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In the first part of the thesis we characterized the centenarians and investigated 
their baseline cognitive test performance. In chapter 1 we first described the study 
design and procedures of the 100-plus Study, an on-going prospective cohort 
study, initiated to identify the characteristics associated with the escape or delay of 
cognitive decline. For this, Dutch centenarians who self-reported to be cognitively 
healthy were included, which was confirmed by a proxy. Characterization of the 
cohort showed that the majority of the participating centenarians had intact global 
cognitive functioning, retained hearing and vision abilities and independent 
mobility, and were able to live independently. Compared to their birth cohort, the 
centenarians came from higher socio-economic classes and attained higher levels of 
education. Further, we found that the 100-plus Study cohort was two-fold enriched 
with carriers of the neuroprotective APOE-ε2 allele compared the middle aged 
overall Dutch population, while carriers of APOE-ε3 remained unchanged, and 
carriers of the APOE-ε4 allele associated with increased risk of Alzheimer’s disease 
(AD) was two-fold depleted.

In chapter 2, we generated normative data for centenarians, by providing 
multiple linear regressions and/or by reporting percentiles for 15 cognitive tests, 
measuring global cognition, premorbid intelligence, attention, language, memory, 
executive function, and visuospatial function. In generating these norms, age-related 
sensory impairments were taken into consideration by excluding centenarians 
with vision and hearing problems for tests that required good hearing and vision 
capacities. Indeed, we found that vision problems and fatigue often complicated the 
ability to complete tests. In contrast, hearing problems and task incomprehension 
rarely complicated test performance. Sex and age were only weakly associated with 
test performance, while educational level was associated with the performance on 
the majority of the tests. 

In the second part of the thesis we performed longitudinal analyses to investigate 
the maintenance of cognitive functions in centenarians when followed over time. 
We made use of the known association between cognitive performance and survival 
to identify centenarians who are able to escape cognitive decline in chapter 3. 
We found that centenarians who scored 26-30 on the baseline Mini-Mental State 
Examination (MMSE), had a survival rate of 82% per year for the first two years after 
baseline. This suggested that an MMSE score ≥26 is representative of a high level of 
both cognitive and physical health. Analysis of trajectories of cognitive performance 
indicated that 73% of the centenarians with baseline MMSE ≥26, maintained this 
high level of cognitive functioning over 2 years, which often extended to ensuing 
years or until death. We estimated that this group is representative of <10% of 
Dutch centenarians. We found that this group of centenarians was able to uphold 
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high levels of cognitive functions, despite being exposed to a variety of risk factors 
for cognitive decline, which in some cases included carrying the AD-risk-increasing 
APOE-ε4 allele or having cardiovascular risk factors. 

By exploration of the full neuropsychological test battery using longitudinal 
data in chapter 4, we found that the centenarians were able to maintain multiple 
cognitive functions over time, including verbal fluency, executive, and visuospatial 
functions, attention and processing speed. While expecting a decline in executive 
functions, memory and processing speed based on studies in younger age groups, 
the cognitive decline observed was limited and seemed mainly driven by a decline 
in memory. In this chapter, we also explored whether risk factors of cognitive 
decline, including neuropathological hallmarks of Alzheimer’s disease (AD), and 
aspects of cognitive reserve were associated with the cognitive trajectories. Findings 
showed that education, premorbid IQ, and cognitive activity were associated with 
the cognitive performance of centenarians, but these did not seem to be predictive 
for changes of cognitive performance. The same trend was observed for aspects of 
physical health such as hearing, vision, independence in performing activities of 
daily living (ADL), and living situation. Next to this, we investigated post-mortem 
brain tissues in a subset of 44 centenarian brain donors. Findings indicated that, in 
spite of the limited cognitive decline we observed, Aβ, NFTs and NPs were present 
at varying levels in most or all centenarians, which did not associate with cognitive 
performance or decline.

In the third part of the thesis we further investigated the neuropathological 
status of the centenarians. In chapter 5, we observed that increased pathology 
loads correlated across pathology subtypes, and an overall trend of higher pathology 
loads associated with a lower cognitive test performance. However, this trend was 
carried especially by the presence of NFTs and granulovacuolar degeneration (GVD) 
and to a lesser extent by neuropathological hallmarks associated with Aβ. Cerebral 
amyloid angiopathy (CAA) was specifically associated with the clock drawing test. 
These post-mortem analyses indicated that the centenarians have varying levels of 
disease-associated neuropathological hallmarks, some of which seem to associate 
with cognitive performance.

Lastly, to further investigate other associations with cognitive functioning in 
the centenarians, we investigated self-reported oral health factors, as an indicator 
of overall physical health in chapter 6. The majority of the centenarians indicated 
to have good oral health, felt no oral pain/discomfort, indicated to chew well; 
while only few had symptoms of xerostomia. Most were edentulous and were 
wearing removable complete maxillary and mandibular dental prostheses. 
Dentate and edentulous centenarians experienced similar levels of oral pain and/
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or discomfort, chewing ability, xerostomia, and their cognitive functioning was 
similar. No relationship between cognitive functioning and chewing ability was 
found. Xerostomia was associated with medication use, which mostly regarded 
medications for cardiovascular diseases, diuretics, anti-coagulants, and antacids. 
Only 18% of the centenarians visited an oral health care provider during the year 
prior to the interview, of whom 48% were dentate centenarians. Notably, 49% of 
the centenarians had not visited an oral health care provider for ≥10 years. 
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