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1. Deutsche Zusammenfassung 

Altern ist ein Prozess, der die Menschheit und die Wissenschaft seit Anbeginn fasziniert. 
Warum und wie wir gesund altern, ist bis heute nicht gänzlich verstanden. Aber es ist Fakt, 
dass in Industrienationen die Lebenserwartung stetig ansteigt und der Anteil der 80-jährigen 
in diesen Gesellschaften stetig zunimmt. Einige dieser alten Menschen schaffen es, durch eine 
Kombination aus genetischen und lebensstil-bedingten Faktoren, bis ins hohe Alter gesund 
und selbstständig zu bleiben. Der größere Anteil dieser Altersgruppe leidet aber an einer oder 
mehreren chronischen Erkrankungen und benötigt Unterstützung in den Aktivitäten des 
täglichen Lebens. Diese Menschen sind gebrechlich (frail) oder drohen es zu werden (pre-
frail). Chronische Erkrankungen in Kombination mit Gebrechlichkeit führen zu häufigen 
Krankenhausaufenthalten. Die enormen Kosten, die das Gesundheitssystem durch die meist 
lange Verweildauer dieser Patienten trägt, ist nur ein Grund, die Prävention und Behandlung 
von Erkrankungen des höheren Lebensalters zu optimieren. Ziel der modernen Altersmedizin 
ist es, die Gebrechlichkeit (frailty) der Patienten multidimensional und interdisziplinär zu 
beurteilen. Den Goldstandard hierfür stellt das Comprehensive Geriatric Assessment (CGA) 
dar, welches in der vorliegenden Arbeit um den Multidimensionalen Prognostischen Index 
(MPI) ergänzt wird. Der MPI beleuchtet die physischen, psychischen, funktionellen und 
sozialen Aspekte älterer Patienten mittels insgesamt acht verschiedener Fragebögen und 
Scores und ist ein Risikoindex, der Mortalität, Rehospitalisierungen und Institutionalisierungen 
für einen Monat und ein Jahr nach Erhebung prognostiziert. Hierfür werden die Patienten drei 
Risikogruppen (MPI-1, niedriges, MPI-2, mittleres und MPI-3, hohes Risiko) zugeordnet. In der 
vorliegenden Arbeit wurde einerseits durch die Rekrutierung von insgesamt 200 multimorbiden 
(>2 chronische Erkrankungen) und älteren (>65 Jahre) Patienten in der Klinik II für Innere 
Medizin der Uniklinik Köln, die Durchführbarkeit und Validität des MPI in einer 
hochspezialisierten internistischen Klinik bestätigt und es konnte andererseits gezeigt werden, 
dass der MPI zur Verlaufsbeobachtung von Patienten während des stationären Aufenthaltes 
herangezogen werden kann und nicht nur Momentaufnahmen abbildet. Durch das dreimalige 
Erheben des MPIs (bei Aufnahme ins Krankenhaus, nach 7-10 Tagen und bei Entlassung) 
konnten dynamische Verläufe sichtbar gemacht werden. Interessant war hier, dass besonders 
Patienten der niedrigsten Risikogruppe (MPI-1) während des Aufenthalts von einer 
Verschlechterung ihrer Prognose betroffen waren, während Patienten der höchsten 
Risikogruppe (MPI-3) von einem längeren Aufenthalt eher profitierten. Beide Trends waren 
bereits nach einer Woche durch den MPI darstellbar und bestätigen das „geriatrische 
Paradoxon“. Dieses Wissen kann den behandelnden Ärzten und Therapeuten die Möglichkeit 
geben, Behandlungen maßgeschneidert auf den Patienten anzupassen. Perspektivisch soll 
der MPI auch in Kombination mit klinischen Aspekten interpretiert werden (wie z.B. 
Laborparametern), um das Co-Management der Inneren Medizin und Geriatrie zu optimieren. 
Die Kombination aus internistischer Hochleistungsmedizin und multidimensionaler 
Altersmedizin wird aktuell in der neu eröffneten Kölner „Universitären Altersmedizin“ auf der 
Station 17.1 der Uniklinik Köln medizinisch und wissenschaftlich erprobt. Eine derartige 
Kombination ist die Erste dieser Form in Deutschland und könnte maßgeblich dazu beitragen, 
den „silbernen Tsunami“, der in den nächsten Jahrzehnten auf die Gesundheitssysteme der 
Industrienationen zurollt, optimal zu versorgen. Dieses Pilotprojekt wird wissenschaftlich 
begleitet und die ersten Fallberichte, die im Rahmen des Co-Managements zwischen Innerer 
Medizin und Altersmedizin veröffentlich wurden, zeigen den positiven Einfluss dieser 
Zusammenarbeit auf die Prognose älterer gebrechlicher Patienten. Weitere Forschung ist 
notwendig, um individuelle Behandlungskonzepte für ältere Patienten zu ermöglichen und um 
ein besseres Verständnis der Einflussfaktoren auf den physiologischen und pathologischen 
Alterungsprozess zu erlangen. So könnte jedem Menschen die Chance gegeben werden, im 
hohen Lebensalter selbstbestimmt und individuell zu leben und behandelt zu werden. 
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2. Introduction 
 

2.1 What is ageing?  

 

We age. Incessantly, day after day, minute after minute. Rose – like most evolutionary 

biologists – defines ageing as “a persistent decline in the age-specific fitness components 

of an organism due to internal physiological degeneration” (1) .  But is that all that constitutes 

ageing? A constant, inescapable loss, at the end of which death awaits us?  

 

At some points in their lives, people are desperate to age.  It affords people an increase in 

freedom of action, capacities and options. Children want to become adolescents, 

adolescents want to finally “grow up”. The ability to drive a car is subject to an age limit in 

almost every country in the world. The same applies to participation in elections, enrolment 

in universities or renting your first own apartment. For people in these life situations, ageing 

is fun; getting older opens up new possibilities. It is not scary at all.  

 

These positive associations with ageing change from at midlife, when people notice a 

reduction in their cognitive or physical capacity and some are diagnosed with their first 

chronic condition. The metabolism changes, the daily calorie requirement decreases and 

often, an increase in body weight occurs. At this point, ageing starts to become scary. For 

the first time, a loss is sensed, which is described in the above definition of ageing (1).  

 

But doesn’t old age also have its benefits? A wealth of life experience and knowledge? 

Every person receives answers to at least some of the questions they had when they were 

younger. Age brings wisdom, as was already known in ancient Greece. Even in old age, 

the famous Greek philosophers Socrates and Plato drew crowds of students and were 

eager to spread their lessons. In a similar manner, parents impart knowledge and skills to 

their children. As in the lyrics of the song “Father and Son” by Cat Stevens, "You're still 

young, that’s your fault, there's so much you have to know" (2). At the same time, older 

people need young people, a solidarity that has never been more relevant than during the 

Corona pandemic; SARS-CoV-2, a highly contagious virus for all humans, is much more 

likely to be fatal for older people.  In this case, it was down to the younger generations to 

do grocery shopping or to care for older patients when they were affected by the virus. As 

much wisdom as old age implies, it makes one vulnerable. To use the words of poet Rupi 

Kaur,  “our elders are not disposable” (3). Ageing involves both give and take – one gains 

something and one loses something. 
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The phenomenon of ageing has fascinated mankind for centuries. Therefore, the various 

definitions and concepts of ageing involve many different approaches. Three concepts in 

particular are important for this thesis. Chronological age refers to the counted years after 

a person's birth, i.e., the age noted on every form when registering at a doctor's office or 

clinic. Biological age refers to measurement of age according to the functional capacity of 

the organism (4). Subjective age is the age a person feels (feel age) or thinks they appear 

to be (look age). (5, 6). Ageing can thus be defined according to time, physical deficits or 

subjective condition. Clearly, ageing is not a standardized process that can simply be 

optimized. It is individual and heterogeneous (7). It is multidimensional.  

 

Improved living conditions and better health care lead to ever-increasing life expectancy. 

Accordingly, there are not only internal factors that influence ageing, but also important 

external parameters. In the 2010 Georgia Centenarians study by Jonathan Arnold et al. (8), 

the group of researchers examined 244 centenarians (100-year-olds) and near-

centenarians (98 years or older) as well as 80 octogenarians (80-year-olds) (8) and divided 

them into three groups according to their experience with chronic disease: The "survivors", 

43% of the participants, received the diagnosis of a first chronic disease between 0–80 

years of age. The "delayers", 36% of the participants, were not diagnosed with a chronic 

disease until between 80 and 98 years of age. And the "escapers", 17% of the participants, 

were not diagnosed with a chronic disease until the age of 98.  

 

Since ancient times, people have been fascinated by the idea of immortality. Science has 

not yet reached the point at which immortality can be promised. But a life of 100 years – 

without diseases, without restrictions, without sacrifice – is quite some time. So, if it were 

possible for a person to choose how they will age, many people would certainly  take the 

"escaper" option(8). But how does one become an "escaper"? Is it at all possible to influence 

the outcome, or is ageing already genetically determined? How can we use the knowledge 

about the multidimensionality of ageing and the high-performance medicine that exists 

today to enable people to live a long and self-determined life? This is the major question of 

Geriatric Medicine in the 21st century. 
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2.2 An ageing society: epidemiological data 

Figure 1: age structure of the population in Germany 2018 and 2060 

 

 
 
Subtitle Figure 1: The male population pyramid is shown on the left, the female on the right. The yellow or blue 

area represents the actual distribution in 2018, the yellow or blue line the estimated area for the year 2060 

assuming moderate development of fertility, immigration and life expectancy. The population pyramid for the 
year 2018 shows a clear majority of the population between 40 and 60 years old compared to the population 

between 15 and 25 years old. For the year 2060, a significant increase in the population between 80 and 100 

years is expected compared to 2018 (9). 

 

If we compare the population pyramid for 2018 with the expected population pyramid for 

2060, which is illustrated in Figure 1, three points stand out. First, the overhang of the 

persons aged between 45 and 70 years (baby boomers of the 1950s and 1960s) narrows, 

men women 

Age structure of the German population (2018 and 2060) 

Age in years 

People in 1000 People in 1000 

2060, moderate development in fertility, life 

expectancy and migration 
 

Amended from: 2060, Ergebnisse der 14. Koordinierten Bevölkerungsvorausberechnung des Bundes 
und der Länder, Variante 2: Moderate Entwicklung der Fertilität, Lebenserwartung und Wanderung 
(langfristiger Wanderungssaldo: 206.000 jährlich) 
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and the pyramid gives an almost even picture of the generations in 2060. Secondly, the 

number of persons between 80 and 100 years old will increase massively in 2060 compared 

to 2018. Thirdly, the number of births is expected to decline only slightly compared to 2018: 

while there were almost 800,000 births in 2018, there are expected to be almost 700,000 

births in Germany in 2060. 

 

Figure 2: population development in Germany 1950–2060 

 
Subtitle Figure 2: This chart shows the actual population of Germany in millions of people between 1950 and 
2015, with statistical projections for the years 2018 to 2060 (10, 11). 

 

The media is currently dominated by headlines reporting that Germany has an “ageing 

society”, “low-birth cohorts” or an “over-aging population” (12-14). As Figure 1 clearly 

shows, in 2018, the so-called baby boomers (the generation of people born in the 1950s 

and 1960s) were between 45 and 70 years old. For 700,000 55-year-olds, there were 

around 400,000 newborns in 2018. Nevertheless, Figure 2 shows a calculated increase in 

Germany's population for 2018: from 82.18 million people in 2015 to 82.90 million people in 

2018. How can this population increase be explained?  

 

On the one hand, it can be explained by rising life expectancy. In 2018, a newborn girl in 

Germany had a life expectancy of 83.27 years, while that of a newborn boy was 78.48 years 

(15). In comparison, the life expectancy of a newborn girl in Germany in 1960 was 72.4 

years, with that of a newborn boy in 1960 in Germany being 66.9 years (16). Thus, the 

population size can remain constant despite less births than deaths. On the other hand, 

Population development in Germany 1950-60 in millions 

         Forecast 

Amended from: Statistisches Bundesamt (2019), Bevölkerungsfortschreibung, Fachserie 1, Reihe 1.3; Statistisches Bundesamt (2019), Bevölkerung 

Deutschlands bis 2060. Ergebnisse der 14. Koordinierten Bevölkerungsvorausberechnung, Annahmen der Vorausberechnung; Variante 15 
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immigration has the greatest influence on population growth in Germany. The projections 

of Germany's population figures in Figure 2 of the Federal Statistical Office are based, 

amongst others, on an expected annual net migration of 221,000 persons (10). This account 

could still be too low due to the large immigration numbers in 2014. 

 

The two effects described above are not only applicable to Germany, but to the entire 

European Union (EU). On 10 July 2019, – according to a press release of Eurostat, the 

EU’s statistical office – 513.5 million people were living in the EU, compared to 512.4 million 

people on 1 January 2018 (17). Although the EU’s so-called natural population trend was 

negative (5.3 million deaths vs. 5.0 million births), the population grew by 1.1 million people. 

This growth was caused by a positive immigration balance (17).  

 

It can therefore be said that 

1. It is expected that by 2060, Germany’s population will be reduced to approximately its 

population level of 1960 (compare Figure 2). This is explained by declining birth rates and 

rising death rates. Even immigration will not prevent the net decrease in population size. 

 

2. By 2060, there will have been a significant increase in the number of "oldest–old" people 

(those between 80 and 100 years of age). Which challenges this will pose for society, the 

health system and politics will be the subject of research in the coming decades. 

 

3. Human life expectancy is increasing every year. This will, as already mentioned in point 

2, necessitate changes in both the state health care infrastructure and societal structure. 

 

2.3 Does physiological ageing exist?  

 

Why will rising life expectancy pose challenges to society and the health system? After all, 

a long life is desirable to most people. Getting older need not be something to be afraid of, 

as mentioned in chapter 1.1. Many people imagine their retirement in a very idealized way, 

with lots of time for activities and undertakings that were not feasible in everyday working 

life – more time for family and for themselves. Everyone would like to age like an "escaper", 

or at least a “delayer” (8). 

 

The solution may sound simple, but it is not, because how one becomes an "escaper" in 

old age is not yet understood. What is certain is that it involves an interplay of many factors, 

some of which can be influenced, some of which are determined from birth (7). Among the 

factors that influence ageing are genes, lifestyle, diseases, social environment, stress and 
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trauma. So, the question in the title of this subchapter, "Is there physiological aging?", is not 

a simple yes or no question (7).  

 

Physiological ageing is widely regarded as a loss of function of various organs and tissues 

of an organism. However, every organ and every tissue loses its capacity and recovery 

potential over the course of life, but not at the same rate and to the same extent. Kidney 

function, for example, decreases continuously from the age of 30 onwards. The fact that 

the glomerular filtration rate (GFR) – the internationally-established standard value of renal 

function – continuously decreases with age was first demonstrated for a longitudinal period 

in the Baltimore Longitudinal Study on Aging (BLSA) (18). Rowe et al demonstrated that for 

men, the average GFR decreases linearly from 140 ml/min/1.73m2 at the age of 30 to a 

value of 97 ml/min/1.73m2 at the age of 80 (18). Nevertheless, the loss of 43 ml/min/1.73m2 

filtration rate alone is not considered a chronic kidney disease (CKD) or renal failure (19, 

20), does not restrict the majority of patients and therefore often goes unnoticed. The 

physiological renal ageing processes usually have no effect on the individual, unless there 

are unexpected events such as illness or trauma. 

 

This observation highlights another important fact in the context of ageing and disease. Not 

every loss of function counts as a handicap (21). Therefore, not every reduction in GFR, for 

example, needs to be treated, but for some older patients who are impaired by other 

biomolecular or environmental factors, even this loss signifies a disease worthy of 

treatment. This illustrates that the algorithm “one-cause-one-mechanism-one-therapy” is 

not applicable to the older patient (21). 

 

Thus, the ageing of human beings’ largest organ is widely met with fear. The processes of 

decline are, in this case, visible to everyone – we're talking about our skin. Skin ageing is 

not only important for the cosmetics industry, but also for medicine. It leads to greater skin 

fragility, delayed wound healing and the risk of developing skin cancer also increases with 

age (22). Due to a loss of elastin and collagen fibres or constant exercise of the muscles 

underneath the skin – particularly notorious here are the laughter lines – wrinkles occur 

more frequently. The skin is therefore a good example of the difference between the 

physiological ageing process and the actual age of a person – anyone who has worked a 

significant amount the sun in the course of his or her life will already have leathery and 

wrinkled skin at a young chronological age (23). Furthermore, this example can also 

contribute to an understanding of extrinsic and intrinsic ageing. Intrinsic ageing is difficult to 

influence, it is largely genetically predetermined, while extrinsic ageing is shaped by 

external influences. But not every extrinsic impact is synonymous with an externally visible 
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impact. There can also be extrinsic influence at the cellular level. Consequently, lifestyle 

factors such as diet, exercise, smoking behaviour and stress or biomolecular aspects like 

oxidative stress and mitochondrial dysfunction, DNA damage and repair mechanisms or 

telomere functioning play a major role (21, 22). 

 

Many researchers choose to lay a particular focus on the centenarians and the "escapers" 

among them for the reasons mentioned above. Their main line of questioning is whether 

these people exhibit genes that other people are missing or whether mutations cause genes 

in healthy centenarians to work differently than in people who do not reach this age (24). If 

differences were to be found here, this could indicate molecular signalling pathways that 

could be very important in the ageing processes (21, 24). 

 

In order to remain within the scope of this dissertation, only one example of such molecular 

signaling pathways will be presented here. One approach to elucidate the mechanisms that 

control intrinsic/physiological ageing is to screen DNA for genes whose expression changes 

with age, so-called age-related genes (24). Zahn et al. examined skeletal muscles for these 

age-related genes and were able to establish a molecular profile – and thus a biochemical 

differentiation – of 250 of these genes (25). This profile was related not only to the 

physiological age of the specific tissue, but also to the chronological age. The researchers 

compared the molecular profile they found with profiles of brain and kidney tissue already 

described in the literature and found astonishing similarities (25). These similarities suggest 

that there are not only genes that control the ageing of tissue (e.g. the ageing of muscles, 

kidneys or brain), which can also vary greatly within an individual. Rather, some of these 

genes are responsible for the ageing of the entire individual (25).  

 

Doctors and therapists who treat old people are therefore faced with a wide variety of 

challenges. They have to take into account the inter- and intra-individual heterogeneous 

changes that are based on heterogeneous inter- and intra-individual mechanisms and, in 

particular, be able to interpret their unpredictable clinical relevance for the patients and their 

individual risk of mortality or loss of independence (21, 26, 27). So, the goal is to tailor 

therapeutic approaches (21). 
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2.4 Resilience 

 

The previous section highlighted the challenge that the individuality of ageing entails. There 

are approaches and indicators that scientists hope to apply to predict which individual will 

face which ageing process, which could be a breakthrough in the prevention of age-related 

diseases and limitations. However, individuality does not manifest only in biology and the 

biochemical processes of ageing, but also in psychological aspects (28). Body and mind 

represent a union and far too often, in medicine, the body is treated while the mind is 

sidelined. And just as every human body ages differently, so does every mind (7). This is 

where the concept of "resilience" comes into consideration. "Resilience" refers to the ability 

and capacity of the individual to react to trauma or stress and to recover from it, until the 

previous physical and mental state is restored (29).  

 

Several studies in fundamental biological and medical research (30, 31) have found 

indications that there is a systemic, physiological resilience system in addition to individual 

resilience. If this systemic resilience could be made measurable – e.g. using dynamic 

resilience biomarkers (29) – this could provide doctors and nurses with indicators to 

dynamically measure the recovery potential of each individual patient and to intervene 

directly in the event of changes or an imminent overstrain of the system. However, a serious 

disease or a hospital stay that results in the loss of independence, even if it is only 

temporary, is extremely stressful (32, 33).  

 

It has been shown that a slowdown in recovery from an operation or from an acute illness 

is an indication of the exhaustion of individual resilience and thus a red flag (29). Thus, the 

dynamic resilience in Geriatrics could be of great importance for the prevention of adverse 

events in the context of treatments or operations. If the origin and functioning of how 

systemic resilience works and where it starts were understood, this could provide additional 

opportunities to strengthen the system and enable more people to grow old as "escapers" 

(8). 

 

We are living longer and longer, but everyone ages differently. Body and mind are faced 

with a wide variety of challenges, to which everyone reacts differently, and which affect 

each of us differently. So, it is clear that there cannot be just one treatment for a disease 

that will work for every old person. The keyword is: multidimensionality. To be able to give 

an old person the proper treatment, we need to know their psychological resilience, their 

physical abilities, their functional reserves and their social relationships, in order to make 

the best individual decision for each patient. This is the task of Geriatric Medicine in close 
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cooperation with every medical specialty that treats older patients – so simple and yet so 

complex (34-38).  

 

2.5 The Development of Geriatric Medicine 

 

2.5.1 Definition 

 

The term Geriatrics is a combination of the ancient greek word gerwn (geron; translated: old 

person) and iatreia (iatreia; translated: medical science). The first mention of the term and 

the first publications in the geriatric discipline date back to the United Kingdom in the 19th 

century (39). Up to that point, it was simply not necessary to designate the field of Geriatrics 

– people were cared for within the family circle, in monasteries or in poorhouses. Many 

patients did not reach old age and rehabilitation possibilities for older patients were rare. 

The older the people and especially the better the medical treatment and the equipment of 

the hospitals became, the more Geriatrics became of interest to the medical profession. 

 

2.5.2 Medical treatment of older patients, past and present 

 

It was less than 100 years ago, in 1943, when Marjory W. Warren published an article in 

the British Medical Journal with the title, "Care of Chronic sick - A case for treating chronic 

sicks in blocks in a general hospital" (40). The demand that the doctor makes in her article 

is taken for granted today. She calls for the separate accommodation for the younger 

chronically ill from the older chronically ill patients and special training of medical and 

nursing students in dealing with these patients. In addition, she suggests a special diet for 

the older patients' departments, additional linen for many incontinent patients, staff to help 

patients cope with daily tasks, and better equipment with walking crutches, wheelchairs and 

tables for recreation (40).  

 

In the same article, Marjory Warren also presents her “Classification of the Chronic Sick” 

(40): 

 

“1. Chronic up patients – that is, patients who get up part or whole days and get about 

it with some help, but who cannot manage stairs.  

 

2. Chronic continent bed-ridden patients.  

 

3. Chronic incontinent patients – such wards are allocated only on the female side.  
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4. Senile, quietly restless and mentally confused or childish patients required cot beds 

for their own safety, but not noisy or annoying others.  

 

5. Senile dements – requiring segregation from other patients. “ 

 

What was relevant 78 years ago is still relevant today. Of course, this classification is not 

applicable to the treatment of older patients today, but it is still accurate. After Marjorie 

Warren established the cornerstones of Geriatric Medicine for the scientific world, other 

geriatricians followed her, most of them also British (41). Cosin fought for early mobilization 

of bedridden patients after operations (42, 43) and Howell incorporated the clinical aspects 

of the ageing process of people into the treatment of his patients (44). These principles 

were established over 70 years ago, but are still followed one-to-one today (41).  

 

2.6 Modern Geriatric Medicine 

 

There has been no standstill in Geriatric Medicine in recent decades. As already described 

in the first sections of this thesis on the biochemical processes of ageing and resilience 

(Section 1.4), geriatricians and scientists are now striving to provide tailored interventions 

for the needs and diseases of older patients. The approach is not disease-oriented, but 

patient-oriented.  

 

Certainly, in patient-oriented treatment, the underlying diseases must also play a role. 

Nevertheless, the needs of the patient within this treatment must also be taken into account. 

Do the drugs the patient takes have side effects such as dizziness or weakness? Is the 

patient still able to go about his or her daily routine or is he or she particularly at risk of falls 

as a result of the treatment or is he or she at risk of becoming immobile? These questions 

are only some of many examples which demonstrate that the treatment of an underlying 

disease of an old patient cannot be the same as for a young patient. This is where the 

cooperation of Geriatric Medicine and high-performance Internal Medicine or surgery needs 

to take place. In close cooperation, a complex modern treatment can be carried out together 

with the consideration of the unique characteristics of older people.  

 

Thus, geriatrics today has two guiding concepts: multidimensionality and interdisciplinarity.  
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2.6.1 The concept of frailty 

 
Frailty is one of the key concepts in modern Geriatric Medicine (45). It describes a state of 

vulnerability, which is the result of a steady loss of physiological capacity over the course 

of life (46). A frail patient has no intrinsic capacities and resources left to respond to extrinsic 

stressors, such as an illness, or any loss of independence. Frailty is therefore also seen as 

the most extreme form of the ageing process (45) and is associated with multiple adverse 

outcomes like fall (47), institutionalization to long term care (48), hospitalization (49), 

impairments in cognition (50), affective disorders (51) and reduced life expectancy (52). 

 

So far, there is no standard definition of frailty. Use of the term in scientific literature began 

in the 1990s and potential definitions as synonyms with disability (53), comorbidities (54) or 

simply high age (55) were published. However, the concept of frailty goes much further than 

a mere comorbidity. The two approaches that were crucial for today's definitions and 

understanding of frailty were the phenotype approach developed by Fried and colleagues 

(56) and the stochastic approach of Rockwood and colleagues (46). The frail phenotype, 

according to Fried et al., has five main characteristics (56): 

 

1. Weight loss (more than 10 pounds in the last year, unintentionally) 

 

2.  Exhaustion (measured using the CES-D Depression Scale) 

 

3. Physical activity (Any form of physical exercise, such as sport, housework, 

gardening, etc. measured in kilocalories (kcal) and divided for men (<383 kcal per 

week) and women (<270 kcal per week))  

 

4. Walk time (Gait speed – also divided for men and women) 

 

5. Grip strength (stratified for men and women and body-mass-index (BMI) quartiles) 

 

The problem with this definition, which has been extensively validated worldwide, is that the 

symptoms are one-sided in favor of the physical aspects: According to Fried et al., frailty is 

a state of very high physical vulnerability (56). Other dimensions, such as cognition or social 

aspects, are not examined in this model. 

 

The stochastic approach of Rockwood and Mitnitski incorporates deficits in a wide variety 

of domains and puts them into a mathematical relationship, the frailty index (57). This 

correlates with a variety of outcomes such as mortality, hospitalization or morbidity. Since 
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the researchers have made use of the stochastic characteristics of ageing, the index can 

be influenced not only negatively (by more deficits) but also positively (by robust attributes). 

This is remarkably close to reality, because frailty is not to be understood as a final 

dichotomous state but as a continuum (46, 57).  

 

There are also new approaches to characterizing frailty as multidimensional, specifically by 

thinking of a person as having three layers (21, 58). The inner layer represents the 

biomolecular side, the physiological aspects of ageing. The middle layer represents the 

biomarkers and the initial pathophysiological changes that an organism undergoes through 

ageing and frailty. Neurodegeneration, weight loss, sarcopenia or fatigue would fall under 

this rubric. And the outer layer, the visible layer, which contains the functional aspects of 

frailty. In this theory, the inner layer affects first the middle layer, and then finally the outer, 

visible layer. Here, the emphasis is on the changes and loss an individual has already 

undergone by the time the outer layer is affected, making clear that in order to treat or 

prevent frailty, it necessary to provide assisting services not only to the outer layer, but also 

to make crucial interventions that affect the inner layers (21).  

 

In summary, since the scientific world has not yet reached a consensus on a unified 

definition of frailty, we are able to make three key statements (59): 

First, frailty is multidimensional. Not just physical, but also functional, social and 

psychological factors play a major role in its development (45). 

Second, frailty is related to growing old. But not every person who grows old becomes frail. 

Frailty is the most significant consequence one can suffer during the ageing process (45). 

And third, frailty is a dynamic condition.  

 

In addition, it is clear that frailty is associated with more frequent hospitalizations and higher 

costs to the health care system (46, 56). Frailty also carries the risk of more frequent 

rehospitalizations in addition to prolonged hospital stays (60). Thus, a major task of 21st-

century medicine will be to understand the concept of frailty, identify patients and, optimally, 

treat them before they reach a frail state. But how can physicians and nurses identify frailty 

when there is no standard definition? With a comprehensive approach. 

 

2.6.2 The Comprehensive Geriatric Assessment 

 

The Comprehensive Geriatric Assessment (CGA) has become the gold standard of modern 

Geriatric Medicine, it originated in the UK in the 1940s, during the advent of Geriatric 

Medicine (61). Ellis et al. defined the CGA in 2017 as “a multi-dimensional diagnostic and 
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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” (34). For a concept with many 

dimensions – as is the case with frailty – a tool is needed that incorporates these dimensions 

(34). In addition, the CGA can do something that simple screenings cannot do: provide a 

treatment approach for Geriatric Medicine (34). 

 

The first systematic review of randomized controlled trials (RCTs) on the CGA, however, 

was published in 1993 (62). Since then, scientists have been trying to unify and standardize 

the colorful and broad field of CGA, a necessary step because although there are features 

in common and specifications as to what a CGA must contain, there is no one standard 

questionnaire – it is to be understood as a concept and basis for the treatment of geriatric 

patients. In the following list, the generally accepted characteristics that are common to all 

studies dealing with Geriatric Medicine or geriatric patients  will be outlined (34): 

 

1. Expertise: Staff performing the CGA are experienced, trained and confident in 

performing and interpreting the results. 

 

2. Multidisciplinary team: Nurses, doctors (ideally with geriatric training or 

geriatricians), pharmacologists, social workers, occupational therapists and 

physiotherapists are needed to gain a comprehensive picture of the patient. 

 

3. Holistic approach: The physical, psychological, functional and social capacities and 

needs of the patient should be recorded. 

 

4. Treatment plan: On the basis of the information obtained, a treatment plan should 

be drawn up together with the patient, his or her relatives and the multidisciplinary team. 

 

5. Evaluation: On the basis of weekly team meetings, the established treatment plan 

is reviewed, and progress or failures are documented and discussed. If necessary or 

at the patient's request, the treatment plan must be adjusted. 

 

Providing patients with a CGA that includes the characteristics described above requires a 

lot of training for the team and a setting that facilitates such interventions. This setting is 

most often found today in acute geriatric wards – a rather German construct, which 

combines a geriatric clinic with rehabilitation – or geriatric hospitals, but also in stroke units 

and orthogeriatric wards (35). Outside such specialized settings, while the Geriatric 
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Assessment is known to most health care professionals, its implementation varies greatly 

and is hardly standardized (35). Thus, as described in Section 1.2, society is ageing, and 

hospital admissions of older and potentially frail patients will therefore increase. They will 

be treated in emergency rooms, on high-performance internal medicine or surgical wards 

and in outpatient care settings, in which a CGA is not usually performed. Screenings, such 

as the “Identification of Seniors at risk” (ISAR) screening (63) or the Barthel Index (64), on 

the other hand, are widely used, even outside Geriatrics. These questionnaires briefly 

assess the patient's deficits, e.g. in the area of daily living or mobility (64). But a clear 

distinction must be made here: Screening is not the same as assessment. A screening can 

reveal deficits or identify patients at risk, but it is not possible to treat patients on their basis.  

However, treatment is possible on the basis of a Comprehensive Geriatric Assessment, i.e. 

a multidimensional exploration of the patient. This is because deficits are identified, inquiries 

are made into diseases and treatments, the patient's social and psychological aspects are 

explored, and his or her physical and functional capacities are surveyed, thus drawing a 

multidimensional picture (34, 65-67). On this basis, the best possible treatment 

recommendation can be made and implemented. For example, a patient is unable to wash 

and dress him- or herself in the morning. How long this has been the case, whether he or 

she has a short-term or long-term condition that limits his or her daily living abilities, or 

whether he or she has help from family or a home care provider remains unclear, even 

though a screening has been done. A detailed picture can be drawn here by a CGA, upon 

which tailored therapy options can be built (68). 

 

In order to guarantee the best possible treatment for older patients in these settings, 

versions of CGA are currently being developed that can be easily and effortlessly integrated 

into the daily work of non-geriatric wards. One of these projects is the Frailty Index by Pilotto 

et al. (45) which is now used worldwide and interdisciplinarily: The Multidimensional 

Prognostic Index (MPI) (69, 70).  

 

2.6.3 The Multidimensional Prognostic Index (MPI) 

 

The MPI aims to draw a multidimensional picture of the patient. A total of 8 items are 

considered for the calculation of the index. These are: Katz’ Activities of Daily Living (ADL) 

(71), Lawton’s Instrumental Activities of Daily Living (IADL) (72), the Mini-Nutritional 

Assessment – Short form (MNA-SF) (73), the short portable mental status questionnaire 

(SPMSQ) (74), the Exton Smith Scale (ESS) (75), the cumulative illness rating scale – 

comorbidity index (CIRS-CI) (76), the patient’s living conditions (with relatives/spouse, with 
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private attendant/institutionalized, alone) and the total number of drugs the patient takes 

per day.  

 

All values of the indices are divided into the three categories ("low risk", "medium risk" and 

"high risk") and consequently receive 0, 0.5 and 1 points. The results are added together 

and divided by the number of indices (8). The MPI thus gives continuous values between 

0-1, which are divided into three risk groups MPI-1 (0.00-0.33), MPI-2 (0.34-0.66) and MPI-

3 (0.67-1.00) (69). 

 

The MPI is now a globally-used and very well-validated tool for long-term mortality one 

month and one year after hospitalization, for the length of hospital stay and mortality during 

hospitalization (77) and for the chance of rehabilitation and institutionalization also one 

month and one year after the MPI has been carried out (78). Its accuracy has also been 

proven for a wide range of diseases in older people, such as pneumonia (79), dementia 

(80), chronic renal failure (81), heart failure or ischemic heart attack (82). In the MPI-Age 

project funded by the EU, the MPI was conducted mainly in geriatric departments and clinics 

throughout Europe (83). However, as mentioned earlier, most frail older patients are treated 

in internal medicine or other specialties, mostly by physicians and nurses without a 

background in Geriatrics and without performing a CGA upon patient admission. This was 

the basis for a study, part of the results of which are the subject of this dissertation. After 

all, the demographic change, the lack of geriatric departments and rehabilitation clinics and 

the complexity of the multimorbidity and possible frailty of these patients all require 

multidimensional approaches and geriatric teams not only in specialized departments, but 

in all clinics and specialist departments (34, 36, 37, 84).   

 

Thus, there are also approaches to make the MPI available to community dwellers over the 

age of 65, either through their general practitioner (85) or as a questionnaire to be 

completed independently (86, 87). The focus of these studies is on early detection and 

prevention of frailty, which enables targeted support by therapists, family and society to 

avoid hospitalization or adverse events such as falls, sarcopenia and malnutrition. Greater 

involvement of the preclinical areas could save resources for the clinical area and patients 

requiring greater professional attention. It could also prevent pre-frail people from becoming 

frail (88).  

 

Time is one of the biggest concerns in hospitals and by involving patients and their families 

in the process of prevention, a greater sense of self-determination could be created, which 

in turn could increase compliance. The ultimate goal, as is well known, is to avoid any non-
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essential hospital stay – as these stays are a stressor in themselves for older people (32, 

33) – in order to maintain the independence of patients for as long as possible. 

 

2.7 The new interdisciplinarity – co-management in everyday clinical practice 

 

The foundations of Geriatric Medicine, laid in 1940 by Dr. Marjory Warren (40), by her 

colleagues Fried & Rockwood (46, 56) with the characterization of the term frailty, and by 

Rubenstein (37) with the implementation of CGA, firmly established in the 1990s to 2000s, 

are still valid today. However, the wish expressed by Dr. Warren, namely the firm anchoring 

of Geriatric Medicine in the curriculum of medical studies and the recognition of Geriatrics 

as an important and aspiring discipline (40), has unfortunately not yet been entirely fulfilled 

(41). No geriatrician can work without treating the often high number of comorbidities of his 

patients. And no specialist in neurology, internal medicine or orthopedics without geriatric 

expertise can treat the majority of his patients and achieve the optimal outcome. The 

keyword is co-management of patients and as one key concept of this dissertation, the 

following section will discuss the most frequent interfaces of the above-mentioned 

disciplines with Geriatric Medicine.  

 

2.7.1 Geriatric Medicine and Internal Medicine: aspiration pneumonia 

 

Pneumonia is a frequent reason for hospitalization of older patients and one of the most 

frequent adverse events during hospitalization of older patients. The classification of 

pneumonia is manifold. A distinction is made between community-acquired pneumonia 

(CAP, onset of symptoms already during hospitalization or up to 48 hours after 

hospitalization) and healthcare-associated pneumonia (HCAP, onset of symptoms 48 hours 

after hospitalization). In this paragraph the focus will be on a specific cause of pneumonia, 

which often occurs in older and frail patients: aspiration pneumonia. The distinction here 

also applies: community-acquired aspiration pneumonia (CAAP) and healthcare-associated 

aspiration pneumonia (HCAAP) (89). The etiology of aspiration pneumonia is explained by 

repeated microaspiration of bacteria from the oropharynx or stomach (90). Not every 

aspiration causes pneumonia, but repeated aspiration in patients with dysphagia or poorly-

controlled gastroesophageal reflux combined with a suppressed cough reflex and 

insufficient glottal closure leads to these clinical symptoms (90). 

 

According to a systematic review from 2011, the risk factors for aspiration pneumonia are: 

age, sex, pre-existing lung diseases, severe dementia, angiotensin I-converting enzyme 

deletion/deletion genotype and poor oral hygiene (91). If these risk factors are present, 
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symptoms of pneumonia (typical symptoms include fever, cough and dyspnea, which may 

be absent in atypical pneumonia) and evidence of infiltration in the imaging, the diagnosis 

of an aspiration pneumonia can be made (89).  The differentiation between CAAP and 

HCAAP is necessary here, especially with regard to the pathogen profile. For HCAAP, 

anaerobic pathogens such as Pseudomonas aeruginosa or multi-resistant pathogens that 

require a different therapy than the empirical pathogens of CAAP must also be considered. 

 

The German S3 guideline "Behandlung von erwachsenen Patienten mit ambulant 

erworbener Pneumonie und Prävention" recommends the parenteral application of 

ampicillin/sulbactam, clindamycin plus group II/III cephalosporins and moxifloxacin for the 

treatment of aspiration pneumonia (92). It is pointed out in the guideline that there are no 

uniformly-accepted diagnostic criteria for aspiration pneumonia and that the criteria listed 

in the guidelines account for 13-15% of CAP, in nursing home residents up to 50%. The 

age of the patients is not considered in the therapy recommendation (92).  

 

The severity and seriousness of aspiration pneumonia is shown in a study from 2013, in 

which patients with CAAP (N=510) were compared with patients with CAP (N=2584) (93). 

The CAAP patients were significantly older (77 vs. 59 years), had a significantly higher 30-

day mortality (19.0% vs. 4.2%), were hospitalized significantly more often (99.8% vs. 

57.8%) and had to be treated in an intensive care unit significantly more often (37.1% vs. 

14.2%) (93). At present, there is only a small number of published studies for the prevention 

of aspiration pneumonia. There are approaches for improved oral hygiene (94) or 

administration of aromatherapy (95) that show promising results, but these still need to be 

validated in large-scale studies. 

 

2.7.2 Geriatric Medicine and Surgery: falls 

 

Falls, just like pneumonia, are a common reason for hospital admission of older patients 

(community-dwellers as well as nursing-home residents) and frequent complications that 

occur during a hospital stay (96). A fall of an older person cannot be compared to the fall of 

a child who hurts their knees and jumps back onto its bike a short time later: Three quarters 

of deaths from falls in the United States involve people over 65 years (96). Repetitive falls 

and general instability are a reliable parameter for admission to a long-term care facility 

(97). Falls can lead to fear of falling, loss of independence and often to fractures, such as a 

fracture of the femoral neck (98).  
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A fracture of the femoral neck generally requires surgery. Undisplaced fractures – 

regardless of the age of the patient – are treated with internal fixation (2–3 screws or pins), 

(99) while displaced fractures in older patients are treated with complete or partial 

arthroplasty (99). Surgery alone is a great risk for this group of patients due to the 

anesthesia – with consideration of previous cardiac or respiratory disorders – and the often 

reduced physical and psychological capacity to react to trauma. A fracture of the hip 

additionally makes every patient who had been independent before the trauma dependent 

on help for the activities of daily life, presenting patients with great changes and challenges, 

not only physically but also mentally and socially (100). For orthopedists, physiotherapists 

and geriatricians, there is a large field of work here and demand will certainly increase in 

the coming years. A return to the patient's condition before the fall is possible, but it is a 

long process and not always a given. A larger focus must be devoted to the prevention of 

falls and the identification of patients at risk in order to avoid their having to undertake the 

long road to convalescence after falls, fractures and surgery (96). A close cooperation of 

the orthogeriatric team with the patients and their relatives is key and is already practiced 

in most orthopedic hospitals.  

 

2.7.3 Geriatric Medicine, Pharmacology and Internal Medicine: polypharmacy 

 

Polypharmacy is one of the best examples of the complexity of treating older, multimorbid 

patients and at the same time shows the crucial nature of an interdisciplinary and 

multidimensional approach. Polypharmacy is defined as prescribing and taking five or more 

drugs daily (101). If a patient suffers from two chronic diseases (such as arterial 

hypertension and diabetes mellitus type II), this number of drugs is quickly reached. Often, 

the intake of many drugs leads to side effects or interactions between them, and new drugs 

must be prescribed to treat these adverse events. Consequentially, there is an ever-

increasing number of drugs. An additional problem is the under-representation of patients 

>65 years or >80 years in clinical trials for drug registration and tolerance. Although this 

patient population is most often prescribed drugs, the substances are often not approved 

for use by the older generation or tested for their tolerance and effectiveness (102, 103).  

 

In the meantime, there are several approaches in Europe to prevent over-prescription, to 

eliminate inadequate prescriptions (potentially inappropriate medications – PIMs) and to 

prevent the omission of a prescription to avoid a polypharmacy, although treatment or 

prevention would be necessary (potential prescribing omissions – PPOs) (104). These 

include the FORTA (Fit for the Aged) list (103), the PRISCUS (Latin for “time-honoured”) 

list (105) and the START (Screening Tool to Alert Doctors to start the Right Treatment) & 
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STOPP (Screening Tool of Older Persons Potentially Inappropriate Prescription) criteria 

(106).   

 

All of these lists contain negative evaluations, while the FORTA and the START criteria also 

contain positive evaluations. The FORTA list classifies over 200 medications intended for 

long-term treatment into categories A (Absolutely), B (Beneficial), C (Careful) and D (Don't) 

(102). The START & STOPP- criteria include 65 PIMs and 22 PPOs, by consensus of a 

panel of clinical experts (107). With the help of an expert consensus, the PRISCUS list 

compared the risks of prescription, possible alternatives and instructions for use with a 

prescription for 83 drugs that were considered as PIMs (105). The processing and 

modification of a patient's medication list based on the above-mentioned instructions for 

action requires close cooperation between all health care disciplines. Only if the changes 

are carried out by consensus can it be assured that one discipline will not de-prescribe 

medication that another discipline then re-prescribes. 

 

2.7.4 Geriatric Medicine and Neurology: dementia 

 

Dementia represents one of the greatest social, medical and societal challenges of an 

ageing society. First of all, dementia is a very personal challenge for the patient and his or 

her relatives. Secondly, patients with dementia also have an increased risk for infections, 

e.g. after an operation, such as pneumonia or urinary tract infection (108), since the 

symptoms often manifest themselves atypically and the patient cannot adequately 

determine what is wrong with him or her. In addition, most patients with dementia cannot 

be given a curative therapy. For Alzheimer's disease, acetylcholinesterase inhibitors and N-

methly-D-aspartate (NMDA) antagonists are available, but these can only slow the 

progression of the disease by a few months (109).  

 

When it comes to dementia, the medicinal focus is on prevention. In 2019, for example, the 

WHO issued for the first time a guideline on "Risk reduction of cognitive decline and 

dementia" (110). Since patients usually only visit a doctor at the onset of symptoms in 

themselves or upon their relatives’ urging, the preventive measures are already obsolete in 

this case. 

 

There are studies showing that with regard to the multimorbidity of older patients, the 

diagnosis of dementia has a greater impact on health care costs than diabetes mellitus, 

hypertension and osteoarthritis (111). 
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2.7.5 Geriatric syndromes  

 

A medical syndrome is clearly defined, but when this syndrome occurs in older patients, the 

definition is often – as illustrated in the last four sections – difficult, as is the allocation to 

medical specialties, highlighting the difference between medical syndromes and geriatric 

syndromes (112). Medical syndromes, on one hand, are linear – symptoms are followed by 

diagnostics, a diagnosis is followed by a treatment. Geriatric syndromes, on the other hand, 

are multidimensional (113). They include the diagnosis, the symptoms, the capacities of the 

patient and the patients’ individual treatment needs. This conception of geriatric syndromes 

makes it possible to summarize the acute illness, the underlying multimorbidity or chronic 

diseases and the age-related physiological changes (114). These syndromes include 

instability, cognitive impairment, polypharmacy and swallowing disorders (114). Thus, all of 

the conditions described above are interfaces of Geriatrics with both geriatric syndromes 

and other medical disciplines, which illustrates the multidimensionality these syndromes are 

intended to represent. The focus here is on the treatment of a syndrome and the patient, 

and thus also on close interdisciplinary co-management. 

 

Recent studies have shown a correlation between geriatric syndromes, patient prognosis 

and quality of life (114, 115). These results suggest that an inclusion of geriatric syndromes 

in the evaluation of geriatric patients upon admission to hospital and during their stay should 

be considered – recording geriatric syndromes in non-geriatric settings could be the first 

step in implementing a CGA into clinical practice because these syndromes, regardless of 

the patient's underlying disease, are found in every medical department that treats older 

patients. 

 

2.8 Integration of Geriatric Medicine and the MPI into the clinical routine of Internal 

Medicine 

2.8.1 The MPI-InGAH studies 

 

The MPI-InGAH (Multidimensional Prognostic Index – Influence of a Geriatric Assessment 

on Hospitalisation of multimorbid, older patients) study was developed to establish a CGA 

on a ward for Internal Medicine, to present its possibilities and thus create new opportunities 

for interdisciplinary cooperation that did not exist before. The study was carried out between 

August 2016 and August 2019 on the nephrological acute ward of the Clinic II for Internal 

Medicine, Nephrology, Rheumatology and Diabetology of the University Hospital of 

Cologne.  
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In addition to the MPI, the focus of the study was on the admission diagnosis, the length of 

hospitalization, the patients' medications, examinations during the inpatient stay and the 

source of referral. After discharge, a follow-up questionnaire was carried out and further 

telephone follow-ups were added after 3, 6 and 12 months, recording changes in medication 

intake, renewed hospitalization, increased need for care or falls of patients.  

 

A total of 500 patients were prospectively enrolled in the study. The second amendment, 

which is the basis of the publication and thus the basis of this thesis, represented an 

additional third CGA with MPI calculation 7–10 days after hospital admission. The aim of 

this study was to identify changes in the multidimensional prognosis during hospitalization 

and to investigate their prognostic relevance, if any, as well as to show how the newly-

gained knowledge can be used for a better prevention of adverse events during 

hospitalization.  

 

There have already been national and international papers on the MPI-InGAH study (114, 

116), in addition to the present publication. 
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3. Presentation of the underlying problem 
 

In recent decades, Geriatric Medicine has made immense progress in the classification of 

older patients (45, 56). And there is a consensus that a CGA is necessary in order to best 

understand the geriatric patients’ needs, goals and treatment options (34). However, there 

is a major shortcoming in the indices used: They are static. Once recorded, they remain so 

until they are measured again, and this usually happens at admission and on discharge. 

Progress or regression of the patients is nevertheless documented during the treatment and 

discussed in the therapist's consultation.  

 

The first aim of this thesis is to understand the changes of the MPI during hospitalization of 

patients on a high-performance Internal Medicine ward. It is intended to examine which 

group of patients’ experiences worsen their multidimensional prognosis during 

hospitalization and why. At the same time, of course, the patients whose prognosis 

improves or remains the same will be analyzed. With the help of this information, risk groups 

could be identified and recommendations for everyday clinical practice could be developed. 

In this way, the needs of older patients could be included in the treatment of their underlying 

internal condition or admission diagnosis. In other words, to create interdisciplinarity, in this 

case between Geriatric Medicine and Internal Medicine. 

 

The second aim of this thesis is to present the already-established interdisciplinary 

departments that exist within Geriatrics in Germany and to compare them with the Cologne 

pilot project of University Geriatric Medicine (67). In this section, it is worked out where co-

management between the geriatric team and the specialist in Internal Medicine is already 

taking place and what advantages the collaboration offers for both disciplines and the 

patients. 

 

 

The results of the study on which this thesis is based are presented in the original 

publication shown below. Results that did not find their way into the paper are presented 

subsequent to the publication in the following section. 
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4. Results 
 

4.1 Published original work 
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4.2 Previously undisclosed results 

4.2.1 Reasons for prolonged hospital stay (stay after the intermediate assessment - IA) 

 

After the patients received an intermediate assessment (IA) – seven to 10 days after 

admission – the medical and nursing documentation was used to record why the patients 

had to stay in hospital for more than a week. Clarification of home care implies that patients 

in their current condition cannot be discharged to their previous domestic environment – 

patients remain in the hospital until the domestic care has been clarified. The same applies 

for a planned rehabilitation.  

 

Nosocomial infections include pneumonia, urinary tract infection, catheter-associated 

infections, wound infections or gastrointestinal infections (like diarrhea caused by the 

bacterium Clostridium difficile) (117). If the antibiotic treatment or any other required 

treatment – especially demanding IV injections – was not yet finished, this was also 

recorded. Missing or outstanding consultations mean that other disciplines besides Internal 

Medicine must be consulted before the patient is discharged. In the following Tables 1 & 2, 

the reasons for patients’ prolonged stay are presented, divided into the MPI risk groups 

(Table 1) and the MPI course groups (Table 2) during hospitalization. 
 

Table 1: Reasons for prolonged hospital stay, subdivided for MPI risk groups 

 
 MPI-1 

(N=9, 
11.7%) 

MPI-2 
(N=41, 
53.2%) 

MPI-3 
(N=27, 
35.1%) 

p-
value° 

Reasons for prolonged hospital stay                                                                                0.251 
Clarification of home care, n (%) 1 (11.1) 11 (26.8) 4 (14.8)  

Worsening of condition at admission, n (%) 0 (0.0) 9 (22.0) 6 (22.2)  

Nosocomial infection, n (%) 1 (11.1) 2 (4.9) 0 (0.0)  

Treatment not yet finished, n (%) 5 (55.6) 12 (29.3) 11 (40.7)  

New symptoms during hospitalization, n (%) 0 (0.0) 2 (4.9) 3 (11.1)  

Planning of rehabilitation, n (%) 0 (0.0) 1 (2.4) 1 (3.7)  

Missing consultations, n (%) 1 (11.1) 1 (2.4) 0 (0.0)  

Planning of further treatment, n (%) 1 (11.1) 0 (0.0) 0 (0.0)  

Start of dialysis therapy planning, n (%) 0 (0.0) 1 (2.4) 0 (0.0)  

Fall, n (%) 0 (0.0) 1 (2.4) 0 (0.0)  

Reason unclear, n (%) 0 (0.0) 1 (2.4) 2 (7.4)  
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Subtitle Table 1: reasons for prolonged stay of patients receiving an IA after 7–10 days, subdivided 

into MPI risk groups at admission. In total 78 patients were included for this analysis.  The p-values° 

were calculated for rates using the Chi-square test, * significant from p= 0.05.  

 

 

Table 2: Reasons for prolonged hospital stay, subdivided for course of the MPI during 

hospitalization (improvement, no change, worsening) 
 

 Improvement 
(N=36,  
48.0%) 

No change 
(N=19, 
25.3%) 

Worsening 
(N=20, 
26.7%) 

p-
value° 

Reasons for prolonged hospital stay                                                                                0.251 
Clarification of home care, n (%) 9 (25.0) 5 (26.3) 2 (10.0)  

Worsening of condition at admission, n 

(%) 

4 (11.1) 6 (31.6) 4 (20.0)  

Nosocomial infection, n (%) 1 (2.8) 0 (0.0) 1 (5.0)  

Treatment not yet finished, n (%) 16 (44.4) 4 (21.1) 8 (40.0)  

New symptoms during hospitalization, n 

(%) 

1 (2.8) 2 (10.5) 2 (10.0)  

Planning of rehabilitation, n (%) 2 (5.6) 0 (0.0) 0 (0.0)  

Missing consultations, n (%) 0 (0.0) 0 (0.0) 2 (10.0)  

Planning of further treatment, n (%) 0 (0.0) 1 (5.3) 0 (0.0)  

Start of dialysis therapy planning, n (%) 1 (2.8) 0 (0.0) 0 (0.0)  

Fall, n (%) 1 (2.8) 0 (0.0) 0 (0.0)  

Reason unclear, n (%) 1 (2.8) 1 (5.3) 1 (2.8)  

 
Subtitle Table 2: reasons for prolonged stay of patients receiving an IA after 7–10 days, subdivided 
for the course of the MPI during hospitalization (admission to discharge). In total, 75 patients were 

included for this analysis.  The p-values° were calculated for rates using the Chi-square test, * 

significant from p= 0.05.  

 

4.2.2 Follow-up results 

 

The patients included in the present study were followed up for a total period of 12 months. 

Upon discharge, where the patients were discharged to (home, as an internal transfer in 

the same hospital or an external transfer to a different hospital, to a rehabilitation clinic, to 

a nursing home or deceased on ward), their medications,  and whether there were changes 

in the grade of care (118) were all recorded,  as well as whether a home care service or a 

long-term care facility was sought, whether a re-hospitalization was planned and whether 

the patients fell during their stay in hospital.   
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After 3, 6 and 12 months, the patients or their relatives were contacted by telephone. During 

this telephone call, the following was recorded: whether the patients were still alive and if 

not, the date of death, whether there had been changes in the grade of care, whether the 

patients were now living in a long-term care facility, whether they were admitted to a hospital 

again, whether they fell and how many prescriptions they took daily. For each follow-up 

period, attempts were made to contact the patients or their relatives up to three times. If it 

was not possible to reach them after the third call, they were considered “Lost to Follow Up” 

for the respective period. If at the time of follow-up, the patients were again hospitalized in 

the acute nephrology ward of the University Hospital of Cologne, the follow-up information 

was obtained from there. 

 

The results of the follow-up are presented in Tables 3 and 4. 

 

Table 3: results of follow-up at discharge and after 3, 6 and 12 months (all patients) 

 MPI-1 
(N=39, 19.5%) 

MPI-2 
(N=107, 53.5%) 

MPI-3 
(N=54, 27.0%) 

p-
value° 

Follow-up at discharge, n (%)     

Patient alive? 37 (94.9) 101 (94.4) 46 (85.1) 0.060 

Discharge status 

Home 

Geriatric Rehabilitation 

Transferred to another ward 

Died on the ward 

Missing 

 

28 (71.8) 

3 (7.7) 
4 (10.3) 

2 (5.1) 

2 (5.1) 

 

75 (70.1) 

8 (7.5) 
17 (15.9) 

3 (2.8) 

4 (3.7) 

 

22 (40.7) 

5 (9.3) 
18 (33.3) 

3 (5.6) 

6 (11.1) 

0.024* 

Below: percentages based on the participants who were still alive at that point in time. 

Grade of Care rise requested? 1 (2.7) 4 (4.0) 4 (8.7) 0.349 

Home care requested? 1 (2.7) 7 (6.9) 4 (8.7) 0.517 

Institutionalization planned? 1 (2.7) 1 (1.0) 3 (6.5) 0.151 

Rehospitalization planned? 10 (27.0) 41 (40.6) 22 (47.8) 0.129 

Fall during hospitalization? 1 (2.7) 6 (5.9) 1 (2.2) 0.512 

Number of medication risk group 

<3 

3-5 

>5 

>9 

Missing 

 

2 (5.4) 

6 (16.2) 
18 (48.6) 

11 (29.7) 

0 (0.0) 

 

0 (0.0) 

6 (5.9) 
33 (32.7) 

62 (61.4) 

0 (0.0) 

 

0 (0.0) 

1 (2.2) 
20 (43.5) 

24 (52.2) 

1 (2.2) 

0.002* 

3 months follow-up, n (%)     

Patient alive? 29 (74.4) 80 (74.8) 23 (42.6) <0.001* 
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Below: percentages based on the participants who were still alive at that point in time. 

Grade of Care: yes 7 (24.1) 31 (39.8) 17 (31.9) 0.001* 
Grade of Care rise? 5 (12.8) 15 (18.8) 5 (21.7) 0.852 

Home care available? 2 (6.9) 17 (21.3) 8 (34.8) 0.045* 
Institutionalization? 0 (0.0) 2 (2.5) 6 (26.1) <0.001* 
Rehospitalization? 11 (37.9) 43 (53.8) 13 (56.5) 0.131 

Fall in last 3 months? 4 (13.8) 11 (13.8) 1 (4.3) 0.438 

Number of medication risk group 

<3 

3-5 

>5 

>9 

Missing 

 

1 (3.4) 

6 (20.8) 

11 (37.9) 
9 (31.0) 

2 (6.9) 

 

0 (0.0) 

9 (11.3) 

17 (21.3) 
42 (52.4) 

12 (15.0) 

 

1 (4.4) 

3 (13.0) 

4 (17.4) 
12 (52.2) 

3 (13.0) 

0.161 

6 months follow-up, n (%)     

Patient alive? 29 (74.4) 77 (72.0) 19 (35.2) <0.001* 
Below: percentages based on the participants who were still alive at that point in time. 

Grade of Care: yes 10 (34.5) 37 (48.1) 13 (68.4) 0.020* 
Grade of Care rise? 4 (13.8) 13 (16.9) 2 (10.5) 0.732 

Home care available? 3 (10.3) 21 (27.3) 5 (26.3) 0.102 

Institutionalization? 1 (3.4) 3 (3.9) 6 (31.6) <0.001* 
Rehospitalization? 12 (41.4) 31 (40.3) 11 (57.9) 0.223 

Fall in last 3 months? 4 (13.8) 12 (15.6) 1 (5.3) 0.520 

Number of medication risk group 

<3 

3-5 

>5 

>9 

Missing 

 

1 (3.4) 

6 (20.7) 
9 (31.0) 

13 (44.8) 

0 (0.0) 

 

1 (1.3) 

12 (15.6) 
23 (30.0) 

36 (46.8) 

5 (6.5) 

 

1 (5.3) 

3 (15.8) 
1 (5.3) 

11 (57.9) 

3 (15.8) 

0.434 

12 months follow-up, n (%)     

Patient alive? 25 (64.1) 62 (57.9) 15 (27.3) 0.001* 
Below: the percentages based on the participants who were still alive at that point in time. 

Grade of Care 8 (32.0) 30 (48.4) 10 (66.6) 0.051 

Grade of Care rise? 1 (4.0) 5 (8.1) 3 (20.0) 0.199 

Home care available? 0 (0.0) 16 (25.8) 7 (46.5) 0.001* 
Institutionalization? 1 (4.0) 4 (64.5) 3 (20.0) 0.159 

Rehospitalization? 8 (32.0) 29 (46.8) 9 (60.0) 0.201 

Fall in last 3 months? 0 (0.0)  5 (8.1) 2 (13.1) 0.206 

Number of medication risk group 

<3 

3-5 

 

1 (4.0) 
6 (24.0) 

 

1 (1.6) 
8 (12.9) 

 

1 (6.7) 
3 (20.0) 

0.384 
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>5 

>9 

Missing 

7 (28.0) 

11 (44.0) 

0 (0.0) 

20 (32.3) 

31 (50.0) 

2 (3.2) 

1 (6.7) 

10 (66.7) 

0 (0.0) 

Lost to follow-up, n (%) 2 (5.1) 15 (14.1) 12 (22.2) 0.070 

 
Subtitle Table 3: follow-up results of all patients for discharge and after 3, 6 and 12 months. The p-

values° were calculated for rates using the Chi-square test, non-parametric methods were used for non-

normally distributed continuous variables. * Significant from p= 0.05.  

 

Table 4: results of follow-up at discharge and after 3, 6 and 12 months (patients with IA) 

 No change 
(N=19, 25.3%) 

Improvement 
(N=36, 48.0%) 

Worsening 
(N=20, 26.7%) 

p-
value° 

Follow-up at discharge, n (%)     

Patient alive? 16 (84.2) 36 (100.0) 19 (95.0) 0.011* 
Discharge status 
Home 

Geriatric Rehabilitation 

Transferred to another ward 

Died on the ward 

Missing 

 
10 (52.6) 

2 (10.5) 

4 (21.1) 

1 (5.3) 

2 (10.5) 

 
25 (69.4) 

3 (8.3) 

7 (19.5) 

0 (0.0) 

1 (2.8) 

 
9 (45.0) 

5 (25.0) 

5 (25.0) 

0 (0.0) 

1 (5.0) 

0.283 

Below: percentages based on the participants who were still alive at that point in time. 

Grade of Care rise requested? 2 (10.5) 2 (5.6) 1 (5.0) 0.625 

Home care requested? 5 (26.3) 3 (8.3) 2 (10.0) 0.079 

Institutionalization planned? 1 (5.3) 0 (0.0) 0 (0.0) 0.175 

Rehospitalization planned? 7 (36.8) 18 (50.0) 13 (65.0) 0.288 

Fall during hospitalization? 0 (0.0) 1 (2.8) 2 (10.0) 0.252 

Number of medication risk group 
<3 

3-5 

>5 

>9 

Missing 

 
0 (0.0) 

1 (5.3) 

7 (36.8) 

8 (42.1) 

3 (15.8) 

 
0 (0.0) 

1 (2.8) 

15 (41.7) 

20 (55.6) 

0 (0.0) 

 
0 (0.0) 

0 (0.0) 

8 (40.0) 

11 (55.0) 

1 (5.0) 

0.858 

3 months follow-up, n (%)     

Patient alive? 13 (68.4) 24 (66.7) 13 (65.0) 0.198 

Below: percentages based on the participants who were still alive at that point in time. 

Grade of Care: yes 2 (15.4) 11 (45.8) 8 (61.5) 0.012* 
Grade of Care rise? 1 (7.7) 5 (20.8) 5 (38.5) 0.075 

Home care available? 3 (23.1) 7 (29.2) 3 (23.1) 0.916 

Institutionalization? 1 (7.7) 2 (8.3) 0 (0.0) 0.612 

Rehospitalization? 6 (46.2) 14 (58.3) 6 (46.2) 0.740 
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Fall in last 3 months? 1 (7.7) 3 (12.5) 1 (7.7) 0.887 

Number of medication risk group 

<3 

3-5 

>5 

>9 

Missing 

 

0 (0.0) 

1 (7.7) 

4 (30.8) 

7 (53.8) 

1 (7.7) 

 

1 (4.2) 

1 (4.2) 

6 (25.0) 

14 (58.3) 

2 (8.3) 

 

0 (0.0) 

0 (0.0) 

4 (30.8) 

6 (46.2) 

3 (23.0) 

0.897 

6 months follow-up, n (%)     

Patient alive? 12 (63.2) 21 (87.5) 13 (65.0) 0.754 

Below: percentages based on the participants who were still alive at that point in time. 

Grade of Care: yes 7 (58.3) 10 (47.6) 9 (69.2) 0.158 

Grade of Care rise? 4 (33.3) 3 (14.3) 2 (15.4) 0.550 

Home care available? 4 (33.3) 6 (28.6) 5 (38.5) 0.641 

Institutionalization? 0 (0.0) 0 (0.0) 3 (23.1) 0.018* 
Rehospitalization? 4 (33.3) 11 (52.4) 6 (46.2) 0.501 

Fall in last 3 months? 2 (16.7) 3 (14.3) 2 (15.4) 0.959 

Number of medication risk group 

<3 

3-5 

>5 

>9 

Missing 

 

1 (8.3) 

1 (8.3) 

2 (16.7) 

8 (66.7) 
0 (0.0) 

 

1 (4.8) 

3 (14.3) 

5 (23.7) 

11 (52.5) 
1 (4.8) 

 

0 (0.0) 

0 (0.0) 

1 (7.7) 

10 (76.9) 
2 (15.4) 

0.549 

12 months follow-up, n (%)     

Patient alive? 8 (42.1) 15 (41.7) 11 (55.0) 0.903 

Below: percentages based on the participants who were still alive at that point in time. 

Grade of Care 5 (62.5) 8 (53.3) 6 (54.5) 0.898 

Grade of Care rise? 2 (25.0) 1 (6.7) 0 (0.0) 0.200 

Home care available? 3 (37.5) 6 (40.0) 3 (27.3) 0.898 

Institutionalization? 0 (0.0) 0 (0.0) 2 (18.2) 0.119 

Rehospitalization? 6 (75.0) 8 (53.3) 3 (27.3) 0.162 

Fall in last 3 months? 3 (37.5) 2 (13.3) 0 (0.0) 0.116 

Number of medication risk group 

<3 

3-5 

>5 

>9 

Missing 

 

1 (12.5) 

1 (12.5) 

1 (12.5) 
5 (62.5) 

0 (0.0) 

 

1 (6.7) 

3 (20.0) 

2 (13.3) 
8 (53.3) 

1 (6.7) 

 

0 (0.0) 

1 (9.1) 

1 (9.1) 
8 (66.7) 

1 (9.1) 

0.894 

Lost to follow-up, n (%) 4 (21.1) 10 (27.8) 0 (0.0) 0.033* 
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Subtitle Table 4: Follow-up results of all patients for discharge and after 3, 6 and 12 months. The p-

values° were calculated for rates using the Chi-square test, non-parametric methods were used for non-

normally distributed continuous variables. * Significant from p= 0.05.  

 

4.2.3 Lab counts 

 

The approach to create a metabolic signature based on the laboratory values of the 

participants and to combine it with the MPI has already been published by Fontana et al. (119) 

and was presented in the context of this thesis at the congress of the German Society for 

Internal Medicine 2019 (Supplementary 3). The results of the laboratory tests are presented in 

Tables 5 and 6.  

 

Table 5: results of the examination of the laboratory counts on admission of all patients 

(extract) 

 MPI-1 
(N=39, 19.5%) 

MPI-2 
(N=107, 53.5%) 

MPI-3 
(N=54, 27.0%) 

p-value° 

Sodium in mmol/l, 

median (Q1-Q3) 

139 (134-141) 137 (134-140) 139 (136.5-142) 0.176 

Sodium level 

pathologic? n (%) 

12 (30.77) 33 (30.84) 11 (20.37) 0.393 

 

Creatinine in mg/dl, 

median (Q1-Q3) 

2.43 (1.13-5.76) 3.16 (1.86-4.46) 3.68 (2.03-5.34) 0.203 

Creatinine level 

pathologic? n (%) 

29 (74.36) 95 (88.79) 49 (90.74) 0.007* 

 

Urea in mg/dl,  

median (Q1-Q3) 

73 (54-133.5) 100.5 (51-171) 99 (51.5-146.5) 0.256 

Urea level 

pathologic? n (%) 

29 (74.36) 77 (71.96) 41 (75.93) 0.683 

 

CRP in mg/dl, 

median (Q1-Q3) 

26.5 (4.8-74.7) 34 (12.75-119) 37.6 (16.7-104.6) 0.155 

CRP level 

pathologic? n (%) 

35 (89.74) 89 (83.18) 43 (79.63) 0.554 

 

White Blood Cells in 

1xE9/l, median (Q1-

Q3) 

8.27 (6.59-9.44) 8.57 (5.49-11.06) 9.52 (7.58-13.37) 0.002* 
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White Blood Cells 

level pathologic? n 

(%) 

10 (25.64) 36 (33.64) 25 (46.30) 0.050* 

 

Hemoglobin in g/dl, 

median (Q1-Q3) 

11 (9.9-12.6) 9.45 (8.5-11.43) 9.7 (8.55-11.35) 0.009* 

Hemoglobin level 

pathologic? n (%) 

28 (71.8) 89 (83.18) 45 (83.33) 0.054 

 

Hematocrit in %, 
median (Q1-Q3) 

32 (29-37.5) 28 (26-35) 29 (26-34.5) 0.039* 

Hematocrit level 

pathologic? n (%) 

33 (84.6) 91 (85.05) 48 (88.89) 0.170 

 

Albumin in g/l,  

median (Q1-Q3) 

33 (30-36.5) 32 (27-35.25) 31 (23.5-32.5) 0.017* 

Albumin level 

pathologic? n (%) 

29 (74.36) 77 (71.96)  44 (81.48) 0.534 

 
Subtitle Table 5: Extract of laboratory counts taken on patients’ admission. The p-values° were 

calculated for rates using the Chi-square test, non-parametric methods were used for non-normally 

distributed continuous variables. * Significant from p</= 0.05. The pathological values were determined 

according to the cut-off values of the Institute for Clinical Chemistry of the University Hospital of Cologne 

(120). These were: Sodium 135-145 mmol/l; Creatinine for females 0.5-0.9 mg/dl and for males 0.5-1.1 

mg/dl; Urea <50 mg/dl; CRP <0.5 mg/dl; White Blood Cells 4.4-11.3 1xE9/l; Hemoglobin for females 

12.0-16.0 g/dl and for males 13.5-18.0; Hematocrit for females 36-45% and for males 42-50%; Albumin 

35-52 g/dl.  

 

Table 6: results of the examination of the laboratory counts on admission of patients with an 

IA (extract) 

 No change 
(N=19, 25.3%) 

Improvement 
(N=36, 48.0%) 

Worsening 
(N=20, 26.7%) 

p-value° 

Sodium in mmol/l, 

median (Q1-Q3) 

138 (132.25-

141.75) 

137.5 (134.5 – 

141.5) 

140 (137-142) 0.881 

Sodium level 

pathologic? n (%) 

6 (31.6) 12 (33.3) 4 (20.0) 0.732 

 

Creatinine in mg/dl, 

median (Q1-Q3) 

3.6 (2.2-4.4) 2.9 (1.4-5.3) 2.5 (1.3-4.8) 0.651 
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Creatinine level 

pathologic? n (%) 

19 (100.0) 31 (86.1) 14 (70.0) 0.189 

 

Urea in mg/dl,  

median (Q1-Q3) 

110.5 (57.5-

137.75) 

72.5 (39.75-

159.25) 

99 (53.5-176.0) 0.681 

Urea level pathologic? n 

(%) 

16 (84.2) 24 (66.7) 12 (60.0) 0.446 

 

CRP in mg/dl, median 

(Q1-Q3) 

46.7 (21.8-104.6) 29.0 (9.8-91.6) 23.7 (4.3-208.2) 0.671 

CRP level pathologic? n 

(%) 

17 (89.5) 33 (91.7) 17 (85.0) 0.224 

 

White Blood Cells in 

1xE9/l, median (Q1-Q3) 

12.8 (7.7-15.9) 8.6 (6.1-10.8) 8.3 (5.1-14.3) 0.200 

White Blood Cells level 

pathologic? n (%) 

10 (52.6) 12 (33.3) 6 (30.0) 0.420 

 

Hemoglobin in g/dl, 

median (Q1-Q3) 

9.8 (9.1-11.5) 9.1 (8.6-10.8) 9.8 (8.1-12.9) 0.438 

Hemoglobin level 

pathologic? n (%) 

17 (89.5) 32 (88.9) 12 (60.0) 0.112 

 

Hematocrit in %, median 

(Q1-Q3) 

29.5 (26.25-

34.25) 

27.5 (26-32) 31 (24.5-39.0) 0.538 

Hematocrit level 

pathologic? n (%) 

18 (94.7) 34 (94.4) 13 (65.0) 0.036* 

 

Albumin in g/l,  

median (Q1-Q3) 

33.0 (31-34) 31.5 (26-35) 33 (30.5-37.0) 0.342 

Albumin level 

pathologic? n (%) 

15 (78.9) 27 (75.0)  13 (65.0) 0.855 

 

Subtitle Table 6: Extract of laboratory counts taken on patients’ admission. The p-values° were 

calculated for rates using the Chi-square test, non-parametric methods were used for non-normally 

distributed continuous variables. * Significant from p</= 0.05. The pathological values were determined 

according to the cut-off values of the Institute for Clinical Chemistry of the University Hospital of Cologne. 

These were: Sodium 135-145 mmol/l; Creatinine for females 0.5-0.9 mg/dl and for males 0.5-1.1 mg/dl; 

Urea <50 mg/dl; CRP <0.5 mg/dl; White Blood Cells 4.4-11.3 1xE9/l; Hemoglobin for females 12.0-16.0 

g/dl and for males 13.5-18.0; Hematocrit for females 36-45% and for males 42-50%; Albumin 35-52 g/dl.  
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4.2.4 Geriatric syndromes and geriatric resources 

 

Only excerpts from the geriatric syndromes and resources (113) have been presented in the 

above publications; the full results are presented in Tables 7 and 8. 

 

Table 7: results of geriatric syndromes and geriatric resources for all patients 

 MPI-1 
(N=39, 19.5%) 

MPI-2 
(N=107, 53.5%) 

MPI-3 
(N=54, 27.0%) 

p-value° 

Geriatric Syndromes, n (%) 
Incontinence 8 (20.5) 46 (43.0) 39 (72.2) <0.001* 
Instability 22 (56.4) 54 (50.5) 24 (44.4) 0.518 
Immobility 6 (15.4) 51 (47.7) 48 (88.9) <0.001* 
Cognitive Impairment 0 (0.0) 8 (7.5) 12 (22.2) 0.001* 
Inanition 7 (17.9) 40 (37.4) 27 (50.0) 0.007* 
Chronic Pain 11 (28.2) 46 (43.0) 21 (38.9) 0.269 
Polypharmacy  31 (79.5) 102 (95.3) 52 (96.3) 0.003* 
Irritability / Depression 6 (15.4) 11 (10.3) 7 (13.0) 0.680 
Sensorial Impairment 15 (38.5) 54 (50.5) 36 (66.7) 0.022* 
Insomnia 15 (38.5) 66 (61.7) 25 (46.3) 0.023* 
Irritable Colon 10 (25.6) 56 (52.3) 28 (51.9) 0.012* 
Iatrogenic Disease 0 (0.0) 3 (2.8) 1 (1.9) 0.561 
Incoherence / Delirium 0 (0.0) 2 (1.9) 9 (16.7) <0.001* 
Impoverishment 0 (0.0) 6 (5.6) 2 (3.7) 0.308 
Isolation 1 (2.6) 3 (2.8) 5 (9.3) 0.142 
Fluid/Electrolyte Problems 15 (38.5) 33 (30.8) 21 (38.9) 0.505 
Swallowing disorder 0 (0.0) 12 (11.2) 17 (31.5) <0.001* 
Number, median (Q1-Q3) 3 (2-5) 5 (4-7) 7 (5.75-8.25) <0.001 
Percentage, median (Q1-Q3) 18 (12-29) 29 (24-41) 41 (34-49) <0.001* 
Geriatric Resources, n (%) 
Physical 19 (48.7) 28 (26.2) 1 (1.9) <0.001* 
Good Living Conditions 29 (74.4) 83 (77.6) 33 (61.1) 0.084 
Social 37 (94.9) 103 (96.3) 46 (85.2) 0.030* 
Financial 32 (82.1) 73 (68.2) 28 (51.9) 0.008* 
Spiritual 15 (38.5) 31 (29.0) 15 (27.8) 0.479 
Motivational 28 (71.8) 62 (57.9) 16 (29.6) <0.001* 
Emotional 26 (66.7) 78 (72.9) 27 (50.0) 0.015* 
Mnestic 4 (10.3) 20 (18.7) 10 (18.5) 0.458 
Competence-related 22 (56.4) 49 (45.8) 20 (37.0) 0.179 
Intellectual 9 (23.1) 26 (24.3) 9 (16.7) 0.535 
Number, median (Q1-Q3) 6 (5-7) 5 (4-6) 4 (3-5) <0.001* 
Percentage, median (Q1-Q3) 60 (50-70) 50 (40-60) 40 (30-50) <0.001* 

 

Subtitle Table 7: The syndromes and resources were either directly assessed by asking the patients or 

their relatives, assessed while taking the CGA and MPI, or taken from the patient's medical record. The 

p-values° were calculated for rates using the Chi-square test, non-parametric methods were used for 

non-normally distributed continuous variables. * Significant from p= 0.05. 
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Table 8: results of geriatric syndromes and geriatric resources (patients with IA) 

 No change 
(N=19, 25.3%) 

Improvement 
(N=36, 48.0%) 

Worsening 
(N=20, 26.7%) 

p-value° 

Geriatric Syndromes, n (%) 
Incontinence 11 (57.9) 22 (61.1) 10 (50.0) 0.722 
Instability 9 (47.4) 20 (55.6) 8 (40.0) 0.526 
Immobility 10 (52.6) 24 (66.7) 15 (75.0) 0.332 
Cognitive Impairment 2 (10.5) 4 (11.1) 0 (0.0) 0.305 
Inanition 7 (36.8) 14 (38.9) 9 (45.0) 0.858 
Chronic Pain 9 (47.4) 16 (44.4) 12 (60.0) 0.526 
Polypharmacy  16 (84.2) 33 (91.7) 17 (85.0) 0.642 
Irritability / Depression 0 (0.0) 2 (5.6) 3 (15.0) 0.160 
Sensorial Impairment 11 (57.9) 18 (50.0) 13 (65.0) 0.546 
Insomnia 9 (47.4) 22 (61.1) 9 (45.0) 0.426 
Irritable Colon 10 (52.6) 20 (55.6) 9 (45.0) 0.749 
Iatrogenic Disease 0 (0.0) 1 (2.8) 0 (0.0) 0.578 
Incoherence / Delirium 2 (10.5) 2 (5.6) 0 (0.0) 0.342 
Impoverishment 1 (5.3) 1 (2.8) 3 (15.0) 0.205 
Isolation 2 (10.5) 3 (8.3) 1 (5.0) 0.813 
Fluid/Electrolyte Problems 9 (47.4) 6 (16.7) 11 (55.0) 0.006* 
Swallowing disorder 4 (21.1) 4 (11.1) 1 (5.0) 0.297 
Number, median (Q1-Q3) 5 (4-8) 6 (5-7) 6.5 (5-8) 0.861 
Percentage, median (Q1-Q3) 29 (23-47) 35 (29-41) 38 (29-47) 0.811 
Geriatric Resources, n (%) 
Physical 1 (5.3) 7 (19.4) 3 (15.0) 0.368 
Good Living Conditions 16 (84.2) 26 (72.2) 12 (60.0) 0.242 
Social 15 (78.9) 82 (88.9) 19 (95.0) 0.297 
Financial 14 (73.7) 21 (58.3) 14 (70.0) 0.459 
Spiritual 9 (47.4) 12 (33.3) 7 (35.0) 0.574 
Motivational 8 (42.1) 17 (47.2) 14 (70.0) 0.160 
Emotional 13 (68.4) 24 (66.7) 14 (70.0) 0.967 
Mnestic 3 (15.8) 4 (11.1) 5 (25.0) 0.397 
Competence-related 7 (36.8) 16 (44.4) 9 (45.0) 0.838 
Intellectual 5 (26.3) 8 (22.2) 3 (15.0) 0.678 
Number, median (Q1-Q3) 5 (4-7) 5 (4-6) 5 (4-6) 0.740 
Percentage, median (Q1-Q3) 50 (40-70) 50 (40-60) 50 (40-60) 0.740 

 

Subtitle Table 8: The syndromes and resources were either directly assessed by asking the patients or 

their relatives, assessed while taking the CGA and MPI, or taken from the patient's medical record. The 

p-values° were calculated for rates using the Chi-square test, non-parametric methods were used for 

non-normally distributed continuous variables. * Significant from p= 0.05. 
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5. Discussion 

5.1 Key findings, limitations and problems along the conduction of the study 

 

First, the study was conducted as formulated in the study protocol, to which No subsequent 

changes were made. A total of 29 patients (14.5%) were lost over the entire follow-up period 

of 12 months. The execution of the study on the nephrological acute ward of the Department 

II for Internal Medicine of the University Hospital Cologne was possible and no problems 

were encountered.  

 

The first key finding of this study was that it was possible to detect changes in the 

multidimensional health of patients with an intermediate assessment and a subsequent 

intermediate MPI calculation. To our knowledge, this was the first study to use the MPI for 

such an investigation and was one of the first studies to address changes in the 

multidimensional health of patients that occur during a hospital stay. There was a further 

study by Volpato et al. (121), who used two MPI calculations – at admission and discharge 

– to suspect the course during hospitalization. According to Volpato et. al. (121), the longer 

the patients were hospitalized, the worse their prognosis became with regard to the MPI. In 

the present study, in contrast, no correlation between changes in the MPI between 

admission and discharge (improvement, no change, worsening) and the length of hospital 

stay could be demonstrated (68). This underlines the assertion that frailty should not be 

seen as a static medical construct, but rather represents a dynamic process of the 

multidimensional aspects of every patient (45, 59). And this dynamic can be made visible 

through the MPI, not just in geriatric hospitals, but in all departments that treat older patients, 

such as a highly-specialized internal university clinic (68) like the one in the present case. 

 

The second key finding was that there were differences during the multidimensional 

prognosis of patients depending on their MPI risk group (MPI-1 to MPI-3) at admission. The 

patients belonging to the MPI-1 group, i.e., the patients with the lowest frailty risk scores, 

had the greatest chance to deteriorate in their multidimensional prognosis until discharge. 

In contrast, the patients belonging to the MPI-3 group had the greatest chance to improve 

their multidimensional health scores. This had already been observed in previous studies 

and is, summarized in the so-called geriatric paradox (34, 65, 66, 122). It is remarkable, 

however, that these changes were already evident to a large extent at the time of the IA. 

The MPI-1 group had already deteriorated by +0.08 points (of an overall deterioration of 

+0.12) and the MPI-3 group had improved by -0.04 points (out of an overall improvement 

of -0.06). Transitions could be shown through the IA, in the positive or negative direction. 

This finding emphasizes the importance of reassessments during the hospital stay. After a 
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one-time, detailed CGA upon admission, a repetition of this as part of the daily visit is 

possible without additional time, as is the case with blood draw or physical examinations, 

which are repeated regularly throughout the patient's stay. Therefore, the detection of any 

changes – positive or negative – could be used by physicians and caregivers to maintain 

the current treatment plan or to modify treatments to counteract deterioration in the patient's 

multidimensional prognosis (68, 121). If the patients who received an IA were not divided 

according to their MPI groups, but according to the course of the MPI between admission 

and discharge (i.e., improvement, no change, deterioration), the changes in the MPI at all 

three points in time (admission –IA, IA–discharge, admission–discharge) were statistically 

significant. Thus, even in this group distribution of patients, a trend of the multidimensional 

prognosis can already be shown at the time of the IA.  

 

In this study population, patients with the highest chronological age remained stable in their 

multidimensional health despite hospitalization (68) and patients whose MPI deteriorated 

during hospitalization often came to the hospital having been previously self-sufficient (68). 

As mentioned beforehand, this suggests the necessity for a rethink in the classification of 

geriatric patients. It is not possible to make assumptions about the course and prognosis of 

geriatric patients based on chronological age, pre-existing conditions or the grade of care 

alone. As described above, the geriatric paradox is relevant here (122, 123). Patients who 

seem to have no reserves left and are seriously ill recover better from, for example, a stay 

in the intensive care unit than previously-independent pensioners (65, 122).  

 

This paradox is also supported in the present study by the fact that it was not possible to 

find significant differences in the reasons for patients being hospitalized for prolonged 

periods, neither when the patients were divided according to their MPI groups (Table 1), nor 

according to their inpatient courses (Table 2). On the one hand, the MPI-3 group did not 

have to deal with significantly more complications or difficult disease courses than the MPI-

1 group. On the other hand, the group of patients whose MPI improved had to wait for a 

final examination significantly more often and could have been discharged long before they 

actually were. This emphasizes that not only this study population, but also ageing and 

frailty in general are all far too heterogeneous for a one-dimensional classification. To return 

to the core concept of modern Geriatric Medicine as described in the introduction, it is a 

matter of a multidimensional and interdisciplinary approach (34, 66).  

 

As already confirmed in several studies (78, 85, 116), significant differences in the follow-

up of patients depending on their MPI group were also seen in this study (Table 3). When 

examining the follow-up, depending on the patients' course during the hospital stay, it is 
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worth mentioning that after 3 months, 61.5% of the worsening group had a grade of care 

(Table 4) and that after 6 months, 23.1% of the patients from the worsening group moved 

to a long-term care facility (Table 4). This shows for the first time that a dynamic monitoring 

of the MPI during hospitalization can also be an indicator of patient progress after 

hospitalization, regardless of the MPI group, which marks the third key finding of this study.   

 

The attempt to combine laboratory values and their courses with MPI is also not new. 

Fontana and Pilotto published their "Metabolic signature" in 2013 (79, 124, 125) and were 

able to show that some laboratory parameters are significantly associated with the MPI. 

This could also be shown in the present study (Table 5&6), but since the significant 

differences, e.g. in the white blood cell count, are within the physiological range of normal, 

this finding is of little clinical use here. Since in the present study the laboratory values are 

available as a snapshot on admission (Table 5&6), it is quite possible that the course of 

some parameters can be combined with the course of the MPI during the hospital stay. This 

remains open to be the subject of further research and will be discussed in the research 

outlook.  

 

As is typical for empirical research, the implementation of this study was not without 

limitations. The reassessment of the patients was often challenging. If it was announced 

that patients were to be discharged on the day of the intermediate assessment (IA) or one 

day later, no IA was performed. Due to the often-complex disease history of these 

nephrological patients, the planned discharge day could frequently not be realized, and the 

patients remained inpatients for more than one week without receiving an IA. Therefore, the 

number of patients with an IA, 78, is comparatively low, which is also a limitation of this 

study. In future studies that aim to dynamically detect changes in the multidimensional 

health of patients, a regular, scheduled examination using CGA and MPI should therefore 

be carried out until the patients are discharged. These reassessments could be conducted 

weekly, every three days or daily. Whether the MPI is a suitable instrument for such a daily 

measurement or whether it is necessary to change to compact, shorter questionnaires could 

be the subject of further research.  

 

5.2 The Cologne Model “Universitäre Altersmedizin” (University Medicine of older 

patients) 

5.2.1 Geriatric hospitals in Germany 

 

In Germany, there are (as of 20.08.2019) 360 geriatric hospitals with 18,121 beds (126). 

Just slightly over 18,000 beds seem like a drop in the ocean in light of our ageing population. 
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It is no wonder that the bed occupancy rate is 89.3%, the highest value in this report from 

the Federal Statistical Office compared to other disciplines. Internal Medicine also has a 

high bed occupancy rate of 80.2%, with a total of 150,202 beds available in Germany (126). 

The majority of these beds in Internal Medicine in Germany are occupied by older patients 

(over 65 years), and the lack of beds in Geriatrics has been demonstrated by the above-

mentioned figures. The only conclusion is a close cooperation with Geriatric Medicine in 

hospitals or wards specialized in Internal Medicine. These collaborations already exist in 

many departments, but they are seldom accompanied scientifically.  

 

Research is conducted at universities, while medical research at faculties of medicine. Here, 

another interface challenge emerges. Medicine can be studied at a total of 35 state 

universities in Germany. Only 13 (less than 50%) faculties have a department of Geriatric 

Medicine; at two additional universities there is at least one Geriatric Medicine hospital 

(127). Only 10 German universities have an academic chair for Geriatric Medicine at all 

(128), while at the other locations, Geriatrics is mostly assigned to Internal Medicine or 

neurology. Despite the massive increase in the number of older patients, Geriatrics is still 

struggling to gain recognition as an independent discipline (41). But maybe that's not the 

goal at all. After all, it is not a question of who can boast the best reputation in the medical 

world, but rather how one can optimally treat older patients through close, interdisciplinary 

co-management. 

 

The Cologne model of “Universitäre Altersmedizin” is unique in Germany to date (67). The 

aim of this project is to increase the visibility of Geriatric Medicine collaborating with Internal 

Medicine at a university hospital, to emphasize its interdisciplinary importance and 

especially to promote teaching in Geriatric Medicine. Students should not only learn medical 

facts and treatment strategies, but also soft skills in dealing with older patients, their 

relatives and with colleagues in the specialist departments involved in treatment (67). 

Geriatric Medicine cannot be carried out without Internal Medicine and – to a large extent – 

vice versa.  

 

5.2.2 Development of the “Universitäre Altersmedizin” in Cologne 

 

Between 2016 and 2019, 565 older, multimorbid patients were enrolled in the study 

"Multidimensional Prognostic Index - Influence of a Geriatric Assessment on Hospitalisation 

of older, multimorbid patients- MPI-InGAH” at the nephrological acute care unit of the 

Department II for Internal Medicine of the University Hospital of Cologne. The initiators of 

this study were Anna Maria Meyer and M. Cristina Polidori, head of Ageing Clinical 
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Research from the Department II for Internal Medicine of the University Hospital of Cologne. 

The study aimed to demonstrate the practicability and feasibility of a CGA on a high-

performance Internal Medicine medical ward (114, 116). To our knowledge, this study was 

one of the first clinical trials on geriatric patients in Internal Medicine in Germany. Once this 

project had been successful (67, 114, 116), further studies were conducted under the 

coordination of Ageing Clinical Research, e.g. in the emergency room (A&E) (129), the 

Intensive Care Unit (ICU) or the cardiology department of the University Hospital of 

Cologne.   

 

The complexity of the nephrological patients presented the geriatric team – which in this 

project consisted of a geriatrician, the nurse, occupational- and physiotherapists, social 

workers, a pharmacologist and a medical student – with great challenges. Since 2017, the 

team had co-managed two geriatric patients per week who were hospitalized in the acute 

nephrology ward. Co-management in this context implies that the treatment of the 

underlying disease or acute new disease was taken over by nephrology and the patient 

additionally received – adapted to her needs and functions – geriatric complex treatment 

(36-38) by the above-mentioned team after a CGA. Nephrological patients are those with 

the most pre-existing conditions and therefore extremely vulnerable patients for both 

Internal Medicine and Geriatrics (130). Hemodialysis, for example, is vital for some 

nephrological patients. After hemodialysis, however, it is usually not possible to expect 

patients to undergo physiotherapy or occupational therapy because they are already so 

exhausted. (131, 132).  

 

What became clear through this study – and not only through this one, but also through 

many years of research in Geriatric Medicine – was that patients’ needs do not necessarily 

correlate with targeted organ medicine. If the medical treatment weakens the patient to such 

an extent that he or she can no longer bathe on his or her own or needs help when sitting 

up from a lying position, does the benefit still outweigh the cost? Do we always have to 

assess the benefit in purely medical terms, or would it not be more helpful to examine 

several dimensions and to respond to the patient's individual wishes? Would a targeted 

therapy for older patients be plausible, just like a targeted immunotherapy? Individuality, 

multidimensionality and co-management, as so often in this thesis, are the key words. Of 

course, Geriatric Medicine does not work without organ medicine, but neither does organ 

medicine work without Geriatric Medicine specifically concerning the treatment of older 

patients. Furthermore, maybe this separation is now out of date. As emphasized so often 

in this thesis, every medical discipline treats older patients. Therefore, every doctor, 

excluding pediatricians, is also a doctor of the older population and this group has individual 
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needs. Patients from a certain age should therefore be assessed in terms of their frailty (56) 

and, based on these findings, organ medicine should be adapted to the patients’ individual 

condition. Needless to say, this will not be the solution to all of the challenges that the health 

care system is facing in the coming century, but it can be a way to support and patients and 

maintain their independence for as long and as well as possible, in turn also saving a lot of 

money (38, 70, 121). 

 

5.2.3 Ward 17.1 

 

The ward for “Universitäre Altersmedizin”, University Geriatric Medicine, opened on 

01.10.2019, includes 14 beds and is located on level 17 of the University Hospital of 

Cologne with a view of Cologne city centre. The patients of this ward are closely monitored 

by a co-managing team consisting of internal medicine and geriatric doctors, nurses, 

occupational therapists, physiotherapists, speech therapists, the social services and the 

pharmacy. The patients’ stay should be at least two weeks so that the training program has 

time to have an effect. Patients can be admitted via the A&E or via referrals from other 

departments if patients are already hospitalized. Every potential patient is visited in advance 

by the ward’s doctors and nurses and it is determined whether the patient meets the 

following requirements: 

 

A) The patient is older than 65 years and does not need full-time care. 

B) There is still a need for acute medical treatment. The ward is not a rehabilitation facility 

but practices University Geriatric Medicine. 

C) The patient has the potential to return to a self-determined life after hospitalization or has 

goals and the potential to improve mobility and agility to regain a higher level of 

independence.  

D) The patient is motivated to participate in the training sessions and is cooperative. 

 

The four criteria listed, which patients must meet to be admitted to ward 17.1, are not to be 

understood as mandatory. Especially regarding the age, there are many frail patients who 

are younger than 65 years old. Even if a palliative situation arises in the course of the 

inpatient stay or the patient is terminally ill, this does not exclude treatment in co-

management between internal medicine and geriatrics.  

 

On the day of admission, the patient is visited by representatives of almost all disciplines. 

There is a medical admission, a visit by the senior physician and a detailed Geriatric 

Assessment (CGA) is taken. It is important to draw a detailed picture of the patient's initial 
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condition and it is of central importance to determine the individual goals of the treatment 

together with the patient. Each profession enters their goals and to-dos for the upcoming 

week into a weekly schedule. These goals and to-dos are evaluated in the large team 

meeting, which takes place every Tuesday. Problems and successes are discussed 

together and new goals for the upcoming week are set. Upon discharge, there is again a 

comprehensive final examination to document the patient's progress in detail. The patients' 

discharge management can involve either rehabilitation, the home hospital taking over until 

home care is finally secured or home if home care is already secured or the patient does 

not need any further help. In the case of the latter, the social services work closely with the 

patient and his or her relatives to take into account the individual wishes of all parties. 

 

So far, this sounds like nothing tremendously new. Acute geriatric wards exist in many 

German hospitals and patients are monitored and managed by a geriatric team there as 

well. But the difference in this setting in Cologne is the co-management of patients between 

Internal Medicine and the specialists in Geriatrics. These patients have complex internal 

diseases and additionally require geriatric complex treatment. The aim is to treat patients 

medically as well as physically, physically, socially and functionally in order to achieve the 

best personal outcome in close consultation with the patient. This combination of high-

performance Internal Medicine and Geriatric Medicine can only be found in the Cologne 

University Hospital. Other university clinics also have geriatric departments and care for the 

patients as a specialist department of a university clinic. The integration of Geriatric 

Medicine into the university hospital in Munich, for example, seems like the project in 

Cologne - also comparable to Jena and newly opened in Halle in March 2021 (133-135). 

The big difference between the above-mentioned Geriatric Medicine departments in 

university clinics and the university Geriatric Medicine in Cologne is the multidimensional 

co-management. In Cologne, the focus is on the patient, viewed as a multidimensional 

being (70) with complex needs and serious illnesses that require the special co-

management between Internal Medicine and Geriatrics (136, 137). In the other university 

clinics, the departments of internal medicine and geriatrics are still separately specialized.  

 

In summary, the aim of the stay is to ensure that the patients no longer have any need for 

any Internal medical action upon discharge, are in their best possible physical, mental and 

functional condition, and that the social aspects of home care are covered by the nursing 

service, assistive devices or a move to a retirement home. This pilot project is scientifically 

accompanied by Ageing Clinical Research of the University Hospital of Cologne (see 4.3 

research outlook). At the time of submission of this thesis, the data are still being evaluated. 

But in two already published case reports – one on granulomatosis with polyangiitis (137) 
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and the other on primary hyperparathyroidism (136), both as an initial diagnosis in older 

patients – it is already clear what value ward 17.1 has for high-performance medicine in a 

university clinic and what opportunities the close co-management between Geriatric 

Medicine and Internal Medicine offers. In both cases, it was possible to secure and treat the 

basic diagnosis behind the patient's new frailty. Upon discharge, both patients showed a 

significantly improved Barthel index and thus have the opportunity to live independently and 

at home (136, 137). These are already two very positive examples of how co-management 

between high-performance Internal Medicine and Geriatric Medicine can work. 

 

5.2.4 Other projects of Geriatric Medicine at university clinics in Germany 
 
 

As described in the previous section, research and clinical practice in Geriatric Medicine is 

always interdisciplinary. Without the cooperation of different professions, the optimal care 

of older patients cannot be ensured (34). Therefore, one of the two major research focuses 

of Ageing Clinical Research at the University Hospital of Cologne is the CGA (113, 138, 

139), its possibilities and its clinical applicability. Which other areas are being researched 

at the university hospitals, where a chair for Geriatric Medicine or at least a clinic for 

Geriatric Medicine exists, is briefly touched upon in the following paragraph. Due to the 

significant amount of research on ageing processes, not every team and focus can be 

named. 

 

In Berlin (under the direction of Prof. Ursula Müller-Werdan) and in Aachen (under the 

direction of Prof. Cornelius Bollheimer), there were research foci with regard to age and 

technology. These included, for example, assist-devices, intended to make it easier for 

patients to take medication, or various apps, intended to enable independent evaluation of 

the risk of falling or adverse events (140, 141). In Aachen, work is underway on the 

contactless monitoring of patients at risk of falling (142).  

 

Another major research focus of Geriatric Medicine in Germany is on nutrition and body 

composition in old age. This includes research on dysphagia, which is carried out in Bochum 

under Prof. Wirth (143, 144), for example, on sarcopenia, as it is carried out in Dresden 

under Prof. Hofbauer, among others, and the importance of micronutrients, which is also 

the focus of research in Cologne (145).  

 

The last research focus to be examined in this section is health services research. This 

covers a broad spectrum from nursing research to rehabilitation and acute geriatric 

treatment and is also the area of geriatric research that can have the greatest direct clinical 
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impact. This focus is represented in almost all geriatric research groups in Germany, for 

example under the direction of Prof. Drey in Munich. Additionally, in contrast to Cologne, 

acute geriatrics in Munich focuses particularly on patients suffering from sarcopenia, the 

resulting geriatric syndromes’ immobility and instability and the triggering factors such as 

malnutrition. The research focus of Prof. Drey is also sarcopenia (134, 135, 146, 147).  

 

Thus, to our knowledge, the “Universitäre Altersmedizin” project in Cologne remains the 

first of its kind in Germany, which does not focus on a single area of geriatric diseases (such 

as sarcopenia) and works in a co-management with the nephrology department of the clinic 

II for Internal Medicine of the University hospital of Cologne. This increases the motivation 

to demonstrate the effectiveness, efficiency and usefulness of such a holistic approach to 

Geriatric Medicine in high-performance University Medicine by providing valid clinical data. 

 

5.2.5 COVID-19  
 
 

When this thesis was conceived and the data for the underlying study was collected, it was 

not yet clear what fundamental changes and developments the year 2020 would have in 

store. Life as we knew it was going to change. And co-management between Geriatric 

Medicine and Internal Medicine, as in the title of this thesis, has become more relevant than 

ever. The coronavirus pandemic is affecting the entire world’s population. A major problem 

in facing this crisis is the lack of resources of already overburdened or underdeveloped 

health care systems across Europe and the world that cannot offer sufficient and adequate 

support or intensive care for patients (148). But it is affecting one population group the most: 

people over the age of 60 (149, 150). Thus, in the first calendar week of 2021, a total of 

2584 men and 2553 women older than 60 years died from or with the SARS-CoV-2 virus 

(150), in contrast with only 87 men and 50 women in the under-60 age group who died from 

or with the coronavirus during the same period (150).  

 

The NICE guidelines (151) for COVID-19: critical care in adults, published in March 2020, 

clearly state that adults should be assessed for frailty on admission to hospital, regardless 

of their COVID-19 condition (148, 151). Therefore, triage should be based on the biological 

age and the individual frailty of the patient and not simply on chronological age (148, 149). 

As tragic as the necessity of triage is during a global pandemic, this concept emphasizes 

the importance of close cooperation between Internal Medicine and Geriatrics based on the 

concept of frailty (148, 151). An assessment of patients' frailty, their individual 

multidimensional risk, their reserve capacities and their resilience, is not a precise 
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theoretical construct, but enables clear clinical distinction and treatment options for 

geriatricians, internists and intensive care physicians even during a pandemic (149). 

 

5.2.6 Delirium @ ICU 
 
 

One geriatric syndrome that concerns ICU physicians, internists, surgeons, and 

neurologists equally is delirium (113, 152). Delirium is a diagnosis used in medicine and 

especially in psychiatry and neurology (153). The official definition of the ICD-10 

(International Classification of Diseases) code F.05 "Delirium" includes disorders of 

consciousness that are not caused by alcohol or other psychotropic substances. It can be 

of various duration (up to 6 months) and intensity and includes at least two of the following 

disorders: disorders of attention, perception, thinking, memory, psychomotor skills, 

emotionality or the day-night rhythm (153). Patients with pre-existing cognitive deficits, such 

as dementia, have a particularly high risk of suffering from delirium during hospitalization 

(152). However, patients with a severe infection or who even require intensive care 

treatment also have an increased risk of developing a delirium (154). For these patients, 

delirium means an increased risk of prolonged hospitalization and increased mortality (154, 

155). But because delirium can present itself in very different ways, standardized diagnosis 

is often difficult (156, 157). 

 

The study "Delirium @ ICU" of Ageing Clinical Research in collaboration with the Clinic I for 

Internal Medicine of the University Hospital Cologne has addressed this question. For a 

total of 6 months, patients over 65 years of age who were not ventilated were examined for 

the presence of delirium in the ICU and the Intermediate Care Unit using the MPI (78) and 

the validated screening instruments 4-AT (156) and CAM-ICU (157). The aim of the study 

was to quantify the incidence of delirium in ICUs and the significance of the diagnosis for 

the prognosis of the patients.  

 

In the context of the first preliminary and as yet unpublished results, it was found that 29.3% 

of patients suffered from delirium on admission to the IMC or ICU (158). This was 

significantly related to an increased MPI value of the patients, a worse quality of life and an 

increased mortality. This emphasizes the importance of recognizing delirium, especially in 

the prime example of high-performance medicine that is the ICU (158). Here, close 

collaboration between geriatricians and ICU physicians is immensely important to provide 

optimal co-management of critically ill patients (159).  
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5.2.7 Patients’ resilience 

 

Clinical ageing research is – as the name implies – supported by its clinical findings and the 

scientific demand to discover homogeneity in the heterogeneity of its patients (160). Once 

homogeneities within the patients have been discovered, the geriatrician can begin to 

examine his or her clinical findings in fundamental scientific research in order to better 

understand the molecular mechanisms. The path here is from bedside to bench and not, as 

is often the case in Internal Medicine, the other way around (161). A phenomenon that is 

often observed in older patients and that is also evident in the present study (see 4.1) is the 

unexpected improvement in the condition of older patients with the most severe diagnoses 

and severely limiting geriatric syndromes such as immobility, instability or electrolyte and 

fluid disorders at hospital admission (162). So why do more severely affected patients 

sometimes recover better from acute illnesses than outwardly healthier-looking patients? 

 

The concept of resilience, which has already been briefly outlined in the introduction to this 

thesis, is one approach by Ageing Clinical Research to explaining this phenomenon. A brief 

reminder: Resilience refers to the ability and capacity of the individual to react to trauma or 

stress and to recover from it, until the previous physical and mental state is restored (29). 

Resilience is a construct that is applicable in psychology, biology as well as in medicine; in 

Geriatric Medicine it is currently gaining in significance. Accordingly, the National Institute 

of Aging (149) in the USA has put the determination and research of physiological resilience 

of older patients on the agenda of geriatric research in 2015 (163). Of particular interest for 

clinical application would be the measurability of the recovery potential of patients after 

trauma or an acute illness – or a stressor of any kind (162). 

 

The paper on which this thesis is based focussed on changes in the CGA-based MPI during 

hospitalization – now, the next step is to be taken. In the following study, in addition to the 

weekly collection of the MPI (a more detailed study description will follow in the next 

paragraph), weekly physiological parameters (pulse, blood pressure, temperature, oxygen 

saturation), cognitive tests and calorimetry will be performed (29). In addition, all possible 

stressors that could strain the patients' capacities are noted. It is hoped that this study will, 

firstly, provide a more accurate and detailed picture of the changes in the MPI during 

hospitalization and secondly, establish a link between parameters that could reflect the 

physiological resilience of the patients and the MPI.  
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5.3 Research Outlook: making dynamic changes measurable and settings of geriatric 

patients 

 

The "von nix kütt nix" study was carried out by Anna Maria Meyer in cooperation with M. 

Cristina Polidori – head of Ageing Clinical Research of the University Hospital of Cologne – 

and Ingrid Becker from the Institute of Medical Statistics and Computational Biology. The 

study’s initiation coincided with the opening of Ward 17.1, the Department of Geriatric 

Medicine at the University Hospital of Cologne. The aim was to provide scientific support 

for this pilot project from the very beginning and to use the knowledge gained to pave the 

way for Geriatric Medicine in high performance medicine at German university hospitals.  

 

The first main objective of the study was to optimize the discharge management of patients 

from the hospital through close cooperation and communication within the triad geriatrician 

– patient – family doctor. After completion of the intervention study in July 2020, the study 

is ongoing as an observational study. The new main objective is to show the change in the 

MPI and the Barthel Index during hospitalization. The insights gained in the present 

investigation are to be used to avoid a deterioration of the prognosis of patients during 

hospitalization. For this purpose, the MPI is conducted weekly, and the results are reported 

to the ward physician and the entire team of therapists. In addition, as described in the 

previous paragraph, not only is the MPI collected weekly, but also vital signs and laboratory 

parameters that are needed in daily clinical practice. All this information is collected in a 

questionnaire throughout the stay and follow-up. The idea is to link the multidimensional 

and interdisciplinary capabilities of the MPI with clinical parameters. During the weekly 

sessions, changes in the treatment plan can be made based on these results and 

discussions with the patient and his or her relatives can be held. Thus, on the one hand, a 

detailed picture of the patients during hospitalization could be drawn without additional 

effort, and on the other hand, the changes that occur in the MPI could be combined with 

changes in laboratory parameters or vital signs. This can adapt the geriatric team’s 

interventions even more precisely to the needs of the patients.  

 

How these interventions affect the changes in the MPI, and especially which treatment 

measures can be taken, cannot be covered by this observational study. It can, however, 

provide insights into whether the fluctuations are more or less pronounced in an extended 

hospital stay in Internal Medicine than in an acute geriatric setting, and the patients' courses 

can be examined in more detail by means of the weekly surveys. Step by step, this could 

pave the way from a static recording of the CGA at admission and discharge towards a 

dynamic CGA and MPI that can respond to fluctuating patient needs. 



 66 

 

The MPI-InGAH study was able to demonstrate that it is possible to conduct a repeated 

CGA-based MPI assessment in a highly specialized Internal Medicine hospital. The opening 

of ward 17.1 will hopefully soon provide scientific evidence that Internal high-performance 

Medicine and Geriatrics are not mutually exclusive. This has not yet been investigated in 

large studies in other departments, such as surgery or the emergency department. Based 

on the results of this study, a comparison of MPI assessments conducted in 5 different 

settings will show whether a CGA can provide valuable information not only for patients in 

Internal Medicine, but to what extent patients in the emergency department or intensive 

care unit can benefit. Furthermore, this survey will shed light on the clinical relevance a 

CGA and the MPI can have for patients in a wide variety of settings.  
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5.4 Conclusion 
 

In brief, the following can be concluded: 

 

Using a CGA-based MPI, it is possible to visualize changes and trends that occur during 

the hospitalization of patients after just one week. This makes tailored and individual 

treatment plans for older patients possible and allows the interdisciplinary team to adapt to 

the patients’ needs in real time. 

 

Geriatric medicine and high-performance Internal Medicine are not incompatible. On the 

contrary, patients seem to benefit from a combination and closer interdisciplinary 

cooperation, they benefit from co-management. In the future, the large number of older 

patients will only strengthen the necessity for collaboration. Therefore, the great amount of 

clinical experience that is already available must be scientifically proven and accompanied 

in order to rethink the characterization of older patients away from chronological to biological 

age – towards multidimensionality. 

 

It is essential for hospitals and medical staff to rethink the care of older patients in order to 

cope with the upcoming Silver Tsunami. Concepts such as University Geriatric Medicine 

can be examples of how geriatric treatment can be made possible in non-geriatric settings. 

To further advance research in this area, the study "Von nix kütt nix" on level 17.1 of the 

University Hospital of Cologne was modified to form an observational study. The focus will 

be on dynamic changes in the MPI and physical parameters that occur during 

hospitalization. This raises the additional question of whether the MPI can be a suitable 

instrument for mapping the resilience of geriatric patients or what conclusions the MPI can 

provide on resilience. This knowledge is necessary to make the interdisciplinary work even 

more clinically relevant and to scientifically prove that a Comprehensive Geriatric 

Assessment does not create additional work but is essential for the prognosis and treatment 

of older, multimorbid patients. 
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8. Attachment 
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September 2005 – Juli 2013: Gymnasium Christian Ernestinum, Bayreuth  
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Arbeitserfahrung in Nebentätigkeiten 
 
November 2019 – heute: Selbstständige Leiterin von Notfallschulungen (BLS und ALS) für 
Notfallschulungen Regional GmBH (Inh.: Benjamin Frings) 
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__________________________________________________________________________________ 

Forschung 
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Stipendien:  
Reisestipendium der Paul-Martini-Stiftung zum Symposium „Arzneimitteltherapie bei Menschen im 
Alter“ in Berlin, November 2019. 
Reisestipendium der Deutschen Gesellschaft für Innere Medizin (DGIM) zur DGIM Konferenz in 
Wiesbaden, Mai 2019 
Reisestipendium der Deutschen Gesellschaft für Geriatrie und Gerontologie (DGG) zur EuGMS 
Konferenz in Berlin, Oktober 2018 
Reisestipendium der Deutschen Gesellschaft für Innere Medizin (DGIM) zur DGIM Konferenz in 
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_______________________________________________________________ 
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• Latinum 
• Graecum 



 92 

8.2 List of publications 

 
8.2.1 Publications (as first author) 

 
Pickert L, Meyer AM, Becker I, Heeß A, Noetzel N, Brinkkötter P, Pilotto A, Benzing T, 
Polidori MC, Role of a multidimensional prognosis in-hospital monitoring for older patients 
with prolonged stay. Int J Clin Pract. 2021;00:e13989. https://doi.org/10.1111/ijcp.13989 

 
Meyer AM, Podolski N, Pickert L, Polidori MC. Strategies to prevent age-related cognitive 
decline. Dtsch Med Wochenschr. 2020;145(3):146-5 
 

8.2.2 Publications (as co-author) 
 

Nolting NA, Hochleitner M, Pickert L, Meyer AM, Becker I, Benzing T, Kochanek M, 
Polidori MC. The CAM-ICU and the 4AT in older critically ill patients: Prevalence of 
delirium and implication for prognosis. 2021 (in submission process) 
 
Müller FM, Meyer AM, Pickert L, Hees A, Becker I, Benzing T, Polidori MC. An 
interdisciplinary intervention is associated with overall improvement of older inpatients in a 
non-geriatric setting: A retrospective analysis of an observational, longitudinal study with 
one-year follow up. Geriatric Care. 2021 (accepted for publication 25.06.2021) 

 
Rarek MP, Meyer AM, Pickert L, Pilotto A, Benzing T, Burst V, Polidori MC. The 
prognostic signature of health-related quality of life in older patients admitted to the 
emergency department: a 6-month follow-up study. Aging Clinical and Experimental 
Research. 2020. 
 
Noetzel N, Meyer AM, Siri G, Pickert L, Heess A, Verleysdonk J, Benzing T, Pilotto A, 
Barbe AG, Polidori MC. The impact of oral health on prognosis of older multimorbid 
inpatients: the 6-month follow up MPI oral health study (MPIOH). Eur Geriatr Med. 2020. 

8.2.3 Poster presentations (as first author) 
 

Pickert et al.: Etablierung eines dreimaligen geriatrischen Assessments im Hinblick auf 
gezielte Förderung geriatrischer Patienten – Design und vorläufige Ergebnisse der Studie 
MPI-InGAH II (Multidimensional Prognostic Index – Influence of Geriatric Assessment on 
Hospitalisation); (DGIM conference in Mannheim, April 2018) (Supplement 1) 

 
Pickert et al.: Veränderungen des Multidimensionalen Prognostischen Index (MPI) 
während der Hospitalisierung – Ergebnisse der Studie MPI-InGAH II (Multidimensional 
Prognostic Index – Influence of Geriatric Assessment on Hospitalisation); (DGG-
Conference in Cologne, September 2018) (Supplement 2) 

 



 93 

Pickert et al.: The role of prognosis for tailored multidimensional interventions in older 
multimorbid patients: The Multidimensional Prognostic Index (EuGMS conference in 
Berlin, October 2018) (Supplement 3) 
 
Pickert et al.: Können standardmäßig erhobene Laborparameter ein Comprehensive 
Geriatric Assessment (CGA) ergänzen? Ein Vergleich der metabolischen Signatur von 
älteren multimorbiden Patienten (DGIM conference in Wiesbaden, May 2019) 
(Supplement 4) 
 
Pickert et al.: Characteristics of geriatric syndromes and geriatric ressources of older, 
multimorbid patients in 4 different settings (EUGMS online conference October 2020) 
(Supplement 5) 
 
Pickert, Schlotmann, Diesmer et al.: Der multidimensionale prognostische Index (MPI) für 
die prognostische Stratifizierung älterer, hospitalisierter Patienten mit COVID-19: Eine 
prospektive Beobachtungskohortenstudie (MPI_COVID-19) (DGG online conference 
September 2021) 
 

 


