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Abstract

Introduction: There are limited data on prevalence of dementia in centenarians

and near-centenarians (C/NC), its determinants, and whether the risk of dementia

continues to rise beyond 100.

Methods: Participant-level data were obtained from 18 community-based studies

(N = 4427) in 11 countries that included individuals ≥95 years. A harmonization pro-

tocol was applied to cognitive and functional impairments, and a meta-analysis was

performed.

Results: The mean age was 98.3 years (SD = 2.67); 79% were women. After adjust-

ing for age, sex, and education, dementia prevalencewas 53.2% inwomen and 45.5% in

men,with risk continuing to increasewith age. Education (OR0.95;0.92–0.98)was pro-

tective, as was hypertension (odds ratio [OR] 0.51;0.35–0.74) in five studies. Dementia

was not associated with diabetes, vision and hearing impairments, smoking, and body

mass index (BMI).

Discussion: Among the exceptional old, dementia prevalence remains higher in the

older participants. Education was protective against dementia, but other factors for

dementia-free survival in C/NC remain to be understood.

KEYWORDS

centenarians, dementia, education, exceptional longevity, prevalence, risk factors

1 INTRODUCTION

The population of people aged 100 years and above has increased dra-

matically over the past few decades and is forecast to reach 2.2 million

in the coming 30 years.1 There are concerns about the potential impact

of this exceptionally aging population, with increased rates of disease

anddisability, onhealth and social systems.An important concern is the

increasing risk of dementia with age, with some questioning whether

dementia is inevitable if one lives to an extreme old age.2

Examining the prevalence of dementia at the extreme of older

adulthood, however, is challenging. Dementia is defined by deficits in

multiple cognitive domains and a decline in functioning.3 However,

cognitive decline in extreme old age is difficult to ascertain owing

to the lack of good normative data for this age group. Other factors

might also hinder an accurate measurement of cognition in this pop-

ulation, including sensory and physical impairments, fatigue, medical

comorbidities, low level of literacy, and attrition bias.4 The published

literature, which comprises ten prevalence studies of dementia in late

older adulthood (i.e., aged over 95 years), suffers the constraints of

small sample sizes, inconsistent methodologies, inadequate normative

data, and the lack of a standardized protocol for dementia diagnosis.5

While there are anecdotal reports of cognitively normal individuals

aged over 110 years6 more systematic analysis is needed.

Our primary aimwas to obtain a better estimate of dementia preva-

lence in the very old population from around the world and explore

risk and protective factors for dementia that are robust across ethno-

regional groups. We combined data from 18 international studies

of centenarians and near-centenarians (C/NC) that are part of the

International Centenarian Consortium-Dementia (ICC-Dementia).7

2 METHODS

2.1 Description of the contributing studies and
inclusion criteria

The 18 members of the consortium are studies of cognitive aging in

community settings from 11 countries (see Table 1 for descriptive data
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4 LEUNG ET AL.

and Table S1 for each study reference). Inclusion criteria for studies

were: (1) thewhole or part of the sample comprised individuals aged95

years and olderwith complete demographic data pertaining to age, sex,

education, and medical history; (2) the assessment included measures

of cognition and function; and (3) informed consent and ethics approval

permitted the sharing of de-identified data with collaborators. Stud-

ies were approved by their respective institutional review boards, and

the ICC-Dementia collaboration itself was approved by the Univer-

sity of New SouthWales Human Research Ethics Committee (approval

number: HC17956).

2.2 Data harmonization

All contributing studies provided participant-level data from their first

assessmentwave. The Sydney team (YL, CD, JC,NK,HB, PS) processed,

harmonized, and analyzed the data.

2.2.1 Demographics

Age was recorded in years and categorized into three age groups:

95–99, 100–104, and ≥105. Age was also examined as a continu-

ous variable. Most studies measured education in years, but some

employed categories. Therefore, education was harmonized into three

categories, taking into account the education system in each locale and

the International Standard Classification of Education including: com-

pleted primary or less (≤7 years); high school completion or less (≤12

years); and, beyond high school (≥13 years) (see Table S1).

2.2.2 Functional ability

Since studies used different instruments to assess function (Table

S2), five common and compatible activities of daily living (ADL) items

were chosen for harmonization – continence, feeding, dressing, mobil-

ity/transfer, and bathing (using the Katz ADL8), which are regarded

as reliable measures of functional impairment in older adults (65–

89 years old) across five European countries.9 The ADL item scores

were dichotomized, after clinical consensus, into two categories: inde-

pendent (no assistance required, score = 1) and dependent (assisted

by another person or device, score = 0). The sum of the five binary

items provided an overall ADL score.We then created two binary vari-

ables representing impairment in daily functioning; one using liberal

criteria for impairment (≥2 dependent ADLs = impaired), the other

conservative (≥1 dependent ADL= impaired).

2.2.3 Cognitive ability or status

Participating studies used a range of cognitive test instruments, the

only common instrument being the Mini-Mental State Examination

(MMSE), for which 12 studies provided item-level data (see Tables S3

RESEARCH INCONTEXT

1. Systematic review: The authors reviewed the literature

using PubMed and found 12 studies of dementia preva-

lence in very late life (≥95 years) but with constraints

of small sample sizes, inconsistent methodologies, inade-

quate normative data, and lack of a standardized protocol

for dementia diagnosis. The prevalence ranged from 27%

to 76% in these studies, being higher in women.

2. Interpretation: The prevalence of dementia continues to

increase at the extreme end of life, from 38 (± 22.5)%

at 95–99 years to 65(± 24.3)% at 100 years and above

among women, and 34(± 33.1)% to 56(± 31.8)% among

men. Functional impairment increases at an even faster

rate than cognitive impairment. Education remains pro-

tective at this age, and hypertension is associated with

lower risk, but other risk factors such as diabetes, sensory

impairment, smoking, and body mass index (BMI) are not

associated with dementia.

3. Future directions: The determinants of being non-

demented as centenarians require further study if these

exceptional individuals are to serve as models of success-

ful aging.

to S6 and Figure S1). Clinicians regularly use a cutoff score of ≤23 for

cognitive impairment/dementia,10 but some studies have used lower

cutoffs in centenarian populations to account for age and educational

differences, that is, ≤22, ≤20, and ≤17.We derived optimal cutoffs for

theMMSE by applying receiver operating characteristics (ROC) analy-

ses to data from three studies (90+, SCS, and Go95+) where dementia

diagnosis were arrived at by a consensus panel using established cri-

teria based on a comprehensive neuropsychological test battery and

the Diagnostic and Statistical Manual (DSM). Cutoffs obtained from

the ROC analyses for the studies were ≤23, ≤21, and ≤20, respec-

tively, whichwere consistent with the range of cutoffs used in previous

research.11,12 After considering both the cutoffs suggested by past lit-

erature and the current analysis, we decided to examine four criteria

for cognitive impairment including MMSE scores ≤23, ≤22, ≤20, and

≤17.

Where studies (FH and HD100II) provided item-level scores based

on the Short version of MMSE, equivalent cutoffs were calculated

using a similar ROC analysis, but classifying cognitive impairment and

dementia at different cutoffs including: ≤15, ≤14, ≤13, and ≤10. (See

S3 for details).

2.2.4 Medical history

Medical history data were contributed by a subset of the studies.

Data includes the participants’ body mass index (BMI), and whether
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LEUNG ET AL. 5

they have a history of smoking, visual impairment, hearing impair-

ment, hypertension, diabetes, and alcohol consumption. Hypertension

was defined by either a history of clinical diagnosis, or based on the

reading of their blood pressure at the point of data collection (crite-

ria: systolic figure is higher than 140, or the diastolic figure is higher

than 90, or both). From the BMI information, we conducted the anal-

ysis on whether being overweight (BMI ≥ 25) is a risk factor for

dementia. Meta-analyses were conducted on hypertension, diabetes,

overweight, hearing impairment, and visual impairment only, as it was

not possible to harmonize the other variables due to the unstandard-

ized measurement of the variable across the studies, or to perform the

meta-analysis.

2.3 Dementia diagnosis

A standard approach, which requires both cognitive and functional

impairments, was used to define dementia. Dementia diagnoses were

also provided by seven studies (90+, Go95+, M80+, SCS, PCS, CFAS,

and OBAS); in five of these, (i.e., 90+, Go95+, M80+, SCS, and

CFAS) diagnoses were consensus-based, one (OBAS) used the Clinical

Dementia Rating and the last (PCS) used a structured interview (see

Table S7). In HKCS, diagnoses relied on self-report or hospital diagno-

sis and therefore this was not included in our analyses for agreement

between different approaches.

We did not require subjective cognitive complaints or concerns

by others for the diagnosis, as these were not recorded by some

studies and were regarded as redundant, given our observation that

individuals in this age group invariably reported some decline from

their previous level of cognitive functioning. Eight diagnostic criteria

for dementia were therefore implemented based on the combina-

tion of the four cognitive and two functional performance criteria

(Table 2).

TABLE 2 Combinations of cognitive and functional cutoffs used
for the diagnosis of dementia

Criteria

MMSE

cutoff

Dependent

ADL

M17A1 ≤17 ≥1

M20A1 ≤20 ≥1

M22A1 ≤22 ≥1

M23A1 ≤23 ≥1

M17A2 ≤17 ≥2

M20A2 ≤20 ≥2

M22A2 ≤22 ≥2

M23A2 ≤23 ≥2

Abbreviations: ADL, activities of daily living8; MMSE, Mini-Mental State

Examination.3

2.4 Statistical approaches

The main analysis involved performing three sets of meta-analyses

examining the association of age, sex, education, and residential status

with theprevalenceof dementia, cognitive, and functional impairments

(as described above).

Beforeperforming themeta-analyses,we imputedmissing itemdata

for the MMSE and ADLs, which were common across studies. Miss-

ing item data for the MMSE and ADLs was imputed using multiple

imputations (with theMICE package in R, with number of imputations

(m) = 30). The MICE package in R assumes that the missing data are

missing at random. It predicts the the missing values based on the

available data in the item using linear regressions. We did not impute

data for participants missing more than 3 (out of 30; 10%) MMSE

item scores or 1 (out of 5; 20%) ADL item score, and these partici-

pants were excluded from the analyses. According to {Jakobsen, 2017

#37@@author-year}, proportion of missing data over 40% is consid-

ered too large and inappropriate for imputation. Therefore, we have

taken amore conservative approach.

After imputing missing MMSE and ADL data and calculating total

scores, categorical variables were created for cognitive and functional

impairment (normal = 0, impaired = 1), as well as for dementia (nor-

mal = 0, demented = 1) based on our eight diagnostic criteria for

dementia described above.

For each of the eight dementia classifications, we assessed the level

of agreement with dementia classifications provided by six studies

using Cohen’s kappa.

General linear logistic regressionswere performed (R function ‘glm’,

method = logit) with data from each study to examine independent

associations between each of age, sex, and education and each of

the diagnostic categories: four for cognitive impairment (one for each

diagnostic criterion), two for functional impairment, and eight for

dementia.

After performing logistic regression for each study, meta-analytic

mixed-effects models (R function ‘rma’ in the metafor package) were

applied using the coefficient and its standard error from the logistic

regressionmodels, treating studies as a random effect. It basically uses

regression to combine and compare findings frommultiple studieswith

the assumption that the studies are heterogeneous (see {Viechtbauer,

2010 #41@@author-year} for more details). The forest plots produced

show the observed effect and the respective 95% confidence interval

of each study and of the pooled result, as well as the I2 statistics that

reflect heterogeneitybetween studies. Studieswithnoparticipants in a

level for a factor (e.g., no male withM17 criteria cognitive impairment)

were excluded from themeta-analysis.

Adjusted prevalence rates presented throughout the paper were

obtained from logistic regressions with dementia diagnosis as the out-

come variable, and age, sex, and education as the predictors. The rates

were adjusted to the mean age, mean years of education, and the pro-

portion of women in the data set (harmonized or by study, depending

on the information or Table) using the regression coefficients from the

model(s).

All analyses were conducted using R (v.3.4.3).
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6 LEUNG ET AL.

3 RESULTS

3.1 Demographic characteristics of cohorts across
studies

Table 1 shows the sampling strategies and demographic characteristics

of each study. Sample sizes ranged from 69 to 960 participants. SwCS,

GCS, and OBAS commenced data collection earliest (from 1987); CaT

and PT100 started recruitment within the past 5 years. Most studies

were conducted in theUnited States (n=5) or Europe (n=9), with only

three studies conducted in the Asia-Pacific region, including Australia,

Japan, and China. Twelve of the studies were population-based while

six had used a convenience sampling approach (see Table 1). Reported

response rates ranged from 0.08 to 0.88. There were more females

thanmales in every study.

The distributions of age and education levels based on the har-

monization protocol are presented in Table S8. Not all studies had

participants in all age ranges. For instance, there were three studies

with no participants < 100, while Go95+ had no participants over

100 years. Thirteen studies recruited participants aged 105 and above.

Mean years of education varied, with participants in North America

generally having higher education. In ten studies, more than half of the

participantswere living in the community at the time of data collection.

3.2 Distribution of MMSE and ADL scores in
individual studies and in the combined sample

The distribution of the MMSE and ADL total scores used to evaluate

cognitive and functional performance, respectively, are presented in

Table S3. The mean total MMSE scores ranged from 15.73 to 26.43,

with a combined sample mean < 20. Across all studies, most partici-

pants were functionally impaired on > 2 ADL domains. Participants in

GCS, HKCS, SCS, and FH had lower average impairment (≤2 domains)

(Table S14).

3.3 Prevalence of dementia, cognitive, and
functional impairments

We measured the prevalences of dementia, cognitive and functional

impairments based on the criterion with the highest agreement with

consensus-based diagnoses (MMSE ≤22 and ≥1 impaired ADLs; that

is, criteria M22A1, see next section), with rates adjusted to the mean

age, yearsof educationand theproportionofwomenparticipants in the

combined data set.

Table 3 presents dementia prevalence in studies with different

sampling approaches. In population-based studies (n = 12), demen-

tia prevalence was 53.2 (± 23.5)% in women and 45.5(± 32.0)% in

men overall, with 64.8 (± 24.3)% and 55.7(± 31.8)% in centenarian

women andmen, respectively.Mean prevalence of dementiawas lower

in studies with a convenience sample (about 29% overall and 31% in

centenarians for bothmen andwomen) but with a larger range.

F IGURE 1 (A) Prevalence of cognitive impairment in
population-based studies after adjusting for age, sex, and education
across age groups. Note: Error bars represent standard errors of the
mean (throughout). (B) Prevalence of ADL impairments in
population-based studies after adjusting for age, sex, and education
across age groups

Prevalences of cognitive (MMSE ≤22) and functional (≥1 impaired

ADLs) impairments are presented in Tables S9 and S10, respectively.

After adjusting for age and education, prevalence of cognitive impair-

ment was 49.8 (± 19.2)% in women and 43.2 (± 23.5)% in men

among population-based studies. The prevalence of cognitive impair-

mentwas39.6(±21.5)%and35.0(±26.3)% innear-centenarian (95–99

years old) women and men, and 65.0(± 21.9)% and 58.0(± 26.9)% in

centenarian women and men, respectively. While the mean rates of

cognitive impairment and dementia were under or around 50%, those

of functional impairment were close to 80%. About 92% and 85%

of centenarian men and women respectively from population-based

studies were impaired in performing at least one ADL. Prevalence of

dementia, cognitive, and functional impairments increased with age

using the separate and combined MMSE and ADL criteria, as shown in

Figures 1, 2, without any indication of leveling off after age 100.

3.4 Agreement of above dementia classifications
with those provided by each study

Table S7 presents Cohen’s kappa coefficients indicating the level of

agreement between dementia classifications obtained by our method

and those provided by six studies. For the four studies that provided

consensus diagnoses, the kappa coefficients ranged from 0.32 (fair
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LEUNG ET AL. 7

TABLE 3 Dementia prevalence of each study after adjusting for age, sex, and education (criteria: MMSE≤22 and≥1 ADL impairments)

Study All 95–99 100+

N Women Men Women Men Women Men

Convenience samples

100+ 63 2.31% 4.38% 0.81% 1.56% 7.10% 12.88%

HKCS 139 22.96% 11.71% 23.46% 12.00% 22.43% 11.40%

OBAS 56 0.07% 0.02% 4.50% 1.55% 0.00% 0.00%

Mean 8.45% 5.37% 9.59% 5.04% 9.84% 8.09%

SD 12.62% 5.91% 12.15% 6.03% 11.46% 7.05%

Population-based

90+ 216 60.65% 28.99% 48.33% 19.86% 72.82% 41.51%

CaT 20 48.15% 100.00% 33.77% 100.00% 64.34% 100.00%

CFAS 11 89.10% 100.00% 80.67% 100.00% 94.50% 100.00%

FH 108 19.66% 10.58% 20.10% 10.85% 19.19% 10.30%

GCS 205 49.07% 43.87% 33.76% 29.25% 66.10% 61.26%

Go95+ 207 88.94% 81.40% 20.07% 12.03% 99.73% 99.51%

HD100 82 31.08% 19.23% 21.89% 12.89% 43.28% 28.72%

M80+ 327 66.14% 45.83% 58.69% 38.09% 73.53% 54.61%

PCS 89 36.25% 26.41% 9.93% 6.51% 77.74% 68.80%

PT100 70 32.55% 23.11% 32.02% 22.68% 33.13% 23.58%

SCS 178 37.39% 14.69% 26.63% 9.48% 50.89% 23.01%

TCS 277 78.91% 51.64% 74.97% 46.09% 82.72% 57.75%

Mean 53.16% 45.48% 38.40% 33.98% 64.83% 55.75%

SD 23.49% 32.00% 22.58% 33.09% 24.26% 31.83%

Note: Adjusted prevalence rates were obtained from the logistic regression model with dementia diagnosis as the outcome variable, and age, sex, and educa-

tion as the predictors. Prevalence ratios were adjusted to themean age, mean years of education, and the proportion of women in each study.N refers to the

sample size with participants who had completed both theMMSE and ADL assessments (full sample sizes presented in Table 1).

F IGURE 2 Dementia prevalence in population-based studies across age groups after adjusting for education. A logistic regression suggests
that after controlling for sex and education, participants who aged 100 and over had significantly higher risk of dementia compared to those aged
between 95 and 99 (p< 0.001)
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8 LEUNG ET AL.

agreement) to 0.88 (almost perfect agreement) across criteria and

studies. The dementia criterion M22A1 achieved the highest average

agreement coefficient (0.73), although the range of values across cri-

teria was not large (lowest 0.61) and several other criteria produced

values of kappa only very slightly lower.

Figure S2 shows the reported rates of dementia based on consensus

diagnosis, alongside rates of dementia based on the M22A1 criteria.

The two sets corresponded very well, except for the 90+ study for

which the consensus rate was approximately twice that according to

theM22A1 criteria.

3.5 Individual participant data meta-analyses

3.5.1 Relationship with age, sex, and years of
education

The pooled results of the logistic regression analyses examining the

relationship between age, sex, and years of education with dementia,

cognitive and functional impairments are shown in Table S11, model

A. Pooled analyses indicated that all factors significantly predicted

prevalence of dementia and cognitive impairment regardless of the cri-

teria used. Prevalences of dementia and cognitive impairment were

positively associated with age and female sex, and negatively corre-

lated with years of education. Functional impairment was significantly

associated with age and sex, but not education level (Figures S3, S5).

3.5.2 Relationship with residential status

The pooled results of the logistic regression analyses examining the

relationship of residential status with dementia, cognitive and func-

tional impairments are shown in Table S11,model B. The pooled effects

of residential status after controlling for age, sex, and education are

shown in Table S12, model C. Residential status was significantly asso-

ciated with dementia, cognitive and functional impairments in both

models across criteria. Participants who were institutionalized were

more likely to be have dementia or be cognitively or functionally

impaired than participants living in the community (Figure S4, S6).

A higher level of heterogeneity (I2> 60%) across studies was

observed for the association of education and residential status with

dementia, while the effects of age and sex on dementia and impair-

ments were relatively homogeneous (see Figure 3).

3.5.3 Relationship with medical history, BMI,
smoking, and sensory impairment

We performed additional analyses with studies that had provided data

on the history of hypertension, diabetes, visual and hearing impair-

ments, smoking, and the participants’ height and weight. BMI was

calculatedandparticipantswhohadaBMI≥25were classified asbeing

overweight. Descriptive statistics of the data included in the analysis

can be found in Table S13. Results from the meta-analyses suggested

no significant relationshipsof thesevariableswithdementia risk except

for hypertension (OR 0.51; 95%CI 0.35–0.74), data for which were

available in five studies (GCS,Go96plus, PCS, SCS, andTCS) (Figure S7).

4 DISCUSSION

This is the first and largest study to bring together numerous cohorts

of C/NC internationally and harmonize the data to examine the global

prevalence of dementia, and cognitive and functional impairments

using a uniform set of diagnostic criteria. Our meta-analyses also

enabled us to investigate heterogeneity in the effects of established

risk and protective factors for dementia including age, sex, education,

and somemedical risk factors across 11 countries.

The diagnostic criteria used to classify dementia in this study are

consistent with commonly used criteria. By applying a range of cutoffs

derived from the sensitivity analyses, some of which were more liberal

than those commonly used in younger older adult cohorts, we expect

to have captured more sensitive estimates of dementia prevalence in

this age group by allowing for age-related impairments. Nonetheless,

the overall results for the risk and protective factors for dementia and

impairments were similar across criteria.

After examining a range of cutoffs using sensitivity analyses,we pre-

sented results based on the criteria that had the highest agreement

with consensus-based diagnosis (M22A1). Our results indicated that

dementia prevalence was less than 10% in studies with convenience

samples and around 50% in population-based studies, indicating that

close to half of the global 95+ population live without dementia. Our

estimated prevalence is lower than some of the previously reported

rates, such as 76% and 85%,13,14 but the heterogeneity in the rates

across studies is similar to that reported previously. Such diversity of

prevalencemight be due to different sample sizes and sampling strate-

gies (i.e., total population vs. convenience) used by individual studies.11

Other factors such as health factors and/or ethno-racial differences

might also play a role.

The results highlight that the risk of dementia increases signifi-

cantly with age, from about 38% at 95 to 99 years to about 65%

at 100 years and above among women, 34% to 56% among men.

This supports previous reports of an exponential increase in demen-

tia prevalence in the very old. Our finding that dementia prevalence

does not stabilize after 95 years of age does not support the specu-

lation that the prevalence of dementia reaches a plateau in extreme

old age.2,15,16 Prevalence of cognitive and functional impairments con-

tinues to increase with age, with functional impairment being more

prominent. Centenarians also showed a larger variability in prevalence

compared to near-centenarians.

There has been some discussion on what is ‘normative cognition’

for this age group, and whether such normative data should be used

to determine dementia prevalence. While it is customary in the neu-

ropsychological literature to use age and education-adjusted norms

for the categorization of impairment, we argue that cognitive decline

seen in the majority of individuals in this age group should not be
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LEUNG ET AL. 9

F IGURE 3 The relationship of age, sex, and education (Model A) with dementia based on the criteria ofM22A1

necessarily seen as ‘normal aging’. The approach we take is that any

cognitive decline, irrespective of age, is of concern, and if it is severe

enough to impair functional independence, it should be categorized as

dementia. Moreover, the decline does not occur uniformly across all

cognitivedomains. Somestudies17,18 have suggested that centenarians

perform similarly as younger age groups on naming, repeating, and lis-

tening and obeying regardless of visual or literacy deficits, but worse

on tasks of verbal and nonverbal memory, psychomotor/executive per-

formance, and category verbal fluency. Another caveat is that cognitive

and functional performance can be influenced by the high preva-

lence of sensory loss, disability, and medical comorbidities in this age

group,13,19 which lessens the accuracy of dementia diagnosis unless

more detailed medical records are available. It might be more mean-

ingful, therefore, to refer to the prevalence of cognitive and functional

impairments rather than dementia per se.

While there were more women than men in the sample, the

meta-analysis indicated significantly higher dementia and impairment

prevalences inwomen. This is consistentwith findings frompast cente-

narian studies and meta-analyses12,20,21 that show that dementia risk

is higher in women and that men have significantly higher MMSE total

scores. It has also been argued that the risk factors for progression

frommild cognitive impairment (MCI) toADaredifferentbetweenmen

andwomen in their 60s and 70s.

Past literature strongly suggests that educational attainment is a

protective factor against dementia.22 Our study shows that education

continues to be associated with lower risk of dementia and cognitive

impairment into the 11th decade of life. It is important to note that

the effect of education was more heterogeneous relative to age and

sex. This could be due to the variation of educational opportunities

and social resources across geographical regions and cultures, espe-

cially in early 20th century which was the formative period for these

individuals.

While mid-life hypertension has been consistently linked with

poorer cognition later in life,23 the association of late-life hypertension

withdementia ismore complex and thedata inconclusive.24 Somestud-

ies have reported hypertension as being protective against dementia

in the very old25,26 as was seen in our analysis of five studies with the

somewhat consistent finding of higher rates of hypertension in those

notdemented. Themechanismsunderlying this association areunclear.

It is possible that late-life hypertension is unrelated to a disease pro-

cess that arguably begins decades before the clinicalmanifestations, or

that higher blood pressure is protective in maintaining cerebral perfu-

sion, rendering the brain less vulnerable to ischemic insults. There is

also evidence that dementiamaybe related to a drop in blood pressure,

thereby suggesting a reverse causality for this association.25

It is noteworthy that factors such as diabetes, vision and hearing

impairments, smoking, and BMI were not significantly associated with

dementia in this age group. It has previously been shown that the rec-

ognized risk factors for dementia in the 65–85 years population are

not significant for the very old. Risk factors such as hypertension, dia-

betes, dyslipidemia, and smoking were not significant in the Leiden

85-Plus27 and the Vantaa 85+28 studies. The recent 100+ study in

a Dutch population29 found no difference in history of heart disease,

hypertension, stroke, or diabetes in those who declined over 2 years

and those who did not. It is possible that vascular risk factors pose the

greatest risk inmid-life and produce cumulative risk over several years.

Centenarians either develop these conditions later in life (so-called

delayers) or have resilience to them (so-called survivors).30 Alterna-

tively, the accumulation ofmultiple pathologies in very old brains could

reduce the association with risk factors for particular pathologies.31

Data harmonization in this study posed several challenges. It

involved understanding the data collection and processing proce-

dure of each study before developing a harmonization protocol.

Besides variations in methodologies implemented across studies, such

as different versions of MMSE and ADL measurements, there were

issues relating to discrepancies in data availability which limited

the scope of analysis such as adjusting for incidence and mortality

rates. The influence of the level of representativeness of the stud-

ies on dementia prevalence needs to be further examined. From

the current observation, a relatively homogenous representation of

their cohort was offered by the population-based studies. Studies

with convenience samples (e.g., 100+, HKCS) which recruited their
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10 LEUNG ET AL.

participants within the same state or city showed only small variations

in their sample’s age and years of education. While the harmoniza-

tion process was time intensive, the combined dataset will facilitate

future projects that require data sharing among members of the

consortium.
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Additional supporting information can be found online in the Support-

ing Information section at the end of this article.
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