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Abstract

Background: The oldest old is the fastest growing age group worldwide and the most prone to severe disability,
especially in relation to loss of cognitive function. Improving our understanding of the predictors of cognitive,
physical and psychosocial wellbeing among the oldest old can result in substantial benefits for the individuals and
for the society as a whole.
The Cardiovascular Risk Factors, Aging and Dementia (CAIDE) study investigated risk factors and determinants of
cognitive impairment in a population-based longitudinal cohort, which was first examined between 1972 and 1992,
when individuals were in their midlife, and re-assessed in 1998 and 2005–2009. Most of the study participants are
currently aged 85 years or older. We aim to re-examine the cohort’s survivors and gain further insights on the
mechanisms underlying both cognitive and overall healthy ageing at old age.

Methods: CAIDE85+ is the third follow-up of the CAIDE study participants. All individuals still alive and living in the
Kuopio and Joensuu areas of Eastern Finland, from the original CAIDE cohort (two random samples, N = 2000 + ~ 900),
will be invited to a re-examination. The assessment includes self-reported data related to basic demographics and
lifestyle, as well as psychosocial and physical health status. Cognitive and physical evaluations are also conducted.
Blood biomarkers relevant for dementia and ageing are assessed.
Primary outcomes are the measurements related to cognition and daily life functioning (CERAD, Trail Making Test-A,
Letter-Digit Substitution Test, Clinical Dementia Rating and Activities of Daily Living). Secondary endpoints of the study
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are outcomes related to physical health status, psychosocial wellbeing, as well as age-related health indicators.

Discussion: Through a follow-up of more than 40 years, CAIDE85+ will provide invaluable information on the risk and
protective factors that contribute to cognitive and physical health, as well as ageing and longevity.

Study registration: The present study protocol has been registered at https://clinicaltrials.gov/ (registration nr NCT0393872
7, date 03.05.2019).

Keywords: Ageing, CAIDE, Cognitive decline, Dementia, Disability, Longevity, Longitudinal cohort study, Midlife risk factors,
Physical functioning, Protocol

Background
The rapid growth of the oldest section of the population is
setting new challenges for modern societies worldwide.
The oldest old, often defined as people aged 85 years or
more [1], is currently the fastest-growing age group in the
developed countries, as well as the most prone to disabling
conditions and use of long-term care services [2]. Demen-
tia, the main reason for institutionalisation among the old-
est old [3], and Alzheimer’s disease (AD), its most
common cause, are currently one of the world’s key global
public health priorities, as well as a major social and eco-
nomic burden [4]. Approximately 25–30% of people in
their early 90s, 50% of those in their late 90s, and 60% of
those aged 100 years or more live with AD or other forms
of dementia [5]. Reducing the risk of developing dementia
and improving the overall health status, psychosocial well-
being, and the quality of life of the oldest old would have
important individual and public health, as well as societal
and economic benefits.
Several midlife modifiable cardiovascular risk factors, in-

cluding hypertension, hypercholesterolemia, diabetes mel-
litus, obesity, smoking, physical inactivity, and unhealthy
diet, have been linked to dementia at older ages [4, 6, 7],
creating opportunities for prevention [8, 9]. Furthermore,
a strong association of poor physical health status with de-
mentia has been found among the oldest old [10]. Poten-
tial predictors of longevity, such as healthy lifestyle at
midlife [11], higher socioeconomic status [12], and psy-
chosocial support [13] have also been proposed. However,
prospective studies with repeated assessments extending
to the oldest old are still relatively rare.

Rationale
The Cardiovascular Risk Factors, Aging and Dementia
(CAIDE) study is a population-based cohort study initi-
ated in 1998 to investigate the potential role of midlife
modifiable risk and protective factors in the development
of dementia [14, 15]. The re-examinations carried out so
far have provided essential knowledge on the role of vas-
cular and lifestyle risk factors [15–20], including interac-
tions with genetics [14]. Using the study data, the CAIDE
Dementia Risk Score was the first tool developed to pre-
dict the risk of late-life dementia based on lifestyle and

cardiovascular risk factors at midlife. It is currently used
as a research tool [21–23], and it enabled the selection of
individuals at increased risk of cognitive decline in the first
successful larger-scale and longer-term multidomain life-
style trial in the dementia prevention field [24].

Aims
Ten years after the second follow-up, most of the
CAIDE participants belong now to the oldest old age
group. The new CAIDE85+ study, which is the third
follow-up within this cohort, aims to further investigate
risk and protective factors for dementia, as well as im-
prove our understanding of the life-course factors affect-
ing the ageing process. To this aim, the cognitive and
physical health status, daily life functioning, as well as
lifestyle, psychosocial wellbeing, and quality of life, are
investigated in this cohort.

Methods
Overall design of the CAIDE study
CAIDE is a prospective longitudinal cohort study started
in 1998 in Eastern Finland; CAIDE85+ is its third re-
examination. CAIDE and CAIDE85+ have been ap-
proved by the Ethics Committee, Hospital District of
Northern Savo (Finland), and the CAIDE85+ study
protocol has been registered at https://clinicaltrials.gov/
(registration nr NCT03938727, date 03.05.2019).
In 1998, a first random sample of potential partici-

pants was identified from Finnish population-based
cross-sectional surveys (North Karelia project in 1972
and 1977, FINMONICA study in 1982 and 1987, Fig. 1)
[25–28]. A total of 2000 individuals living in the Kuopio
and Joensuu areas of Eastern Finland and assessed at
midlife (average age = 50.4 ± 6 years) were invited to the
first re-examination of the CAIDE study (Fig. 1), and
1449 agreed to participate. The second re-examination
took place between 2005 and 2008. A total of 1426 of
the original 2000 participants were still alive and living
in the Kuopio and Joensuu areas, and a total of 909
agreed to participate (Fig. 1).
In 2006, a second random sample of 897 people was

identified from the 1987 FINMONICA and 1992 FIN-
RISK study cohorts. A total of 445 individuals were
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eligible (still alive, living in Kuopio and not already in-
vited to CAIDE), and 268 were re-examined between
2006 and 2009 (Fig. 1).
The CAIDE85+ study presented here includes both

CAIDE random samples; recruitment and re-
examinations started in June 2019 and will continue
until 2021, more than 40 years after the baseline (mid-
life) assessments.

Population, recruitment, and inclusion/exclusion criteria
Every individual who was part of a CAIDE random sam-
ple and is still alive and living in the Kuopio or Joensuu
areas at the time of recruitment is considered eligible for
participation. No other inclusion or exclusion criteria
are applied.
Eligible participants are identified through the national

population registry and invited by post. From the first
CAIDE sample, 425 eligible individuals were identified
in May 2019; from the second CAIDE sample, 381 eli-
gible individuals were identified in September 2019.
Based on previous recruitment rate, and considering the
frailty level as well as the high rate of comorbidities in
this age group, 500 participants are estimated to be en-
rolled in the present follow-up.

Participants are asked to nominate a study informant,
i.e. a relative or a friend who is at least 18 years old and
who may or may not live with the participant, to provide
information related to physical and cognitive health of
the participant. The recruitment of a study informant is
encouraged and supported but is not a binding require-
ment to be included in the study.

Data collection
The data collection is conducted through questionnaires,
interview, and physical and cognitive examinations by a
research nurse trained for the study procedures. Based
on the participant’s preferences, the visit may take place
either at the research site or at the participant’s
domicile.
At the baseline (midlife) visit, data were collected re-

garding socio-demographics (age, sex, education, marital
status, occupation, income), vascular risk factors (e.g.
blood pressure, blood lipids, body mass index), lifestyle
(e.g. smoking, alcohol, physical activity, diet), psycho-
social factors, and physical health status. At the CAIDE
re-examinations, a detailed cognitive evaluation was con-
ducted, including a 3-step protocol for the diagnosis of
dementia [29], and apolipoprotein E genotype was

Fig. 1 CAIDE study diagram. a: participants from this cohort were included in the first random sample identified in 1998; b: participants from this
cohort were included in the second random sample identified in 2006; c: includes participants from the 1972, 1977, 1982, and 1987 midlife
cohorts; d: includes participants from the 1987 and 1992 midlife cohorts
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assessed. In the present CAIDE85+ re-examination, data
collection has been harmonised with previous follow-
ups, with some adaptations and additions specifically
relevant for the 85+ population (e.g. addition of the
frailty index and indicators of malnutrition), or recent
scientific developments related to the aims of the study
(e.g. additional assessment of the quality of sleep and
oral health). In Table 1, a full summary and comparison
of the assessments carried out at each examination is
presented.

Primary outcomes
The primary outcomes of CAIDE85+ are cognitive per-
formance, daily life functioning, dementia and mild cog-
nitive impairment (MCI).
Cognitive performance is evaluated using the Finnish

version of the Consortium to Establish a Registry for
Alzheimer’s Disease (CERAD) test battery, which was
carried out also during the 2005–2008 re-examination
[30]. This includes: Modified 15-item Boston Naming
Test [54], Category fluency [33], Mini-Mental State
Examination [31], 10-Word Recall Task (10 word learn-
ing, recall and recognition) [30], Constructional Praxis
[55] and Recall [56], and Clock Drawing Test [57]. In
addition to CERAD, the Trail Making Test part A [35]
and the Letter-Digit Substitution Test [37] are also used.
Daily life functioning. Functioning level is measured

through the Clinical Dementia Rating (CDR) [41, 42],
for which a semi-structured interview with the partici-
pant and the study informant will be conducted. Activ-
ities of Daily Living (ADL) is assessed using both the
Katz Index of Independence in Activities of Daily Living
and the Lawton-Brody Scale of Instrumental Activities
of Daily Living [38–40].
Dementia diagnoses (including the type of dementia) is

ascertained from medical records and data linkage to na-
tional registers, such as hospital discharge, outpatient,
drug reimbursement, and causes of death registers. MCI
is defined based on standard criteria [58] which include:
abnormal cognitive test performance; subjective memory
complaint; and minimal or no impairment in activities
of daily living.

Secondary outcomes
The study’s secondary outcomes include multimorbidity,
frailty, mobility and functional performance, physical ac-
tivity, psychosocial wellbeing, oral health, nutrition, sleep
quality and health-related quality of life.
Multimorbidity is defined based on medical history

data from e.g. questionnaires, physical assessments, med-
ical records and national registers.
Frailty is defined with the Fried Frailty phenotype

[51], which includes: unintentional weight loss; self-
reported exhaustion; weakness by grip strength; slow

walking speed; and low physical activity. Mobility and
functional performance is assessed based on self-
reported data on mobility and fitness, as well as an
objective and physical assessment, which includes the
Short Physical Performance Battery [43] and the max-
imal isometric handgrip strength measured by a
hand-held adjustable dynamometer.
Physical activity is assessed based on self-reported

questionnaires about frequency and type of activities
carried out.
Assessment of Psychosocial wellbeing cover several do-

mains. Hopelessness, Social network and interactions,
and Subjective memory [59] is investigated through ques-
tionnaires. Anxiety is assessed with the self-reported vali-
dated State Trait Anxiety Inventory [44]. Depressive
symptoms are self-reported through the Beck Depression
Inventory [49]. Significant life events is recorded using a
brief questionnaire based on the Swedish National study
on Aging and Care [60] questionnaire, including major
life events with potential impact on physical, psycho-
logical, and emotional status [61].
Oral health is appraised through a self-report ques-

tionnaire inquiring about oral health status and use of
oral healthcare services. Nutritional status is investigated
using a questionnaire on food consumption frequency,
including alcohol consumption and drinking patterns, as
well as the Mini Nutritional Assessment (short-form)
[52], a validated tool commonly used to screen for and
estimate risk of malnutrition in older adults.
Sleep quality is assessed using the Pittsburgh Sleep

Quality Index [53].
Health-related quality of life is measured with the

RAND 36-Item Health Survey 1.0. [50]

Other data collected
Sociodemographic factors include age, sex, self-reported
data on marital status, living/domicile setting, yearly in-
come, and work history. Other health-related data cover
current medication and medical history; self-reported use
of healthcare services; self-reported type and frequency of
leisure activities; self-reported use of the computer and
the Internet; biometrics such as blood pressure, body mass
index, and waist-hip ratio; smoking habits; information
from medical records, such as diagnoses, hospitalisations,
and other relevant health events. Dates and causes of
death will be obtained from national registers.
Fasting blood samples are collected for assessment of

plasma glucose, glycated haemoglobin (HbA1c); serum
total-, high-density lipoprotein-, and low-density lipo-
protein cholesterol, and triglycerides; c-reactive protein;
and creatinine. Blood samples will also be stored for fu-
ture measurement of other dementia- and aging-related
biomarkers.
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Table 1 Summary of the assessments in the CAIDE study

Data collected and test/scale Midlife-baseline examination
(1972–1992)

1st late-life re-
examination
(1998)

2nd late-life re-
examination
(2005–2009)

3rd re-examination CAIDE85+
(2019–2021)

Socio-demographicsa (e.g. age; sex; self-reported education,
marital status, occupation and income)

X X X X

Lifestylea (questions about e.g. diet, physical exercise, smoking,
leisure activities)

X X X X

Anthropometric measurements (weight, height, BMI, waist
circumference, blood pressure)

X X X X

Blood markersa (e.g. lipids, glucose, CRP, creatinine) X X X X

Medical history (self-reported) X X X X

Medical history (national registers) X X X X

Cognition

CERAD [30] – – X X

MMSE [31] – X Part of
CERAD

Part of CERAD

Immediate word recall (3 word-lists)b [32] – X 1 list –

Category fluency test [33] – X Part of
CERAD

Part of CERAD

Purdue Peg board [34] – X X –

Trail Making Test - part A [35] – – X X

Stroop [36] – X X –

Letter Digit Substitution Test [37] – X X X

Diagnosis of dementia or MCI (3-step protocol [29]) – X X –

Diagnosis of dementia or MCI (national registers) – X X X

Daily life functioning (questions) X X X X

Daily life functioning (ADL: Katz Index and Lawton and Brody
Scale [38–40])

– – – X

Daily life functioning (CDR [41, 42]) – – X X

Physical Functioning (SPPB [43]) – – – X

Stressa (questions) X X X X

Anxiety (6-item STAI [44]) – X X X

Personality-related factors (anger expression [45], cynical
distrust [46], sense of coherence [47], ways of coping [48])

– X – –

Social Network (questions) – X X Shortened

Subjective memorya (questions) – X X X

Hopelessness (questions) X X X X

Depression (BDI [49]) – X X X

Significant life events (questions) – X X Shortened

Health Related Quality of Life (RAND 36 [50]) – – – X

Frailty (Fried phenotype [51]) – – – X

Malnutrition (MNA short version [52]) – – – X

Sleep quality (Pittsburgh Sleep Index [53]) – – – X

Oral health (questions) – – – X

Medication use (self-reported and national registers) – X X X

APOEƐ4 genotyping – X X –

ADL Activity of daily living, APOEƐ4 Apolipoprotein E Ɛ4 allele, BDI Beck depression inventory, BMI body mass index, CDR clinical dementia rating,
CERAD Consortium to Establish a Registry for Alzheimer’s Disease test battery, CRP C-reactive protein, MCI Mild cognitive impairment, MMSE Mini-Mental
State Examination, MNA mini nutritional assessment, SPPB Short physical performance battery, RAND36 RAND 36-Item Health Survey 1.0, STAI State trait
anxiety inventory
a some differences in assessments may exist among different re-examinations
b of the 3 word-lists used in 1998, only one was repeated in 2005–2008
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Ethical considerations
The CAIDE85+ study was approved by the Ethics Com-
mittee, Hospital District of Northern Savo (Finland).
Prior to the study enrolment, written informed consent
is obtained from each participant, as well as their in-
formant, if available. If a participant has received a diag-
nosis of AD or other dementia prior to the time of
enrolment, the ability to autonomously consent to the
study is assessed by the research nurse. If the participant
is deemed unable to provide and informed consent, a le-
gally acceptable representative (LAR), is identified with
the help of the participant, to co-sign the consent form.
Failing to identify a LAR for a participant unable to pro-
vide an informed consent precludes the participation in
the study.

Data analysis
Cross-sectional analyses and descriptive statistics, in-
cluding potential comparisons with other 85+ cohorts
available in the literature will be carried out. Longitu-
dinal analyses combining repeated measures data from
the first two follow-ups, as well as baseline (midlife), will
also be conducted, where applicable. Appropriate statis-
tical methods will be used to analyse the data, including
proportional hazards modelling and appropriate regres-
sion models (e.g. Kaplan-Meier method, logistic, linear,
ordinal, Cox and Poisson regression models). To analyse
different trajectories of predictor variables across mul-
tiple waves of data, path analyses and structural equation
modelling will be used. Mortality will be taken into ac-
count in longitudinal analyses. Novel statistical methods
(e.g. machine learning) [62] may also be tested for multi-
factorial prediction. Statistical significance will be de-
fined at p < 0.05 and relevant guidelines (e.g. STROBE
[63], TRIPOD [64]) will be used for results interpret-
ation and reporting.

Discussion
In the last century, life expectancy has persistently in-
creased to levels earlier often considered unattainable.
Despite recent findings reporting declining life expect-
ancy in the United States and United Kingdom [65, 66],
globally the projections for the next decades confirm this
strong trend [67]. As a consequence, the oldest olds are
now by far the fastest growing age group, in developed
countries in particular [68]. Such shift in the age distri-
bution of the population will affect not only healthcare
systems, but also, more in general, the way in which so-
ciety will cope with ageing-related matters. Living longer
does not necessarily mean living better, as life expect-
ancy and quality of life do not always go hand in hand
[2]. However, evidence suggests that ageing processes
may be modifiable, and people could live longer without
increased disabilities [1].

Dementia, AD, and cognitive impairment constitute,
nonetheless, a major ageing-related social, economic,
and public health concern. With the ageing of popula-
tions, the number of people living with dementia is also
expected to increase rapidly [69]. Additional efforts and
resources are, therefore, needed to improve our under-
standing healthy ageing and its determinants.
The oldest old include individuals often vulnerable to

and impaired by severe disabilities. Thus, extensive in-
vestigation of this age group poses specific ethical and
logistic challenges [70], which can have a great impact
on recruitment success, study implementation, and data
interpretation. Altogether, studies on the oldest old are
scarce and often conducted on relatively small popula-
tion samples. In the last few decades, some large cohort
studies have been conducted focusing on the broad de-
terminants of health in the oldest old [71–75]. How-
ever, in none of them the participants have been
followed-up starting from midlife. Furthermore, recruit-
ment in most of these studies was completed from the
beginning of the 1990s to the early 2000s. In a society
in constant cultural evolution and marked by substan-
tial lifestyle changes linked to increased access to new
technologies, the current nonagenarians are likely to be
a rather different population group than only a few
decades ago.
The CAIDE85+ study represents a rare opportunity to

delve into the determinants of cognitive and physical
health within a current population of oldest old, who
have been followed for decades, since their midlife until
old age. Such a long follow-up time is rarely achievable
in observational studies. A wide range of outcomes from
more specific cognitive measures to medical, physical
and psychological parameters is investigated, using,
whenever possible, methods specifically designed and
particularly relevant for this age group.
Through a thorough investigation of the cognitive and

physical functioning, as well as the incidence of demen-
tia and cognitive impairment, this study will contribute
to improve the knowledge on risk and protective factors
for cognitive impairment and underlying mechanisms,
which may help reduce the detrimental impact of de-
mentia on both individuals and the society. Findings
from this study will also enable us to better understand
the role of lifestyle and medical factors that contribute
to good physical status, successful cognitive ageing, as
well as increased quality of life and healthy ageing in
general at the oldest old ages. It is expected that differ-
ent risk factors would play a key role in different age
groups. This has practical implications in planning pre-
ventive intervention programmes, developing new thera-
peutic strategies, and educating the general population,
as well as healthcare professionals. Therefore, findings
from the study may also help develop interventions
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focused on promotion of healthy ageing, and plan indi-
vidually tailored healthcare for the oldest old age groups.
The high mortality and morbidity rates, as well as the

high prevalence of cognitive impairment expected in a
population of oldest old are potential limitations in this
study, but several provisions have been put in place to
reduce their impact. First, the use of thorough and up-
to-date Finnish health registers will allow us to collect
essential data that could not be obtained otherwise. Sec-
ond, in order to meet the needs of all participants, the
study visits have been designed to have a high degree of
flexibility both in terms of location (research site or par-
ticipant’s domicile) and timing (over one or more ap-
pointments). In particular, the possibility of conducting
home visits and, if needed, in more than one session,
helps reduce the burden and ease the participation also
for individuals who are more disabled. Finally, assessing
cognition using well-validated and widely used tests help
compensate for potential inaccuracies in the collection
of self-reported data.
In conclusion, by providing more detailed insight on

the medical, lifestyle, psychosocial and physical-related
factors contributing to cognitive health; quality of life;
and psychosocial wellbeing among the oldest old, our
findings will produce urgently needed information for
healthcare workers and policy makers to better promote
health and independent living among this rapidly grow-
ing age group.

Abbreviations
AD: Alzheimer’s Disease; ADL: Activities of daily living; CAIDE: Cardiovascular
Risk Factors, Aging and Dementia; CDR: Clinical Dementia Rating;
CERAD: Consortium to Establish a Registry for Alzheimer’s Disease;
FINMONICA: Finnish Multinational MONItoring of trends and determinants in
CArdiovascular disease study; FINRISK: National FINRISK Study; LAR: Legally
acceptable representative; MCI: Mild cognitive impairment;
STROBE: Statement for Strengthening the Reporting of Observational Studies
in Epidemiology; TRIPOD: Statement for Transparent Reporting of a
multivariable prediction model for Individual Prognosis Or Diagnosis

Acknowledgements
The authors wish to thank all CAIDE participants; CAIDE85+ study nurse Päivi
Siuro for study planning support and conducting the fieldwork; and
CAIDE85+ study nurse Leena Lukkari-Kuronen for conducting the fieldwork.

Authors’ contributions
All authors contributed to the study design; AS, JK, HS, TN, and MK obtained
funding for the study; MB, JK, IL, TN, and AS drafted the study protocol; AR,
IH, JL, EN, EP, MR, MH, TL, HS, JT, and MK provided substantive comments
and revised the study protocol; MB, IL, AR, TN, AS and MK obtained Ethical
approval; MB and AS registered the study and drafted the manuscript; all
authors read and approved the final version of the manuscript.

Funding
The present study is funded by the Juho Vainio Foundation, the Yrjö
Jahnsson Foundation and Academy of Finland (grants 287490 and 319318).
The funding bodies assessed the study through peer-review processes.

Availability of data and materials
Data will not be made publicly available due to Ethical requirements.
External collaborators can apply to the CAIDE study steering group for

pseudonymised datasets and/or samples. Application must be submitted to
Assoc. Prof. Alina Solomon (alina.solomon@uef.fi).

Ethics approval and consent to participate
Written informed consent will be obtained from each participant and study
informant prior to the initiation of the study. The study has been designed and
will be carried out in accordance with the Finnish and European Guidelines for
Good Clinical Practice, the latest version of the Declaration of Helsinki (Edinburg
2000, Washington 2002, Tokyo 2005) and ICH (International Conference on
Harmonisation) Recommendations and Guidelines for Good Clinical Practice.
This study protocol was submitted and approved by the Research Ethics
Committee of the Northern Savo Hospital District (Finland, approval nr 581/
2019, date 27.03.2019) and registered at https://clinicaltrials.gov/ (registration nr
NCT03938727, date 03.05.2019).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1Institute of Clinical Medicine, Department of Neurology, University of
Eastern Finland, P.O. Box 1627, 70211 Kuopio, Finland. 2Public Health
Promotion Unit, Finnish Institute for Health and Welfare, P.O. Box 30, 00271
Helsinki, Finland. 3School of Health Care and Social Work, Seinäjoki University
of Applied Sciences, Seinäjoki, Finland. 4Division of Clinical Geriatrics, Center
for Alzheimer Research, Care Sciences and Society (NVS), Karolinska Institutet,
Karolinska Universitetssjukhuset, Karolinska Vägen 37 A, QA32, Stockholm,
Sweden. 5Institute of Public Health and Clinical Nutrition, University of
Eastern Finland, P.O. Box 1627, 70211 Kuopio, Finland. 6Joint Municipal
Authority for North Karelia Social and Health Services (Siun Sote), Central
Hospital, Tikkamäentie 16, 80210 Joensuu, Finland. 7Neurocenter Finland,
Department of Neurology, Kuopio University Hospital, Puijonlaaksontie 2,
70210 Kuopio, Finland. 8Department of Public Health, University of Helsinki,
PO BOX 20, 00014 Helsinki, Finland. 9Diabetes Research Group, King
Abdulaziz University, Jeddah 21589, Saudi Arabia. 10Ageing Epidemiology
Research Unit, School of Public Health, Imperial College London, Charing
Cross Hospital, St Dunstan’s Road, London W6 8RP, UK.

Received: 21 January 2020 Accepted: 15 June 2020

References
1. Christensen K, Doblhammer G, Rau R, Vaupel JW. Ageing populations: the

challenges ahead. Lancet. 2009;374(9696):1196–208.
2. Forma L, Aaltonen M, Pulkki J, Raitanen J, Rissanen P, Jylha M. Long-term

care is increasingly concentrated in the last years of life: a change from
2000 to 2011. Eur J Pub Health. 2017;27(4):665–9.

3. Goebeler S, Jylha M, Hervonen A. Medical history, cognitive status and
mobility at the age of 90. A population-based study in Tampere, Finland.
Aging Clin Exp Res. 2003;15(2):154–61.

4. Alzheimer’s Disease International. World Alzheimer Report 2015. The Global
Impact of Dementia: an analysis of prevalence, incidence, cost and trends.
https://www.alz.co.uk/research/WorldAlzheimerReport2015.pdf. Last
Accessed 14 Jan 2020.

5. Yang Z, Slavin MJ, Sachdev PS. Dementia in the oldest old. Nat Rev Neurol.
2013;9(7):382–93.

6. Writing Group Members, Mozaffarian D, Benjamin EJ, Go AS, Arnett DK,
Blaha MJ, Cushman M, Das SR, de Ferranti S, Despres JP, Fullerton HJ,
Howard VJ, Huffman MD, Isasi CR, Jimenez MC, Judd SE, Kissela BM,
Lichtman JH, Lisabeth LD, Liu S, Mackey RH, Magid DJ, McGuire DK, Mohler
ER 3rd, Moy CS, Muntner P, Mussolino ME, Nasir K, Neumar RW, Nichol G,
Palaniappan L, Pandey DK, Reeves MJ, Rodriguez CJ, Rosamond W, Sorlie
PD, Stein J, Towfighi A, Turan TN, Virani SS, Woo D, Yeh RW, Turner MB,
American Heart Association Statistics Committee, Stroke Statistics
Subcommittee. Executive Summary: Heart Disease and Stroke Statistics--
2016 Update: A Report From the American Heart Association. Circulation.
2016;133(4):447–54.

7. Solomon A, Mangialasche F, Richard E, Andrieu S, Bennett DA, Breteler M,
Fratiglioni L, Hooshmand B, Khachaturian AS, Schneider LS, Skoog I,

Barbera et al. BMC Geriatrics          (2020) 20:238 Page 7 of 9

mailto:alina.solomon@uef.fi
https://clinicaltrials.gov/
https://www.clinicaltrials.gov/ct2/results?cond=&term=NCT03938727&cntry=&state=&city=&dist=
https://www.alz.co.uk/research/WorldAlzheimerReport2015.pdf


Kivipelto M. Advances in the prevention of Alzheimer's disease and
dementia. J Intern Med. 2014;275(3):229–50.

8. Norton S, Matthews FE, Barnes DE, Yaffe K, Brayne C. Potential for primary
prevention of Alzheimer's disease: an analysis of population-based data.
Lancet Neurol. 2014;13(8):788–94.

9. Winblad B, Amouyel P, Andrieu S, Ballard C, Brayne C, Brodaty H, Cedazo-
Minguez A, Dubois B, Edvardsson D, Feldman H, Fratiglioni L, Frisoni GB,
Gauthier S, Georges J, Graff C, Iqbal K, Jessen F, Johansson G, Jonsson L,
Kivipelto M, Knapp M, Mangialasche F, Melis R, Nordberg A, Rikkert MO, Qiu
C, Sakmar TP, Scheltens P, Schneider LS, Sperling R, Tjernberg LO, Waldemar
G, Wimo A, Zetterberg H. Defeating Alzheimer's disease and other
dementias: a priority for European science and society. Lancet Neurol. 2016;
15(5):455–532.

10. Bullain SS, Corrada MM, Shah BA, Mozaffar FH, Panzenboeck M, Kawas CH.
Poor physical performance and dementia in the oldest old: the 90+ study.
JAMA Neurol. 2013;70(1):107–13.

11. Wu T, Lu L, Luo L, Guo Y, Ying L, Tao Q, Zeng H, Han L, Shi Z, Zhao Y.
Factors Associated with Activities of Daily Life Disability among
Centenarians in Rural Chongqing, China: A Cross-Sectional Study. Int J
Environ Res Public Health. 2017;14(11). https://doi.org/10.3390/
ijerph14111364.

12. Kim JI, Kim G. Factors affecting the survival probability of becoming a centenarian
for those aged 70, based on the human mortality database: income, health
expenditure, telephone, and sanitation. BMC Geriatr. 2014;14:113.

13. Poon LW, Martin P, Bishop A, Cho J, da Rosa G, Deshpande N, Hensley R,
Macdonald M, Margrett J, Randall GK, Woodard JL, Miller LS. Understanding
centenarians' psychosocial dynamics and their contributions to health and
quality of life. Curr Gerontol Geriatr Res. 2010. https://doi.org/10.1155/2010/
680657.

14. Kivipelto M, Ngandu T, Laatikainen T, Winblad B, Soininen H, Tuomilehto J.
Risk score for the prediction of dementia risk in 20 years among middle
aged people: a longitudinal, population-based study. Lancet Neurol. 2006;
5(9):735–41.

15. Solomon A, Kivipelto M, Soininen H. Prevention of Alzheimer's disease:
moving backward through the lifespan. J Alzheimers Dis. 2013;33(Suppl 1):
S465–9.

16. Kivipelto M, Helkala EL, Laakso MP, Hanninen T, Hallikainen M, Alhainen K,
Soininen H, Tuomilehto J, Nissinen A. Midlife vascular risk factors and
Alzheimer's disease in later life: longitudinal, population based study. BMJ.
2001;322(7300):1447–51.

17. Rovio S, Kareholt I, Helkala EL, Viitanen M, Winblad B, Tuomilehto J, Soininen
H, Nissinen A, Kivipelto M. Leisure-time physical activity at midlife and the
risk of dementia and Alzheimer's disease. Lancet Neurol. 2005;4(11):705–11.

18. Ngandu T, von Strauss E, Helkala EL, Winblad B, Nissinen A, Tuomilehto J,
Soininen H, Kivipelto M. Education and dementia: what lies behind the
association? Neurology. 2007;69(14):1442–50.

19. Rusanen M, Rovio S, Ngandu T, Nissinen A, Tuomilehto J, Soininen H,
Kivipelto M. Midlife smoking, apolipoprotein E and risk of dementia and
Alzheimer's disease: a population-based cardiovascular risk factors, aging
and dementia study. Dement Geriatr Cogn Disord. 2010;30(3):277–84.

20. Tolppanen AM, Ngandu T, Kareholt I, Laatikainen T, Rusanen M, Soininen H,
Kivipelto M. Midlife and late-life body mass index and late-life dementia:
results from a prospective population-based cohort. J Alzheimers Dis. 2014;
38(1):201–9.

21. Salvado G, Brugulat-Serrat A, Sudre CH, Grau-Rivera O, Suarez-Calvet M,
Falcon C, Fauria K, Cardoso MJ, Barkhof F, Molinuevo JL, Gispert JD, ALFA
Study. Spatial patterns of white matter hyperintensities associated with
Alzheimer's disease risk factors in a cognitively healthy middle-aged cohort.
Alzheimers Res Ther. 2019;11(1):12.

22. Ritchie K, Carriere I, Howett D, Su L, Hornberger M, O'Brien JT, Ritchie CW,
Chan D. Allocentric and egocentric spatial processing in middle-aged adults
at high risk of late-onset Alzheimer's disease: the PREVENT dementia study.
J Alzheimers Dis. 2018;65(3):885–96.

23. Harrison SL, de Craen AJ, Kerse N, Teh R, Granic A, Davies K, Wesnes KA, den
Elzen WP, Gussekloo J, Kirkwood TB, Robinson L, Jagger C, Siervo M,
Stephan BC. Predicting risk of cognitive decline in very old adults using
three models: the Framingham stroke risk profile; the cardiovascular risk
factors, aging, and dementia model; and Oxi-inflammatory biomarkers. J Am
Geriatr Soc. 2017;65(2):381–9.

24. Ngandu T, Lehtisalo J, Solomon A, Levalahti E, Ahtiluoto S, Antikainen R,
Backman L, Hanninen T, Jula A, Laatikainen T, Lindstrom J, Mangialasche F,

Paajanen T, Pajala S, Peltonen M, Rauramaa R, Stigsdotter-Neely A, Strandberg
T, Tuomilehto J, Soininen H, Kivipelto M. A 2 year multidomain intervention of
diet, exercise, cognitive training, and vascular risk monitoring versus control to
prevent cognitive decline in at-risk elderly people (FINGER): a randomised
controlled trial. Lancet. 2015;385(9984):2255–63.

25. Puska P, Tuomilehto J, Salonen J, Neittaanmaki L, Maki J, Virtamo J, Nissinen
A, Koskela K, Takalo T. Changes in coronary risk factors during
comprehensive five-year community programme to control cardiovascular
diseases (North Karelia project). Br Med J. 1979;2(6199):1173–8.

26. Puska P, Salonen JT, Nissinen A, Tuomilehto J, Vartiainen E, Korhonen H,
Tanskanen A, Ronnqvist P, Koskela K, Huttunen J. Change in risk factors for
coronary heart disease during 10 years of a community intervention
programme (North Karelia project). Br Med J (Clin Res Ed). 1983;287(6408):
1840–4.

27. Vartiainen E, Puska P, Jousilahti P, Korhonen HJ, Tuomilehto J, Nissinen A.
Twenty-year trends in coronary risk factors in North Karelia and in other
areas of Finland. Int J Epidemiol. 1994;23(3):495–504.

28. Vartiainen E, Laatikainen T, Peltonen M, Puska P. Predicting coronary heart
disease and stroke: the FINRISK calculator. Glob Heart. 2016;11(2):213–6.

29. Kivipelto M, Helkala EL, Hanninen T, Laakso MP, Hallikainen M, Alhainen K,
Soininen H, Tuomilehto J, Nissinen A. Midlife vascular risk factors and late-
life mild cognitive impairment: a population-based study. Neurology. 2001;
56(12):1683–9.

30. Sotaniemi M, Pulliainen V, Hokkanen L, Pirttilä T, Hallikainen I, Soininen H,
Hänninen T. CERAD-neuropsychological battery in screening mild
Alzheimer’s disease. Acta Neurol Scand. 2012;125:16–23.

31. Folstein MF, Folstein SE, McHugh PR. "mini-mental state". A practical
method for grading the cognitive state of patients for the clinician. J
Psychiatr Res. 1975;12(3):189–98.

32. Nyberg L, Nilsson LG, Olofsson U, Bäckman L. Effects of division of attention
during encoding and retrieval on age differences in episodic memory. Exp
Aging Res. 1997;23(2):137–43.

33. Lezak MD, Howieson DB, Loring DW. Neuropsychological assessment. New
York: Oxford University Press; 2004.

34. Buddenberg LA, Davis C. Test-retest reliability of the Purdue pegboard test.
Am J Occup Ther. 2000;54(5):555–8.

35. Reitan RM. Validity of the trail making test as an indicator of organic brain
damage. Percept Mot Skills. 1958;8:271–6.

36. Jensen AR, Rohwer WD Jr. The Stroop color-word test: a review. Acta
Psychol. 1966;25(1):36–93.

37. van der Elst W, van Boxtel MP, van Breukelen GJ, Jolles J. The letter digit
substitution test: normative data for 1,858 healthy participants aged 24-81
from the Maastricht aging study (MAAS): influence of age, education, and
sex. J Clin Exp Neuropsychol. 2006;28(6):998–1009.

38. Katz S, Ford AB, Moskowitz RW, Jackson BA, Jaffe MW. Studies of Illness in
the Aged. the Index of Adl: a Standardized Measure of Biological and
Psychosocial Function. JAMA. 1963;185:914–9.

39. Katz S, Akpom CA. A measure of primary sociobiological functions. Int J
Health Serv. 1976;6(3):493–508.

40. Lawton MP, Brody EM. Assessment of older people: self-maintaining and
instrumental activities of daily living. Gerontologist. 1969;9(3):179–86.

41. Morris JC. The clinical dementia rating (CDR): current version and scoring
rules. Neurology. 1993;43(11):2412–4.

42. Berg L. Clinical dementia rating (CDR). Psychopharmacol Bull. 1988;24(4):637–9.
43. Guralnik JM, Simonsick EM, Ferrucci L, Glynn RJ, Berkman LF, Blazer DG,

Scherr PA, Wallace RB. A short physical performance battery assessing lower
extremity function: association with self-reported disability and prediction of
mortality and nursing home admission. J Gerontol. 1994;49(2):M85–94.

44. Marteau TM, Bekker H. The development of a six-item short-form of the
state scale of the Spielberger state-trait anxiety inventory (STAI). Br J Clin
Psychol. 1992;31(Pt 3):301–6.

45. Spielberger CD. Manual for the state-trait anger expression inventory
(STAXI). Odessa: Psychological Assessment Resources; 1988.

46. Neuvonen E, Rusanen M, Solomon A, Ngandu T, Laatikainen T, Soininen H,
Kivipelto M, Tolppanen A. Late-life cynical distrust, risk of incident dementia,
and mortality in a population-based cohort. Neurology. 2014;82(24):2205–12.

47. Antonovsky A. The structure and properties of the sense of coherence scale.
Soc Sci Med. 1993;36:725–33.

48. Julkunen J. Coping with illness (CILL): Development of a coping scale for
coronary patients. Proc of the Third European Conference on Health
Psychology. Utrecht: European Health Psychology Society; 1989.

Barbera et al. BMC Geriatrics          (2020) 20:238 Page 8 of 9

https://doi.org/10.3390/ijerph14111364
https://doi.org/10.3390/ijerph14111364
https://doi.org/10.1155/2010/680657
https://doi.org/10.1155/2010/680657


49. Beck AT, Steer RA, Garbing MG. Psychometric properties of the Beck
depression inventory: twenty-five years of evaluation. Clin Psychol Rev. 1988;
8(1):77–100.

50. Hays RD, Sherbourne CD, Mazel RM. The RAND 36-item health survey 1.0.
Health Econ. 1993;2(3):217–27.

51. Fried LP, Tangen CM, Walston J, Newman AB, Hirsch C, Gottdiener J,
Seeman T, Tracy R, Kop WJ, Burke G, McBurnie MA. Cardiovascular health
study collaborative research group. Frailty in older adults: evidence for a
phenotype. J Gerontol A Biol Sci Med Sci. 2001;56(3):M146–56.

52. Guigoz Y, Vellas B, Garry PJ. Assessing the nutritional status of the elderly:
the mini nutritional assessment as part of the geriatric evaluation. Nutr Rev.
1996;54(1 Pt 2):S59–65.

53. Buysse DJ. Reynolds CF,3rd, monk TH, Berman SR, Kupfer DJ. The Pittsburgh
sleep quality index: a new instrument for psychiatric practice and research.
Psychiatry Res. 1989;28(2):193–213.

54. Goodglass H, Kaplan E. The assessment of aphasia and related disorders.
2nd ed. Philadelphia: Lea & Febiger; 1983.

55. Rosen WG, Mohs RC, Davis KL. A new rating scale for Alzheimer's disease.
Am J Psychiatry. 1984;141(11):1356–64.

56. Fillenbaum GG, Burchett BM, Unverzagt FW, Rexroth DF, Welsh-Bohmer K.
Norms for CERAD constructional praxis recall. Clin Neuropsychol. 2011;25(8):
1345–58.

57. Spenciere B, Alves H, Charchat-Fichman H. Scoring system for the clock
drawing test. Dement Neuropsychol. 2017;11(1):6–14.

58. Winblad B, Palmer K, Kivipelto M, Jelic V, Fratiglioni L, Wahlund LO,
Nordberg A, Backman L, Albert M, Almkvist O, Arai H, Basun H, Blennow K,
de Leon M, DeCarli C, Erkinjuntti T, Giacobini E, Graff C, Hardy J, Jack C,
Jorm A, Ritchie K, van Duijn C, Visser P, Petersen RC. Mild cognitive
impairment--beyond controversies, towards a consensus: report of the
international working group on mild cognitive impairment. J Intern Med.
2004;256(3):240–6.

59. Pulliainen V, Kuikka P, Salo J, Viramo P, Erkinjuntti T. Omaisen haastattelu tärkeä
muistihäiriöpotilaan tutkimuksessa. Suomen Lääkärilehti. 2001;5(56):527.

60. Lagergren M, Fratiglioni L, Hallberg IR, Berglund J, Elmstahl S, Hagberg B,
Holst G, Rennemark M, Sjolund BM, Thorslund M, Wiberg I, Winblad B,
Wimo A. A longitudinal study integrating population, care and social
services data. The Swedish national study on aging and care (SNAC). Aging
Clin Exp Res. 2004;16(2):158–68.

61. Gerritsen L, Wang HX, Reynolds CA, Fratiglioni L, Gatz M, Pedersen NL.
Influence of negative life events and widowhood on risk for dementia. Am
J Geriatr Psychiatry. 2017;25(7):766–78.

62. Pekkala T, Hall A, Lotjonen J, Mattila J, Soininen H, Ngandu T, Laatikainen T,
Kivipelto M, Solomon A. Development of a late-life dementia prediction
index with supervised machine learning in the population-based CAIDE
study. J Alzheimers Dis. 2017;55(3):1055–67.

63. von Elm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC, Vandenbroucke
JP, STROBE Initiative. Strengthening the reporting of observational studies in
epidemiology (STROBE) statement: guidelines for reporting observational
studies. BMJ. 2007;335(7624):806–8.

64. Collins GS, Reitsma JB, Altman DG, Moons KG. Transparent reporting of a
multivariable prediction model for individual prognosis or diagnosis
(TRIPOD): the TRIPOD statement. BMJ. 2015;350:g7594.

65. Ho JY, Hendi AS. Recent trends in life expectancy across high income
countries: retrospective observational study. BMJ. 2018;362:k2562.

66. Woolf SH, Chapman DA, Buchanich JM, Bobby KJ, Zimmerman EB, Blackburn
SM. Changes in midlife death rates across racial and ethnic groups in the
United States: systematic analysis of vital statistics. BMJ. 2018;362:k3096.

67. Kontis V, Bennett JE, Mathers CD, Li G, Foreman K, Ezzati M. Future life
expectancy in 35 industrialised countries: projections with a Bayesian model
ensemble. Lancet. 2017;389(10076):1323–35.

68. Dobriansky PT, Suzman RM, Hodes RJ. Why Population Aging Matters: A
Global Perspective. https://www.nia.nih.gov/sites/default/files/2017-06/
WPAM.pdf. Last Accessed 14 Jan 2020.

69. Prince M, Bryce R, Albanese E, Wimo A, Ribeiro W, Ferri CP. The global
prevalence of dementia: a systematic review and meta analysis. Alzheimers
Dement. 2013;9(1):63–75 e2.

70. Jacelon CS. Older adults' participation in research. Nurse Res. 2007;14(4):64–73.
71. Collerton J, Davies K, Jagger C, Kingston A, Bond J, Eccles MP, Robinson LA,

Martin-Ruiz C, von Zglinicki T, James OF, Kirkwood TB. Health and disease in
85 year olds: baseline findings from the Newcastle 85+ cohort study. BMJ.
2009;339:b4904.

72. Jylhä M, Enroth L, Luukkaala T. Trends of functioning and health in
nonagenarians- the Vitality 90+ Study. In: Robine JM, Jagger C, editors.
Annual Review of Gerontology and Geriatrics, "Healthy Longevity". New
York: Springer Publishing Company; 2013. p. 313–32.

73. Bootsma-van der Wiel A, Gussekloo J, de Craen AJ, van Exel E, Knook DL,
Lagaay AM, Westendorp RG. Disability in the oldest old: "can do" or "do
do"? J Am Geriatr Soc. 2001;49(7):909–14.

74. Kawas CH, Corrada MM. Alzheimer's and dementia in the oldest-old: a
century of challenges. Curr Alzheimer Res. 2006;3(5):411–9.

75. Polvikoski T, Sulkava R, Myllykangas L, Notkola IL, Niinisto L, Verkkoniemi A,
Kainulainen K, Kontula K, Perez-Tur J, Hardy J, Haltia M. Prevalence of
Alzheimer's disease in very elderly people: a prospective neuropathological
study. Neurology. 2001;56(12):1690–6.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Barbera et al. BMC Geriatrics          (2020) 20:238 Page 9 of 9

https://www.nia.nih.gov/sites/default/files/2017-06/WPAM.pdf
https://www.nia.nih.gov/sites/default/files/2017-06/WPAM.pdf

	Abstract
	Background
	Methods
	Discussion
	Study registration

	Background
	Rationale
	Aims

	Methods
	Overall design of the CAIDE study
	Population, recruitment, and inclusion/exclusion criteria
	Data collection
	Primary outcomes
	Secondary outcomes
	Other data collected
	Ethical considerations
	Data analysis

	Discussion
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

