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INTRODUCTION

Dementia and cognitive impairment in centenarians
Dementia is a clinical syndrome caused by neurodegenerative diseases of which 
Alzheimer’s disease (AD) is most common [1]. Dementia is characterized by 
impairments in cognitive functions, such as memory, language and executive 
functions, which cause difficulties in daily life [2]. Today, dementia affects 50 million 
people worldwide (World Alzheimer report, 2018). With age, the risk of developing 
dementia increases exponentially, which results in a dementia incidence of 40% in 
people aged 100 years old (centenarians) [3]. With life expectancy increasing, more 
people will reach such an extreme age and some will even reach past the age of 100 
years. By 2050, there will be 3.2 million centenarians worldwide [4].

Although centenarians have a high risk of developing symptoms of dementia, 
there are reports of individuals who reached the age of 100 years or above in cognitive 
health. One example of such an extraordinary centenarian is Mrs. Van Andel-
Schipper, who reached the age of 115 years without showing cognitive impairment 
[5]. However, Mrs. Van Andel-Schipper is not unique, as there are several reports 
of supercentenarians (age ≥110 years) who have retained high levels of cognitive 
functioning [6-8]. Centenarians like these show that it is possible to reach extreme 
ages without symptoms associated with dementia.

This raises questions such as to what extent these centenarians have exceptional 
features that protect or delay the onset of developing dementia symptoms. Answers to 
these questions may lead to more insights in the underlying mechanisms of dementia 
and might eventually contribute to the development of both pharmacological and 
non-pharmacological interventions to maintain brain health.

The 100-plus Study
Consequently, apart from understanding the etiology of cognitive impairment in 
those who are diagnosed with dementia, there is also a need to understand the 
underlying etiology of maintained cognitive health in the oldest-old. To identify 
factors that underlie the long-term conservation of cognitive health until extreme 
ages, the 100-plus Study was initiated: a prospective cohort study of cognitively 
healthy Dutch centenarians.

Evaluation of cognitive health in centenarians
Cognitive impairment is one of the main characteristics of dementia, and in AD 
this mostly involves impairments in memory, language and executive functions, 
and in later stages also visuospatial abilities. However, a decline in these cognitive 
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functions is also observed with increasing age independently from dementia [9]. 
Therefore, given their high age, centenarians are expected to have lower cognitive 
capacities compared to younger age groups [10-12].

However, at exceptional ages, it is unclear which aspects of cognitive decline 
can be attributed to prodromal onset of dementia, and which aspects should be 
attributed to the ‘aging’ process. This is complicated by the observation that aging 
is associated with increased levels of frailty, which is characterized by difficulties 
with vision, hearing, mobility and poorer physical health. These common age-
associated impairments may negatively influence cognitive performance, which 
become observable when subjecting aged individuals to neuropsychological tests 
that objectively assess cognitive functions. These include measurements of a wide 
range of cognitive abilities, categorized in ‘cognitive domains’ such as episodic 
memory, language, attention, processing speed, executive functions and visuospatial 
functions [2].

In younger age groups, neuropsychological test results are interpreted using 
normative data adjusted for sex, educational attainment and age, because these 
demographic characteristics highly influence cognitive test performance. However, 
accurate normative data for centenarians are lacking. Several studies have generated 
normative data for centenarians for global cognitive screening instruments such as 
the Mini-Mental State Examination (MMSE) [11, 13-16], but normative data for tests 
that tap into specific cognitive domains are unavailable. Second, the normative data 
that does exists is mostly derived from cross-sectional samples of centenarians, which 
included both cognitively healthy and cognitively impaired centenarians. This may 
lead to lower norms and may result in disregarding cognitive impairment [17]. Last, 
the current norms do not account for the sensory difficulties which are common in 
centenarians, some of which may hamper neuropsychological test performance [13]. 
This highlights the necessity for the generation of accurate normative data which 
take into account specific characteristics of centenarians.

Longitudinal evaluation of cognitive functions: the ability of cente-
narians to maintain cognitive health over time
The cognitive health status reported in a few supercentenarians (age ≥110 years) 
indicates that it is possible for centenarians to escape from or delay the onset of 
cognitive impairment until very extreme ages [5, 6, 8, 18]. However, it remains 
unknown to what extent centenarians can maintain their cognitive health during the 
subsequent years after study inclusion. The high risk of physical frailty and mortality 
in centenarians makes it challenging to follow cognitive abilities in centenarians over 
time [19-25]. Thus far, most studies on cognition in centenarians have focused on 
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determining the cognitive health status at one time point only (e.g. cross-sectional 
studies). Nevertheless, longitudinal analyses of cognitive performance are essential 
to evaluate the differences in the ability to preserve cognitive health per cognitive 
domain. In cross-sectional and longitudinal studies in age groups between 20 and 
90 years, functions such as short-term memory, language, visuospatial functions and 
semantic knowledge are found to remain stable with increasing age [9, 26-29]. On the 
other hand, executive functions, processing speed, episodic and working memory 
have been shown to be more vulnerable for decline with increasing age [9, 26-29]. 
This raises the question whether successful aging, as represented by cognitively 
healthy centenarians, translates to differential cognitive trajectories compared to 
those identified in earlier ages, or whether centenarians are vulnerable for decline 
in similar cognitive domains.

Factors underlying cognitive health at extreme ages
Associations with neuropathology and risk factors of cognitive decline
The existence of cognitively healthy centenarians raises the question whether or 
not centenarians are subjected to biological risk factors associated with cognitive 
decline, such as carrying the Apolipoprotein E (APOE)-ε4 allele [30-33] or having 
a history of cardiovascular disease [34, 35]. Also, AD is characterized by common 
neuropathological brain changes [36, 37], such as the extracellular accumulation of 
Amyloid Beta (Aβ) fibrils into senile plaques and the intracellular accumulation of 
hyperphosphorylated of Tau protein (pTau) in Neurofibrillary tangles (NFTs) [38, 
39]. While these neuropathological hallmarks have been shown to associate with 
cognitive impairment [36, 37], they are less abundant in older AD patients compared 
to younger AD patients. This makes it difficult to distinguish between disease-
associated neuropathology or age-associated neuropathology in older individuals 
who (still) present as cognitively healthy [40-43]. Indeed, previous studies indicated 
varying levels of Aβ and NFTs in centenarians [5, 44, 45], such that the association 
between these pathologies and cognitive functions is still unclear.

Resilience and cognitive reserve
Cognitively healthy centenarians who are subjected to diverse risk factors of 
cognitive decline, may be resilient against certain aspects of AD risk. Resilience 
refers to the ability to compensate for risk factors associated with brain disease [46]. 
The existence of resilience in centenarians suggests that they may be enriched with 
factors that protect them against cognitive decline. For instance, centenarians may 
have built up cognitive reserve, as a result of attaining high levels of education and 
frequent involvement with mental activity [47, 48]. The concepts of cognitive reserve 
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and resilience partially overlap, and the exact definitions are currently still under 
debate [46, 49]. In this thesis, we refer to cognitive reserve as the potential protective 
underlying factors (education, cognitive activity) of maintained cognitive health. We 
use resilience to refer to the overall outcome of maintained cognitive health despite 
being exposed to risk factors of cognitive decline [49].

Oral health factors and associations with cognitive functions and physical 
health
Especially at these extreme ages, the influence of physical health on cognitive 
performance should not be underestimated. At high ages, cognitive abilities are 
highly associated with an individuals’ physical health condition [50]. One important 
indicator for overall physical health is oral health. Currently, there is little knowledge 
on the oral health condition of centenarians and its associations with physical 
and cognitive health. Oral inflammation may occur in case of an unhealthy oral 
health condition which results in poorer health and a lower life expectancy [51-53]. 
Moreover, oral health factors, including chewing ability, are found to associate with 
the maintenance of cognitive functions [54, 55].

Thesis aims
The overall objective of this thesis was to investigate what defines and what underlies 
cognitive health in centenarians. For this, we will characterize centenarians from the 
Dutch 100-plus Study cohort, investigate their cognitive functions, to what extent 
these functions can be maintained over time and potential underlying factors for 
their maintained cognitive health at such high age.

The specifics objectives are:
• To present the rationale of the Dutch 100-plus Study and to describe characteristics 

of the 100-plus Study cohort of self-reported cognitively healthy centenarians.

We will use the 100-plus Study cohort to: 

• develop normative data which can be used to distinguish between cognitively 
healthy and cognitively impaired centenarians

• identify characteristics of centenarians who escape cognitive decline when followed 
over time 

• investigate trajectories of specific cognitive domains 
• investigate the presence of neuropathology and risk factors of cognitive decline 
• explore whether physical health and aspects of cognitive reserve associate with 

cognitive functions and subsequent trajectories of cognitive functions
• investigate self-reported oral health factors in centenarians and how these associate 

with cognitive and physical health 
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Thesis outline
In the first part of the thesis we describe the clinical, physical and demographical 
characteristics of the centenarians in the 100-plus Study cohort and their baseline 
cognitive test performance. We present the rationale and design of the 100-plus 
Study in chapter 1. In chapter 2 we will use the 100-plus Study cohort to generate 
normative data allowing the distinction between cognitively healthy and cognitively 
impaired centenarians.

In the second part of the thesis we will perform longitudinal analyses to 
investigate to what extent centenarians are able to maintain cognitive health over 
time. For this, we first investigate the association between baseline cognition and 
expected survivorship in chapter 3. Next, we will investigate trajectories of cognitive 
and physical functions across a period of at least two years. Lastly, we will investigate 
to what extent centenarians have risk factors of cognitive decline. In chapter 4, we 
will investigate trajectories of different cognitive functions over time. Further, we 
will explore whether levels of Aβ, NFTs and neuritic plaques, aspects of physical 
health and cognitive reserve are involved in the cognitive functions of centenarians 
and the ability to maintain these functions.

In the third part of the thesis we further elaborate on which factors underlie 
cognitive and physical health in centenarians. In chapter 5 we investigate to what 
extent specific neuropathological changes are associated with the performance 
on individual cognitive tests. In chapter 6, we investigate oral health factors in 
centenarians and associations with cognitive and physical health.
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