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Multimorbidity and healthcare utilization  

among the oldest old and centenarians 

 

1. Introduction 

Although longevity has always been a goal of human desires and endeavors, aging is not 

perceived as merely positive [1]. This may be largely due to age-associated declines, illnesses, and 

dependencies. While physical vulnerability is characteristic of advanced age, potential and resilience 

are genuine characteristics of this phase as well [2]. Centenarians – i.e., those aged hundred years and 

older – are representatives of a group of individuals with very advanced age. Although the age of 

hundred years may be considered to be an arbitrary threshold, centenarians have been seen as an 

exception, being very old yet being relatively healthy [3]. This view has been challenged in recent years 

[4]; evolving into a multilayered perspective towards this age group. The present work will contribute 

to a better understanding of the morbidity and healthcare trajectories of very old individuals, including 

centenarians, using the perspective of potentials of advanced age. 

In the following introduction chapter, the epidemiology of the oldest old and centenarians will 

be outlined (Chapter 1.1). Then, the introduction continues with a review of evidence of 

multimorbidity in these very old individuals (Chapter 1.2), followed by a summary of healthcare 

research among the oldest old and centenarians (Chapter 1.3). 

 

1.1 Changing demographics: The oldest old and centenarians 

1.1.1 The oldest old 

The number of oldest old – i.e., those individuals living beyond the age of 80 or 85, depending 

on the definition [5, 6]– is exponentially rising in most counties around the world [5]. According to data 

from the Human Mortality Database, in European countries and the US, the current life expectancy for 

people 85 years old is more than six years [5]. While joint data from the Health and Retirement Study 

(HRS), the Survey of Health, Ageing and Retirement in Europe (SHARE), and the English Longitudinal 

Study of Ageing (ELSA) surveys that 66-72% of the oldest old are female, only 8-14% of the women are 

married (not yet widowed [5]). In contrast, this figure is 43-57% for men. While genuine surveys that 

focus on the population of oldest old individuals are still sparse, the California 90+ Study [7], the Leiden 

85+ Study [8], and the Newcastle 85+ Study [9] are valuable exceptions. In the California 90+ Study, 

72% were women and 74% were aged 90 to 94 [7]; in the Newcastle 85+ Study, 62% were women [9]; 

in the Leiden 85+ Study 66% of the sample were women [8]. Moreover, in the California 90+ Study for 
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instance, 74% were widowed and 49% lived alone [7]. This illustrates that there are substantially more 

oldest old women than men.  

In Germany, five percent of the population is over 80 years of age [6]. In this age group, 60% 

of those aged 80-85 are women; however, this number increases to about 70% for those between 85 

and 90 years old. At the time of writing, there exist no population-based surveys focused on the oldest 

old in Germany. The existing population-based and aging surveys primarily show biases towards 

overrepresentation of younger cohorts. Two major surveys in Germany are the German Ageing Survey 

(DEAS [10, 11]) and the German Health Update study (GEDA [12]). Although it is likely that a few 

centenarians will be in the coming panel cohort of the DEAS, centenarians are still largely 

underrepresented [10, 11]. The 2014 GEDA had 1107 participants over 80 years of age, yet only two 

individuals aged 100 years and older; in the 2009 GEDA, there were only 592 participants aged 80 years 

and older and just a single centenarian [12]. Although wave 6 of the Survey of Health, Ageing and 

Retirement in Europe (SHARE) survey included 9316 participants equal or older than 80 years, only 19 

centenarians were included in the data [13]. 

1.1.2 Centenarians 

Worldwide demographic development regarding the number of centenarians (aged 100 years 

and older) outperforms growth rates of the oldest old aged 85 years and older. Drawing on data from 

the 2015 Revision of the World Population Prospects of the United Nations, Robine and Cubaynes 

report a worldwide total number of 96,000 centenarians in 1990 [14]. This is predicted to increase 

from 451,000 in 2015 to an estimated 25 million in 2100. Although the model predicts the acceleration 

will flatten as we approach the year 2100, the number of centenarians will increase extraordinarily. 

While James F. Fries [15] wrote in the year 1980 that “approximately one in 10,000 persons in 

developed countries lives beyond the age of 100,” current estimates predict every second child born 

in developed countries in this century to have a life expectancy of 100 years [16]. Centenarians are 

predominantly female, as of 2015, there are about four times more female centenarians than male 

[14]. This difference will decrease by 2100, where there will be two female for every one male 

centenarian [14]. According to the German Federal Statistical Office [17], there were around 17,000 

centenarians living in Germany at the end of 2014. Of these, 85% were women. Although this male-to-

female ratio is a common finding in the centenarian literature from around the world [4, 14, 18, 19], 

this ratio is likely to become more balanced in the future as the morbidity trends for men and women 

converge [14]. 

Following the increase in numbers of oldest old and centenarians, centenarian research over 

the last decades has expanded from descriptive studies drawing on small samples that to larger and 

methodologically comprehensive studies that include the frequent investigation of social and 

behavioral research questions [20]. According to the review of centenarian research by Poon and 
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Cheung, the first large centenarian study was a survey of centenarians starting in 1990 in France [21]. 

The longest-running American centenarian study is the Georgia Centenarian Study [22, 23]. Further 

major centenarians studies include the Okinawa Centenarian Study [24, 25], the Danish Longitudinal 

Centenarians Study [26] and the Fordham Centenarian Study [27]. Rasmussen and Andersen-Ranberg 

[28] and Jopp, Boerner and Rott [29] also give an overview of the major centenarian studies to date. 

In Germany, the most relevant, recent, and comprehensive centenarian study are the 

Heidelberg Centenarian Studies I [30] and II [29]. The first of the two studies was population-based; all 

centenarians of a previously defined geographical area around the city of Heidelberg were eligible for 

study participation and were contacted if possible. This study had no exclusion criteria and included – 

although there were likely underrepresented – centenarians living in nursing homes as well as those 

with dementia. Of the existing 281 centenarians found in the national registry, which contains basic 

information on all residents in Germany, 91 centenarians and their proxies constituted the final sample 

in which interviews were made. Interviews primarily focused on cognitive status, functional capacity, 

and mental health, with additional time spent on subjective well-being and autonomy. Major findings 

include the prevalence of dementia in this age group, although individuals with good cognitive status 

existed as well. Approximately one third of the centenarians showed little or no performance loss. Half 

of the sample had dementia and 83% received care. The Heidelberg Centenarian Study II was 

conducted with 112 centenarians from 2011 to 2013. Sampling procedure was carried out following 

the same procedure as in the Heidelberg Centenarian Study I in 2000 and 2001. In this second study, 

out of 485 centenarians from the national registry, 112 centenarians participated; 94 of which provided 

self-reported data; in 78 cases, the relatives provided additional data; in 18 cases, the proxies were the 

only source of data provision. Of these 112 centenarians, 18 percent lived alone and 58 percent lived 

in the community. Although these findings provide first insights about the distribution of health and 

healthcare utilization in German centenarians, the specific health and health care trajectories of 

centenarians in Germany remain largely unknown. 

 

 

1.2 Multimorbidity in the oldest old and centenarians 

1.2.1 Conceptualization of multimorbidity 

In old age, the co-existence of multiple chronic conditions is common. Individuals with no 

condition or only one major condition remain the exception. Although there are many ways of defining 

and measuring multimorbidity in health service research, in its most basic form multimorbidity refers 

to a patient with two or more health conditions at the same time [31]. A systematic review of the 

literature by the European General Practice Research Network found 132 definitions of multimorbidity, 

which were then subsequently categorized into themes and summarized in the following definition: 
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“Multimorbidity is defined as any combination of chronic disease with at least one other disease (acute 

or chronic) or biopsychosocial factor (associated or not) or somatic risk factor. Any biopsychosocial 

factor, any risk factor, the social network, the burden of diseases, the health care consumption, and 

the patient’s coping strategies may function as modifiers (of the effects of multimorbidity). 

Multimorbidity may modify the health outcomes and lead to an increased disability or a decreased 

quality of life or frailty.”[32] 

One commonly applied approach of defining multimorbidity in the literature is the 

combination of two conditions [33]. Using routine data from 314 medical practices in Scotland, Guthrie 

et al. investigated multimorbidity by creating a matrix of comorbidities, showing the percentage of 

patients diagnosed with the combination of two specific conditions [34]. They found, for instance, that 

physical conditions such as cancer, chronic obstructive pulmonary disease (COPD), and coronary heart 

disease were linked with pain and depression. In general, multimorbidity strongly increased with age, 

although absolute numbers remained larger in those patients under 65 years of age. Adding 

complexity, Ward and Schiller not only examined condition dyads but also studied chronic conditions 

triads [35]. The most common triad was the combination of arthritis, hypertension, and diabetes. 

Investigating more complex clusters of multimorbidity using data from over 160,000 Danish adults 

from the general population, the analyses of Larsen et al. suggested seven specific classes of patients, 

where “complex cardiometabolic disorders” and "complex respiratory disorders" were those with the 

most complex disease patterns [36]. A further cluster analysis study found five multimorbidity clusters 

in a population over 85 years; of these five, two complex multimorbidity clusters accounted for 60 

percent of the patients, whereas only about 5 percent were classified into the healthier cluster [37]. 

Finally, approaches that go beyond the mere investigation of the co-existence of morbidities, are, for 

instance, functional disability [38, 39], frailty [40-42], or the forth age [43, 44]. These concepts will be 

further outlined in the discussion section. 

Regarding the prediction of mortality, multimorbidity is a prime indicator. Several indices of 

multimorbidity have been established; an overview of the multimorbidity indices has been provided 

by Diederichs et al. [45]. According to their review, the Charlson Comobidity Index is the most 

frequently used comorbidity index [46]. The Charlson Comorbidity Index groups ICD-10 diagnoses into 

19 disease categories. Measuring multimorbidity, the Elixhauser Comorbidity index has been 

developed [47] and adjusted [48, 49] to predict hospital mortality. The Elixhauser index groups 

diseases into 30 categories. When compared, the Elixhauser index, according to Walraven et al. [49], 

performs slightly superior to the Charlson index when adjusting for multimorbidity, while the Charlson 

is more parsimonious than the Elixhauser index. However, in populations with advanced age, 

comorbidities such as dementia and some musculoskeletal diseases are missing in the Elixhauser index. 

Thus, both indices have specific advantages that justify their use in health service research. 
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1.2.2 Multimorbidity among the oldest old 

According to finding from the Newcastle 85+ Study, beyond geriatric conditions such as hearing 

(60%) and visual impairment (36%) and urinary incontinence (31%), the most prevalent chronic 

conditions in the oldest old were hypertension (58%), osteoarthritis (57%), and ischemic heart disease 

(36%) [37]. In this sample, multimorbidity was defined as the presence of two or more geriatric and 

chronic conditions. Thereby, a median value of four conditions in this sample of very old patients with 

an interquartile range from three to six conditions. Investigating multimorbidity clusters, 60% of the 

patients showed high morbidity rates, while only about 5% were in the few conditions cluster [37]. 

Concerning multimorbidity, a study drawing on data from the Leiden 85+ cohort defined 

multimorbidity as the co-existence of two or more of a set of nine common chronic conditions: 

arthritis, COPD, diabetes mellitus, heart failure, stroke, Parkinson disease, depression, cancer, and 

myocardial infarction [50]. While multimorbidity was present in 39% of the sample of oldest-old 

individuals, arthritis was the most common comorbidity with 33% of the sample suffering from this 

disease. Further, multimorbidity was predictive for physical functioning in those individuals with high 

level of cognitive functioning, highlighting the modifying role of dementia in the oldest old [50]. 

The Californian 90+ Study found hypertension (53%) and heart disease (47%) to be highly prevalent in 

the sample of oldest old. When comparing those with incident dementia (18% at baseline) to those 

without dementia, hypertension was the only comorbidity that was higher in the subgroup with 

dementia. The incidence rate of dementia increased exponentially with age and doubled every 5.5 

years. 

Regarding the health of people over the age of 75 in Germany (GEDA09 [6]), in women, 

hypertension (59%), osteoarthritis (46%), and hyperlipidemia (44%) were the most common reported 

conditions. For men, hypertension (51%), coronary heart disease (30%), and osteoarthritis (30%) were 

the most common conditions. As multimorbidity can be considered an independent predictor for 

disability [51]. Among those aged 80 years and older, 44% in women and 39% in men had at least one 

limitation in instrumental activities of daily living (SHARE [6]). 

1.2.3 Multimorbidity among centenarians 

Centenarians have long been seen as prototypes of successful aging [3]. However, recent 

evidence challenges the assumption that centenarians commonly suffer from multimorbidity [4, 28, 

29]. Jopp et al. [29] gave a narrative overview about the morbidity prevalence in centenarians drawing 

on data from the following major centenarian studies: the 1895 Cohort of the Danish Centenarian 

Study [4], the New England Centenarian Study [52], the Georgia Centenarian Study [53], the Ontario 

Centenarian Study [18], the Sydney Centenarian Study [54], and the Tokyo Centenarian Study [55]. 

Hypertension was present in 27-63% of the centenarians across studies, heart disease in 18-60%, while 

heart disease or congestive heart failure was present in 17-37% of the centenarians. Dementia was 
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only reported in two of the six studies, with a prevalence of 51% and 58%. Likewise, arthritis was 

reported in two studies with 54% and 56%. Diabetes prevalence was low, 4-19% across studies. Non-

skin cancer was prevalent in 5-15% of the studies. In a review of centenarian studies by Rasmussen 

and Andersen-Ranberg [28], morbidities were compared across a broad range of centenarian studies. 

The authors conclude that centenarians showed a variety of diseases and cannot be described as 

healthy, although many centenarians showed good activities of daily living and although healthy 

exceptions existed. According to their review, hypertension, for example, was present in 25-50%, atrial 

fibrillation in 17-26%, and heart failure in 31-60% of the centenarians. The authors claim that objective 

rather than self-report measures are necessary to back up the diagnoses, since objective data showed 

higher prevalence in most of the studies [28]. 

For Germany, data from the Heidelberg Centenarian Study II showed a mean number of 5.3 

diseases, which were previously defined [29]. Over 37% of the centenarians suffered from more than 

five conditions, where – besides sensory problems (94%) and urinary system conditions (55%) – 

cardiovascular (57%) and musculoskeletal diseases (60%) were most prevalent in this sample [29]. 

Hypertension was found in 45%, heart disease in 31%, and dementia in 33% of the centenarians from 

Heidelberg; other conditions were not highly prevalent, such as a history of stroke (12%), diabetes 

(11%), and non-skin cancer (4%). However, due to the selection effects in the recruitment process, 

diseases such as dementia may be underrepresented in this study. 

1.2.4 Compression of morbidity 

With increasing life expectancy of the population over the last decades [56] comes the concern 

that years spent morbidity will raise proportionally. However, the compression of morbidity 

hypothesis, as proposed by James F. Fries [15, 57, 58], assumes that the onset of morbidity will be 

postponed and that smaller proportions of the lifespan will be lived with morbidity as life expectancy 

increases. Effectively, this will result in an increased number of independent and healthy life years. 

This is mainly achieved by improvements in education, adaptive technologies, and medical treatments 

[59]. Although studies vary in rigor of testing the compression of morbidity hypothesis, a relative 

reduction of disability [59, 60] — and to a smaller extent morbidity [59] — can be assumed over the 

last decades, although population prevalence for many diseases increase with rise of life expectancy 

[60]. The presumption of a fixed length of life that was further proposed by Fries [15] is objective of 

debate [56, 61]. Although life expectancy has increased over the decades since Fries first proposed his 

hypothesis [61], there is epidemiological evidence that this increase flattens continuously over time 

[56]. Whether the number of comorbidities is compressed in the very old is not well investigated; for 

a review of the literature on compression of morbidity in centenarians, see the chapter Multimorbidity 

in Centenarians. 
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Concerning a compression of morbidity at the limits of the human life span, the classical 

centenarian study that supported this thesis used retrospective self-report data to compare three 

morbidity profiles of centenarians that emerged from the data [52]. Andersen et al. [62] distinguished 

survivors, delayers, and escapers as previously termed by Evert et al. [52]. Survivors were those 

centenarians who suffered from at least one age-related major disease before the age of 80 years; 

delayers were those with a disease onset of 80 years and older; and, finally, escapers were those 

centenarians who reached the age of 100 years without a diagnosis of an age-associated disease. 

Survivors, delayers, and escapers made up 24%, 44%, and 32% of male and 43%, 42%, and 15% of 

female centenarians, respectively. Further, Andersen et al. [62] impressively supported the 

compression of morbidity hypothesis when comparing different age groups of oldest-old patients using 

a prospective design. Supercentenarians (110 years and older) were compared with 

semisupercentenarians (105-109 years), centenarians, nonagenarians, and younger controls. Across 

many diseases, the authors found a delayed disease onset the older the age group was, compressing 

diseases into the very last years of life. Among centenarians, Kheirbek et al. [63] found the compression 

of morbidity hypothesis confirmed in centenarian veterans. When comparing those aged 100 years 

and older with those in their 80s and 90s, lower incidence rates were observed. Similarly, Ismail and 

colleagues found across longevity studies, i.e., Longevity Genes Project and the New England 

Centenarian Study, that a compression of morbidity was present [64]. Studies that compared 

centenarians with younger cohorts of oldest old found lower incidence rates for a broad range of 

conditions in centenarians [65-67] and for health service utilization [68]. 

Using a distance-to-death approach which inspects the terminal trajectories before death from 

the general population sample across more than ten years of observation [69, 70], Gill et al. [51] 

explored trajectories of disability development in the last years of life. They found no disability, 

catastrophic, accelerated, progressive, and persistently severe disability trajectories to all be distinct 

from each other [51]. Interestingly, most of these patterns could not be linked with specific diseases 

that were leading to death, except for dementia. Dementia showed a persistently severe disability 

trajectory. For centenarians, data from the Heidelberg Centenarian Study I showed centenarian 

physical and cognitive functioning to continuously decline with increasing age [71]. Further, while 13% 

of the centenarians maintained their very good cognitive status until death, for physical health, this 

was true for 7% only [71]. 
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1.3 Healthcare utilization among the oldest old and centenarians 

1.3.1 Healthcare utilization among the oldest old 

Among the oldest old, the need for care, long-term care, and the utilization of healthcare 

including the use of medical care inflates as disability and diseases become substantially more 

prevalent [66, 72].  

Regarding care utilization, the data from the Newcastle 85+ Study indicates that 41% of the 

study population was independent, 12% required professional care, and 8% required intensive care 

[9]. In this study, 77% of the oldest old lived at home, 13% in sheltered housing and 10% in long-term 

care facilities [9]. A study utilizing complete health insurance data from the German population in 2015 

found about 780,000 individuals were living in long-term care settings, where about 3 out of 4 

residents were 80 years and older [73]. Another study that draw on German health insurance data 

found 8 out of 10 residents in long-term care facilities were over 75 years of age, with most of them 

aged 85 to 89 years. The study showed a strong decline in absolute numbers in peopled aged 90 to 94 

years as well as those aged 95 and older [74]. Factors associated with long-term care use in the oldest 

old that have been discussed in the literature were age, life satisfaction, and previous service use [75, 

76], all which may, in turn, be driven by an increased disease and disability burden [77].  

Concerning healthcare utilization and medical care among the oldest old, in the Newcastle 

85+ Study, clusters of individuals with high and low morbidity burdens were distinguished by health 

care factors medication count, hospital admissions, and general practitioner consultations [37]. 

Further, consultation of the general practitioner substantially increased across age groups from 85 to 

90 years of age [78]. Investigating the health care use of the oldest old in the last years before death, 

data from the Leiden 85+ Study suggests that the number of home visits from the general practitioner 

as well as the frequency and length of contact increased in the last year before death. Thereby, the 

proximity to death was more closely related with healthcare use than chronological age [8]. Although 

adequate medication among the oldest old is mostly the preferred treatment choice, polypharmacy 

(i.e., five or more medications in use simultaneously) is common in this population and is associated 

with a range of negative health effects including falls, adverse drug events, hospitalization, and 

mortality [79]. In a community-dwelling sample of oldest old from Belgium, for instance, 58% of the 

sample took five or more medications (i.e., polypharmacy) and 9% took ten or more medications (i.e., 

excessive polypharmacy)[80]. At the same time, 67% were underprescribed and 56% had potentially 

inadequate medication [81]. Thus, underprescribing and polypharmacy are not mutually exclusive, but 

often occur in combination [82]. Concerning polypharmacy in long-term care, a systematic review 

found 44 studies reporting a wide range of polypharmacy rates (between 65-91%), depending on the 

study and the defined number of medications [83]. Predictors of polypharmacy in long-term care were, 



12 
 

among others, disease-related factors such as circulatory and metabolic comorbidities and healthcare-

related factors such as a prior hospital discharge or multiple prescribers [83]. 

1.3.2 Long-term care utilization among centenarians 

Long-term care facilities provide intense care for a large number of oldest old individuals. 

Regarding the proportion of centenarians in long-term care compared to those centenarians living in 

the community, several studies from different countries indicate that about half of the centenarian 

population lives in long-term care facilities, with variation across country and study design [4, 18, 19]. 

High proportions of centenarians living in long-term care were reported in a study from Denmark and 

two recent studies from Ontario, Canada with 52% [4], 54% [18], and 66% [84] of the centenarians 

sample residing in long-term care facilities. As data from the available US studies based on non-

representative samples, it is likely that these data underestimate the prevalence of long-term care for 

the US with 37% in Georgia [85] and 26% in New York [27]. In Porto, Portugal [86] and the Heidelberg 

region of Germany [29], 42% of the centenarians were in long-term care. In Tokyo, Japan [19], this rate 

was lower (32%). In China [87] only 3% of the centenarians were in long-term facilities, which illustrates 

cultural differences than the differences in care needs. In the Chinese study, 89% of the centenarians 

were living with family members, while a minority of 8% lived alone, which may indicate the provision 

of care by family members. Two studies from Australia reported that 52% [88] and 23% [54] of the 

centenarians were living in long-term care facilities. The lower rate in the later study may be related 

to selection bias due to the recruitment strategy. Finally, a study from England, Great Britain [89], 

which investigated death certificates of centenarians, reported that 27% of the centenarians died in 

long-term care and a further 27% passed in a hospital, where those who died in a hospital may have 

been referred from long-term care facilities prior to death. 

Regarding the predictors and conditions of those centenarians in long term care compared 

with those not, Cevenini et al. [90] suggested that cognitive and physical status – which are likely 

related with dementia and musculoskeletal disorders – are the primary factors that distinguish vary 

between those in long-term care and those who are not; with those in long-term care showing high 

rates of both conditions. In two recent studies that made use of routine health data of centenarians 

from Canada, this assumption was not confirmed in one study, but was supported in the other one 

[18, 84]. While Rochon et al. [18] found dementia to be present in community-based and long-term 

care centenarians. Analyzing the interRAI, Freeman et al. [84] found that those centenarians who were 

in long-term care had poorer cognitive and physical functioning than centenarians who received care 

in the community. Thus, further investigation is needed.  

Along with comorbidity-related factors, sociodemographic and health care factors may be 

different across care settings. Centenarians in long-term care are more likely to be female; moreover, 

they may have weaker social and financial resources than those receiving community-based care [84-
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86]; whereas no differences regarding educational status were found. Although further evidence is 

needed, polypharmacy is likely to be lower and physician and hospital visits higher in community-based 

than in long-term care populations of centenarians [18, 84, 89]. Finally, evidence is missing about the 

specific patterns of length of stay in long-term care among centenarians compared to younger cohorts 

of older adults [91]. 

1.3.3 Medical care among centenarians 

Concerning medical care, about one third (33-36%) of centenarians were hospitalized in the 

previous year, according to data from Australia and Canada [18, 68]. A large proportion of the 

centenarians (87-98%) had a doctor appointment with their general practitioner (GP) in the previous 

year [4, 18, 68]. An Australian study reported 11% of the centenarians saw their GP weekly, while 67% 

saw them irregularly [88]. 

Using medical data on all living centenarians in Sweden, a study on medication prescription in 

centenarians found, on average, five drug classes prescribed to the centenarians [92], which 

corresponds to the threshold of polypharmacy. In this study, centenarians used, for instance, more 

diuretics and analgesics than octogenarians did, yet centenarians have been prescribed fewer ACE 

inhibitors, beta-blockers, and antithrombotic medication. In a population-based cohort study, about 

11,000 centenarians were investigated, this study showed that one third of those who received 

medication had at least one potentially inappropriate medication [93]. Whether polypharmacy, 

underprescriptions, or prescriptions of potentially inappropriate medication in centenarians is more 

common than in other age groups needs further investigation. 
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2. Papers 

This second chapter provides an overview about the research objectives and the designs of the 

studies (Chapter 2.1), followed by five empirical chapters: Chronic conditions and use of health care 

service among centenarians (Chapter 2.2); Multimorbidity profiles among centenarians (Chapter 2.3); 

Multimorbidity trends among the oldest old and centenarians (Chapter 2.4); Long-term care status 

among the oldest old and centenarians (Chapter 2.5); Atrial fibrillation and medication among the 

oldest old and centenarians (Chapter 2.6). 

2.1 Research objectives and designs of the studies 

2.1.1 Research objectives 

As shown in the previous paragraphs, there are only a few pioneer studies on the oldest old 

and centenarians. Large-scale and longitudinal investigations about health and healthcare status of the 

oldest old and of centenarians are needed; especially those in long-term care are poorly investigated. 

For Germany, health insurance routine data provides a unique opportunity for the analysis of real-life 

data for hard-to-reach populations with low costs, no study drop out or bias of selection, interviewer, 

reporting, and recognition [94, 95]. An example of a study that made use of routine data from Germany 

on centenarians in comparison with younger age groups comes from Tamayo et al. [65], which showed 

the prevalence of diabetes across age groups. Internationally, findings based on administrative data of 

centenarians is available, for instance, for the US [66], Canada [18, 84], and the UK [93]. Registry data 

for complete cohorts exist for Swedish and Danish centenarians [96]. To date, a growing though still 

small number of studies have made use of routine and registry data to examine disease and health 

service use for the oldest old and centenarians. 

This paper aims to shed light on the composition and trajectory of multimorbidity in German 

centenarians. Further, healthcare utilization among the oldest old compared with centenarians in the 

presence of multimorbidity was investigated. More specifically, the research objectives were: 

1. Gaining a broad overview about morbidity distribution and healthcare utilization was the 

research objective of the first Paper 1 (Study I [97]). Thereby, morbidities and healthcare 

utilization for the whole sample as well as broken down by different care setting status, i.e., 

community-dwelling without care, community-dwelling with private home care, with 

professional care and in long-term care facilities were distinguished. 

2. The second objective was to investigate multimorbidity profiles that are different for 

subgroups of centenarians by an exploratory approach and to relate these profiles to health 

care use in centenarians (Paper 2, Study I [98]). 

3. Extending the hypothesis of the compression of morbidity, it was assumed that those 

individuals who died as centenarians show a lower number of comorbidities than the younger 
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cohorts of oldest old (i.e., those who died between age 80-89 and age 90-99); and that the 

increase of multimorbidity would less steep in the last years before death (Paper 3, Study II 

[99]). 

4. The forth research objective in Paper 4 (Study II [100]) investigates long-term care patterns 

(i.e., comparing “long-term care survivors” with “long-term care delayers” and “long-term care 

escapers”) in the oldest old in order to explore the transition rate to long-term care before 

death as well as the length of stay varies with increasing age among the very old. Although 

centenarians were expected to show higher rates of care dependency than the younger 

cohorts of oldest old did, it was assumed that they would show a distinct prediction pattern in 

terms of morbidities and health care use associated with being in long-term care [100]. 

5. Concerning medication use, for the sample case of atrial fibrillation, this final research 

objective (Paper 5; Study II [101]) examined whether the medication rates were lower in 

centenarians diagnosed with atrial fibrillation compared with the other age groups within the 

subsample of patients with atrial fibrillation. 

2.1.2 Designs of the studies 

The present paper and five research questions were based on two consecutive studies that 

utilized routine data from health and care insurance. An overview of the research questions and design 

across the Study I and Study II is given in Figure 1. 

 

Figure 1 Overview of the research questions 
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In the first study (Study I), health insurance data from N = 1121 centenarians living in the 

surrounding Northeastern region (i.e., the German federal states of Berlin, Brandenburg, and 

Mecklenburg-Vorpommern) of Germany have been used [97, 98]. All were policy holders at AOK 

Nordost aged 100 years and older as of December 31, 2013. AOK Nordost insures 52% of the local 

population above the age of 90 in Berlin, 73% in Brandenburg, and 78% in Mecklenburg-Vorpommern 

[97]. The Charlson index was calculated to account for multimorbidity using established algorithms 

[46]. Using ICD-10 diagnoses, these diagnoses were classified into 17 disease categories; these 

categories were weighted and summed across the 5 years of observation [18, 46, 102, 103]. For 

validation purposes, each diagnosis had to be recorded at least twice across the observation period 

and diagnoses indicated as “suspicion” were excluded. 

Study II used health insurance data on insurees from the Knappschaft, a major health 

insurance company with insurees from all over Germany with three main clusters [99-101]. Of all oldest 

old in our study, 36% lived in the Ruhrgebiet Region, 20% came from Lausitz and the surrounding areas, 

and 6% from Saarland. A further 38% were from other regions across Germany. The sample contained 

a total of N = 1,398 individuals from Germany for 6 years prior to death. All insured individuals who 

died as centenarians (between January 01, 2015 and December 31, 2015) were selected for the present 

study (N = 398 [99-101]). To allow comparison across age groups, two random samples of insured 

nonagenarians (90–99 years at death; random sample of n = 500 out of N = 9,588) and octogenarians 

(80–89 years at death; random sample of n = 500 out of N = 19,746) who died in the same period as 

the centenarian cohort were selected [99-101]. The Elixhauser comorbidity index was calculated [47, 

48]. ICD-10 diagnoses were classified into 30 disease categories. Showing a better approximation to 

the normal distribution, the unweighted number of conditions was used instead of a weighted index 

[98, 100]. To allow a better comparison of the results from Elixhauser and Charlson, we adjusted our 

analyses for dementia and musculoskeletal diseases as separate predictors alongside the Elixhauser 

index [99, 100].  
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2.2 Paper 1: Chronic conditions and use of health care service among 

centenarians 

This first paper (Paper 1 [97]) provides a broad overview of multimorbidity and health care 

utilization in centenarians, including the distribution of Charlson-based multimorbidity, the most 

frequent diseases, use of care, medication prescription, and health service use such as hospital stays 

and physician visits. Besides providing a descriptive overview about the health and health care 

situation among centenarians, this paper is specifically focused on the comparison of multimorbidity 

and health care use across care settings, i.e., community-based care (no care, private home care, and 

professional home care) and long-term care. 

Drawing on health insurance data on centenarians from the Berlin area (Study I), this paper 

found distinct health and health care patterns across care settings. Almost half of the sample received 

care in long-term care facilities, while a minority did not receive any paid care. Dementia and 

musculoskeletal conditions were among those conditions, which were most prevalent. Moreover, 

rates of both conditions were largely different between those centenarians being in long-term care 

facilities and those receiving care in the community. The role dementia and musculoskeletal conditions 

play in care dependency needs further investigation. 
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2.3 Paper 2: Multimorbidity profiles among centenarians 

Paper 2 [98] further illuminates the morbidity distribution found in Paper II. While Paper 1 [97] 

merely reported Charlson-based multimorbidity and the separate frequencies of single diseases, this 

second paper aimed to find subgroups of centenarians that share coherent and complex morbidity 

patterns. Again, data from Study I have been used for this in-depth analysis. 

Using a latent class approach, four morbidity patterns were derived from the data. About one 

third of the centenarians were classified as suffering from age-associated diseases, while about 

another third had a low likelihood of suffering from multiple diseases. Almost a further fifth of the 

centenarians showed a range of diseases. Those with multimorbidity yet without diabetes were 

classified as multimorbid without diabetes. A final subgroup contained almost a tenth of the 

centenarians: multimorbid with diabetes. In addition, these morbidity profiles were analyzed 

according to their relation to health care utilization. This paper further contributes to the 

understanding of multimorbidity in the oldest old. 
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2.4 Paper 3: Multimorbidity trends among the oldest old and centenarians 

There is a substantial body of evidence that shows centenarians to have lower morbidity rates 

than younger cohorts of oldest old individuals. These findings are in line with the compression of 

morbidity hypothesis, which assumes a later onset of diseases in those individuals that are approaching 

the upper limits of the human life span. While this assumption has been tested in different studies, it 

is unknown whether the number of conditions follows this pattern as well. 

Paper 3 [99] further extended the findings of Paper 1 [97] and Paper 2 [98] by adding a 

longitudinal and perspective of age group comparisons. Paper 3 [99] investigated the number of 

comorbidities across six years before death in three groups of oldest old using routine data from Study 

II. Those who died as centenarians were compared with those who died in their 90s (nonagenarians) 

and those who died in their 80s (octogenarians). This approach allows for the comparison of 

differences related to age at death. Simultaneously, the behavior of the primary comorbidity 

trajectories of the three age groups remain was investigated. We found that centenarians suffered 

from a smaller number of diseases than the younger cohorts of oldest old. Further, the trajectories did 

not collapse into each other, but the difference between groups even increased when approaching 

death, as centenarians showed a less steep increase in the number of comorbidities than the other 

groups did. Although centenarians had multiple conditions, multimorbidity prevalence appears to be 

lower in centenarians. 
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2.5 Paper 4: Long-term care status among the oldest old and centenarians 

In Paper 1 [97], we found that about half of the centenarians were in long-term care facilities 

and that dementia and musculoskeletal conditions were more prevalent in those in long-term care. 

Consecutively, Paper 4 [100] examines the length of stay in long-term care and the longitudinal 

prediction patterns related with long-term care status and with the transition from private home into 

a long-term care facility. Analyzing the data of the oldest old of Study II, the predictors were dementia 

and musculoskeletal diseases, multimorbidity indicated by the Elixhauser comorbidity index, hospital 

admission, gender, and age group. 

 Although we found that centenarians were more often in long-term care than the younger 

cohorts of oldest old, the length of stay in long-term care was substantially longer for centenarians 

than for the other cohorts. Those who died as octogenarians and nonagenarians died earlier after 

admission into long-term care compared with those who died as centenarians. Interestingly, dementia 

and musculoskeletal diseases were less strongly relates with the transition into long-term care than in 

the younger comparison groups. Hospital admission in the same and in the previous calendar quarter 

were significantly associated with the transition into long-term care for all age groups. The long stays 

and the high proportion of centenarians in long-term care may require care strategies that consider 

preventive, interdisciplinary, and holistic approaches. 
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2.6 Paper 5: Atrial fibrillation and medication among the oldest old and 

centenarians 

 The first paper provided a comprehensive overview about medication prescription in 

centenarians. Following Paper 1 [97], Paper 5 [101] provides a sample case of atrial fibrillation, 

investigating the medication prescribing among those atrial fibrillation patients who died as 

centenarians compared with those patients who died in their 80s and 90s. While we assumed a lower 

rate of atrial fibrillation in centenarians than in the comparison cohorts, we further expected a relative 

underprescribing of relevant medication, i.e., antithrombotic and anticoagulant medication, in those 

deceased as centenarians than in the younger cohorts of very old atrial fibrillation patients.  

In line with our assumptions, those with atrial fibrillation who died as centenarians were 

prescribed less anticoagulant therapy than the comparison cohorts. Surprisingly, receiving 

anticoagulants was not related with stroke risk with and without taking the risk of major bleedings into 

account. While our findings lead to a request for more in-depth research on the link between age and 

prescription rates, the appropriateness of prescribing routines in practice should be investigated in 

more detail. 

 

 

 

 

 

 

 

 

 

 

Published article: Kreutz R, Schmidt IM, Dräger D, Brüggen F, Hörter S, Zwillich C, Kuhlmey A, Gellert 

P. Atrial fibrillation and medication treatment among centenarians: Are all very old patients treated 

the same? Geriatrics and Gerontology International. 2018;Epub ahead of print:1-. doi: 

https://doi.org/10.1111/ggi.13531 

https://doi.org/10.1111/ggi.13531


63 
 

3. General Discussion 

This final third chapter briefly reiterates the research question and main findings (Chapter 3.1). 

Then, the present findings will be compared and contrasted with prior evidence, both in terms of 

multimorbidity (Chapter 3.2) and healthcare research (Chapter 3.3). Finally, strengths and limitations 

(Chapter 3.4) and conclusions and implications will be discussed (Chapter 3.5). 

3.1 Summary of the main findings 

The overall aim of the present thesis was to illuminate the structure, trajectories, and 

associations of multimorbidity and healthcare utilization in the oldest old and in centenarians. In a first 

study (Study I [97, 98]), centenarians were the subject of investigation; in a second study (Study II [99-

101]), those individuals who had died as centenarians were compared with those oldest old who had 

died as nonagenarians (aged between 90 and 99 years) and those who had died as octogenarians 

(between age 80 and 89 years). 

Multimorbidity was present in most centenarians across the two studies with dementia, 

musculoskeletal conditions, and heart failure being among the most prevalent conditions (Paper 1 [97] 

and Paper 3 [99]). While the majority of centenarians showed complex multimorbidity patterns 

(Paper 2 [98]), a minority showed low multimorbidity (Paper 1 [97]); furthermore, the number of 

morbidities and the increase over time was lower in centenarians in the last years of life than it was in 

the younger cohorts of the oldest old (Paper 3 [99]). 

Regarding healthcare utilization, a substantial proportion of centenarians were in long-term 

care in both study samples (Paper 1 [97] and Paper 4 [100]). They spent significantly more time in long-

term care facilities years at the end of their lives than the younger cohorts of the oldest old, i.e., more 

centenarians were “long-term care survivors” than “long-term care delayers” and “long-term care 

escapers” [100]. In Paper 1 [97] and Paper 4 [100], rates of dementia and musculoskeletal conditions 

helped to distinguish between centenarians living in the community and in long-term care facilities. 

Paper 4 [100] showed both conditions to be strongly associated with the transition into long-term care 

in the younger cohorts, while this association was weaker in centenarians. In terms of medical care, 

one third of the centenarians had spent time in the hospital in the previous year and almost all of them 

had seen their GPs [97]. The Otorhinolaryngologist (ENT) was the most frequently consulted medical 

specialist, where about one in three centenarians had a consultation in the previous year (Paper 1 

[97]). In terms of medication use, on average, patients were prescribed more than six medication 

classes in the previous year [97]. However, prescription rates among centenarians with atrial 

fibrillation tended to be lower than in younger cohorts, which may indicate underprescribing in 

centenarians (Paper 5 [101]). 
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3.2 Multimorbidity among the oldest old and centenarians 

Although multimorbidity was common in centenarians in the present two studies; in Study I, 

according to the cut-off values of the Charlson comorbidity index, about a quarter of centenarians only 

had a low burden of chronic disease [97]. Thereby, half of the centenarians suffered from heart failure, 

while about two third have been diagnosed with musculoskeletal conditions and dementia, which were 

the three most common Charlson-based conditions in our study population [97]. In Study II, in the 

quarter prior to death, three in four centenarians had hypertension; two in three suffered from 

dementia, and half from heart failure, which were the three most common Elixhauser-based 

conditions, when adding dementia and musculoskeletal conditions to the Elixhauser index [99]. In line 

with our findings, two narrative reviews of disease rates in major centenarian studies reported heart 

failure (29-70%), hypertension (19-64%), heart disease (29-60%), atrial fibrillation (17-26%), and 

myocardial infarction (10-16%) as the most common diseases [28, 29]. Within these reviews, more 

recent studies tended to report higher disease rates than older ones [28, 29]. Geriatric conditions that 

are not used in the Charlson and Elixhauser indices such as vision and hearing impairments (94%) or 

incontinence (48-60%) were common in the reviewed studies [29]. However, the reviewed literature 

on centenarians reports low rates of cancer (5-11%), stroke (2-16%) and diabetes (4-13%), which 

echoes our findings. Dementia was not addressed in one of the reviews [28], while the other review 

[29] reported high dementia rate estimates (51-58%). These rates were higher in our data (66% and 

68%). 

In Study II, hypertension and common conditions such as arrhythmia, renal failure, and COPD 

were less frequent in centenarians than in nonagenarians and octogenarians while dementia and heart 

failure were more frequent in centenarians than in the other cohorts [99]. A study that draws on US 

Medicare data found lower incidence rates in centenarians compared with nonagenarians and 

octogenarians for the majority of diseases including myocardial infarction, stroke, heart failure, ulcers, 

diabetes mellitus, asthma, and dementia [66, 99]. This is evidence that is largely in line with our 

findings, with the exception of heart failure and dementia [99]. It should be noted that the US study 

reports incidence rather than prevalence rates, which may partly explain the differences in heart 

failure and dementia rates between studies. This pattern was confirmed in other studies for diabetes 

[65], atrial fibrillation [67], and for healthcare utilization [68], for example. A delayed onset for 

multimorbidity in centenarians [52], which is in line with compression of morbidity hypothesis [57, 58, 

64, 104] is also supported by our findings [99]. Moreover, a delay in incidence of cardiovascular 

diseases was even found in the offspring of centenarians, though not for all diseases [105, 106]. Our 

study adds to these findings by focusing on the individual trajectories in the last years prior to death 

while comparing patterns across age groups. A centenarian study that has been published very recently 
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[107], largely supports our findings of lower disease rates in centenarians compared with younger 

cohorts [99]. In this study, disease patterns of age-at-death groups (i.e., those who died as 

centenarians, nonagenarians and younger cohorts) were tracked over the last years of life. Thereby, 

centenarians showed lower disease prevalence rates at each age; and further, dementia differentiated 

best between those who died at an earlier age and those who died as centenarians. 

Concerning the four patterns of multimorbidity found in Study I [98], where three groups 

showed morbidity patterns that have been found in the centenarian and multimorbidity literature [34, 

35, 52, 108], a minority of centenarians showed low morbidity. As Study I investigated a subgroup of 

centenarians with a low morbidity profile [98], Study II further examined whether centenarians in 

general show low morbidity compared to younger cohorts of the oldest old [99]. This idea of a lower 

number of comorbidities in centenarians compared to younger cohorts [99] goes beyond the 

compression of morbidity hypothesis, which assumes a delayed onset disease when approaching the 

limits of human lifespan [15, 57]. We, thereby, add to the literature that supports the compression of 

morbidity hypothesis in centenarians [62, 63, 66] and show that the overall number of conditions 

remains lower in centenarians until death. 

3.3 Long-term and medical care in the oldest old and centenarians 

Impressively, in Study I, half of the centenarians lived at home, which may indicate a certain 

level of independence. The other half were residents in long-term care facilities [97]. Although many 

chronic conditions were equally present among those in long-term care settings and those living in the 

community, dementia and musculoskeletal conditions were substantially more prevalent among 

centenarians in long-term care. In Study II, dementia and musculoskeletal conditions have been used 

to predict the transition from private home to long-term care in three groups of oldest old, i.e., those 

died as octogenarians, as nonagenarians, and as centenarians [100]. Remarkably, the association of 

these conditions with transition into long-term care was less strong in centenarians compared with the 

association in the nonagenarian subgroup and was strongest in the octogenarian subgroup [100]. 

Furthermore, although the proportion of centenarians in long-term care was higher than in the other 

cohorts; the proportion of those long-term care residents who stayed the full six years of observation 

until death in long-term care (i.e., “long-term care survivors”) was four times larger in centenarians 

than in octogenarians and almost twice as large as in nonagenarians [100]. 

We found half (Study I [97]) to two third (Study II [100]) of the centenarians were in long-term 

facilities, which is largely in line with the proportions from the literature of population-based and 

registry data from Denmark and Canada [4, 18, 84]. In studies from around the world, proportions of 

centenarians in long-term care range from 3% in China to 66% in Canada [4, 18, 19, 29, 54, 84-89]. 
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Available data from German centenarians show a lower prevalence of long-term care compared with 

our findings, though this deviation from our findings may be due to selective inclusion of participants 

in the Heidelberg Centenarian Study II [29]. Thus, we further contribute to the understanding of long-

term care status of centenarians. 

The role of dementia and musculoskeletal conditions that we found in both of our studies in 

terms of high prevalence and predictive power for long-term care is in line with evidence that suggests 

that diabetes and neoplastic diseases are less frequent in centenarians compared with younger cohorts 

[65, 66]. The long-term care pattern of centenarians in Study II is described by higher long-term care 

rates, longer staying times, and weaker associations of disease predictors with the transition to long-

term care than in the younger cohorts of oldest old [100]. This contributes to the literature on length 

of stay in the oldest old at the end of life [91, 100]. 

Concerning medication use, Study I aimed to provide a broad overview of prescribed 

medication for centenarians from different care settings [97]. Across all care settings, centenarians 

received, on average, six medication classes [97]. This finding is in line with evidence from other 

centenarian studies [4, 18, 103]. While diuretics and agents acting with the renin-angiotensin system 

were the most commonly prescribed medication classes, the majority of medication classes were more 

frequently prescribed in the long-term care setting than in community settings [97]. Conversely, 

examining the sample case of medication use in atrial fibrillation, Study II investigated the whether 

there is a relative underprescribing of antithrombotic and anticoagulant medication in those atrial 

fibrillation patients who died as centenarians compared with those patients who died in their 80s and 

90s [101]. Although the rate of atrial fibrillation was lower in centenarians than in the other cohorts; 

within atrial fibrillation patients, those who died as centenarians received significantly less 

anticoagulants compared with the other cohorts [101]. This new finding is largely in line with the 

finding found in the literature that general medication is often underprescribed in centenarians [92, 

109, 110]. A Swedish registry study found, for instance, that 46% of community-dwelling and 51% of 

institutionalized octogenarians have been prescribed antithrombotic therapy [92]. In centenarians, 

prescription rates were only at 38% and 35%, respectively [92]. Moreover, analyses of our Study II data 

revealed potential underprescribing related to heart failure and heart failure in combination with renal 

failure as well [111]. 
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3.4 Strengths and limitations 

The two studies presented have important strengths: they draw on two large samples of a 

hard-to-reach population [97, 98] and delve into data concerning a relevant topic and use advanced 

statistical methods that allow to model longitudinal trajectories [99-101]. Further, we made use of 

routinely collected data of two major health insurance companies from Germany. German health and 

healthcare insurance routine data is available going back several years [94, 95]. This data is 

comprehensive and covers overall use of the healthcare system, while avoiding reporting bias, missing 

data, study drop out, and study burden on the participants [97, 99, 100]. However, the data is limited 

to ICD-10 codes and information about healthcare transactions; information about the severity of the 

symptoms, daily life and activities, social network composition, and other components of quality of life 

are not included [97, 99]. Knowledge concerning data generation, type of health insurance company 

(e.g., usually limited to a certain region), healthcare system, and socioeconomic structure are needed 

to interpret the data [112-114]. Moreover, due to poor data quality in the past and due to data 

protection regulations, routine data can typically only be used from the past 5 to 6 years. Researchers 

should validate diagnoses for chronic conditions, for instance by using only diagnoses that occurred at 

least twice or by cross-validating diagnoses with medical treatment claims [115]. Further, we did not 

investigate geriatric syndromes (e.g., bladder, vision, and hearing problems), only chronic conditions 

that are linked with mortality risk. Although this procedure was functional for the research questions 

asked in our studies, future studies should investigate these syndromes as well. Further, since we 

focused on a broad range of diseases including different concepts of multimorbidity, we were not able 

to cross validate all diseases using information on medication prescription. Nonetheless, we used 

multiple entries, hospital diagnoses, and validated diagnoses, a procedure that has been used in other 

studies in Germany that used routine data [65]. With regards to the availability of data, we were able 

to draw on data from five (Study I) and six (Study II) years prior, which limited our hypotheses for 

instance regard incidence (i.e., related with the compression of morbidity) and length of stay in long-

term care. Future studies should attempt to replicate our findings using longer intervals of observation 

and other sources of data. While we studied a relatively young sample of centenarians, we were not 

able to proof lower prevalence rates at the very end of human life span, e.g., in supercentenarians 

aged 110 years and older [62, 99]. Nonetheless, we compared differences of three cohorts of very old 

individuals and found differences on the ageing continuum that likely further expand in individuals 

beyond the age of 110. 
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3.5 Conclusions and implications 

This part of chapter 3 will elaborate the conclusions (Chapter 3.4.1) of the present findings. 

Further, implications related to multimorbidity (Chapter 3.4.1) as well as implications for healthcare 

utilization – more specifically implications for long-term care and medical care (Chapter 3.4.1) – will be 

discussed. 

3.5.1 Conclusions 

In the present work, we examined the comorbidity and healthcare patterns of the oldest old, 

especially of centenarians. Investigating the co-occurrence of morbidities in centenarians, results of 

Study I found three multimorbidity clusters and a forth cluster with low multimorbidity burden [98]. 

Moreover, the findings of Study II appear to show the number of morbidities was lower in centenarians 

than in nonagenarians and octogenarians; and, in addition, this difference did not vanish when 

approaching death, but further extended, where nonagenarians and octogenarians showed a stronger 

“terminal increase” in the number of diseases than centenarians [99]. Extending the compression of 

morbidity hypothesis in centenarians [62, 63, 66], we did not observe the collapsing of morbidity 

trajectories of the age cohorts at the end of life, but found the differences in the number of diseases 

to be continuing until death. Our findings appear to show that centenarians, at least to a certain 

degree, avoid the confounding potential synergistic effects of having multiple chronic conditions, 

which may prevent individuals from becoming hundred years of age [99]. Since the prevalence of a 

variety of single diseases in centenarians has been shown to be lower than it is in younger cohorts of 

oldest old [66], our data confirmed that multimorbidity as indicated by a lower number of diseases is 

lower as well. 

In early centenarian studies, centenarians were assumed to be healthy and an ultimate 

prototype of successful aging [3]. This view has been extended, where many centenarians can be 

considered as relatively independent, but not healthy [28]. Factors that contribute to this change in 

the conclusion of health status of centenarians include that early studies were highly selective with 

small sample sizes and likely overrepresented healthy centenarians. Moreover, due to the 

demographic change over the last decades, centenarians are not at the limits of the human lifespan 

anymore. Those living to 110 years and older are now more likely to have escaped most chronic 

diseases and to show a pattern of health [62, 116, 117]. Nonetheless, today's centenarians remain, on 

average, healthier than today's 80-year olds [65-67]. 

The rate of dementia and musculoskeletal conditions varied between those in long-term care 

and those who are not; this emphasizes the role of these conditions play in cognitive and physical 

dependency in the oldest old, which has been suggested in the literature [90, 97, 100]. Cevinini et al. 
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used data of 1160 oldest old individuals over 90 years of age from an Italian sibling study [90]. In this 

study, three previously published classification schemes for very old individuals were compared with 

a simple classification of health status (i.e., healthy/independent, unhealthy/dependent based on the 

cognitive and functional status). The classification schemes were by Franceschi et al. (i.e., good, 

intermediate, and bad health status [118]), Evert et al. (i.e., escapers, delayers, and survivors [52]), and 

Gondo et al. (i.e., exceptional, normal, frail, and fragile [19]). Compared with those three 

classifications, the simple classification by Cevenini et al. showed good discriminate validity when 

mortality over six years was predicted [90]. 

The long-term care pattern of centenarians in Study II is described by higher long-term care 

rates, longer staying times, and weaker associations of disease predictors with the transition to long-

term care than in the younger cohorts of oldest old [100]. Rather than acute events (e.g., falls and 

stroke), issues that develop more slowly (e.g., frailty of various body systems and dementia) may drive 

the transition to long-term care for centenarians [89, 100, 119]. Further, the composition of one’s 

social network, including the already advanced age of the children of the centenarians, may play a role 

in the creation of the long-term care profile found in our second study (Study II [91, 100, 120]). 

In our data (Study I [97]), the average of six medication classes exceeds the polypharmacy 

threshold of five medication classes and, thus, should be noted with concern [121]. The higher 

prescription rates in long-term care may be due to higher comorbidity burden as well as different 

healthcare provision [97]. On the other hand, we found low prescription rates of anticoagulation in 

centenarians compared with the younger cohorts [101]. Wastesson et al. conclude in their study on 

medication prescription in Swedish centenarians that prescribing rates of cardiovascular medication 

appears to be out of accordance with guidelines when comparing prescription rates between 

octogenarians and centenarians [92]. Balancing the risk of bleeding with the benefits of anticoagulants, 

a study that investigated data from almost nine thousand oldest old atrial fibrillation patients, found a 

high risk of stroke as well as of bleeding, but patients still appear to benefit from antithrombotic 

medication in advanced age [122]. Research designs as well as guidelines should put more emphasis 

on comorbidities and medication interactions [123]. While many practitioners already take the 

complex situation of the multimorbid patients into account when prescribing different medication, the 

exclusion of older adults from pharmacological trials limits our knowledge basis regarding optimal 

prescribing [101, 111, 124]. 

 

 

 

 

3.5.2 Implications related to multimorbidity 
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 The examination of multimorbidity patterns in the oldest old shows the relevance of this 

concept, specifically in conjunction with healthcare research. We found centenarians to have a high 

number of conditions; yet, this number was lower in centenarians than in the younger cohorts of oldest 

old. Further, dementia and musculoskeletal conditions were highly prevalent and related with long-

term care status as suggested by the finding of both of the studies. Implications of these findings 

include: the (re)evaluation of the health status of centenarians, the use of the concept of 

multimorbidity in medical care beyond the single disease approach, and interventional approaches to 

tackle multimorbidity. 

Although centenarians are not healthy, they had “relatively” lower multimorbidity: We 

found a lower presence of multimorbidity in those who died as centenarians relative to those who died 

in their 80s and 90s [99]. Although economic analyses were not conducted in the present studies, it is 

likely that healthcare costs do not inflate linearly with increasing age. Concerning healthcare costs in 

the last years of life, according to a US study, medical costs among centenarians and very old patients 

are lower than those of 70-year-old patients. Yet, long-term costs increase exponentially with age 

[125]. Additionally, data related to dementia should be treated with caution [126], as dementia was 

highly prevalent in centenarians in our findings and is likely linked with increased costs of care, i.e., for 

family caregivers, professional home care, and long-term care facilities. However, recent finding imply 

also decreased rates of cognitive impairment in those with centenarian offspring, which may have 

positive implications for future rates of cognitive functioning as well [127]. Beyond the impact on 

healthcare costs, having fewer medical conditions has implications for the disease burden and quality 

of life of centenarians and their relatives. A selectivity effect could explain the lower number of 

morbidities in centenarians than in the other cohorts [99, 128]. Future studies should attempt to 

detangle the effects that lead to a lower number of conditions. The comparison of two groups of 80-

year-olds, those who died at the age of 85 and those who survived until 100 would allow for the 

quantification of the selection effect. 

In both our studies, dementia was among the most prevalent conditions in centenarians [97, 

99]. Hence, dementia prevention, treatment, and care should be high priority for future research and 

healthcare planning. Furthermore, hypertension was the most prevalent condition and is a risk factor 

for developing multiple conditions and, thus, needs to be treated appropriately while taking age, 

fragility, and individual tolerability into account (the European Society of Hypertension and the 

European Society of Cardiology [ESH/ESC] guidelines for the management of arterial hypertension, p. 

2184 [129]). 

A minority of centenarians showed a low number of diseases in our data, those individuals 

could further be examined in future studies to isolate the preventative factors that contribute to 

reaching such extreme ages with no or few morbidities. 



71 
 

Beyond the single disease approach: Our findings highlight the importance of multimorbidity 

in older adults by showing relevant patterns of the co-existence of morbidities [130]. Adapting clinical 

guidelines to take multimorbidity into account [33, 130] should be an aim for the future. Future 

research should further analyze complex patterns of the co-existence of morbidities for whole cohorts 

and for subgroups of individuals. Beyond the multimorbidity approach, multifaceted concepts such as 

frailty [41, 42], the fourth age [43], or comprehensive approaches of successful aging [39] should be 

incorporated into future studies of similar scope and aim. Moreover, future studies should use 

disability assessments alongside multimorbidity assessments. While our data contained no 

information about disability, routine health data from Canada, for instance, allows for the evaluation 

of disability [84]. Moreover, the consideration of frailty and multimorbidity could further help us to 

understand and evaluate the health and healthcare situation of the oldest old [38, 42, 131, 132]. In the 

context of routinely collected data, ICD-10 frailty indicators have been established and display a 

possible route for future research [133]. Finally, a more comprehensive concept of successful aging 

[39, 134] could guide research hypotheses and could further strengthen our understanding of the 

complex interactions of health and healthcare utilization among the oldest old. This concept could – 

beyond the evaluation of physical, cognitive, and social functioning – combine fragility of aging, 

disability, and care needs [39]. 

Assessing and intervening multimorbidity: Defining multimorbidity as the co-existence of two 

or more conditions within a patient is straightforward [135], yet the simplicity is balanced with the 

phenomenon’s complexity, especially noticeable when measured [45]. In our studies, we applied 

weighted sum scores, creating indices of multimorbidity. This strategy allows for parsimonious and 

accurate estimation in research contexts [45]. Following separate single-disease guidelines in clinical 

practice is likely to result in polypharmacy and potential negative medication interactions [135]. Single-

disease guidelines should thus be adapted to the case of multimorbidity. This could be done by taking 

the potentially limited life expectancy into account, suggesting when an additional medication is 

unlikely results in an additional benefit for the patient and considering potential harms [33, 136]. 

Further, cross-referencing clinical guidelines from one disease to another or even applying holistic 

syndrome or functioning oriented approaches would account for multimorbidity [33, 101, 111, 136]. 

Finally, the use of better evidence that is not solely derived from single-disease studies would be a big 

step in this direction [33, 136]. 

Regarding interventions for patients with multimorbidity in the community setting [137], a 

systematic review of ten intervention studies found that the interventions that addressed risk factors 

of comorbidities and functional status were the most effective. Case management and interdisciplinary 

collaboration were the predominant intervention strategies in these complex interventions. Other 

interventions addressed the patient directly, emphasizing self-management behavior or patient 
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knowledge. In practice, continuity of care, management of multiple diseases and medications, and 

patient-centered care are key areas that need to be considered when treating older patients with 

multimorbidity [136]. 

In the face of multimorbidity, treating all conditions simultaneously should be replaced by a 

prioritization of a specific set of conditions, a more feasible approach for the patient [38, 135]. To allow 

this prioritization, integrative medical care wherein each care provider has a comprehensive overview 

of the patient and communicates with other care providers when possible is needed [130, 138-140]. 

Care providers could be guided by already established guidelines such as the NICE guideline on 

multimorbidity [135]. Moreover, treatment goals should be communicated to and discussed with the 

patient to allow optimal match between treatment goals and patient preferences [130, 136], therefore 

maximizing quality of life and independence [43]. Overcoming the diagnosis and treatment of separate 

diseases, a focus on complex syndromes and on individual functioning including capacities and may 

lead to the right direction [141]. 

 

3.5.3 Implications for healthcare utilization: long-term care and medical care 

We found that many centenarians spend a substantial amount of time in long-term care – 

usually many years. This population will increase in the future as the number of centenarians grows 

exponentially [16]. While dementia and musculoskeletal conditions were frequent in the oldest old 

and in centenarians in our studies [97, 99]; their association with long-term transition was weaker in 

centenarians [100]. Implications of this extensive care pattern in centenarians for future long-term 

care include the interrelation of preventive measures and improved medical, geriatric, and 

interdisciplinary care in long-term care facilities, implemented in more holistic concepts of care. 

Prevention and long-term care: The concepts of prevention and long-term care are not 

necessarily opposite ends of a healthcare spectrum; in fact, they can work together. Prevention in long-

term care facilities as well in the community to avoid or postpone the transition into long-term care 

may be target points for improvements [100]. 

Preventive strategies within the long-term care setting should be established in various areas. 

The reduction of adverse events linked with polypharmacy [83, 121] is a relevant example; 

centenarians received, on average, more than six medication classes in long-term care in the present 

study (Study I [97]). Polypharmacy is usually defined as the taking five of more medication classes [83]. 

According to a meta-analysis that summarized evidence from 21 randomized clinical trials, 

interventions to reduce polypharmacy in long-term care showed mixed results; the reduction in the 

number of hospital admissions was among the most promising outcomes [121]. Nonetheless, more 

research that develops and tests successful interventions to optimize medication treatment for the 

oldest old is needed. 
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We found musculoskeletal conditions, which may be linked with immobility and frailty, were 

frequently present and predictive of residency in long-term care [97]. Concerning mobility 

maintenance and prevention of immobility and frailty in long-term care, many long-term care residents 

are not sufficiently active [142, 143]. Maintaining mobility in long-term care through participation in 

brisk walking groups and muscle-strengthening exercises is likely to improve medical outcomes as well 

as the quality of life of the residents [144]. These interventions should be combined with nutritional 

and medical strategies in the community [145] and in long-term care [146]. This especially holds true, 

as our data shows that centenarians survive long periods of time in long-term care and the transition 

to long-term care was less closely associated with acute diagnoses such as stroke than for the other 

cohorts [100]. Finally, there is a link between mobility and decreased cognitive decline in old age [147], 

which further underpins the need for complex interventions targeting activation. 

Postponing the transition from private home to long-term care through preventive and 

supportive means is a main challenge of present and future long-term care. This could be achieved 

through community geriatric assessment units, case managers, and general practitioners as well as 

through better community care including assisted living [148, 149]. In our data, hospital admission was 

associated with transition into long-term care within the same of subsequent quarter of the admission 

to hospital. Geriatric assessment to prevent transition into long-term care is recommended by the NICE 

guidelines for multimorbidity [135] and has been shown to be effective in ambulatory care settings 

[149] as well as being part of acute geriatric units [100, 150]. 

Dementia and musculoskeletal conditions have been related with long-term care in our data 

[97, 100]. These have been linked with cognitive and mobility disability in the oldest old [84, 90] and 

may be target of interventions to prevent hospitalization [151, 152]. A focus on the treatable 

prerequisites of dementia, including nutrition, exercise, and social and mental training [153] as well as 

the treatment of vascular diseases that may be related to dementia would likely to be beneficial for 

elderly long-term care residents [154] for maintaining cognitive and mobility capacities. 

Another important area of prevention is the support for family members, especially if they 

provide care for their aged relatives [100, 155, 156]. In our study, dementia was more strongly 

associated with long-term care status in the younger cohorts than in centenarians, which may be due 

to the decreased availability of social support from family caregivers in centenarians. These family 

caregivers may be in advanced age themselves and burdened over extended periods of time [100, 120, 

157]. 

Finally, given we found hints that indicate a compression of morbidity, indicated by the 

reduced number of conditions in centenarians. Healthcare costs may also be positively affected by this 

compression. In terms of healthcare costs in long-term care facilities, the high proportion of 

centenarians in long-term care, the substantial length of stay, and the high prevalence of dementia 
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strongly suggest increased costs [125, 126]. However, this was not addressed in the present research 

and needs to be investigated thoroughly in future studies. 

Medical, geriatric, and interdisciplinary care in long-term care: Preventive approaches that 

focus on care and approaches that aim to optimize the living conditions of residents of long-term care 

facilities should be complemented by intensified medical care, as our data have shown multimorbidity 

is common in the oldest old [100]. Medical care is often not optimal in long-term care facilities in 

Germany [158]. However, the internationally well-established example of the nursing home doctor is 

an encouraging example of improving medical care in the nursing home, which has been instrumental 

in reducing unnecessary emergency admissions [159]. The nursing home doctor “Berlin Project” and 

its successor “Care Plus” are examples of an optimized care for very old patients [160]. Permanent or 

visiting GPs who provide medical services in long-term care facilities participating in the model project 

on the basis of special cooperation agreements have resulted in a decrease of hospital, transportation, 

pharmaceutical, and medical costs by 33% at the participating institutions per day and resident, 

compared to non-participating institutions [160]. Avoiding unnecessary hospitalizations among 

residents of long-term care facilities is a major field to improve quality of care, which should be 

evaluated in future research [161-164]. 

Furthermore, geriatric and interdisciplinary treatment in long-term care is needed, e.g., joint 

activities of the nursing home staff with medical specialists, physiotherapists, and palliative care 

specialists [100]. A promising strategy to integrate geriatric and interdisciplinary competency into long-

term care facilities is the ECHO-AGE geriatric care model [165, 166]. Video-conferencing with 

interdisciplinary specialists was used to implement behavioral plans and medication adjustments with 

the care staff. This pilot study found clinical improvements and reduced hospitalization [166]. While 

physical and occupational therapists in collaboration with the nursing staff can maintain mobility and 

abilities related to activities of daily living [167, 168], medical specialists would likely improve the oral 

health status [169] or vision and hearing impairment, which have been found to be associated with 

dementia, of the residents [170, 171]. Interdisciplinary collaboration could be facilitated by 

telemedicine and eHealth approaches [172]. Finally, regarding palliative care and end-of-life decision 

making [119], although this is important for everyone in long-term care, this topic may play a significant 

role over decades for centenarians [100, 173, 174]. A study that interviewed centenarians about their 

end-of-life and healthcare situation found considerable need for professional support and protection 

in some of the interviewed centenarians [174]. We found shorter stays in long-term care in those who 

died in their 80s and 90s compared with those who died as centenarians, which is indicative of the 

relevance for palliative care for all cohorts of the oldest old. 

Holistic concepts of care: Our data suggests [100] that the oldest old and centenarians spend 

very long periods in long-term care facilities; therefore, holistic concepts of long-term care that 
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consider individual and biography-based preferences in care and that allow feeling home and feeling 

community-based are needed [100]. Tailored [175] or individualized [176] approaches to long-term 

care should be implemented in order to meet the specific needs of the residents [177]. Further, the 

gap between long-term care facilities and the community should be bridged. Strengthening the long-

term care in the community, ‘open’ long-term care facilities, dementia-friendly cities, improved home 

care including new technologies [172, 178] and shared-housing arrangements for the oldest old [179, 

180] might further reduce this gap [153]. We applied the well-established categories of survivors, 

delayers, and escapers [52] to the context of long-term care survival. Thereby, “long-term care 

survivors” were defined as those individuals who were in long-term care for the full six years of 

observation; delayers moved from private home care (or from another ambulatory care residency) into 

a long-term care facility; and escapers did not move into a long-term care facility at the end of their 

life. Future research should further explore the factors that contribute to these profiles and examine 

why centenarians show such a unique distribution. 

 

Implications for medical care utilization: Further, there are Implications for medical care 

utilization across healthcare settings. We found polypharmacy to be common in the present two 

studies [97, 99]. An appropriate reduction of prescription medication in combination with an improved 

matching of the medication with optimal functioning of the older patients in practice is needed; e.g., 

by means of specific medical training and guidelines [33, 130, 136]. Information communication 

technology that helps physicians to monitor complex multimorbidity profiles and their related 

medication combinations together with better communication and exchange of information across 

medical specialists would improve the medication treatment in the oldest old and centenarians [181]. 

Moreover, our findings suggest underprescribing takes place more often for centenarians than 

younger cohorts of the oldest old in patients with atrial fibrillation [101]. As a positive relationship 

between polypharmacy and underprescribing has been described in the literature [82], adequate 

prescribing needs to balance both under and overprescribing should adjust medication to the specific 

circumstances of the individual – which may also include the establishment of routines of deprescribing 

[182]. Provision of adequate medical services to the oldest old, geriatricians as well as GPs and nurses 

trained in the treatment and care of geriatric patients, especially for those of very advanced age is 

needed. However, medical specialists would benefit from guidelines that are cross-referenced to 

comorbidities and from an easy-to-reach geriatric consultation option for other medical disciplines [33, 

111, 136]. Future interventions should investigate the relationship between multimorbidity profiles 

and healthcare utilization of the oldest old. 
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In conclusion, in the two studies presented above, centenarians suffered from a lower number 

of conditions than the younger cohorts of oldest old and showed unique patterns of resistance in long-

term care while commonly being chronically ill and dependent. Although vulnerability was common, 

healthy aging appears to be possible for a minority [97]. We found remarkable variation in health status 

and healthcare utilization across groups of oldest old and in centenarians specifically. Thus, integrating 

a perspective of vulnerability with views of potentials and resilience in this very advanced population, 

all major research questions of the present work followed the ideas of positive aging and potentials of 

aging without ignoring the limitations that are present in very old age [2]. This approach should inform 

future research on health and aging as well.  
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4. Summary 

Increasingly, people of advanced age — including centenarians — are the focus of research and social 
discussion. The present work examines the morbidity and health care patterns of the oldest old, 
focusing on centenarians. 

Routinly collected claim data from the health and long-term care insurance programs were analyzed 
in two consecutive studies. The first study included the morbidity and health care data of 1,121 insured 
centenarians in AOK Nordost (i.e., cross-sectional aggregation over five years; Study I). The second 
study utilized routine data of 1,398 oldest old insurees of the Knappschaft (i.e., a total of 34,735 
person-calendar quarters; Study II) over their last six years to death. Three groups were formed for the 
analysis in Study II; those who died as centenarians were compared to random samples of individuals 
who died in their 80s or 90s. Community-dwelling and institutionalized individuals were included in 
both studies. Statistical analysis methods included Latent Class Analysis, Latent Growth Curve 
Modeling and Generalized Estimation Equations. 

Aiming at investigating multimorbidity and health care use in the oldest old and in centenarians, five 
consecutive research findings contribute to our understanding of this very old population. 

Outpatient and inpatient medical care and morbidity distribution differ between centenarians in long-
term care and those that receive community-based care (Paper 1, Study I). Particularly, dementia and 
musculoskeletal conditions were more frequent in long-term care than in community-based care 
settings and can thus be used when distinguishing between centenarians in different care settings. 

The analysis of comorbidity profiles revealed four classes of centenarians (Paper 2, Study I). More 
specifically, 36% of centenarians were classified as suffering from age-associated conditions including 
dementia and musculoskeletal conditions; 18% were multimorbid with a variety of comorbidities, but 
without diabetes; 9% were referred to as multimorbid with diabetes; and 36% showed low morbidity. 

Extending the compression of morbidity hypothesis, we found that the number of conditions was 
lower in individuals who died at the age of one hundred years and older; and the increase the number 
of morbidities in centenarians was less steep in the last years before death compared to those who 
died in their 80s or 90s (Paper 3, Study II). 

Although those who died as centenarians were more likely to be in long-term care facilities than those 
who passed in their 80s or 90s; the former spent a longer time in long-term care before their death 
(Paper 4, Study II). Moreover, dementia among those who died as centenarians was less strongly 
associated with long-term care status and with transition from private home into a long-term care 
facility than it was with the younger cohorts of oldest old. 

Atrial fibrillation, which is a stroke risk factor, especially in very old-age patients, has been further 
investigated for medication treatment (Paper 5, Study II). Centenarians with atrial fibrillation received 
significantly less anticoagulation medication compared to the other age groups. Within the oldest old 
with diagnosed atrial fibrillation, receiving anticoagulation was not associated with increased stroke 
risk, even when the risk of bleeding was adjusted statistically. 

Insights from this study on the patterns of multimorbidity and health care of the oldest old, and of 
centenarians in particular, will allow for improved care planning in the future.  
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4. Zusammenfassung 

In unserer Gesellschaft des langen Lebens treten zunehmend Menschen hohen Alters und sogar 
Hundertjährige in den Blickpunkt von Forschung und Gesellschaft. Die vorliegende Arbeit untersucht 
die Morbiditäts- und Versorgungsprofile von hochaltrigen Menschen, insbesondere von 
Hundertjährigen. 

Es wurden Routinedaten der Kranken- und Pflegekassen in zwei konsekutiven Studien analysiert. Die 
erste Studie umfasste die Leistungs- und Morbiditätsdaten von 1.121 in der AOK Nordost Versicherten 
Hundertjährigen (querschnittliche Aggregation über fünf Jahre; Studie I). Die zweite Studie umfasst 
längsschnittliche Verläufe von Routinedaten 1.398 hochaltriger Versicherter der Knappschaft 
(insgesamt 34.735 Personen-Kalenderquartale; Studie II) über sechs Jahre hin zum Tod betrachtet. 
Dabei wurden für die Analyse drei Gruppen gebildet; diejenigen, die als Hundertjährige starben 
wurden mit Zufallsstichproben von Individuen verglichen, die in ihren 80ern oder 90er Jahren starben. 
Zuhause Lebende und institutionalisierte Personen wurden in beiden Studien eingeschlossen. 
Statistische Analysemethoden waren unter anderem die latente Klassenanalyse, latente 
Wachstumskurvenmodelle, sowie generalisierte Schätzgleichungen. Mit dem Ziel, Multimorbidität und 
Gesundheitsversorgung bei hochaltrigen Menschen und Hundertjährigen zu untersuchen, tragen fünf 
aufeinanderfolgende Forschungsergebnisse zu unserem Verständnis dieser Bevölkerungsgruppe bei. 

Die medikamentöse, ambulante und stationäre medizinische Versorgung sowie die 
Morbiditätsverteilung unterscheidet sich zwischen Gruppen Hundertjähriger mit unterschiedlichem 
Pflegestatus (Arbeit 1; Studie I). So können etwa Erkrankungen des Bewegungsapparats und 
Demenzen als Unterscheidungsmerkmale zwischen im Pflegeheim wohnenden und zu Hause lebenden 
Hundertjährigen gesehen werden. 

Die Untersuchung von Erkrankungsprofilen ergab vier latente Klassen von Hundertjährigen (Arbeit 2; 
Studie I). So wurden 36% der Hundertjährigen als an „altersassoziierten Erkrankungen“ erkrankt 
eingestuft; 18% hatten eine Vielzahl von Komorbiditäten ohne Diabetes und wurden als „multimorbid 
ohne Diabetes“ bezeichnet; 9% wurden als „multimorbid mit Diabetes“ bezeichnet; und 36% zeigten 
„niedrige Erkrankungs-wahrscheinlichkeiten“. 

Die Hypothese der Kompression der Morbidität erweiternd, fanden wir, dass die Anzahl der 
Erkrankungen bei Personen, die im Alter von hundert Jahren und älter verstarben, niedriger war und 
der Zuwachs in den letzten Jahren vor dem Tod flacher ausfiel, im Vergleich zu denjenigen, die mit 90-
99 Jahren oder 80-89 Jahren starben (Arbeit 3; Studie II). 

Obwohl die hundertjährig Verstorbenen öfter im Pflegeheim waren, als die 90-99-jährig oder die 80-
89-jährig Verstorbenen, zeigten Erstere zum einen eine langsamere Progressionsrate, also verbrachten 
diese längere Zeit im Pflegeheim vor ihrem Tod (Arbeit 4; Studie II). Zum anderen waren etwa 
Demenzen bei den hundertjährig Verstorbenen weniger stark mit dem Heimstatus assoziiert, als dies 
bei den jüngeren Kohorten Hochartiger der Fall war. 

Vorhofflimmern, welches besonders bei hochaltrigen Patienten ein Schlaganfallrisiko darstellt, wurde 
zu medikamentöser Versorgung eingehender untersucht (Arbeit 5; Studie II). Hundertjährige 
Patienten mit Vorhofflimmern erhielten im Vergleich zu den anderen Altersgruppen signifikant 
weniger gerinnungshemmende Medikation. Innerhalb der hochaltrigen Patienten mit 
diagnostiziertem Vorhofflimmern, war das Erhalten von Antikoagulation nicht mit dem 
Schlaganfallrisiko assoziiert, selbst dann, wenn für das Blutungsrisiko statistisch adjustiert wurde. 

Eine genauere Kenntnis der Multimorbiditäts- und der Versorgungsmuster hochaltriger Menschen, 
insbesondere von Hundertjährigen, erlaubt eine bessere Versorgungsplanung jetzt und in Zukunft, 
wofür die vorliegende Arbeit einen Beitrag leistete.  
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mit anderen Wissenschaftlern/Wissenschaftlerinnen und mit technischen Hilfskräften 

sowie die verwendete Literatur vollständig in der Habilitationsschrift angegeben 

wurden, 

- mir die geltende Habilitationsordnung bekannt ist. 

 

Ich erkläre ferner, dass mir die Satzung der Charité – Universitätsmedizin Berlin zur Sicherung 

Guter Wissenschaftlicher Praxis bekannt ist und ich mich zur Einhaltung dieser Satzung 

verpflichte. 

 

………………………………….      …………………………….. 

Ort, Datum         Unterschrift 


