Gariballa et al.??. In
a more recent review published by Papadopoulou et al., prevalence of 23% in hospitalized
men and 24% in hospitalized women were found, with an overall pooled prevalence of 13%
across all populations®. A systematic review studying sarcopenia in populations living in
residential facilities again shows how large the range in prevalence can be, reporting numbers
between 17.7% and 87% . If considering recent studies that evaluate prevalence by reverting
diagnosis criteria based on the updated version by EWGSOP2, lower prevalence has been

91,95

identified compared to when using EWGSOP1 criteria

Accordingly, this chapter more than clearly highlights the substantial variation in sarcopenia
prevalence in the literature, which is probably influenced by the specific population that is
studied (e.g. individuals living in the community, in nursing homes, or hospitalized patients),
the diagnostic criteria employed and the different tools used for assessments. Nevertheless,
the undeniable fact remains that sarcopenia is a prevalent condition among the older
population and it represents a fundamental point of action in every geriatric setting. It is highly
probable that the number of unreported or undetected cases is extremely high and that an
enormous number of patients therefore misses the opportunity of being treated in an early and

potentially treatable stage of their condition.

In conclusion, understanding the prevalence of sarcopenia is crucial in addressing the
healthcare needs of an aging population. While variations in prevalence estimates exist due to
diverse study populations and diagnostic criteria, it is evident that sarcopenia is a common
condition affecting older individuals. Early detection and intervention are paramount for
improving the quality of life and functional independence of those affected by this condition.
Continued research and standardized assessment approaches are therefore essential to

better address and manage sarcopenia in geriatric settings.
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2.3.3. Pathogenesis and pathophysiology of sarcopenia

Similar to all other organs, skeletal muscles are likewise not spared from physiological, age-
related changes. Structural and functional changes affect the human skeletal muscles,
characterized primarily by increasing atrophy. In fact, the exact pathomechanism of sarcopenia
remains incompletely established to date and is believed to have a multifactorial and relatively

complex genesis involving biochemical, molecular, and physiological changes®.

One known aspect is that the biosynthesis of muscle protein already begins to decrease in
early adulthood, usually starting around the age of 30 and then continuously declining at a rate
of about 3-8% per decade® . Subsequently, from the sixth decade onwards, muscle strength
is presumably shrinking by approximately 1-2% per year®®. Previous studies have highlighted
the reduction in both the number and size of muscle fibers as a significant contributor for aging
atrophy and different mechanisms have been proposed to be associated with age-related
muscle loss. Specifically, Lexell et al. observed that muscle fibers in younger individuals (aged
30 to 50 years) were firmly packed in well-preserved fascicles, whereas older individuals (aged
70 to 80 years) showed less compact packing with visible differences in fiber size and shape®.
Also, in older muscles, fewer and smaller fibers could be observed and it was stated that the
reduction of type-2 fibers primarily led to the reduction in size. In concordance with previous
studies, a reduction of the cross-sectional area in thigh muscle could be reported®-'°". Buford
et al. stated that decline in organelles, cytoplasmatic substances as well as muscle protein can
result in an increased level of atrophy or apoptosis'®. In 2013, Nilwik et al. agreed with the
assumption that the reduced size of type-2 fibers is the main reason leading to a decline in
muscle mass'®. Oxidative stress'™, ascent levels of apoptotic pathways in skeletal
myocytes'® and denervation of muscle fibers'® also seem to have an important impact on the
incremental decline of skeletal muscle mass and performance.

Another important phenomenon is that with advancing age, the body is no longer able to utilize
the consumed proteins in the same way it would have done earlier in life. In fact, the aging
muscles seem to respond to a reduced extent to anabolic stimuli which in turn leads to impaired
protein synthesis that is indispensable for the preservation of the muscular system'”. This

phenomenon has been referred to as "anabolic resistance" .

Concomitantly with a decrease in sensitivity to anabolic stimuli, conditions with chronically
elevated levels of inflammatory markers, displayed by interleukin (IL)-6 and C-reactive protein
(CRP) were found to be associated with an increase in muscle protein catabolism, therefore

109

leading to an increasing state of disability ™. A recent systematic review published in 2020 by
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Tuttle et al. found chronically elevated inflammatory markers to be significantly associated with

lower muscle strength and mass'"°.

Due to these changes (i.e. the impaired reaction to anabolic stimuli and the accelerated
catabolism), in combination with a decline in quantity and quality of satellite cells (i.e. the
muscle's stem cells with, in contrast to myofibers, ability for differentiation, proliferation and
regeneration '), the potential for regeneration diminishes, making age-related muscle atrophy

and injuries more challenging to counteract effectively’'>'12.

In the last decade, the pathophysiology of age-related muscle loss has definitely attracted
increased interest in research. Nevertheless, understanding the entire complexity of these
processes will require further investigation and certainly take some more time. As life
expectancy increases, with people reaching a lifespan of over 80 years becoming the norm
rather than the exception, the accompanying extensive loss of muscle mass and strength will
continue to feature prominently in the daily work of clinicians. A comprehensive and improved
understanding of the aging process and its impact "on human neuromuscular function" is

therefore crucial for developing effective interventions and treatments for sarcopenia®.

2.3.4. Primary and secondary sarcopenia, acute and chronic sarcopenia

For a better overview, the terms primary, secondary, acute and chronic sarcopenia which have
already been touched upon in the foregoing are given an proper introduction in this chapter.
The categorization into primary and secondary sarcopenia is based on the cause of its

development: if no specific factor other than the physiological aging process is apparent for

n 80 n114

the development of sarcopenia, it can be referred to as "primary" ** or "sarcopenia of aging
As described in the previous chapter on pathogenesis, mitochondrial and satellite cell
dysfunction, changes in muscular architecture or reduced protein turnover are causes of age-

related loss of muscle mass and function'®.

Sarcopenia is considered "secondary" if it develops due to factors other than the aging
process. These factors can include underlying systemic diseases, often accompanied by
inflammatory processes such as cancer, COPD, chronic kidney or cardiovascular disease and
many more''®. However, poor nutritional behavior, physical inactivity and unhealthy lifestyle

can likewise contribute towards the development of a secondary sarcopenia®.

Additionally, further classification can be done through the duration of the symptoms. Over the

last decades of research, it became increasingly apparent that there is a difference between
25



the loss of muscle function which becomes noticeable in acute care setting and a slowly
progressing loss which takes several years and may not be obvious at first. Specifically,
sarcopenia lasting less than 6 months can be categorized as acute, typically associated with
sudden ilinesses or injuries and the immobility that comes along with them, whereas
sarcopenia persisting for more than 6 months is classified as chronic. Chronic sarcopenia is
commonly linked to progressive and long-term health conditions, amplifying the risk of
mortality®®. Distinguishing between acute and chronic sarcopenia aims to emphasize the
importance of regularly assessing individuals who may be prone to sarcopenia, with the goal
of monitoring the pace of its development or deterioration. By doing so, healthcare
professionals can identify early signs of sarcopenia progression and unfavorable outcomes,
enabling timely intervention with treatments designed to prevent or postpone its advancement.
These observations are expected to provide valuable insights and facilitate proactive
measures to mitigate the impact of sarcopenia® although the concept still needs to be further

developed and strengthened by additional research'"’.

Whether the distinction between acute and chronic sarcopenia will prevail and evolve remains
to be seen. Currently, the ICD-10 code for sarcopenia (ICD-10-CM code M62.84) does not
include a specific classification”. Similarly, the clinical guideline by the International
Conference on Sarcopenia and Frailty research (ICFSR) does not provide distinct

recommendations specifically tailored to acute and chronic sarcopenia’"®.

2.3.5. Diagnostics of sarcopenia

One important aspect that makes uniformity in the definition of sarcopenia so challenging is
the wide range of diagnostic tools and the lack of consensus on diagnostic criteria. Over the
last two decades, several expert groups put significant effort into developing a definition of
sarcopenia based on specific diagnostic criteria. In our study, we chose to employ the
EWGSOP2® algorithm due to its comprehensive and structured diagnostic criteria, providing
a clinically relevant framework for identifying and categorizing sarcopenia in our patient
population. In the following, available and widely used diagnostic equipment will be

distinguished and briefly presented.

24 EWGSOP Algorithm to classify Sarcopenia

In 2010, the EWGSOP published a first definition for sarcopenia with the objective of improving
detection and handling for patients with sarcopenia’>. The EWGSOP proposed the division of

sarcopenia into three successive stages, based on the severity of the disease: Isolated decline
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in muscle mass without functional detriment was named Presarcopenia. The combination of
both reduced muscle mass and function (either physical performance or objectified muscle
strength) was categorized as sarcopenia. If all three (muscle mass, physical performance and
muscle strength) were impaired, this state was defined as severe sarcopenia”.

At the beginning of 2018 this definition was contemporized using the research and clinical
evidence that had been recorded in the previous 10 years, leading to an updated version both
of the definition for sarcopenia and the algorithm used for case-finding®’. In the updated
EGWSOP2 guidelines, sarcopenia is now characterized not only by the consecutive loss of
muscle tissue, but also by low muscle strength, quantity, quality and poor physical capacity.
Also, the previously introduced term "Presarcopenia” was dropped again and conditions
previously summarized as "Presarcopenia"” should henceforth be considered as "low muscle
mass" or "Probable Sarcopenia". With their recommendations, the working group is following
the goal to aggrandize the awareness of the muscle disease and its risks at the same time.
They present an updated version of an algorithm visualizing the step-by-step procedure for
case-finding, diagnosis and determining of severity of sarcopenia, clearly presented to facilitate
use in clinical practice as well as in studies and research®. In the secondary analysis that
forms the cornerstone of this thesis, we also used this step-by-step procedure to subdivide our
study population. The experts of the EWGSOP2 group recommend a pathway of Find-Assess-
Confirm-Severity (abbreviated as F-A-C-S). For a better overview we have additionally named
these single steps in alphabetical order, i.e. Step A, Step B, Step C and Step D. In the
subsection, the step-by-step approach is discussed and the individual steps are examined in
further detail.

2.4.1. Step A - Case finding using SARC-F

The algorithm starts with the recommendation for screening. In order to obtain a general
overview of the possible presence of sarcopenia, the SARC-F (,Strength, Assistance with
walking, Rise from a chair, Climb stairs and Falls*) score can provide characteristic information.
It was developed in 2013 by John Morley and Theodore Malmstrom and first published in
English''®. Being a five-item questionnaire based on self-reported capabilities, it is a quick and
informative tool that can be used in community-dwelling patients just as well as in hospitalized
persons, and even the general practitioner treating persons living alone can get an overview
of possible risks after only a few minutes. Patients are being asked to evaluate and rank their
limitations in strength, walking, stair climbing, rising from a chair and their history of falls'®.
Meanwhile, the SARC-F score has become an important screening tool, also validated in
varying large populations as in the study of African and American Health (AAH), in the National
Health and Nutrition Examination study (NHANES) analyzing non-institutionalized individuals
in the United States and the Baltimore Longitudinal Study of Aging (BLSA)'?. In all these
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populations, the SARC-F score was able to deliver consistent and significant prediction
concerning the patient's outcome. Also in an older, Chinese population, SARC-F score was
solid in predicting physical limitation and mortality rates'®. It is therefore an important tool that
can be easily and rapidly used for identifying persons at risk of adverse outcome, regardless
of their origin or environment. When it comes to evaluating muscle strength and performance,
SARC-F shows low to moderate sensitivity but very high specificity, meaning that the tool
provides high potential to rule out sarcopenia but rather low contingency in identifying every

122 Severe cases of sarcopenia will, however, be detected in the majority of cases'?*. The

case
relatively low sensitivity can also be put into perspective when considering that the SARC-F
score is based on subjective perception of the patient's own limitations and therefore is not an
objective measurement of muscle mass, representing the prerequisite for sarcopenia
diagnosis. This is also the reason why the EWGSOP2 in their new consensus suggests the
score for identification and "as a way to introduce assessment and treatment of sarcopenia
into clinical practice"” ®. The recommendation is to use the SARC-F score in order to screen
for people at risk for sarcopenia and its adverse outcomes and to identify patients in need of
further investigations and treatment at an early stage, all in accordance with other statements
like Bahat et al.: "SARC-F questionnaire stands as one of the best tools to evaluate sarcopenia

in every day practice" '**.

For the category Falling, the patient can indicate the number of falls during the last year with
0 falls = 0 points, 1-3 falls = 1 point and 24 falls =2 points. Strength is assessed by asking
about the difficulties the patient perceives by lifting 5kg. One can answer if one encounters no
problems at all (O points), some problems (1 point) or is unable to do so (2 points). Walking is
measured by contextualizing the patient's problems if he has to walk in a room of if he requires
any help to do so (0= no problems; 1= some problems; 2= unable to do/using aids). Rise from
a chair and Stair climbing are assessed by asking how much difficulty arises while transferring
from a bed or a chair respectively, how challenging it is to climb 10 steps (0= no problems; 1=
some problems; 2= unable to do). After adding up the points of every item, the total score
reaches from 0 to 10 points with a score of 0-3 points defined as healthy or at low risk for
sarcopenia while every patient presenting = 4 points in total is expected to be at higher risk for
poor muscle function and sarcopenia''®'?°. Patients with SARC-F <4 points were classified
into the "No Sarcopenia” (NS) group. Unfortunately, at the time of the assessments starting in
October 2019, a validated translation of the original SARC-F score published by Malmstrom'"
was not yet available. However, since the patients on the ward were German speakers, we
translated the questionnaire in advance to the best of our knowledge. In June 2020, the
translation, adaptation, and validation of the German version of the SARC-F was performed

for the first time and it could be shown that "the German version of the SARC-F is a suitable
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tool for case finding of probable sarcopenia™'?°. After subsequent review and comparison with
the translation we selected for the assessments, we determined that there were no major
deviations from the translation proposed by Drey et al, so that our collected values could be
considered valid. Figure 1 shows the German version of the SARC-F that was used in the

study.

Figure 1: SARC-F questionnaire used in the study, based on Malmstrom TK, Miller DK, Simonsick
EM, Ferruci L, Morley JE. SARC-F: a symptom score to predict persons with sarcopenia at risk for poor
functional outcomes. J Cachexia Sarcopenia Muscle, 2016 Mar;7(1):28-36. doi:10.1002/jcsm.12048

ITEM UND FRAGE ANTWORT PUNKTEWERT
KRAFT Keine Probleme 0
Wie viele Probleme haben Sie ein ca. 5 Etwas Probleme 1
kg schweres Gewicht zu heben und zu
Starke Probleme/ Unmdglich 2
tragen?
GEHEN Keine Probleme 0
Wie viele Probleme bereitet es Ilhnen Etwas Probleme 1
durch einen Raum zu gehen? Sehr schwierig/ Benétigte Hilfsmittel / )
Unmdglich
AUFSTEHEN Keine Probleme 0
Wie viele Schwierigkeiten haben Sie vom | Etwas Probleme 1
Bett oder Stuhl aufzustehen? Sehr schwierig/ unméglich ohne Hilfe 2
TREPPENSTEIGEN Keine Probleme 0
Wie viele Schwierigkeiten haben Sie beim Etwas Probleme y
Treppengehen von 10 Stufen (ein
Stockwerk) Sehr schwierig/ unmdglich ohne Hilfe 2
STURZE Gar nicht 0
Wie oft sind Sie im letzten Jahr gestirzt? -
1 — 3 Stilrze 1
4 oder mehr Stirze 2
GESAMT

2.4.2. Step B - Assessment of sarcopenia by muscle strength

As mentioned previously, with the SARC-F score being a self-assessing and therefore
subjective tool, it of course needs clinical and objectifiable measurements to estimate the

actual decline of the different sarcopenia parameters. A popular method for exactly this
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scenario is the measurement of Hand Grip Strength (HGS) due to its simplicity, low cost and
widespread availability. It is very easy to perform, the purchase of an appropriate dynamometer
is affordable and the results of grip strength testing can provide a solid impression of overall
strength'?. In addition, HGS has already been associated with a variety of unfavorable

outcomes in past studies: low grip strength has been shown to correlate with functional
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disability'®’, neural morbidity'®® and mortality'*®, to name but a few of the various associated
health-conditions. The only requirement to assess hand grip strength is the use of a handheld,
calibrated dynamometer although standardized and consistent measurement still has to be
further examined to better compare results of different studies and move the application into
everyday clinical practice™. According to EWGSOP2, "because of its ease of use, grip
strength is advised for routine use in hospital practice, in specialty clinical settings, and in

community healthcare" ®°.

With the help of a dynamometer, the grip strength can quickly be classified as normal or low
and thereby providing information regarding possible sarcopenia. Patients who provided
clinically insignificant values in these first two steps were not considered to be at acute risk for
sarcopenia and could be re-evaluated at a later time®°. For those showing clinically significant
values in the first and in the second step, evaluation of the muscle quantity or quality should

be performed subsequently for confirmation (Step C).

Another method to evaluate muscle strength would be the chair rise or chair stand test. As can
already be deduced from the name of the test, patients are asked to stand up five times from
a sitting position, each time without using their arms. The results can provide information about
the strength and endurance of the quadriceps muscle group and therefore evaluate functional
performance’'. As in the secondary analysis forming the basis for this thesis, only the HGS
and not chair rise test or any other test evaluating strength in lower extremities was performed,

this aspect will not be discussed further in this context.

2.4.3. Step C - Confirmation of sarcopenia by muscle mass

If muscle strength was found to be low, tests for muscle quantity followed. Numerous validated
methods in widespread use are available to assess muscle quantity and muscle mass. The
use of Bioelectrical Impedance Analysis (BIA) is very popular due to its widespread availability,
cost-effectiveness and portability and was also used in our study. During BIA, body water,
body fat, muscle mass, body cell mass and other metrics of body composition are estimated
by utilizing the specific conductivities of the different tissue types in the human body'*?. Since
both the intra- and extracellular fluids are excellent conductors of electrical current, alternating
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current induces a phase shift between the ohmic resistance component also called resistance
(R) and the capacitive component, also known as reactance (Xc)'*?. Both parameters provide
an impression of extra- and intracellular fluid status, as well as cell membrane mass. After
running a BIA, Appendicular Skeletal Muscle Mass (ASMM) can be estimated and used for
classification of sarcopenia. Nevertheless, especially in older probands, this estimation of body
composition from the raw bioimpedance parameters can be challenging, as they are extremely
susceptible to interference and highly depending on the hydrogenation state. Measurement
can come with a high error rate in patients with altered body composition. As constant hydration
status and absence of fluid imbalance is rather rare, considering the number of geriatric
patients with cardiac insufficiency and therefore edema and with multimorbidity also having a
potential impact on body composition, BIA data cannot always be considered error-free and
accurate'?. Obtaining usable values and increased precision requires some standardized
conditions to be fulfilled during measurement. The first thing to pay attention to is the proband's
body position; measurements should be taken in a recumbent position, with arms and legs
outstretched, ensuring that no parts of the body are crossed or touching any part of the bed.
Also the intake of food or fluids can show some effects on the results during the first hour and

t'%. A factor that may also influence

should therefore be, if possible, avoided just before the tes
the BIA results is exercising shortly before the test and correspondingly altered body
temperature’®. In our analysis, however, this is a point that does not need to be given weight,
since the measurement in the probands was made shortly after admission to the geriatric ward
and it can therefore be assumed that exercise was not performed recently beforehand. If one
takes this information into account, it quickly becomes clear that the BIA measurement used
by itself can often only provide a moderate overview, however, as a non-invasive, inexpensive
and portable tool that does not require much time to use it is ideally suited for everyday clinical
use.

Another possibility for evaluating and quantifying muscle mass is the use of radiological density
measurement (Dual-Energy X-Ray Absorptiometry, DXA), Computed Tomography (CT) or
Magnetic Resonance Imaging (MRI). For clinical trials, EWGSOP2 favors the usage of ASMM
by DXA, while MRI and CT imaging are more likely to be used in the evaluation of muscle
mass in cancer patients since they are already routinely used for diagnosis, staging, and
treatment response®. On the other hand this method has not yet been validated for all patient
groups and represents a considerable additional effort in terms of time and cost when used in

geriatric patients who would not necessarily have required extensive diagnostic imaging.
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2.4.4. Step D - Determination of severity by physical performance

In order to quantify the physical performance of older people, there are again numerous
methods from which to choose, for example by measuring gait speed, chair stand test, 400-m
walk test, timed-up-and-go test (TUG) or Short Physical Performance Battery (SPPB), to name
but a few'*®. In our study population, the TUG test was performed. Performance was assessed
by timing how long it took a patient to stand from a chair, walk 3 meters, return, and sit down.
A time of 220 seconds was considered indicative of low physical performance for both women

and men80,137,138

. Itis important to mention that not only severe sarcopenia, if confirmed, is to
be understood as a definitive diagnosis, but even a probable sarcopenia is reason enough to
"trigger assessment of causes and start intervention"®. Figure 2 illustrates the new diagnostic
algorithm of the EWGSOP 2 guideline and Figure 3 shows the cut-off points used for the

different steps.

STEP A
Find cases
SARC-F \ No Sarcopenia
+
l Re-evaluation at

STEP B later point
Assess o

Muscle strength
(handgrip)

¥
l From this point on:
Probable_ assessment of
Sarcopenia causes & start of
l intervention

STEP C
Confirm

Muscle mass
(BIA)

l +
Confirmed
Sarcopenia

!

STEP D
Severity

Muscle function
(TUG)

e

Severe
Sarcopenia

Figure 2: Diagnostic algorithm following EWGSOP2-guideline by Cruz-Jentoft et al. &
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Cut-off points used (EWGSOP2):
women men references

SARC-F (total): >4 | Malmstrom et al.”®
for low strength (handgrip <16 kg <27 kg Dodds et al.™®
in kg):
for low muscle quantity <5.5 kg/m? <7.0 kg/m? Gould et al. 140
(BIA ASM/height?):
for low performance (TUG 2 20s Bischoff et al.’™!
in s):

Figure 3: Cut-off points for sarcopenia on the basis of EWGSOP2 consensus by Cruz-Jentoft et

al 80

2.5 The role of sarcopenia in the German health care system

On the occasion of the "International Day of the Elderly" on October 1st 2017, the German
Society of Internal Medicine (DGIM) pointed out that age-related muscle loss as well as its
serious adverse outcomes is still underestimated and not provided the necessary attention*.
The disease sarcopenia has serious, multifaceted consequences not only for each affected
individual, but also for society and the whole healthcare system. At this point, few studies
assessing the direct and indirect costs of sarcopenia have been published, making it difficult
to get an idea of the exact "economic burden-of-iliness" '**. In 2019, Bruyere et al. published
a systematic review with the aim of shedding more light on the consequences of sarcopenia
from a public health perspective, concluding that in the majority of the studies included,
healthcare costs were significantly higher in people with sarcopenia than in those without'.
And even if these results are based on very heterogeneously conducted studies, which do not
necessarily allow a definitive conclusion regarding the economic burden of sarcopenia to be
drawn, the higher costs can definitely be explained by the numerous impacts accompanying
the disease. As already mentioned in previous chapters, sarcopenia brings increased

68145146 'mortality'**, loss of physical independence'’

functional restrictions'**, number of falls
as well as more frequent and longer hospital stays''4414® _AJ| of these adverse outcomes not
only have a negative impact on the quality of life of the individuals affected but also lead to
higher utilization of resources, therefore making a measurable impact on the increased cost
that the healthcare system has to shoulder'®'#41481%0 Fqor example, with sarcopenia being

145 and therefore subsequent hospitalizations, the cost of

associated with a higher risk of falls
these hospitalizations for fall-related injuries is substantial and can place a significant burden
on healthcare systems. Put simply, sarcopenia leads to increasing physical disability and
dependence, which in return comes with an increased need for assistance, for example in daily
living, whether through need for extensive rehabilitation periods, home care services,

admission to nursing facilities or, in a worst case scenario admission to hospital'** ', An Italian
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study, for example, found that sarcopenic older people have a longer length of stay in
rehabilitation facilities and are more likely to require readmission within 30 days after
discharge'*®. Furthermore, sarcopenia is often associated with other comorbidities and
geriatric syndromes and is in turn associated with higher costs and increased healthcare
expenditure™®. Sarcopenia clearly poses substantial public health challenges. Individually, it
increases the risk of disability, loss of independence, adverse comorbidity outcomes,
institutionalization, and mortality. At the societal level, it represents a major health burden,
driving considerable healthcare costs and fostering dependency among older adults. As the
population aged 60 years and older is steadily growing® and the incidence of sarcopenia
simultaneously increasing with age, the significant economic burden that sarcopenia brings
along will not decrease in the years ahead unless early detection, diagnostic, and appropriate
therapies are improved and one is able to act at a time before significant and irreversible

damage has occurred requiring more costly assistance.

2.6 Research question and aim of the work

With increasing life expectancy, the previously largely overlooked disease of sarcopenia is
gaining importance. Systematic and continuous evaluation of sarcopenia should be a crucial
component in every geriatric setting, if not in all general internal medicine wards and for all
general practitioners. Fortunately, the interest and acknowledgment of progressive decline in
muscle mass and function has been growing over the past several decades, leading to focused
research and studies aimed at creating structured guidelines. In addition, sarcopenia is no
longer just a hummingbird issue in the geriatric field with research also taking place in other
specialties like oncology'’, nephrology'®? or gastroenterology'®®, to name but a few. The
interest therefore has visibly risen, but no general agreement has been reached in terms of
definition and even more importantly exact and comprehensive diagnosis of sarcopenia. The
definitions used, diagnostic tools and cut-off values are not consistent and results therefore
are not globally transferable. The gap between awareness of the condition and consecutive
screening and diagnosis has not yet been narrowed'* and even after decades of research
and thousands of studies on sarcopenia, the situation that "most cases of sarcopenia go
undiagnosed"  persists. Nevertheless, the challenge lies not only in the lack of a consistent
definition and diagnostic process, but also that structured, transmissible guidelines are still
missing, making an adaptation into clinical practice rather difficult. Despite these difficulties,
early diagnosis and treatment of sarcopenia are crucial and it is of great importance that
healthcare providers are aware of these precise challenges so that they can use a

comprehensive approach to diagnose sarcopenia, including assessing muscle mass, strength,
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and function, as well as considering comorbidities and other factors that may affect muscle
health®.

In this dissertation both the difficulties and opportunities of diagnostics will be highlighted and
discussed. Basis and cornerstone of this thesis is the prospective study "Vun nix kditt nix" and
the secondary analysis of sarcopenia "Prognostic Features of Sarcopenia in Older
Hospitalized Patients: A 6-Month Follow-Up Study"'®® derived from it. In addition to the
evaluation of the prevalence of sarcopenia using the step-by-step procedure by EWGSOP2
on our group of hospitalized geriatric patients, the aim of this dissertation was also the further
investigation of the role of sarcopenia in relation to the patient's prognosis as measured by the
MPI and Patient reported outcome measures (PROMs). A secondary analysis was performed
to identify differences in demographic characteristics between subgroups of sarcopenia, to
analyze how it is associated with MPI, and to evaluate the overall prognosis and frailty for the
individual. Furthermore, the necessity of detailed and consecutive screening and diagnosis will
be highlighted regarding possible benefits for the individual as such, but also regarding the
healthcare system. The objective is to present the interrelationships more thoroughly and to
understand the importance of consecutive screening for sarcopenia for people over 60 at the
latest, assuming that too few people are properly diagnosed and treated with this disease in

clinical and outpatient facilities.
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Abstract: Background: Sarcopenia is associated with adverse health outcomes. Understanding the
association between sarcopenia, multidimensional frailty, and prognosis is essential for improving
patient care. The aim of this study was to assess the prevalence and prognostic signature of sar-
copenia in an acute hospital setting co-led by internists and geriatricians. Methods: Sarcopenia
was assessed by applying the European Working Group on Sarcopenia in Older People (EWGSOP2)
algorithm, including the SARC-F score, handgrip strength, bioelectrical impedance analysis (BIA),
and Timed Up and Go (TUG) test, to 97 older multimorbid inpatients (76.5 + 6.8 years, 55% women).
The patients underwent a Comprehensive Geriatric Assessment (CGA) including an evaluation of
Geriatric Syndromes (GSs) and Resources (GR) and prognosis calculation using the CGA-based
Multidimensional Prognostic Index (MPI), European Quality of life—5 Dimensions (EQ-5D-5L) scale,
Rosenberg Self-Esteem Scale (RSES), and Geriatric Depression Scale (GDS). Information on survival
and rehospitalizations was collected 1, 3, and 6 months after discharge. Results: Sarcopenia was
present in 63% (95% CI: 54-72%) of patients and categorized as probable (31%), confirmed (13%),
and severe sarcopenia (18%). Sarcopenic patients showed significantly higher median MPI-values
(p < 0.001), more GSs (p = 0.033), fewer GR (p = 0.003), lower EQ-5D-5L scores (p < 0.001), and lower
RSES scores (p = 0.025) than non-sarcopenic patients. Six months after discharge, being sarcopenic at
baseline was predictive of falls (p = 0.027) and quality of life (p = 0.043), independent of age, gender,
and MPI. Conclusions: Sarcopenia is highly prevalent in older hospitalized multimorbid patients
and is associated with poorer prognosis, mood, and quality of life up to 6 months after discharge,
independent of age, sex, and MPI as surrogate markers of biological age.

Keywords: sarcopenia; EWGSOP2; MPI; prognosis; frailty; comprehensive geriatric assessment;
older people

1. Introduction

Ongoing demographic change is disclosing an unprecedented clinical landscape,
which includes rapidly increasing mortality rates due to multimorbidity [1] and a greater
prevalence of geriatric syndromes. Among these changes, the prevalence of sarcopenia,
defined as a generalized and progressive, age-related decline in muscle mass, strength, and
function [2], is constantly rising. While prevalence estimates might be largely underdiag-
nosed due to a lack of universally accepted diagnostic algorithms for long periods, solid
evidence links sarcopenia to adverse outcomes such as frailty, rehospitalization, mortality,
falls, loss of independence, and depression [3-5]. Since 2018, the definition and stepwise
diagnostic approach of the European Working Group on Sarcopenia in Older People 2
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(EWGSOP2) [6] has provided a standardized research approach to the question of the
adverse outcomes and prognosis of sarcopenia. The prognosis of older patients, crucial for
avoiding frailty and iatrogenic conditions during clinical decision making, is difficult to
accurately evaluate due to the increasingly biopsychosocial and heterogeneous nature of
poor outcomes with advancing age. Several Comprehensive Geriatric Assessment (CGA)-
based risk scores have proven more useful than illness-centered tools for predicting disease
trajectories in older adults [7-9]. Among these, the Multidimensional Prognostic Index
(MPI) [10] is a well-established, highly validated tool used to quantify patients” multidi-
mensional frailty and prognosis [7,11]. The aim of the present investigation was to evaluate
the prevalence and prognostic blueprint of sarcopenia as defined by the EWGSOP2 criteria
in older multimorbid patients undergoing geriatric treatment in a recently established acute
hospital setting co-led by internists and geriatricians.

2. Methods

Study Design and Patients: To achieve the above-described aim, data obtained from
older multimorbid inpatients included in an RCT investigating the effects of a tailored
individualized discharge program (TIDP) compared with usual rehabilitative care [12]
in an acute clinical ward co-led by geriatricians and internists were used. As a recently
established innovative ward of the large metropolitan University Hospital of Cologne
designed to cover the needs of the older population of multimorbid patients requiring
potentially disabling disease-centered high-performance medicine [12], patients undergo
early complex geriatric rehabilitation (ECGR), and the ward is co-led by internists and
geriatricians equally responsible for clinical decision making [12]. Patients 60 years old
or older were included if they were admitted due to acute disease or relapse of a chronic
condition, multimorbid (with synchronous presence of two or more chronic conditions
that require long-term treatment [13]), and suffering from at least two geriatric syndromes
requiring typical rehabilitative care.

For the purpose of the present analysis, patients with incomplete SARC-F-scores
(n = 1), without values for handgrip strength (n = 4), and who had not undergone Bioelec-
trical Impedance Analysis (BIA, n = 8) were excluded from the secondary analysis. The
final sample size comprised 97 patients (Figure 1).

e Pt Patients in FU1 Patients in FU3 Patients in FUB
NiX"-study (n=110) (n=97) (n=87) (n=79) (n=77)
* Exclusion: « Death (n=10) « Death (n=6) * Lost to follow up (n=2)

incomplete SARC-F (n=1)
incomplete handgrip (n=4)
incomplete BIA (n=8)

* Lost to follow up (n=2)

Figure 1. Flow chart for the secondary analysis. Notes: FU = Follow-Up; SARC-F = strength, assis-
tance with walking, rise from a chair, climb stairs, and falls; BIA = Bioelectrical Impedance Analysis.

Study Procedures: As previously described, patients underwent, together with acute
disease standard-of-care treatment and ECGR, a CGA that included an assessment of the
MPI [10], calculated based on its eight subdomains: the Activities of Daily Living (ADL)
and Instrumental Activities of Daily Living (IADL) for the functional status, the Cumulative
Illness Rating Scale (CIRS) for comorbidities, Exton Smith Scale (ESS) for pressure score
risk, Mini Nutritional Assessment Short Form (MNA-SF) for nutritional status, the Short
Portable Mental Status Questionnaire (SPMSQ) for cognitive status, and medication intake
and living condition. By summing the values of each respective severity domain and
dividing the sum by 8, the MPI value was obtained, and patients were allocated into
three risk groups. These groups indicate the risk of mortality and other adverse outcomes,
including hospitalization, admission to long-term care facilities, or homecare need. MPI-1
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patients have a score between 0 and 0.33, indicating a low risk; MPI-2 patients have a score
of 0.34-0.66, indicating moderate risk; and MPI-3 patients have a score of 0.67-1, indicating
they are at high risk [10,11,14]. Additionally, Geriatric Syndromes (GS) and Resources
(GR) [15] and Patient-Related-Outcome-Measures (PROMs) including Geriatric Depression
Scale (GDS) [16], European Quality of life-5 Dimensions (EQ-5D-5L) for health-related
quality of life (HRQoL) [17], and Rosenberg Self-Esteem Scale (RSES) [18] scores were
collected for all patients. For the assessment of quality of life, the German version of the
EQ-5D-5L, which generates an index score on a scale from —0.66 (representing a state worse
than death) to 1 (indicating full health), was used [17]. The RSES is a self-assessment that
is evaluated through a set of ten statements, resulting in a score between 0 and 30, while
scores below 15 indicate low self-esteem [18]. Information about hospitalizations and falls
during the year preceding admission, nursing needs (grade of care according to the German
nursing care insurance, spanning from grade 0 to 5 [19]), and number of ECGR days was
collected. Information on laboratory values including albumin and total protein levels on
admission and discharge was also available. Patients were assigned randomly to either
receive ECGR alone or in combination with a tailored intersectional discharge program
(TIDP). The TIDP group received an interprofessional discharge treatment plan, which
included personalized counselling tailored to various aspects and a reference guidebook.
One, three, and six months after discharge, all patients underwent follow-up via telephone
to collect information about mortality, rehospitalizations, falls, and nursing needs, as well
as EQ-5D-5L and GDS.

Diagnosis of Sarcopenia: The assessment of sarcopenia was performed using the
EWGSOP2 algorithm [6] (Figure 2). In Step A, the patients’ scores on the SARC-F scale,
consisting of five items, namely, strength, falls, walking assistance, rise from a chair, and
stair climbing, were evaluated. With a total score ranging from 0 to 10 points, patients with
>4 points are expected to be at higher risk for sarcopenia [20] and were included in Step B.
In Step B, measurement of muscle strength was assessed via handgrip strength in kg [21]
for both sides using a standardized Jamar dynamometer. Patients performed maximal
isometric contractions three times with both hands, with 15 s breaks in between. The highest
value was used as the handgrip strength value in the present analysis. If handgrip strength
was low (<16 kg for women and <27 kg for men), the corresponding patient’s status was
classified as Probable Sarcopenia (PS) and they were included in Step C. In Step C, BIA-
determined body composition and muscle mass were analyzed, using the BIACORPUS RX
4004M developed by MEDI CAL HealthCare GmbH at the time of admission. For a valid
estimation of Appendicular Skeletal Muscle Mass (ASMM), the equation created by Sergie
et al. was used: ASMM (kg) = —3.964 + (0.227 x (height? /Resistance)) + (0.095 x weight)
+ (1.384 x sex (withm =1; f = 0)) + (0.064 x Reactance) [22]. ASMM was normalized in
relation to each subject’s height to obtain the ASMM index in kg/m?. After the EWGSOP2
cut-off points for low muscle quantities (<5.5 kg/m? for women and <7 kg/m? for men [6])
were applied, patients were diagnosed with Confirmed Sarcopenia (CS) and were included
in Step D. In Step D, TUG test was used for quantifying severity of sarcopenia [23]: the
time taken by a participant to rise from a sitting position, walk 3 m, return, and sit down
again was measured with a stopwatch in seconds. As cut-off points for both women and
men, >20 s indicated Severe Sarcopenia (SS).

Statistical Analysis: All statistical analyses were performed using IBM SPSS (Statis-
tical Package for Social Sciences, SPSS Inc., Chicago, IL, USA, version 28.0, Property of
IBM Corp.) software. Descriptive statistics are expressed in absolute numbers and rel-
ative frequencies for categorical variables. Mean (standard deviation (SD)) and median
(interquartile range (IQR)) are used for numerical variables. The Kolmogorov-Smirnov
test was performed to test for normal distribution. Univariate tests such as Chi-square
and Fisher’s exact test were used to test for associations of frequencies, using univariate
ANOVA for means and Mann-Whitney-U for medians.
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SARC-F
strength, falls, walking assistance,

STEP A rise from a chair and stair climbing .
Find cases <4 points No Sarcopenia
_ Total score cut-off: n=22

(n=97) <4: lowlno risk for sarcopenia

24: high risk for sarcopenia

24 points

Muscle strength

STEP B Handgrip strength (in kg) ‘ No Sarcopenia
norma -
Assess Low muscle strength cut-off: n=14
(n=75) women: <16 kg
men:  <27kg

low

Muscle quantity or

i Sarcopenia
STEP C BIA: &:&:D‘{ei ht? probable/Presar
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= Cutoff for low physical performance:
(n=31) . T8 3 208 low Severe
Sarcopenia
n=18

Figure 2. Flowchart of study population after EWGSOP2 stepwise procedure for the diagnosis of
sarcopenia. Notes: SARC-F = strength, assistance with walking, rise from a chair, climb stairs, and
falls; BIA = Bioelectrical Impedance Analysis; ASM = Appendicular Skeletal Mass; TUG = Timed
Up-and-Go test.

Linear and logistic regression analyses were used to test the influence of sarcopenia
groups at admission on outcomes and were adjusted for age, sex, and MPI on admission,
unless otherwise specified. FU outcomes were further adjusted for intervention (TIDP)
and the respective scales on admission whenever assessed. Bonferroni-corrected post
hoc analysis, a univariate test, was used for 4-group comparison between the different
groups for sarcopenia. Significance level was set at 0.05 (two-sided) to account for multiple
pairwise comparisons.

Registration, Participant Consent, and Ethics: The study that this secondary analysis
is based upon is registered at the German Clinical Trials Register (DRKS00015996), and the
authors declare that this study respects the ethical standards for human experimentation
that are stated in the Declaration of Helsinki of 1975, as revised in 2000, as well as the
national law. The original RCT was approved by the Ethical Committee (EK 18-394) of the
University Hospital of Cologne, Germany, and each patient or proxy respondent signed
informed consent forms.

3. Results
3.1. Characteristics of the Study Population

The demographic and clinical characteristics of the 97 patients are presented in Table 1.

Mean age of the study population was 76.5 (SD 6.8) years, 55% were female. In Step A and

B, 37% (95% CI: 28-48%) of the patients (n = 36) were diagnosed as having no sarcopenia.

In Step B, 31% (95% CI: 23—40%) (n = 30) had SARC-F scores >4 and low handgrip and
were diagnosed as Probable Sarcopenia (PS). As 13% (95% CI: 7-21%) (n = 13) additionally
showed low ASMM in the BIA, they were diagnosed as Confirmed Sarcopenia (CS) in
Step C. In Step D, according to TUG test, 19% (95% CI: 11-26%) of the patients (n = 18)
were diagnosed with Severe Sarcopenia (SS). Prevalence of sarcopenia in the study sample
therefore was 63% (95% CI: 54-72%), including PS, CS and SS (Figure 2).
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Table 1. Comparison of sarcopenic and non-sarcopenic patients according to EWGSOP2 criteria for sarcopenia.
Joul | NoSwopema  Swcopenis g B0 saapens (€O % palues®
d d (n = 30; 31%) (n =13; 13%) (n =18; 19%)
Age (years), mean (SD) 76.5 (6.8) 76.3 (6.9) 76.7 (6.8) 77.3(7.2) 75.7 (8.0) 76.6 (5.2) 0.752
Female, n (%) 53 (55) 25 (70) 28 (46) 10 (36) 7 (47) 11 (61) 0.024
Length of hospital stay (days), mean (SD) 204 (12.5) 17(7.2) 223 (14.5) 242 (18.8) 19.3 (8.1) 22(10.8) 0.043
Number of GCT (days), median (IQR) 16 (11-22) 14.5 (8-17) 17.0 (15-23) 21.5 (14.8-23) 17.0 (13.5-19) 15.0 (14.5-22.3) 0.006 *
Grade of care, n (%) 65 (75) 19 (56) 46 (89) 20 (83) 12 (86) 14 (93) <0.001 *
BMI, median (IQR) 242 (21.2-27.2) 241(19.9-27.05) 244 (214-2726) 264 (22.55-30.32) 23.6 (21-27) 21.5 (18.93-26.4) 0.563
Hospitalized in the last year, n (%), n = 95 78 (82) 25 (71) 53 (88) 25 (86) 12(92) 16 (89) 0.038
Falls in the last year, n (%) 52 (54) 13 (36) 39 (64) 17 (57) 11 (85) 11 (61) 0.008
Scores upon admission
MPI Value, median (IQR) 0.56 (0.44-0.69) 0.43 (0.31-0.56) 0.56 (0.44-0.69) 0.53 (0.44-0.63) 0.56 (0.44-0.66) 0.69 (0.63-0.94) <0.001 **
MPI-1 15 (15) 11 (31) 4(7) 3(11) 1(6) 0(0)
MPL-Group, n (%) MPI-2 56 (58) 21 (58) 35 (57) 18 (64) 10 (67) 7 (39) <0.001 **
MPI-3 26 (27) 4(11) 22 (36) 7 (25) 4(27) 11 (61)
ADL, mean (SD) 39(18) 5.1 (1.0) 32(17) 35(18) 3.6 (1.4) 2.6(17) <0.001 %
IADL, mean (SD) 41(2.6) 59(2.2) 31(2.3) 36(2.3) 29 (2.4) 24(2.0) <0.001 %
CIRS, mean (SD) 6.3 (1.8) 5.7(1.8) 6.7 (1.8) 6.3 (1.5) 6.2(1.7) 7.5(2.0) 0.011*
MNA-SF, mean (SD) 7.3(3.0) 82(3.0) 6.8(2.8) 78(2.7) 6.7 (2.8) 5.2(2.4) 0.024 %
SPMSQ, mean (SD) 1.64 (2.18) 0.92 (1.13) 21(25) 147 (1.59) 2.23 (2.68) 3.00 (3.45) 0.011%
ESS, mean (SD) 153 (27) 16.8 (2.3) 144 (2.7) 15.2(1.9) 13.5(2.8) 13.6 (2.6) 0.003 *
Number of medications, mean (SD) 10.7 (4.5) 9.6 (3.6) 11.4 (45) 119 (5.3) 9.9 (4.0) 115 (4.7) 0.224%
EQ-5D-5L, median (IQR) 0.62 (0.37-0.85) 0.79 (0.57-0.92) 0.53 (0.29-0.76) 0.55 (0.28-0.79) 0.57 (0.33-0.70) 0.52 (0.30-0.64) <0.001 %
GDS, median (IQR), n = 96 3.5 (2-6) 3(2-5) 45(2-7) 3(2-7) 6(3.5-11.5) 4(2-5.5) 0.696 *
RSES, mean (SD) 252 (3.8) 263 (3.0) 245 (4.0) 253 (3.3) 232 (5.2) 242 (4.1) 0.025*
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Total No Sarcopenia Sarcopenia s Probal?le Conﬁrr_ned Severe Sarcopenia W
(=97 (n = 36; 37%) (n = 61; 63%) arcopenia (PS) Sarcopenia (CS) (Ss) p-Value *
(n =30; 31%) (n =13;13%) (n =18;19%)
GS, mean (SD) 7.1(22) 6.3(2.1) 7.6(22) 74(2.1) 7.8(2.0) 7.7 (2.4) 0.033 %
GR, mean (SD) 73(22) 82(17) 6.8(2.3) 74(21) 6.1(2.3) 6.4 (2.6) 0.003 *
More GR than GS, n (%) 78 (80) 34 (94) 44 (72) 22 (79) 10 (67) 12 (67) 0.007 *
Low Handgrip, n (%) 71(73) 10 (14) 61 (100) 30 (42) 13 (18) 18 (25) <0.001 *
TUG test > 20's, n (%) 63 (81) 27 (87) 36 (77) 17 (90) 1(10) 18 (100) <0.001 %
Blood levels
Albumin upon Admission, g/L, mean (SD) 32.2(6.1) 35.2(5.5) 30.5 (5.8) 31.0 (5.4) 29.9 (7.4) 29.9 (5.4) <0.001
Albumin Discharge, g/L, mean (SD) 31.5(8.7) 33.9 (8.5 30.5 (8.7) 29.2(10.9) 320 (5.8) 31.3 (6.9) 0.109
Total Protein upon Admission, g/L, mean (SD) 65.0 (9.4) 66.9 (9.1) 65.0 (9.4) 63.9 (8.6) 61.5 (10.4) 65.7 (10.2) 0.134
Total Protein Discharge, g/L, mean (SD) 63.4 (10.8) 63.9 (15.6) 63.1(7.6) 61.9 (7.3) 64.9 (5.0) 63.7 (9.5) 0.752
Follow-Up
during hospital 8(8) 10) 7(12) 4(13) 2(15) 1(6) 0.132%
stay, n=97
Falls, n (%) FUL n =89 19 21) 2(6) 17 (32) 10 (37) 2(17) 5(33) 0.004 *
FU3,n =83 25 (30) 4(12) 21 (43) 11 (42) 2(22) 8 (57) 0.002 *
FU6, n =84 28 (33) 4(12) 24 (48) 12 (44) 2(22) 10 (71) 0.027 *
FU1, n =68 0.65 (0.34-0.87) 0.83 (0.60-0.95) 0.51 (0.31-0.80) 0.58 (0.31-0.85) 0.62 (0.11-0.82) 0.34 (0.24-0.67) 0.013*
EQ-5D-5L, median (IQR) FU3, n =54 0.74 (0.38-0.85) 0.86 (0.66-0.93) 0.59 (0.30-0.79) 0.51 (0.29-0.79) 0.65 (0.1-0.77) 0.63 (0.22-0.84) 0.002 *
FU6,n =63 0.65 (0.37-0.85) 0.78 (0.45-0.91) 0.56 (0.37-0.82) 0.71 (0.42-0.86) 0.19 (0.01-0.66) 0.58 (0.43-0.68) 0.043 *
FU1,n =85 26 (31) 8 (24) 18 (35) 12 (43) 2(22) 4(27) 0.070 *
Rehospitalization, n (%) FU3,n=85 35 (41) 12 (36) 23 (44) 14 (50) 4 (44) 5(33) 0473 *
FU6, n =74 43 (50) 15 (46) 28 (54) 17 (61) 4.(44) 7 (47) 0451 *
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Table 1. Cont.

Total No Sarcopenia Sarcopenia s Probal?le Conﬁrl_ned Severe Sarcopenia »
=97 (n = 36; 37%) (n = 61; 63%) arcopenia (PS) Sarcopenia (CS) (Ss) p-Value *
(n = 30; 31%) (n =13;13%) (n =18;19%)
alive after 1 month 87 (90) 34 (94) 53 (87) 26 (87) 12(92) 15 (83) 0240 *
alive after 3 79 (83) 32 (91) 47 (78) 24 (80) 10 (83) 13 (72) 0.268*
Mortality, n (%) months
“l‘r‘;i:{;e: 6 79 (83) 32 (91) 47 (78) 24 (80) 10 (83) 13 (72) 0.268*
FUL,n =61 423.1) 32(26) 49 (34) 45(32) 5.6 (4.4) 53(27) 0035 *
GDS, mean (SD) FU3,n=53 39(3.1) 32(26) 46(32) 45(32) 5.6 (4.4) 53(27) 0.080 *
FU6,n =53 4731) 40(29) 53(32) 41(25) 6.8 (5.0) 3622 0.121*
FUL,n =60 27 (24-28.5) 27 (25-29) 26 (24-28) 26 (24-28) 25.5 (18-27.75) 28 (26.5-29) 0744 *
RSES, median (IQR) FU3,n =61 28 (25-29) 29 (27.5-30) 27 (24-28) 27 (24-28) 27 (15.75-27.25) 27 (24-29) 0.002 %
FU6,n =53 28 (25-29) 28 (25-29) 275 (25-29) 28 (27-30) 245 (14.25-28.5) 25 (22-28.75) 0444 %

Notes: Patients were subdivided into sarcopenia groups using the ENGSOP2 algorithm. SD = standard deviation; IQR = Interquartile Range; GCT = Geriatric Complex Treatment;
BMI = Body Mass Index; MPI = Multidimensional Prognostic Index; ADL = Katz's Activities of Daily Living; IADL = Lawton’s Instrumental Activities of Daily Living; CIRS = Cumulative
Tllness Rating Scale; MNA-SF = Mini Nutritional Assessment Short Form, SPMSQ = Short Portable Mental Status Questionnaire; ESS = Exton Smith Scale; EQ-5D-5L = EuroQol Quality
of Life—5 Dimensions (5-Level Version); GDS= Geriatric Depression Scale; RSES = Rosenberg Self-Esteem Scale; GSs = Geriatric Syndromes; GR = Geriatric Resources; FU = Follow-Up.
2 After testing for normal distribution (Kolmogorov-Smirnov) and interpreting the histogram, the Mann-Whitney-U test was performed for medians, I-test was conducted for means,
and Chi-squared test was conducted for frequencies. © Indicated p-values are those for the comparison between No Sarcopenia and Sarcopenia groups, significant at 5%, s

p-values highlighted in bold. * After linear/logistic regression analysis was conducted, results were adjusted for age, sex, and MPL ** After lincar/ logistic regression analysis was
conducted, results were adjusted for age and sex.
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3.2. Association between Sarcopenia, Prognosis, and Outcomes

The median MPI value upon admission was 0.56, indicating moderate frailty and
risk of poor outcomes at follow up, with sarcopenic patients showing significantly higher
MPI values, independently of age and sex, compared to non-sarcopenic patients (p < 0.001,
Table 1, Figure 3). Linear regression analysis revealed a significant difference between
MPI values upon admission for the non-sarcopenic group and SS patients (p < 0.001) as
well as between PS and SS patients (p = 0.009). With respect to the MPI subdomains
upon admission and adjusted for age and sex, sarcopenic patients presented significantly
higher CIRS values (6.7 vs. 5.7, p = 0.011), lower ADL (3.2 vs. 5.1, p < 0.001) and IADL
(3.1vs. 5.9, p <0.001) values, lower ESS (14.4 vs. 16.8, p = 0.003) values, lower MNA-SF
(6.8 vs. 8.2, p = 0.024) values, and higher SPMSQ (2.1 vs. 0.9, p = 0.011) values compared
to non-sarcopenic patients. Bonferroni-corrected post hoc tests revealed a significant
difference between the ADL values of non-sarcopenic and PS (p < 0.001, Mp;¢ = 1.72,
95%-CI[0.73-2.71]), CS (p = 0.018, Mp;gs = 1.47, 95%-CI[0.17-2.76]), and SS patients (p < 0.001,
Mpjg = 2.42, 95%-CI[1.32-3.63]), as well as significant differences in the remaining MPI
subdomains (Table 2). All the p-values of significant differences of the pairwise comparison
between the groups are shown in Table 2. RSES (p = 0.025) and EQ-5D-5L (p < 0.001) values
upon admission were significantly lower in patients with sarcopenia compared to those
for non-sarcopenic patients. Patients with sarcopenia presented significantly more GSs
(p = 0.033) and fewer GR (p = 0.003) and a higher prevalence of grade of care at admission
(p = 0.012) and needed more ECGR days (18.5 vs. 13.7 days, p = 0.006) when compared
to non-sarcopenic patients (Table 1). Patients with sarcopenia had significantly lower
serum albumin levels at the time of admission (p < 0.001, Table 1) than non-sarcopenic
patients. Patients with sarcopenia suffered significantly more falls in the preceding year
(p = 0.008) and during FUs (p = 0.004) independently of age, gender, MPI upon admission
and discharge, and TIDP. Also, patients with sarcopenia had lower EQ-5D-5L scores
(p < 0.001) in all follow-ups; after one month, higher GDS scores (p = 0.035); and, after three
months, lower RSES scores (p = 0.002) when compared to non-sarcopenic patients (Table 1)
and after adjustment for age, gender, MPI, and TIDP.

MPI value (Admission)
=3 o
3 8

o
5
S

No sarcopenia PS (Y SS

Figure 3. Boxplots showing sarcopenia groups according to EWGSOP2 in association with MPI-
prognosis at admission. Notes: MPI = Multidimensional Prognostic Index; PS = Probable Sarcopenia;
CS = Confirmed Sarcopenia; SS = Severe Sarcopenia.
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Table 2. Post hoc tests for pairwise comparison for MPI subdomains.

Mpige 95%-CI p-Value
ADL
PS 1.72 0.73-2.71 <0.001 *
No Sarcopenia cs 147 0.17-2.76 0.018 *
SS 247 1.32-3.63 <0.001 *
cs —0.25 —1.58-1.08 1.0
Fs SS 0.76 —0.44-1.95 0.547
cs SS 1.0 —0.45-2.46 0.398
IADL
PS 2.35 0.86-3.84 <0.001 *
No Sarcopenia cs 3.07 1.12-5.02 <0.001 *
SS 3.53 1.79-5.27 <0.001 *
cs 0.721 —1.28-2.72 1.0
Fs SS 118 —0.62-2.98 0.667
cs SS 0.457 —1.17-2.65 0.815
CIRS
PS —0.64 —1.79-0.51 0.826
No Sarcopenia cs —0.54 —2.04-0.97 0.559
SS —1.81 —3.15-0.46 0.003 *
cs 0.10 —1.44-1.65 1.0
Fs SS -1.17 —2.55-0.22 0.154
cs SS -1.27 —2.96-0.42 0.277
MNA-SF
PS 0.361 —1.48-2.20 1.0
No Sarcopenia cSs 1.502 —0.91-3.91 0.576
SS 3.03 0.88-5.18 0.002 *
cs 1.14 —1.33-3.61 1.00
Fs SS 2.67 0.45-4.89 0.010*
cs SS 153 —1.18-4.24 0.794
SPMSQ
PS —0.55 —1.93-0.83 1.00
No Sarcopenia Cs —1.31 —3.12-0.49 0.317
SS —2.08 —3.73-0.44 0.006 *
cs —0.76 —2.62-1.09 1.00
Ps SS —1.53 —3.23-0.16 0.100
cs SS —0.769 —2.83-1.29 1.00
ESS
PS 1.54 0.00-3.09 0.051
No Sarcopenia cs 3.24 1.21-5.26 <0.001 *
SS 3.17 1.36-4.97 <0.001 *
cs 170 —0.38-3.77 0.182
Fs SS 1.62 —0.24-3.49 0.127
(@] SS -0.73 —2.35-2.21 0.182

Notes: Bonferroni-corrected post hoc test for parametric values. * p-values of pairwise comparison between the

groups, significant at level 0.05. MPI = Multidimensional Prognostic Index; Mp¢ = Mean Difference; CI = Confi-

dence Interval; PS = Probable Sarcopenia; CS = Confirmed Sarcopenia; SS = Severe Sarcopenia; ADL = Katz’s
Activities of Daily Living; IADL = Lawton’s Instrumental Activities of Daily Living; CIRS = Cumulative Illness
Rating Scale; MNA-SF = Mini Nutritional Assessment Short Form; SPMSQ = Short Portable Mental Status

Questionnaire; ESS = Exton Smith Scale.
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4. Discussion

The present study shows a high prevalence of sarcopenia within an over-60 population
segment admitted to an acute geriatric ward. Furthermore, this analysis highlights the
clinical relevance of sarcopenia in terms of PROMs, quantified prognosis, and multidimen-
sional frailty. A longitudinal association between sarcopenia’s severity and life-determining
outcomes, such as further falls, but also quality of life and self-esteem, was shown.

To the best of our knowledge, this is the first report of a significant association between
sarcopenia, diagnosed according to the EWGSOP2-algorithm; multidimensional prognosis
and frailty measured using the MPL; and health outcomes at three different timepoints. The
MPI was shown to be highly accurate in forecasting poor outcomes with advancing age in
different patient populations [7,11,24,25]. For the present group of patients, the MPI was
shown to be able to accurately monitor the success of ECGR vs. usual care administered to
similarly frail patient populations [12]. Importantly, this study showed that the longitudinal
changes quantified by the MPI are clinically relevant in terms of rehospitalization and
mortality rates up to 6 months after discharge [12]. The ability of MPIs to capture clinically
relevant outcomes in the longitudinal health trajectory of older patients with sarcopenia is
also clear in this analysis. In fact, one further major observation of the present investigation
is the dose-response association between MPI scores and sarcopenia severity and related
outcomes at follow-ups. This result is not surprising from a pathophysiological point
of view, as a highly sensitive multidimensional tool can seize at best the multifactorial,
individual, dynamic nature of the aging process [11], especially under stress conditions
such as those in hospitalization. However, there are few clinical studies using a quantifiable,
scaled CGA that can be used as a readout to address the clinical impact of sarcopenia in
terms of multidimensional frailty and prognosis severity.

Most of the MPI subcategories were shown to be closely interwoven with sarcopenia.
Among these, the role of nutrition is particularly noteworthy. There is substantial evidence
demonstrating a strong correlation between nutrition and muscle mass, strength, and
overall function in older adults, underscoring the critical significance of nutrition both in
preventing and managing sarcopenia [26].

As mentioned above and in line with the literature [5,27], one more crucial finding
yielded by the present analysis is the longitudinal association of sarcopenia severity not
only with previous falls but, importantly, with life-determining outcomes such as further
falls in FUs when compared to non-sarcopenic patients. This information is particularly
relevant from the perspective of its independence from chronological age, sex, and the MPL
Not only does the MPI—like every CGA—act as a surrogate marker of biological age [7],
but it contains several sarcopenia-related factors that are usually difficult to disentangle in
real life, such as cognitive performance and nutritional status [7]. The independent nature
of sarcopenia as a risk condition for falls underlines the importance of its precise diagnosis
at every possible medical visit.

There are further important observations from this analysis that should be discussed.
First of all, an association between sarcopenia and the presence of more GSs [28] was
confirmed. With sarcopenia being ICD-10-listed since 2018 in Germany and recognized
as an independent disease, its influence on other GSs may become the center of interest
of studies in the future. Moreover, it was shown for the first time that significantly more
patients with sarcopenia had a grade of care at the time of admission to the hospital. The
concept of the care grade was added to the German social security system in order to
ensure appropriate long-term care [19]. With significantly more patients with sarcopenia
having a grade of care compared to those without sarcopenia, an influence on disability
and an impressive decline in independence was once again confirmed. Also for the first
time, a significant association between fewer GR and sarcopenia was observed, while its
structured assessment is not yet part of the clinical routine in Germany [15].

A significant association between sarcopenia and depression, lower quality of life,
and lower self-esteem during hospitalization and at follow-ups was observed. While a
high prevalence of depression symptoms and lower quality of life have already been as-
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sociated with sarcopenia [29-31], the present data confirm these observations and shed
light on another under-investigated but highly important factor of resilience and stress
resistance in advanced age-self-esteem [12]. Given the established associations between
lower self-esteem, reduced physical activity, and frailty [32] and the potential of improved
self-esteem to mitigate readmissions and prevent functional decline [33,34], it is impera-
tive to acknowledge the interplay between sarcopenia and low self-esteem in sarcopenia
management.

In this secondary analysis, the prevalence of sarcopenia based on the EWGSOP2
algorithm applied to older multimorbid hospitalized patients showed a high rate of 63%
compared to previously reported prevalence ranging between 9% and 51% [35]. However,
as we assessed hospitalized patients, this high prevalence is likely due to the geriatric
nature and frailty of the studied population. Overall, it remains difficult to compare the
exact prevalence of sarcopenia due to the heterogeneity of the study populations as well as
the various assessments, definitions, and cut-offs used. Huemer et al. recently suggested
using a higher cut-off for low handgrip strength than the one used in EWGSOP2, a measure
that could potentially identify more individuals at risk for sarcopenia [36] by preventing
early exclusion through grip strength in the first steps of the algorithm. This adjustment
would increase the prevalence of sarcopenia even further than that currently observed,
presenting even greater public health relevance and promoting even more concern for
this largely unmet medical need [2,37-39]. Contrariwise, no significant difference could
be found regarding rehospitalization or mortality. This, however, is not consistent with
the results of previous studies that showed significant correlations between the degree of
muscle wastage and increased number of hospitalizations as well as higher mortality [40].
In examining the disparities between our study’s results and those reported in previous
research, it is crucial to consider several factors that may account for these variations. Prior
studies demonstrating an association between sarcopenia and mortality and analyzing
patient groups similar to the group in this study in terms of setting (inpatients), age (older
than 65), and sarcopenia definition (EWGSOP2) stand out for their length of follow-up of at
least 3 years and larger sample size [41,42]. As mentioned above, a significant association
between sarcopenia and number of falls was shown in this analysis. As low strength
and low muscle mass contribute to the impairment of balance [43,44] and are therefore
associated with falls, and, at the same time, with falls being one of the main mechanisms
relating sarcopenia to mortality, it is possible that the length of the follow-up period was
decisive for the inconsistent result in terms of mortality in this analysis. It is therefore
possible that studies with larger sample sizes and longer follow-up periods are needed to
rule out this inconsistency.

Limitations of this analysis: One limitation was the relatively small sample size of this
study population, with 97 patients included. However, the patient population was highly
phenotypized [12], and several of the observations confirm what is already reported in
the literature. Another limitation is the relatively short follow-up period, i.e., 6 months,
which was predetermined as per the original RCT protocol. This duration may not have
captured the full spectrum of changes and outcomes associated with sarcopenia, most
notably when it comes to long-term implications and mortality. Also, the use of a complete
case analysis from an RCT limits the generalizability of the results. The limited availability
of longer-term, comprehensive longitudinal studies in the field of sarcopenia underscores
the need for further research in order to better understand the trajectory and impact of this
condition over extended periods.

5. Conclusions

In conclusion, sarcopenia was shown to be significantly associated with MPI prognosis,
PROMs (depression, quality of life, self-esteem, and GR), and adverse outcomes (falls, grade
of care), independent of age, gender, and TIDP. This suggests that sarcopenia has prognostic
significance for older hospitalized patients, and its consideration might be useful for shared
decision making in a clinical setting. With the prevalence of sarcopenia among older adults
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being high and increasing and with this condition, in fact, being underdiagnosed [27,45],
the newly established definition for the diagnostic steps of sarcopenia appears particularly
important for systematic early detection and management of this highly unfavorable
disorder.
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4. Discussion

41 Findings of the "Vun nix kiitt nix"-study

The study ™Vun nix kitt nix' - Patient, geriatrician and general practitioner as a
multiprofessional team for intersectoral discharge management” is among the first to provide
evidence that an intersectoral, multiprofessional collaboration involving patients, geriatricians,
and general practitioners may contribute to reductions in frailty among acutely hospitalized
patients, while simultaneously improving patient-reported outcomes such as mood and self-
esteem. It offered new evidence with putting focus on hospitalized patients and potential risk
factors for rehospitalization: unawareness on the patient's part, but also uninformed GP and
frailty during acute medical treatment. The study and its findings can operate as a model for
improved transition between hospital stay and post-discharge treatment with beginning of
intervention already during hospitalization instead of a delayed start. Although no significant
effect of the intervention on rehospitalization rates could be shown, it was demonstrated that
the TIPD approach yielded significant benefits in reducing frailty and improving PROMS in

terms of higher self-esteem and fewer depressive symptoms.

Detailed key findings along with conclusions and implications of the randomized controlled trial
"Vun nix kitt nix" can be consulted in the original publication "A tailored discharge program
improves frailty and mood in patients undergoing usual rehabilitative care" published by Meyer

et al. in 2022 in the Journal of the American Medical Directors Association (JAMDA)'.

4.2 Key findings on sarcopenia, prognosis and outcomes in older patients

The primary finding of this secondary analysis is the detection of the multifactorial influence of
sarcopenia on the prognosis, frailty and short-term outcomes of older, multimorbid patients.
Significant differences between patients showing signs of sarcopenia and those with no
indications for sarcopenia could be highlighted not only regarding physical parameters and
comorbidities, but also when it comes to self-perceived quality of life, well-being and self-
esteem'®.

While previous research has established that sarcopenia is linked to adverse clinical
trajectories in older adults'’, to date, this study uniquely investigates a significant relationship
between sarcopenia - diagnosed using the structured EWGSOP2-algorithm - multidimensional
prognosis assessed by the MPI, and health outcomes evaluated at three distinct timepoints.
Previous studies have demonstrated that the MPI provides a reliable means of predicting

adverse outcomes in aging populations across diverse clinical settings'#?32'%8 |n the cohort



analyzed here, the MPI proved effective in tracking the impact of the TIDP intervention relative
to standard care delivered to similarly frail patients'®. Notably, the changes in MPI observed
over time were associated with meaningful clinical endpoints, including rehospitalization and
mortality up to six months post-discharge, highlighting the index’s utility for monitoring
longitudinal patient trajectories’®.

Our findings demonstrate a significant association between sarcopenia on admission and the
MPI on admission, independent of sex and chronological age. Upon more detailed group
comparison, post-hoc test revealed that MPI values of the non-sarcopenic patients are
significantly different when compared to those with severe sarcopenia, the same as when
comparing values of PS and SS patients. Also for the subcategories of the MPI, significant
differences could be found if groups were being compared to those patients with severe
sarcopenia. As the classification into the group of SS requires low physical performance
(tested with the help of TUG), this step of the algorithm seems to be filtering out the individuals
that are particularly affected or in higher risk for adverse outcome. These findings are
consistent to previous studies, linking impaired motoric capabilities tested with TUG to higher

risk for falls'%%1%

, even if an exact predictive ability is limited.

This analysis further highlights the capacity of the MPI to reflect clinically meaningful outcomes
over the longitudinal course of older patients with sarcopenia. One of the key findings is the
observed dose-response relationship between MPI scores, the severity of sarcopenia and as
well corresponding follow-up outcomes'®®. From a pathophysiological perspective, this is
consistent with expectations, as a multidimensional, highly sensitive instrument is particularly
suited to capture the complex, dynamic, and individualized nature of the aging process®,
especially under stressors such as an acute hospitalization. Despite this, relatively few clinical
investigations have employed a quantifiable, scaled CGA as a tool to systematically evaluate

the impact of sarcopenia on multidimensional frailty and prognostic trajectories.

Notably, many of the MPI subdomains appear to be closely interwoven with sarcopenia, with
nutritional status playing a particularly important role. In this context, significant associations
between the presence of sarcopenia and the MNA-SF-score could be demonstrated. Although
several studies already have explored this relationship, definitive conclusions remain lacking.
Both malnutrition and sarcopenia are highly prevalent conditions among older adults and can
occur either independently or in combination. Malnutrition, in particular, has also been
recognized as a key contributor to the development and progression of sarcopenia, influencing
muscle protein synthesis, functional reserve and overall physical performance and therefore

being part of the complex pathogenesis of sarcopenia’®?

. A growing body of evidence indicates
a strong relationship between nutritional status and multiple dimensions of musculoskeletal

50



health, including muscle mass, strength, and functional capacity. Inadequate intake of protein,
micronutrients, and energy can accelerate the loss of muscle tissue, exacerbate frailty, and
increase vulnerability to adverse outcomes such as falls, hospitalization, and loss of
independence. These findings highlight the critical importance of early nutritional assessment
and intervention as part of a comprehensive strategy to prevent or mitigate sarcopenia,

supporting both functional preservation and overall quality of life in the aging population®%1%3,

In accordance to previous studies, associations between sarcopenia and reduced functionality,
by reverting to Katz ADL and Lawton IADL were shown in our analysis as well'®* %%, This link
may be mediated by the loss of muscle strength and physical function that are crucial for the
diagnosis of sarcopenia and those significantly associated with ADL and IADL performance in
older adults’®'®’. By the same token, well-developed muscle strength was shown to be
protective against functional declining below the threshold where dependence according to
ADL and IADL occurs'®, which then also explains the association between sarcopenia and
higher disability. Our findings regarding the association of sarcopenia with adverse outcomes,
impaired function and increased disability are also confirmatory of previous longitudinal
studies®92145.146.169.170 Byt the MPI gives us the opportunity to determine the prognosis not
only unidimensional about mortality or rehospitalization, but as a multidimensional tool it gives
us information about frailty and the multi-layered prognosis of an older person. Additionally,
with sarcopenia exerting a significant influence on the MPIl-values, independently of the
confounding effects of chronological age and sex, this supports the assertion that sarcopenia

itself plays a pivotal role in contributing to the observed outcomes.

As already mentioned, our findings regarding the association of sarcopenia with adverse
outcome and increased disability are in accordance with previous longitudinal studies. For
example, Phillips et al. showed in the KORA-Age study that the presence of sarcopenia has
an important impact on disability in older patients and leads to higher disability scores, giving
a reliable idea of the capacity to accomplish activities of daily living®®. Gariballa et al. concluded
that older people with sarcopenia present a worse clinical outcome over 6 months when
compared to a similar population group without sarcopenia®. They showed prolonged length
of hospital stay, more depressive symptoms and lower serum albumin concentration in people
with diagnosed sarcopenia. Landi et al. showed in their IISIRENTE study, that falls in
participants with sarcopenia are more than three times more likely and that depression is more
prevalent'®. The systematic review and meta-analysis of Yeung et al. also found positive
correlation between the presence of sarcopenia and falls and fractures, regardless of the study

design, sex, population or sarcopenia definition**.
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The present analysis further demonstrates that increasing sarcopenia severity is associated
with clinically meaningful outcomes over time. Beyond a higher burden of prior falls, sarcopenic
patients showed an elevated risk of subsequent falls during both the year before admission
and the follow-up period when compared with non-sarcopenic individuals. Importantly, these
associations persisted irrespective of chronological age, gender, or baseline MPI,
underscoring the independent prognostic relevance of sarcopenia severity when it comes to
life-determining outcomes. Taken together, these findings emphasize that the MPI - like every
CGA-based instrument- extends beyond a mere reflection of chronological aging by capturing
elements of biological vulnerability. Importantly, it integrates multiple domains that are closely
interwoven and related to sarcopenia and are often difficult to disentangle in routine clinical
practice, such as cognitive function and nutritional status. The observation that sarcopenia
remains independently associated with fall risk further highlights the need for accurate and
systematic identification of sarcopenia at every appropriate an possible point of medical

contact.

In our present cohort, sarcopenia was not directly associated with higher rates of
rehospitalization, an increase in the grade of care or mortality during the follow-up period. This
observation stands in opposition to earlier studies reporting a clear relationship between the

' From a

extent of muscle loss and both increased hospitalization rates and mortality
pathophysiological perspective, this discrepancy may be explained by the complex and time-
dependent mechanisms through which sarcopenia exerts its clinical impact. Sarcopenia
represents a chronic, progressive condition characterized by reduced muscle mass, impaired
neuromuscular function and decreased physiological reserve, which may not translate into
hard endpoints such as mortality within a relatively short observation period.

While no direct association with mortality was observed in the current analysis, a robust
association between sarcopenia and increased incidence of falls could be demonstrated.
Given that reduced muscle strength and diminished muscle mass are key contributors to
impaired physical function and instability or lack of balance'’>'"3, being associated with falls,
and with falls in turn representing one of the principal pathways through which sarcopenia may
translate into increased mortality risk'”", the relatively short follow-up period of this study may
have limited the ability to detect such downstream outcomes. In this context, falls may
represent an intermediate clinical endpoint linking sarcopenia to mortality, rather than mortality
being an immediate consequence of muscle loss itself. Mortality related to sarcopenia may
therefore emerge only after a longer time lag, following recurrent falls, complications or
functional decline. Previous studies reporting significant associations between sarcopenia and
mortality were typically characterized by substantially larger sample sizes and considerably
longer observation periods - often extending beyond three years'*'75, Such timeframes may
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be necessary for the cumulative effects of recurrent falls, immobility, inflammatory burden and
secondary complications to manifest as increased mortality or sustained care dependency.
Therefore, the absence of a detectable mortality signal in the present analysis does not
contradict the biological relevance of sarcopenia, but rather underscores the importance of
long-term observation to really capture its downstream consequences. Consequently, future
studies with extended follow-up durations, larger cohorts and sufficient statistical power appear
necessary to fully capture the long-term prognostic implications of sarcopenia and to further
elucidate its relationship with mortality and care dependency.

Several additional findings emerging from this analysis merit closer consideration. Most
notably, the close relationship between sarcopenia and the accumulation of geriatric
syndromes was corroborated'’®. While earlier studies also conceptualizing sarcopenia itself as
a geriatric syndrome and demonstrating its association with adverse conditions such as falls,
cognitive decline, polypharmacy and malnutrition'’”'"®, the present data further emphasized
its central role within the broader geriatric syndrome network. Not surprisingly, geriatric
syndromes of immobility and instability were more prevalent among sarcopenic patients,
highlighting once again its functional consequences. Since the formal introduction of
sarcopenia as an independent diagnosis in the ICD-10-system in Germany since 2018,
increasing attention has been directed toward its potential impact on other geriatric syndromes.
These findings support the notion that sarcopenia may not merely coexist with, but actively
contribute to the development and progression of additional geriatric conditions, thereby
amplifying overall vulnerability in older patients. Understanding these interdependencies may
therefore represent an important focus of future geriatric research and clinical practice.
Beyond this, the present study provides novel evidence that sarcopenia is already linked to an
increased prevalence of an established grade of care already at the time of hospital admission.
In the German social security system, the grade of care is a standardized instrument designed
to quantify long-term care dependency by assessing impairments in mobility, self-care,
cognitive and communicative abilities, as well as the capacity to organize everyday life
independently'”®. The markedly and significantly higher proportion of sarcopenic patients with
an assigned grade of care at admission when compared to non-sarcopenic patients (89% vs.
59%) indicates that functional limitations related to sarcopenia are not merely acute or
hospitalization-related phenomena, but reflect sustained loss of autonomy preceding inpatient
treatment®®'7°, This findings once again highlight the substantial impact of sarcopenia on
disability and everyday functioning, particularly with regard to activities of daily living and
independent mobility. From a clinical perspective, this association emphasizes the importance
of timely identification and targeted management of sarcopenia, not only to prevent acute
adverse outcomes but also to mitigate progression toward chronic dependency and
institutional care.
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Also, a novel and clinically relevant finding is the association between sarcopenia and reduced
availability of geriatric resources. While the structures assessment of GR is not yet routinely
integrated into clinical practice in Germany'®, the observed imbalance between fewer
resources and increased vulnerability among sarcopenic patients highlights an often

overlooked dimension of the condition.

Taken together, the present findings extend the understanding of sarcopenia beyond somatic
manifestations by highlighting its close relationship with PROMs. Throughout hospitalization
and follow-up, sarcopenia was consistently associated with higher levels of depressive
symptoms (GDS), reduced quality of life (EQ-5D-5L) and lower self-esteem (RSES). Previous
studies have already linked sarcopenia to diminished psychological resilience, supporting the
notion that physical decline and internal coping resources are closely interconnected in older

age181

. The present results align with these observations and further emphasize the
bidirectional relationship between physical functioning and psychosocial well-being. While an
increased burden of depressive symptoms and impaired quality of life in sarcopenic individuals

has been documented previously'®*'%

, the current analysis adds an important and
comparatively underexplored dimension by demonstrating a robust association between
sarcopenia and lower self-esteem'®. Self-esteem represents a key component of resilience
and stress resistance in advanced age and may influence health behaviors, physical activity,
and engagement in rehabilitation. Given existing evidence linking low self-esteem to reduced

physical activity and frailty'®*

, as well as data suggesting that strengthening self-esteem may
help prevent functional decline and hospital readmissions'®*'%¢, these findings underscore the
need to integrate psychosocial dimensions into the clinical management of sarcopenia.
Addressing sarcopenia as a multidimensional condition may therefore be essential to

improving both functional and patient-centered outcomes in older adults.

4.3 Prevalence of sarcopenia in the study population

In this secondary analysis, sarcopenia defined according to the EWGSOP2 criteria was highly
prevalent among hospitalized patients, affecting nearly two thirds of the study population (63%,
95% CI: 54-72%). This proportion exceeds prevalence estimates reported in earlier
investigations, which range widely between 9% (95% CI: 7-11%) and 51% (95% CI: 37-
66%)%*#"#, depending on population characteristics and study design. The markedly higher
prevalence observed in our present cohort is most plausibly explained by the specific clinical
context and setting in which the patients were recruited. Unlike many previous studies that
assessed sarcopenia primarily in community-dwelling or relatively healthy older adults, the

current analysis focusses on patients admitted to an acute geriatric internal medicine ward.
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This setting inherently comprises individuals with complex health profiles, characterized by the
coexistence of multiple diseases, acute medical events and functional impairment. Moreover,
inclusion criteria of the study required the presence of multimorbidity (defined as multiple
health conditions or synchronous presence of two or more chronic conditions that require long-
term treatment’®”) as well as at least two geriatric syndromes necessitating rehabilitative
intervention. Against this background, the relatively high prevalence of sarcopenia identified in
this cohort appears to reflect the advanced frailty and vulnerability of the population rather than
an overestimation related to diagnostic criteria.

Indeed, recent data from a neurological rehabilitation setting employing comparable inclusion
and diagnostic criteria reported similarly high prevalence rates of sarcopenia, reaching up to
79%'®. These findings support the notion that sarcopenia is particularly common in clinical
populations characterized by complex chronic disease. Chronic medical conditions such as
diabetes mellitus, cardiovascular disease, COPD or metabolic syndrome have consistently

been associated with an increased risk for sarcopenia®'6-1891%

, Which may partly explain the
elevated prevalence observed in our study population, composed exclusively of patients with
longstanding and chronic medical conditions. In addition, with mean age of 76.5 (+6.8) years,
the study cohort represents an advanced-aged population, in whom age-related declines in
muscle mass and strength are more pronounced, thereby further increasing the likelihood of
sarcopenia. Beyond age and comorbidity, lifestyle-related factors, such as physical inactivity
and sedentary behavior, poor diet, excessive alcohol consumption or smoking have also been
implicated in the development and progression of sarcopenia’’. It is conceivable, that such
risk factors were more prevalent in our study population, contributing cumulatively to the high
observed rates. Finally, methodological aspects related to sarcopenia assessment may also
have influenced the observed prevalence. The structured and systematic application of
diagnostic criteria in the present analysis may have facilitated the detection of sarcopenia,
particularly in individuals with multifactorial impairment, thereby yielding higher prevalence
figures.

Accurately, estimating and comparing the prevalence of sarcopenia across studies may be
challenging, not at least because diagnostic algorithms, measurement tools and threshold
values differ substantially between research groups®’. Even when the same underlying criteria
are applied, variations in cut-off points for key parameters such as muscle mass, or physical
performance can lead to markedly different prevalence estimates. For example, the choice of
handgrip strength alone has been shown to influence case assignment: higher cut-offs
substantially increase the number of individuals classified as sarcopenic, whereas lower
threshold can result in underestimation of the condition in older populations. In this context,
Huemer et al. suggested raising the cut-off values for low handgrip strength compared with the
EWGSOP2 recommendations'®?. This modification could increase the sensitivity of sarcopenia
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screening by minimizing early exclusion of patients with clinically relevant impairment during
the first step of the diagnostic pathway. In a large cohort from Brazil, adopting higher handgrip
strength cut-offs nearly quadrupled the prevalence of probable sarcopenia and doubled that of
severe sarcopenia compared with the conventional EWGSOP2 thresholds, without
fundamentally altering the pattern of associated risk factors'®®. Similarly, comparative studies
have demonstrated that alternative strength criteria, such as chair stand performance or
consensus definitions other than EWGSOP2, yield considerably higher prevalence figures,
underscoring the impact of methodological choices on sarcopenia identification'*1%,
Together, these findings highlight that differences in diagnostic criteria and cut-off values
substantially contribute to the wide range of sarcopenia prevalence reported in the literature
and complicate direct comparisons between studies, even when populations are
demographically similar. Implementing higher diagnostic thresholds would likely lead to a
further rise in sarcopenia prevalence, underscoring its substantial public health impact and

highlighting the urgent need for improved recognition and management strategies®®1"4196:197,

In conclusion, there are multiple potential factors that could explain the high prevalence of
sarcopenia in our study population, the different definitions and diagnostic steps being an
important one. This again highlights the most striking issue in research about sarcopenia: the
use of non-uniform definitions and different diagnostic steps and cut-offs leading to results that
are hardly comparable. Other studies on geriatric wards revealed a prevalence between 13
and 25% "% Therefore, it could also be assumed that due to a previously non-stepwise
approach to the diagnosis of sarcopenia, many patients did not receive an adequate diagnosis
with many false-negative patients. Further prevalence studies using the procedure according
to the EWGSOP2 algorithm are therefore extremely important, even if to date, the question of
which sarcopenia definition is the most valid as gold-standard for as well clinical practice and
research, has not yet been answered . It would thus be of tremendous importance, that at
last, a globally accepted definition and subsequent procedure are being established in order

to achieve transferable results.

4.4 The value of a consistent and globally used definition of sarcopenia

With the world's population aging, the prevalence of sarcopenia is expected to further increase,
leading to significant social and economic implications. As already outlined in the previous
chapters, there have been numerous attempts to develop a definition and diagnostic criteria
for sarcopenia over the last few decades and interest in research has visibly risen. However,

the lack of a global consensus among as well researchers as healthcare professionals has
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resulted in a wide range of definitions, leading to significant differences when it comes to study
results but also in the handling on clinical grounds. When working through the published
articles on sarcopenia of recent years, it is striking how different the used methods and
diagnostic tools are. Also, when it comes to cut-off points for muscle mass, strength or function,
the used values are not consistent, leading to significant variabilities in the analyzed
prevalence. If different definitions are being used in order to diagnose sarcopenia, different
patient groups are being compared, leading to poorly comparable results. With no consistent
agreement and plan, progress in diagnosis, management, research and treatment are being
hindered and the transition of awareness for sarcopenia and its screening in clinical everyday
life remains challenging. For precisely these reasons, the Global Leadership Initiative in
Sarcopenia (GLIS), an initiative regrouping experts from various fields and countries has
recently been formed. The goal is to finally establish a consistent and global definition of
sarcopenia and to introduce a diagnostic algorithm in order to improve the accuracy and
consistency of diagnosis®'. Once a global conceptual definition of sarcopenia is available and
the involved elements, assessments, evidence-based cutoffs, algorithms, and outcome
measures are defined, another revolution in the field of sarcopenia can be reached and better
clinical outcomes and facilitated research efforts can be expected. The intention is to prioritize
sarcopenia in clinical practice, emphasizing the need to educate health professionals on
screening, diagnosing and managing both primary and secondary sarcopenia. Most of all,
quality of life of older adults worldwide could be improved, as, if detected in early stages, many
negative outcomes could still be averted by adapted training and treatment and therefore the

condition could be addressed before it results in disability and loss of inherent capacity.

4.5 Limitations and problems along the conduction of the study

This thesis, based on the prospective study ,,Vun nix kiitt nix" and the derived secondary
analysis of course have its limitations as well. First, with 110 patients and 97 included into the
secondary analysis, the study population was relatively small, although the lost-to-follow-up
rate was low. Despite the limited sample size, the cohort was thoroughly characterized and

highly phenotyped'®>'®

and multiple results align well with existing evidence from the
literature.

Another noteworthy limitation is the relatively short follow-up period of 6 months. This however
was predetermined as per the original study design. While this time frame allows the
assessment of short- to mid-term outcomes, it may be insufficient to fully capture the long-term
trajectory of sarcopenia, particularly with regard to sustained functional decline and mortality.

It should be noted, however, that a large proportion of existing sarcopenia research is based
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on cross-sectional designs, which do not permit longitudinal outcome assessment at all. In this
context, the scarcity of long-term, well-characterized longitudinal studies—especially in acutely
il and hospitalized populations—highlights a significant gap in current knowledge and
underscores the need for future investigations with extended follow-up periods to better
delineate the long-term consequences of sarcopenia.

Third, the evaluation of sarcopenia and its influence on prognosis was one of many
subcategories that were analyzed in the study. The most important aim of the randomized
clinical trial was to explore in which way a tailored intersectoral discharge program can
influence rehospitalization days, frailty and PROMs. As the idea of inquiring sarcopenia in a
more detailed way than only collecting the SARC-F score, was developed only shortly before
the start of the study, the BIA-device was not operational for the first included patients. This
unfortunately lead to missing body composition values of the first 4 patients, who therefore
could not be included in the stepwise subdivision that is based on BIA-based data in the last
step and had to be excluded in the secondary analysis. Patients with pacemaker, being a
contradiction for the performance of a BIA measurement, lead to further missing values of the

body composition of our study sample.

Furthermore, one could argue that the reliability of patient statements in self-answered
questionnaires can be a general weakness compared to number-based, standardized
examinations. Nevertheless, self-reported and interview-guided questionnaires have wide

usage and are well established in geriatric research and can give a solid overview?®.

Another limitation is that we performed only one single BIA-measurement on every patient,
although multiple (at least 2) measurements over the period of the clinic stay would have given
a more detailed overview of the body composition. Also, only BIA-results were used to estimate
muscle mass. As BIA-measurement is extremely susceptible to interference and is highly
depending on the hydrogenation state, measurement can come with high error rate in patients
with altered body composition (for example in patients with edema due to cardiac
insufficiency). In case of disturbances in the patient's fluid balance, the measured values in
BIA are of very limited use. Accordingly, to use the measured values more reliably, it would be
useful to include another diagnostic measure to assess muscle mass, such as DXA, CT or
MRI. These, on the other hand, are more expensive and not as quickly and easily accessible

and therefore not suitable for a fast, uncomplicated diagnosis.

However, as already mentioned, a general weakness in the scientific setting regarding
sarcopenia however is the inconsistency when it comes to definition and diagnostic steps.

Despite the publication of definitions that clarify deteriorated muscle function as a condition for
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diagnosis, sarcopenia continues to be used synonymously with pure loss of muscle mass in
many studies, and different diagnostic tools are in use. This lack of worldwide consensus
between widely used definitions is of course still hindering both the field of research and the
incorporation of sarcopenia into clinical practice. With the use of the EWGSOP2 criteria for
definition and diagnostic of sarcopenia, we used, to our knowledge, the most recent,

elaborated and conferrable version.

Finally, if we consider the follow-up data, we unfortunately have no data regarding sarcopenia
or its evolution after discharge. It could have been of great interest to gather this information
even after the hospitalization, for example by monitoring the SARC-F score by telephone to
get a quick overview regarding the patients’ current status. Further studies with larger study
population, longer and more sarcopenia-focused follow-up therefore seem to be necessary to

confirm our findings.

4.6 Conclusion and research outlook

The randomized controlled study "Vun nix kiitt nix" showed the significant improving effect that
TIDP can have both on prognosis, assessed by MPI and mood in advanced age. Within this
context, it is important to underline again that the MPI is known to be highly accurate in
monitoring overall health trajectories of older patients during hospitalization'. Together with
the reported high prevalence of sarcopenia in deeply phenotyped patients, the present
analyses uncovered the clinical relevance of sarcopenia by quantifying using PROMs and of
a well-established CGA-based measurement of prognosis and multidimensional frailty.
However, further research using the established diagnostic criteria for sarcopenia would be
necessary to investigate if additional in-hospital exercise and/or nutritional interventions or
rehabilitation programs tailored to the individual, sarcopenia-linked status could have a
preventive effect on the further clinical and outpatient outcome. Further research contributing
to the development of effective interventions to prevent or treat muscle loss in geriatric patients
is of crucial importance and an even better understanding of the underlying mechanisms would
help to finally establish a globally accepted definition with clear diagnostic tools and cut-offs.
The growing attention that sarcopenia has received in recent years is a positive development
suggesting that more progress can be expected in the field in the years to come. This sustained
focus on the condition also implies that the efforts to improve early detection are likely to yield
positive results soon and the outlook for improving patient outcomes and enhancing quality of

life for those affected by sarcopenia is encouraging.
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In conclusion, this work highlights that sarcopenia is strongly linked to multidimensional
prognostic indicators, patient-reported outcomes, and adverse clinical events, underscoring its
relevance as a prognostic factor in older hospitalized patients. Recognizing sarcopenia in
routine practice may therefore support informed, shared decision-making and individualized
care planning. Given the high and rising prevalence of sarcopenia among older adults, coupled
with its frequent underdiagnosis'®2°', the implementation of standardized diagnostic criteria—
such as those recently established—offers an essential framework for early detection and
systematic management of this disabling condition. While global consensus on diagnostic
thresholds and assessment methods is still evolving, the present findings contribute to a
growing body of evidence that can guide future research and help develop more effective
strategies to preserve function, independence, and quality of life in this vulnerable population.
Even if there is still a certain way to go to achieve a global consensus, new avenues of research
have been opened and with a more comprehensive understanding of the condition, better

management strategies can be found.
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Anamnese

Ein 80-jdhriger Patient wurde bei Ver-
schlechterung des Allgemeinzustandes,
steigenden Entziindungswerten (CRP
199,6 mg/l) und sich verschlechternden
Retentionsparametern in die universi-
tire Altersmedizin ibernommen. In den
vorherigen Monaten fanden mehrfach
stationidre Aufenthalte in externen Kran-
kenhdusern aufgrund von wiederholten
Episoden mit einem Anstieg der Re-
tentionsparameter mit Ausschluss einer
postrenalen Genese, Blutungsereignis-
sen und rezidivierenden pulmonalen
Infekten statt. Bei Aufnahme bestanden
Instabilitit, Immobilitit, Inkontinenz
sowie ein Delir.

Vorerkrankungen: 2-Gefaf3-Korona-
re Herzkrankheit mit Myokardinfark-
ten 2012, Trikuspidal- und Mitralklap-
peninsuffizienz, Aortenklappenstenose,
Adenokarzinom des Colon descendens
mit erweiterter Hemikolektomie links,
paroxysmales Vorhofflimmern, ICD-Im-
plantation, Hypothyreose, Knie-Total-
endoprothese links.

Befunde

Bei Aufnahme bestanden Einschrin-
kungen der Alltagskompetenz (Barthel-
Index 25) und Lebensqualitit, (EQ-
5D-5L 0,225), Hinweise auf Depression
(Geriatrische Depressionsskala [Yesava-
ge, GDS 5]) sowie Mangelernihrung
(Mini Nutritional Index - Short Form,
MNA-SF 4). Der Comprehensive Geria-

Die Autoren A. Ferring und J. Stegemann haben
zugleichenTeilenzum Manuskript beigetragen.
Teile des Falls wurden als Poster bei der
12.Jahrestagung der Deutschen Gesellschaft fiir
Nephrologie (Oktober 2020) gezeigt.

Anne Ferring - Jill Stegemann - Anna Maria Meyer

Klinik Il fiir Innere Medizin und Zentrum fiir Molekulare Medizin KéIn, Medizinische Fakultat und
Universitétsklinik K6In, Universitat zu K6In, Koln, Deutschland

ANCA-assoziierte Vaskulitis beim
alteren Patienten

tric Assessment (CGA)-basierte Multidi-
mensionale Prognostische Index (MPI)
wies mit 0,75 eine erhohte Vulnerabilitit
mit hohem Risiko fiir Mortalitit und Re-
hospitalisierung im Folgejahr auf [1]. Die
erhobenen Parameter deuteten auf eine
ausgepragte Frailty hin [2], trotz beste-
hender Ressourcen (sozial, intellektuell,
motivational und spirituell).

Aufgrund der erhhten Entziindungs-
werte erfolgte eine weiterfithrende Ab-
klarung. Die Urindiagnostik zeigte mit
einer Leukozyturie und Bakteriurie einen
Harnwegsinfekt mit Enterococcus faeci-
um und Klebsiella pneumoniae, der re-
sistogrammgerecht mit Meropenem be-
handelt wurde. Zusitzlich wies das Ront-
gen Thorax fleckig-konfluierende Trans-
parenzminderungen im rechten Unter-
feld, moglicherweise pneumonischen In-
filtraten entsprechend auf.

Bei Animie (Hb 7,1g/dl) und Hima-
tochezien waren mehrfach Bluttransfu-
sionen notwendig.

Aufgrund der Nierenschidigung
(Kreatinin 6,48 mg/dl, ~ Harnstoff
333mg/dl) erfolgte eine umfangreiche
nephrologische Abklirung. Bei urdmi-
scher Symptomatik (Pruritus, Delir)
wurde eine Himodialyse erforderlich.
Aufgrund einer auch nach Reduktion der
urdmischen Symptome fortbestehenden
Agitiertheit erfolgte zur Delirbehand-
lung eine Melperontherapie fiir 5 Tage,
worunter sich das Delir riicklaufig zeigte.
Im Urinsediment zeigte sich ein nephriti-
sches Sediment mit Mikrohédmaturie. Ei-
ne erweiterte immunologische Diagnos-
tik bestétigte einen hochtitrigen cANCA
(cytoplasmatischer Anti-Neutrophile cy-
toplasmatische Antikorper 1:640, Subtyp
PR3 388,1 RE/ml). Nachtriglich wurde
vom Patienten iiber blutig-borkige Si-

nusitis, Himoptysen und Purpura be-
richtet, sodass der Verdacht auf eine
ANCA-assoziierte Vaskulitis (AAV) ge-
stellt wurde. Auch die beschriebenen
pneumonischen Infiltrate kénnen eine
mogliche Manifestation der Erkrankung
sein. Zur Diagnosesicherung und zur
prognostischen Einschitzung wurde eine
Nierenbiospie durchgefiihrt, in der sich
eine frisch nekrotisierende und extraka-
pillir proliferative Glomerulonephritis
vom Pauci-Immun-Typ zeigte.

Diagnose

Zusammenfassend wurde die Diagno-
se einer Granulomatose mit Polyangi-
itis (GPA) gestellt. Der Patient erhielt
eine Induktionstherapie mit Predniso-
lon sowie Rituximab, anschlieflend er-
folgte eine Rituximaberhaltungstherapie.
Trotz der umgehend eingeleiteten Thera-
pie mit gutem Ansprechen der immuno-
logischen Parameter zeigte sich der Pa-
tientaufgrund desbereitslangen Verlaufs
der Nierenschddigung zunichst weiter
dialysepflichtig.

Infobox 1  Granulomatose mit

Polyangiitis

Die Granulomatose mit Polyangiitis

(GPA, friiher: M. Wegener) ist eine
KleingefaBvaskulitis mit Assoziation

zu cANCA. Gekennzeichnet durch eine
nekrotisierende granulomatose Entziindung
sind oftmals die oberen und unteren
Atemwege sowie die Nieren, Gelenke und
Haut befallen. Grundsétzlich kann jedes
Organsystem betroffen sein, sodass ein
inhomogenes Erscheinungsbild die Diagnose
besonders bei dlteren Patienten erschwert.
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Barthel-Index

Start der immunsuppressiven
= Therapie der AAV (Tag 6)

Tagl Tag3

e—Barthel-Index  emmmeKreati
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Tag 23
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6,00

Kreatinin (mg/dl)

0,00
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Tag27 Tag29 Tag 31
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I

*1: CRP bei Aufnahme (Tag 1): 199,6 mg/I
*2: CRP bei Pneumonie (Tag 21): 158,7 mg/|
*3: CRP bei Entlassung (Tag 31): 13,6 mg/l

Dialyse

Abb. 1 A Verlauf des Kreatinin-Werts parallel zum Barthel-Index wahrend der Hospitalisierung

Therapie und Verlauf

Unter der immunsuppressiven Therapie
entwickelte der Patient in den nachsten
Tagen eine nosokomiale Pneumonie mit
respiratorischer Insuffizienz, sodass eine
kurzzeitige intensivmedizinische Thera-
pie notwendig wurde.

Wihrend des gesamten Aufenthaltes
war der Patient durch seine Krankheits-
situation depressiv verstimmt, sodass er-
folgreich eine Therapie mit Mirtazapin
begonnen wurde (GDS bei Entlassung
2 Punkte).

Unter der beschriebenen Therapie
und der parallel durchgefithrten Kom-
plexbehandlung verbesserte sich der
Patient bei Entlassung insgesamt deut-
lich (Barthel-Index 65, EQ-5D-5L 0,872).
Der MPI lag bei Entlassung nur noch
bei 0,50, entsprechend einem mittleren
Risiko.

Der Patient konnte nach 33-tigi-
gem Krankenhausaufenthalt in die An-
schlussheilbehandlung entlassen werden
(B Abb. 1). Zwei Monate nach Entlas-
sung aus der Altersmedizin war unter
Fortfithrung der Therapie eine sich stetig
bessernde Nierenfunktion zu verzeich-
nen, sodass eine Fortfithrung der Dialyse
erfreulicherweise nicht mehr notwen-
dig war. Laborchemisch waren zuletzt
eine stabile Nierenfunktion (Kreatinin

1,86 mg/dl) und ein stabiler Hb-Wert
(13,1mg/dl) zu verzeichnen; die AAV
war in Remission. Auch subjektiv stellte
sich eine Besserung ein: Der Patient gab
eine deutliche Zunahme der Belastbar-
keit und des Appetits an. Er lebt weiter
im héuslichen Umfeld mit seiner Ehe-
frau und kann das Haus selbststindig
verlassen.

Diskussion

Aufgrund des inhomogenen Erschei-
nungsbildes einer AAV kommt es haufig
erst nach lingerem Krankheitsverlauf
zur Diagnosestellung, wenn bereits or-
ganische und funktionelle Folgeschiden
eingetreten sind. Gerade bei ilteren,
multimorbiden Patienten zeigen sich oft
diffuse Beschwerdebilder mit teils aty-
pischen Symptomen - oft werden diese
zusitzlich von geriatrischen Syndromen
iberlagert, was die Diagnosefindung
erschwert. Studien konnten zeigen, dass
eine AAV bei dlteren Patienten hiufiger
mit einer erh6hten Mortalitéit einhergeht
[3, 4].

Der vorliegende Fallbericht zeigt die
Wichtigkeit einer genauen somatischen
Abklarung von Beschwerden auchim ho-
heren Alter und bei Gebrechlichkeit, um
den ,,Drehtiireffekt“ und eine frithzeitige
Therapielimitierung zu vermeiden sowie

452 ‘ Zeitschrift fiir Gerontologie und Geriatrie 5 - 2021
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eine gewisse funktionelle Reserve und
Resilienz wiederherzustellen.

Denn durch eine leitliniengerechte
immunsuppressive Therapie ist auch bei
alteren Patienten eine effektive Remis-
sion mit Verringerung der Mortalitit
und Morbiditit méglich [5]. Dennoch
sollte auf das erhohte Risiko fiir Infek-
tionen (z.B. Herpes-zoster-Infektionen
und Pneumonien) unter einer immun-
suppressive Therapie geachtet werden
[6].

Eine multidimensionale und interdis-
ziplinare Behandlung alterer Patienten
kann gerade bei schweren akuten Erkran-
kungen wie der AAV die funktionellen
Outcomes alterer Patienten deutlich ver-
bessern.
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Supplementary 3

Verlauf der Depressionssymptome
und Selbstwirksamkeit dlterer Patienten
wiahrend der COVID-Pandemie
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Diab und Schwerpunkt

I.EINLEITUNG
= Eine der grolten Herausforderungen der
Patientenversorgung aktuell besteht aus MaRknahmen

zur Bekampfung der Pandemie durch den Sars-CoV-2-Virus
(Severe Acute Respiratory Syndrome Coronavirus Type 2)

= Studien belegen, dass psychosoziale Herausforderungen
der Pandemie wie die Zunahme von Angsten, Zwingen,
Depressionen und Burnout einen groRen Einfluss auf den
Krankheitsverlauf haben

= Soziale Isolation von &lteren Patienten kdnnen
neuropsychiatrische Symptome wie Apathie, Angst und
Agitation auslosen und beeinflussen

= Ziel der vorliegenden Analyse: Hat die Pandemie einen
messbaren psychosoziale auf hospitalisierte, multimorbide
Patient*innen?

110 multimorbide Patient*innen der ,Vun nix kitt
nix“-Studie  (Wilhelm-Woort-Forderpreis 2019): A
tailored, co-managed Discharge Program improves
Multidimensional Prognosis in older Inpatients:
Randomized Controlled Trial with 6 months Follow-Up

= Bei Aufnahme: multidimensionales Assessment mit
Erhebung des Multidimensionalen Prognostischen
Index (Multidimensional Prognostic Index, MPI),
Geriatrische Depressionsskala (Geriatric Depression
Scale, GDS) und Rosenbergs Selbstwirksamkeitsskala
(Rosenbergs Self Esteem Scale, RSES).

= Follow-Up nach 1, 3 und 6 Monaten: Uberleben,
Rehospitalisierungsrate, GDS, RSES

= Datenanalyse vor und nach Pandemiebeginn (WGO:

@ 2. PATIENTEN UND METHODIK

3. ERGEBNISSE

» Das mediane Alter betrug 78 Jahre (IQR 9), 57% der Patient*innen
waren weiblich (Tabelle 1)

» Vor Beginn der Pandemie wurden 62 Patient*innen eingeschlossen,
48 Patient*innen danach (Tabelle 1)

» Mittlerer GDS-Score bei Aufnahme vor Beginn der Pandemie bei 4
(+2,8) Punkten und nach der Pandemie bei 5,2 (+ 3,8) Punkten
(p=0,056) (Abbildung 1)

» Adjustierung nach Demenz, MPI bei Aufnahme, Intervention und
Geschlecht zeigte nach Beginn der Pandemie einen signifikant
schlechteren GDS-Score bei Aufnahme (p=0,048) im Vergleich zum
Zeitraum vor der Pandemie (Tabelle 2)

» 3-Monate-Follow-up: signifikant verbesserter GDS-Score (p=0,006)
bei  aufgenommenen  Patienten  wdhrend Pandemie vs.
aufgenommene Patienten vor Pandemiebeginn (Abbildung 2, Tabelle
2)

» 3-Monate-Follow-up: signifikant bessere  Selbstwirksamkeit
(p=0,036) bei Patienten wdhrend Pandemie vs. Aufgenommene
Patienten vor der Pandemiebeginn befanden (Tabelle 2)

(i

4.SCHLUSSFOLGERUNG

“*In dieser Sekunddranalyse beobachten wir basierend auf den GDS-
Werten, dass hospitalisierte Patienten wahrend der Pandemie
depressiver scheinen

< Interessanterweise zeigt die vorliegende Analyse, dass wahrend der
Pandemie hospitalisierte Patienten im Verlauf eine Verbesserung der
Depressionssymptome zeigen im Vergleich zu vor Beginn der
Pandemie hospitalisierten Patienten. Diese Verbesserung wird
begleitet mit starkerer Selbstwirksamkeit. Weitere Studien sind
erforderlich, um verbesserte Selbstkompetenz zu evaluieren.

<*Weitere  Studien bei vulnerablen Patienten mit groRer
Studienpopulation und weiteren Assessments des psychosozialen
Status scheinen notwendig.

11.03.2020)
Tabelle 1 Deskriptive Ergebnisse
Vor Corona Nach Corona
Geschlecht J 26 (42%) I 21 (44%)
Q 36 (58%) Q 27 (56%)
Alter, 76,6 (7,3) 78 (6,7)
Mittelwert (SD)
MPI, Mittelwert 0,54 (0,19) 0,57 (0,18)
(sD)
Geriatrische 4(2,8) 52(3,9)
Depressionsskala
nach Yesevage,
Mittelwert (SD)
Rosenberrgs 25,3(3,5) 25(3,9)
Selbstwirksamkeits
skala, Mittelwert
(sD)
Abbildung 1 GDS Score bei Aufnahme
2
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Tabelle 2 Ergebni
Skalen

lineare Regr
Regressions-koeffizient B

Aufnahme 1,249

GDS vor oder nach
Vi

covip
3rU 2,905 0,006
GDS vor oder nach
covip
PR —————
3F0 29 0,036 ™
Selbstwirk-
samkeit
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Supplementary 4

Prognostic features of sarcopenia according to the EWGSOP?2 algorithm
in older hospitalised patients: A 6-month follow-up study
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I. Introduction

Sarcopenia, defined as a generalised and progressive age-related
decline in muscle mass, strength and function [1], is extremely common in
older people and is known to be associated with adverse health outcomes
[2]. However, sarcopenia has long been underdiagnosed and
undertreated in routine clinical practice due to the lack of universally
accepted diagnostic algorithms. The aim of this analysis was to assess the
prevalence and prognostic signature of sarcopenia in older adults at risk
of functional decline during hospitalisation in an acute hospital setting

jointly managed by internists and geriatricians.

Il. Methods

Sarcopenia was assessed using the European Working Group on
Sarcopenia in Older People (EWGSOP2) algorithm [3], including the SARC-
F (Strength, Assistance with walking, Rising from a chair, Climbing stairs
and Falls) score, handgrip strength, bioelectrical impedance analysis (BIA)
and the Timed Up and Go (TUG) test in 97 older multimorbid inpatients.
A Comprehensive Geriatric Assessment (CGA) including assessment of
geriatric syndromes (GS) and resources (GR) and prognostic calculation
using the CGA-based Multidimensional Prognostic Index (MPI), European
Quality of life-5 Dimensions (EQ-5D-5L), Rosenberg Self-Esteem Scale
(RSES) and Geriatric Depression Scale (GDS). Information on survival and

rehospitalisation was collected 1, 3 and 6 months after discharge.

No Sarcopenia

Re-evaluation at later
point

Probable
Sarcopenia

Diagnostic algorithm based on the EWGSOP2-guideline by Cruz-Jentoft et al. [3]

Ill. Results
The mean age of the study population was 76.5 (+ 6.8) years and 55% were
female. Sarcopenia was present in 63% (95% Cl: 54-72%) of patients and was

categorised as probable (31%), confirmed (13%) and severe sarcopenia (18%).

Severe Sarcopenia
18%

Confirmed
Sarcopenia
13%

Probable Sarcopenia
31%

No Sarcopenia

Sarcopenic patients had significantly higher median MPI scores (p<0.001), more GS
(p=0.033), less GR (p=0.003), lower EQ-5D-5L (p<0.001) and lower RSES (p=0.025) than
non-sarcopenic patients. Sarcopenic patients also had significantly more falls in the

previous year (p=0.008).

MPI value (Admission)

No sarcopenia 3 cs ss

Six months after discharge, being sarcopenic at baseline was predictive of falls
(p=0.027) and quality of life (p=0.043), independent of age, gender and MPI.

IV. Discussion

Sarcopenia, as defined by EWGSOP2, is highly prevalent in
hospitalised elderly multimorbid patients, and for the first time a significant association
between sarcopenia, as structured by the EWGSOP2 algorithm, multidimensional
prognosis and frailty as measured by the MPI, and health outcomes at different time
points has been demonstrated. As sarcopenia is an independent strong predictor of
poor outcomes after discharge, older patients should be systematically assessed for

sarcopenia and receive ad hoc counselling and treatment.
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