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Purpose: To perform a systematic review and quantitative synthesis of studies on recent trends
in dementia incidence in high-income countries (HIC), considering study quality.
Methods: PubMed and Web of Science were searched for eligible studies, that is, populationbased/community-based prospective cohort studies investigating dementia incidence with
similar methods over time, published after 1990. Study selection, data extraction, and quality
assessment were performed independently by two investigators. Random-effect meta-analysis
and meta-regression were used to estimate incidence change (IC) and to explore associations
with study attributes. PRISMA standards were followed.
Results: The systematic review included seven studies (42,485 individuals), and the metaanalysis included five studies of sufficient quality. Relating dementia incidence of later cohorts
to earlier cohorts (reference) yielded a nonsignificant decrease across HIC (IC =0.82; 95% CI
0.51–1.33), with high heterogeneity (I²=94.9%, P<0.001) and without publication bias (Egger’s
t=–1.77; P=0.18). Excluding the Japanese Hisayama study, the only study suggesting an increase,
indicated borderline evidence for a decrease across Western HIC (IC =0.69; 95% CI 0.47–1.00;
I²=88.1%, P<0.001; Egger’s t=–0.34, P=0.77), again with high heterogeneity. Meta-regression
did not reveal an association of incidence rate with calendar year or study attributes; however,
analyses were low powered.
Conclusion: There is evidence of favorable trends in dementia incidence in Western HIC
(stabilizing/decreasing). Reverse trends may occur in HIC of other regions, as exemplified by
Japan. However, study number was small and heterogeneity was high. Further cohort studies
using consistent methods are needed to draw definite conclusions. Our work may inform such
future studies.
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Population aging around the world is driving an increase in numbers of people living with dementia. Already, dementia is among the leading causes of disability and dependency in old age, and
effective interventions are currently not available. Therefore, it seems particularly encouraging
that recent studies suggested a potential first-time decline in dementia incidence, that is, a smaller
number of new cases of dementia in later periods of time, in high-income countries (HIC). The
wealth advantage of HIC may have facilitated beneficial environments, for example, good access
to education, nutrition, and health care, allowing for better population health, and hence, leading
to fewer cases of dementia. Our aim was to systematically search for recent studies on trends
in dementia incidence from HIC and to statistically synthesize data from identified studies of
good methodological quality. We were able to identify seven studies, and five were included in
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the meta-analysis. Our results suggest favorable trends in dementia
incidence in Western HIC (stabilizing/decreasing); however, the
decline does not reach statistical significance. Moreover, there
may be reverse trends in other HIC, as exemplified by an observed
increase in dementia incidence in Japan. Overall, there may be differential trends in dementia incidence in HIC, reflecting varying life
conditions and life experiences beyond beneficial environments in
such wealthy societies. Ultimately, further well-conducted studies
on trends in dementia incidence are needed to add to this growing
research field in order to come to more robust conclusions. Our
work may inform future studies.

Introduction
Despite the global increase in numbers of people living
with dementia due to population aging, a growing body of
literature suggests a potential decline in dementia occurrence
for the first time, specifically in dementia incidence in highincome countries (HIC).1–5
A potential decline in dementia incidence in HIC may
likely be the result of the decades-long wealth advantage
that may have facilitated beneficial environments allowing
for better population health.6 However, it is unclear which
particular factors could contribute to a potential decline, but
rising levels of education and more successful management
of cardiovascular diseases might likely be driving factors in
such trends.7–9
We aimed to contribute to the growing knowledge on the
topic by providing a quantitative synthesis of the literature on
recent trends in the incidence of dementia in HIC, considering
study quality, which, to our knowledge, has not been done
previously. We chose to focus on trends in dementia incidence
in HIC for two reasons. First, if previous studies or reviews
reported on a decline in dementia occurrence, they seemed
to primarily point to dementia incidence in HIC. Second,
incidence may be the most sensitive indicator of change
driven by, if in decline, primary prevention or compression
of morbidity as a result of the improvement of modifiable
risk factors for dementia.10

Materials and methods
Registration, protocol, and guidelines
This work was registered with PROSPERPO (registration
number CRD42016043232).11 A study protocol is available.12
Our study followed the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA).13

Search strategy and study selection
Two reviewers (SR, clinical investigator; AP, clinical investigator/methodologist) independently searched the electronic
1234
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databases MEDLINE and Web of Science on June 6, 2017.
A prespecified search syntax (see Supplementary materials)
comprised the terms dementia, Alzheimer’s disease, time,
trend, secular, change, incidence, epidemiology, and cohort.
We further performed a gray literature search in Google
and Google Scholar, considering conference abstracts and
unpublished studies. Additionally, a reference list check
of initially identified full-texts was performed. The search
was restricted to articles published in English and German.
HIC categorization followed the World Bank classification.14 To report on recent trends, we considered articles
published after 1990. Studies were included if they 1) were
population-based or community-based prospective cohort
studies collecting primary data on dementia incidence; 2)
investigated change in dementia incidence over time, that
is, comparing incidence rate (IR) estimates between cohorts
from a minimum of two different time intervals, or using
a longitudinal approach measuring incidence change (IC)
over time within one cohort; 3) applied similar methods
throughout the study; and 4) investigated individuals at
least 60 years of age. We first screened titles and abstracts
of all database returns. Then, we checked study eligibility
against the preestablished criteria through full-text analysis. Discrepancies during study selection were resolved by
discussion, which, if necessary, included a third researcher
(SRH, TL).

Data extraction and data items
Data from each included study were extracted and collected
independently by two investigators (SR and AP) based on a
standardized data abstraction form. Whether data abstraction was reliable was tested on a random sample. Cases of
disagreement were resolved by discussion, including the
opinion of a third researcher (SRH and TL). Extracted data
comprised information on study, participant, and outcome
characteristics as well as methodology. Specifically, we have
extracted the following variables: 1) study characteristics:
study, publication, year of publication, country, study
design, setting, sample size of cohorts, response rate(s),
study begin, study end, person-years, follow-up intervals,
time between cohorts; 2) participants’ characteristics:
minimum age, mean age, sex (% female); 3) outcome
characteristics: IR (including 95% CI), IR calculation, IC
(including 95% CI), measure of incidence, adjustment; and
4) methodological aspects: diagnostic approach, diagnostic
criteria, comparability of diagnostic approach. Additionally,
we searched supplements and study protocols of the articles,
or contacted study authors, if necessary.
Clinical Epidemiology 2018:10
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Study quality
Methodological risk of bias of included studies was assessed
independently by SR and AP using the framework proposed
by Hoy et al.15 The tool consisted of ten items addressing
external and internal validity. Each item was judged “high” or
“low” risk of bias, in rare cases “unclear”. The summary item
was based on the Grades of Recommendation, Assessment,
Development and Evaluation and Cochrane approaches.16
Adaptations were made to the tool to apply to incidence
studies (see Supplementary materials).

Statistical analysis
We applied two effect size measures. First, we used the
estimates of ratios of IR reported in the studies, relating the
IR of the follow-up cohort to the IR of the reference cohort
(ie, IC). Hazard ratios and incidence rate ratios were used
as equivalent risk measures.17 Second, to evaluate change
in dementia incidence over calendar year and to account
for the magnitude of dementia risk, we used the individual
study estimates of IR, denoted as new cases of dementia per
1,000 person-years. Where available, we used age- and sexadjusted (ie, standardized) IR estimates in order to adjust for
the differences in the population structure of a given study.
Where only crude IR was reported, information on age- and
sex-adjusted IR was requested from study authors.
Differences in summary measures as well as in clinical
assessments, study design, methodological and statistical approaches were inspected. If necessary, summary
measures of IR were transformed to obtain comparable
estimates.
For the pooled analysis, the natural logarithm of the effect
size measures was calculated; the corresponding standard
error was obtained using the formula
Log (SE ) =

Log (CIU ) − Log (CIL )
2*Z

with CIU and CIL denoting the upper and lower bounds of
the 95% CI around the effect size, and Z ≈ 1.960 assuming
a two-sided significance level of P<0.05. To investigate
consistency of effect across studies, pooled effect size measures with 95% CI were estimated using DerSimonian–Laird
random-effect models to account for heterogeneity.18 The
pooled measures were back-transformed and are presented
on the ratio scale. Heterogeneity was inspected using forest
plots and I² statistics. The influence of individual studies on
the overall meta-analysis summary estimates was evaluated
by omitting each study in turn and reestimating the pooled
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effect size measure. Funnel plots and Egger’s regressionbased test were used to explore publication bias.19 In case
publication bias was detected, bias-corrected estimates of the
pooled effect sizes were calculated using the nonparametric
trim-and-fill method by Duval and Tweedie.20
Since measurable differences in the study characteristics
are not sufficiently reflected in the ordinary weighted pooled
effect, we additionally conducted random-effects metaregression using aggregate-level data from the individual
studies to examine whether statistical heterogeneity was associated with study characteristics. Different meta-regression
models were tested. The first model tested design parameters,
including response rates, diagnostic criteria (Diagnostic and
Statistical Manual of Mental Disorders [DSM]-IV/DSM-5
vs DSM III/III-R), and an indicator of whether incidence
measures were obtained from clinical or algorithmic diagnosis. The second model included the calendar year when the
respective observation period started along with the length
of the observation period. The third model added mean
age and sex (percentage of females), assuming a uniform
trend in dementia incidence across HIC. Last, we included
an indicator of the country where the study was conducted
to account for possible country variation. The continuous
measures in the meta-regression models were centered
to minimize multicollinearity. Where mean age was not
reported, it was extrapolated from reports of the number of
cases by age group. P-values and CI in meta-regression were
computed using the Knapp–Hartung method.21 Estimates of
the meta-regression models were exponentiated to indicate
the percent change in the pooled estimate given a one-unit
increase in the covariate.
As sensitivity analysis, we 1) repeated the meta-analyses
using data on alternate dementia diagnoses (where available) to test the robustness of the primary analysis, and 2)
performed the same analyses including data of all selected
studies, regardless of the risk of bias assessment. All analyses
were performed using RevMan 5.3 (Cochrane Collaboration)
and Stata 13.1 SE (StataCorp LP, Collage Station, TX, USA).

Results
Study identification and study
characteristics
The initial search returned 11,297 records. After screening
titles and abstracts, 31 articles with the potential for inclusion were identified. Seven studies were found eligible after
full-text analysis (Figure 1). References of excluded studies
are given in the Supplementary materials. Table 1 gives an
overview of study characteristics. Overall, the seven s tudies
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comprised a total of 42,485 individuals aged ≥60 years.
Three studies were conducted in the USA (Chicago Health
and Aging Project/CHAP;22 Framingham Heart Study/FHS;23
Indianapolis-Ibadan Dementia Project/IIDP24), three in Western Europe (France: PersonnesAgées Quid/PAQUID&ThreeCity/3C;25 Netherlands: Rotterdam Study;26 UK: Cognitive

Records identified through
database searching
(n=11,294)

Function and Ageing Study/CFAS I&II9), and one in Japan
(Hisayama Study27).

Outcome characteristics
The main outcome considered was change in dementia incidence over time. Six out of seven studies reported incidence

Additional records identified
through other sources
(n=3)

Duplicates removed
(n=4,014)

Records screened
(n=7,283)

Full-text articles assessed
for eligibility
(n=31)

Records excluded
(n=7,252)

Full-text articles excluded,
with reasons
(n=24)
Registry/health claim data=15
No incidence trends reported=4
Incidence projections/estimates only=3
Age criteria violated=1
No original study=1

Included in qualitative
synthesis
(n=7)

Studies included in
quantitative synthesis
(meta-analysis)
(n=5)

Figure 1 Flowchart of study selection.
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Prospective
cohort
study
Prospective
cohort
study
Prospective
cohort
study
Prospective
cohort
study
Prospective
cohort
study
Prospective
cohort
study
Prospective
cohort
study

USA

The
Netherlands

USA

France

UK

USA

Japan

Chicago Health
and Aging Project
(CHAP) 201122

The Rotterdam
Study 201226

Indianapolis-Ibadan
Dementia Project
(IIDP) 201624

Personnes Agées
Quid (PAQUID)
and Three-City
(3C) 201625

Cognitive Function
and Ageing Study
(CFAS I and II)
201623

Framingham Heart
Study (FHS) 20169

The Hisayama
Study 201727

Population
based

Community
based

Population
based

Population
based

Community
based

Population
based

Population
based

Setting

Response
(%)

78.8

t0: 78.2
t1: 67.3
t0: 86
t1: 44
t0: 60
t1: 39

t0: 80
t1: 56

68.7b

t0: 91.8
t1: 83.2

Cohort
(n)

t0: 1,695

t0: 5,727
t1: 1,759
t0: 1,440
t1: 1,835
t0: 1,469
t1: 2,104

t0: 7,635
t1: 7,762

t0: 2,457a
t1: 2,135
t2: 2,333
t3: 2,090
t0: 803
t1: 1,231

t0: 1988
t1: 2002

t0: 1977–1983
t1: 1986–1991
t2: 1992–1998
t3: 2004–2008

t0: 1990–93
t1: 2008–11

t0: 1988/89
t1: 1999/2000

t0: 1992
t1: 2001

t0: 1990
t1: 2000

1997

Study begin
(year)

Notes: aNonoverlapping epochs built from original FHS cohort and offspring cohort. bApplies to overall sample.
Abbreviations: FU, follow-up; M, mean; min, minimum; N/A, not available; t0–t3, observation period.

Design

Country

Study and
publication year

t0: 1998
t1: 2012

After 5
years for
each epoch

t0: 1993–95
t1: 2011–13

t0: 1998/99

t0: 2009
t1: 2009

t0: 2007
t1: 2007

2008

Study
end
(year)

t0: 6,097
t1: 9,383

40,192b

N/A

t0: 7,139
t1: 13,508

t0: 6,938
t1: 7,687

t0: 25,696
t1: 8,384

N/A

Personyears

t0: 1992, 1998
t1: 2005, 2012

5

2

t0: 3, 5, 8, 10
t1: 2, 4, 7, 10

2–3

3–4

3

FU interval
(years)

Table 1 Study characteristics of included observational cohort studies on trends in dementia incidence in high-income countries (n=7)

61.6

t0: 59.6
t1: 65.1
t0: 65.5
t1: 65.5
t0: 61.7
t1: 61.2

t0: 61
t1: 56

t0: 59
t1: 57
t2: 57
t3: 56
t0: 61
t1: 57

≥65, M=80.0, SD=5.8

t0: ≥60, M=71.3, SD=N/A
t1: ≥60, M=68.6, SD=N/A
t0: ≥70, M=77.7, SD=5.9
t1: ≥70, M=77.2, SD=5.5
t0: ≥65, M=75.0, SD=7
t1: ≥65, M=74.6, SD=5.1

t0: ≥65, M=N/A, SD=N/A
t1: ≥65, M=N/A, SD= N/A

t0: ≥60, M=69, SD=7
t1: ≥60, M=72, SD=7
t2: ≥60, M=72, SD=8
t3: ≥60, M=72, SD=9
t0: ≥65, M=74, SD=6
t1: ≥65, M=73, SD=6

10

~20

14

6–27

9

10

N/A

Sex
(female, %)

Age
(years; min, M, SD)

Time
between
cohorts
(years)
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ination for Computer Assisted Taxonomy (GMS-AGECAT)
and in the PAQUID&3C study25 which in addition to a clinical
diagnosis used an algorithmic diagnosis based on MMSE
scores and function in instrumental activities of daily living.
Assessment and other relevant outcome characteristics are
further detailed in Table 2.

Study quality
Item-based risk of bias assessment of domains of external
and internal validity is depicted in Figure 2. Risk of bias
assessment and justification for judgment are further detailed
in the Supplementary materials. Overall, risk of bias was
considered low in two studies,23,27 moderate in four,22,24–26
and high in one.9

Results of individual studies
Main outcomes

The majority of the studies, 5 out of 7, reported a decrease in
dementia incidence over time. One study reported no change
in dementia incidence, however, investigated AD only.22 A
significant increase in overall dementia incidence was suggested by the Japanese Hisayama study.27 An overview of
individual study results is given in Table 2.

Secondary results

Hisayama study27

FHS9

23

CFAS I and II

PAQUID and 3C25

Except for one study,22 various subgroup analyses were conducted. The Rotterdam study reported lower IR over time for

IIDP24

CHAP22

A

Rotterdam study26

trends on all-cause dementia, other than CHAP,24 which
investigated dementia due to Alzheimer’s disease (AD)
only. All studies applied conventional criteria for dementia
diagnosis across individual cohorts; primarily as of the DSM,
though different versions were used (DSM-III-R,23,24,26,27
DSM-IV,9 and DSM-51,25). The IIDP study additionally
applied the International Classification of Diseases, version
10 (ICD-10).24
Dementia subtypes, which were investigated exclusively
in the CHAP study22 and in addition to all-cause dementia
in two other studies,9,27 were classified according to the
National Institute of Neurological and Communicative
Disorders and Stroke and the Alzheimer’s Disease and
Related Disorders Association criteria for AD9,22,27,28 and the
Institute of Neurological Disorders and Stroke and Association Internationale pour la Recherché et l’Enseignement
en Neurosciences (NINDS-AIREN) criteria for vascular
dementia (VaD).9,27,29
Approaches to establish dementia diagnosis varied
between studies; however, the application of a multistage
procedure was common. Instrument selection varied largely
between studies with the Mini-Mental State Examination
(MMSE) being the only tool that was administered in the
majority of studies.9,22,25–27 Clinical evaluation and examination usually followed initial cognitive assessment, except in
the CFAS I and II23 which relied on an algorithmic diagnosis
using the Geriatric Mental State - Automated Geriatric Exam-

External validity
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B

Close representation of the national population
Sampling frame close representation of target population
Random selection or census
Minimal nonresponse bias
Data collected directly from subjects

Internal validity

Acceptable case definition
Reliable and valid study instrument
Same method of data collection for all subjects
Length of incidence/incidence change period
Appropriate parameter estimate

0%

25%

50%
Risk

75%

100%

Figure 2 Item-based risk of bias assessment in individual studies (panel A) and in summary across studies (panel B).
Notes: Colors indicate level of risk of bias: green, low risk of bias; yellow, unclear risk of bias; red, high risk of bias.
Abbreviation: 3C, Three City; CFAS, Cognitive Function and Ageing Study; CHAP, Chicago Health and Aging Project; FHS, Framingham Heart Study; IIDP, IndianapolisIbadan Dementia Project; PAQUID, Personnes Agées Quid.
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Diagnostic approach
Clinical evaluation after
neuropsychological testing
(including Verbal Fluency Test,
Boston Naming Test, MMSE,
Word List Memory, Word
List Recall and Word List
Recognition from the CERAD
battery, among others)
Three-step protocol: 1.
screening tests (MMSE, GMS). 2.
Screen-positives had CAMDEX.
3. Subjects who were suspected
of having dementia were, if
necessary, examined by a
neuropsychologist. In addition,
cohort was monitored for
incident dementia through
linkage between the study
database and medical records
from general practitioners
and the Regional Institute for
Outpatient Mental Health Care.
Two-stage approach: 1. Inhome assessment with CSID.
2. Based on cognitive and
functional performance during
stage 1, clinical evaluation with
neuropsychological battery
(adapted version of CAMDEX),
standardized examination, and
informant-based interview for
a randomly selected subsample.
Diagnosis was then made in a
consensus conference.

Country

USA

The
Netherlands

USA

Study and
publication year

Chicago Health
and Aging Project
(CHAP) 201122

The Rotterdam
Study 201226

Clinical Epidemiology 2018:10

Indianapolis-Ibadan
Dementia Project
(IIDP) 201624

DSM-III-R,
ICD-10

DSM-III-R

NINCDSADRDA
(AD only
considered)

Diagnostic
criteria
N/A

IR per 1,000
personyears

Annual IR
(%) based
on personyears

t0: 6.56 (N/A)
t1: 4.92 (N/A)

t0: 3.6 (3.2–4.1)
t1: 1.4 (1.2–1.7)

IR
calculation

N/A

IR (95% CI)

t0: 1 (Ref) t1: 0.4
(0.3–0.5)

t0: 1 (Ref) t1: 0.75
(0.56–1.02)

BL year: 1 (Ref.)
Each year: 0.97
(0.90–1.04)

Incidence change
(95% CI)

IRR

IRR

OR

Measure of
difference

Table 2 Outcome characteristics of included observational cohort studies on trends in dementia incidence in high-income countries (n=7)

Age

Age

Age, sex,
education,
race, time to
diagnosis

Adjustment
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(Continued)

Significant
decrease

Nonsignificant
decrease

No significant
change

Main
conclusion
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Clinical evaluation: Threestep procedure: 1. Cognitive
evaluation by neuropsychologist
through psychometric tests.
2. Participants with suspected
dementia were examined by
a neurologist. 3. Discussion
of each case by a validation
committee. Algorithmic
diagnosis: based on cognitive and
functional assessments, using
MMSE and four IADL
Two-step approach in CFAS I,
combined one-step approach
in CFAS II, with incidence
screen followed by standardized
assessment interview in 20%,
including GMS, which provided
the basic information for an
algorithmic diagnosis based on
GMS-AGECAT.
Depending on the cohort,
screening for incidence dementia
was performed using the MMSE
and/or question on subjective
memory. If identified for
potential cognitive impairment,
additional annual neurologic and
neuropsychological examinations
were conducted. A dementia
review panel reviewed every
case of cognitive decline or
dementia based on assessment,
caregiver information, medical
records, neuroimaging, and
autopsy.

UK

USA

Cognitive Function
and Ageing Study
(MCR CFAS I and
II) 201623

Framingham Heart
Study (FHS) 20169

Diagnostic approach

France

Country

Personnes Agées
Quid (PAQUID)
and Three-City
(3C) 201625

Study and
publication year

Table 2 (Continued)
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DSM-IV

GMSAGECAT
valid against
DSM-III-R

DSM-5

Diagnostic
criteria
N/A

IR per 1,000
personyears

IR per 100
persons

t0: 20.1 (16.8–
24.0) t1: 17.7
(15.2–20.6)

t0: 3.6 (2.9–4.4)
t1: 2.8 (2.2–3.5)
t2: 2.2 (1.8–2.8)
t3: 2.0 (1.5–2.6)

IR
calculation

N/A

IR (95% CI)

t0: 1 (Ref) t1: 0.78
(0.59–1.04) t2: 0.62
(0.47–0.83) t3: 0.56
(0.41–0.77)

t0: 1 (Ref) t1: 0.8
(0.6–1.0)

Clinical diagnosis:
t0: 1 (Ref) t1: 0.92
(0.73–1.15)
Algorithmic
diagnosis: t0: 1 (Ref)
t1: 0.65 (0.53–0.81)

Incidence change
(95% CI)

HR

IRR

HR

Measure of
difference

Age, sex

Age, sex

Age, sex

Adjustment
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(Continued)

Significant
decrease

Significant
decrease

Clinical
diagnosis:
nonsignificant
decrease
Algorithmic
diagnosis:
significant
decrease

Main
conclusion
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Abbreviations: AD, Alzheimer’s disease; AGECAT, Automatic Geriatric Examination for Computer-Assisted Taxonomy; BL, baseline; CAMDEX, Cambridge Examination for Mental Disorders of the Elderly; CERAD, Consortium to
Establish a Registry for Alzheimer’s Disease; CSID, community screening interview for dementia; DSM, Diagnostic and Statistical Manual of Mental Disorders; GMS, Geriatric Mental State; GMS-AGECAT, Geriatric Mental State - Automated
Geriatric Examination for Computer Assisted Taxonomy; HDS(-R), Hasegawa Dementia Scale (- Revised); IADL, instrumental activities of daily living; ICD, International Classification of Diseases; IR, incidence rate; IRR, incidence rate ratio;
M, mean; MMSE, Mini-Mental State Examination; N/A, not available; NINCDS-ADRDA, National Institute of Neurological and Communicative Disorders and Stroke and the Alzheimer’s Disease and Related Disorders Association; OR,
odds ratio; Ref, reference; t0–t3, observation period.

Significant
increase
Age, sex
HR
t0: 1 (Ref) t1: 1.68
(1.38–2.06)
Age- and
sex-adjusted
IR per 1,000
personyears
t0: 25.9 (21.7–
30.9) t1: 41.6
(37.0–46.1)
DSM-III-R
Two-stage approach: 1.
Screening surveys of cognitive
function (including HDS,
HDS-R, and MMSE). 2. Subjects
suspected to have dementia
underwent physical and
neurological examinations,
family interviews or attending
physician, and review of medical
records.
Japan
The Hisayama
Study 201727

IR
calculation
IR (95% CI)
Diagnostic
criteria
Diagnostic approach
Country
Study and
publication year

Table 2 (Continued)

Incidence change
(95% CI)

Measure of
difference
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Main
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all age strata (60–69, 70–79, 80–89) in both sexes, except
for oldest men (80–89) for whom IR remained unchanged.26
In the IIDP, IR was also lower across all age groups (70–74,
75–79, 80–84, ≥85), but remained stable in the oldest age
group for both sexes.24 Incidence dementia rate remained
unchanged in the age strata 80–84 in women in the CFAS,
but was lower across all other age groups (65–69, 70–74,
75–79, ≥85) for both sexes.9 The Hisayama study reported
increasing IR for 65–84 year olds, but unchanged IR for
those >85 years of age, applying to both sexes.27 Furthermore,
the FHS suggested a 5-year delay in mean age of dementia
onset from 80 years to 85 years over a time period of three
decades.23
With regard to sex, overall trends in dementia incidence
were predominantly seen in both sexes. However, the
PAQUID&3C study reported a decreasing trend for women
only.25 By contrast, the CFAS observed a decline in dementia
incidence in men, particularly.23
In addition to all-cause dementia, three studies reported on
trends in subtypes. The IIDP noted a decline not only in allcause dementia, but also in AD dementia.24 A nonsignificant
decrease was observed for AD dementia and a significant as
well as more rapid decline for VaD in the FHS.23 The Hisayama
study found that the overall increase was mainly attributable
to AD cases, whereas risk for VaD did not change.27
Regarding education, the FHS reported dementia risk
reduction particularly among individuals with at least a high
school diploma.9 Likewise, the PAQUID&3C study found
that higher educational levels in the later cohort accounted
to some extent for dementia risk reduction.25 Moreover, the
FHS observed a parallel improvement in cardiovascular
health, specifically among individuals with higher education.9
Vascular factors, that is, more medication against cardiovascular diseases such as hypertension and hyperlipidemia
as well as diabetes mellitus and less history of stroke in the
later cohort, partly explained decreasing dementia incidence
in the PAQUID&3C study.25
In the CHAP study, a biracial population of AfricanAmericans and Caucasians, being African-American was
associated with higher dementia incidence while there was no
change in dementia incidence over time taking ethnicity into
account. By contrast, within the African-American sample
of the IIDP, a significant decline in dementia incidence was
noted in the later cohort. The FHS, which reported a marked
decline in dementia incidence, noted that their participants
were overwhelmingly of European ancestry. Apart from the
three US-based studies, ethnicity was not further considered
in the studies.
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Finally, some effect of deprivation, that is, higher IR in
more deprived areas, was seen in CFAS II, but not in CFAS I.
However, the effect did not remain significant after adjusting
for age, sex, and area.23

Results across studies

We included five studies in the quantitative synthesis. Two
of the identified references were excluded – the CHAP22
cohort investigated incidence of AD dementia only, and
the FHS9 was considered high risk of bias. The pooled
overall estimate of IC was 0.82 (95% CI: 0.51–1.33) across
HIC, indicating that dementia incidence was 18% lower
in follow-up cohorts compared with the original cohorts
across studies; however, the decrease was nonsignificant
(Table S1). H
 eterogeneity was high (I²=94.9%, P<0.001).
There was no evidence for publication bias (Egger’s
t=–1.77; P=0.175). Results of the meta-regression revealed
no evidence for differential IC associated with design and
time parameters (Table S2).

Meta-analyses using data on alternate dementia diagnosis
(applied to one study only: PAQUID&3C study) revealed

Study

PAQUID and 3C
Rotterdam
26
Study
24

IIDP

23

CFAS I and II

Meta-analysis of IR across HIC
Pooled IR of dementia was 17.5 (95% CI: 11.8–25.8) per
1,000 person-years. Again, heterogeneity was high (I²=98.4%
(P<0.001). Publication bias was present (Egger’s t=–3.08;
P=0.015). Correction for publication bias using the trimand-fill procedure suggested that two studies were missing
at the left side of the mean effect. “Filling” these studies and
reestimating the pooled effect revealed an imputed estimate
of IR =14.4 (95% CI: 9.2–22.6).
Results of the meta-regression revealed no evidence for
differential IR associated with study design parameters.
Moreover, there was no effect of calendar year on the pooled
IR estimate, both unadjusted and adjusted for sociodemographics. Assuming a uniform trend across HIC showed that
higher incidence of dementia was associated with follow-up
length, higher mean age, and a lower percentage of females
in the study. Except for mean age, these effects disappeared
when adjusting for country variance (Table S3).

Meta-analysis of IC and IR in western HIC
Omitting the Japanese Hisayama study (only study observing
an increase in dementia incidence) revealed borderline evidence for a decline in dementia incidence across Western HIC
(pooled IC =0.69; 95% CI: 0.47–1.00; I²=88.1%, P<0.001;
Egger’s t=–0.34, P=0.767; Figure 3).
The pooled random-effect estimate for IR was 14.9 (95%
CI: 9.8–22.7) when excluding the results of the Hisayama
study, with high heterogeneity among estimates (I²=98.1%,
1242
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Start
(year)

Elapsed time
(years)

1988

12

0.92 (0.73, 1.15)

1990

10

0.75 (0.56, 1.01)

1992

9

0.40 (0.31, 0.52)

1992

18

0.80 (0.62, 1.03)

ES (95% CI)

2

Overall (I =88.1%, P=0.000)

0.69 (0.47, 1.00)

0.25

0.5

1

2

4

Figure 3 Forest plot of incidence change in follow-up cohorts in reference
to original cohorts across four Western high-income countries with sufficient
methodological quality.
Note: Elapsed time refers to the time between the start of the first and second
observation period.
Abbreviations: 3C, Three City; CFAS, Cognitive Function and Ageing Study; ES,
estimate; IIDP, Indianapolis-Ibadan Dementia Project; PAQUID, Personnes Agées
Quid.

5.0
4.0
Log incidence rate
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P<0.001). There was no evidence for publication bias (Egger’s t=–2.16; P=0.074). Results of meta-regression models
were similar to those without excluding the Hisayama study
(Table S3, right panel). In particular, there was no evidence
for differential IR by calendar year. Predictions of the mean
IR over calendar year considering each study’s random-effect
meta-analysis weight and adjusting for follow-up length,
mean age, and female percentage are shown by country in
Figure 4.

3.0
2.0
1.0
0.0
1980

1985

1990

1995

2000

2005

2010

2015

Time (Year)

Figure 4 Results of meta-regression of log dementia incidence rate on calendar
year of observation period in four Western high-income countries, adjusted for
individual study characteristics reported for mean age, proportion of females and
length of observation period.
Notes: The gray shaded area marks lower and upper confidence intervals. The
circles mark the incidence rate of each cohort, earlier vs later. The flags represent
the included studies, namely (according to chronological appearance) representing
the Personnes Agées Quid (PAQUID) & Three-City (3C) study (France)25, the
Rotterdam study (The Netherlands)26, the Cognitive Function and Ageing Study
(CFAS, UK)23, and the Indianapolis-Ibadan Dementia Project (IIDP, USA)24.
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comparable results with regard to IC and IR measures across
HIC (results not shown). Only when excluding the Hisayama
study, we observed a significant pooled measure for IC with
follow-up study periods showing lower IR compared with
the reference study periods (pooled IC =0.63; 95% CI:
0.46–0.85) across Western HIC.
Results of the meta-analyses using data of all seven
included studies, regardless of risk of bias assessment, were
in agreement with the stricter analyses including only five
studies of sufficient study quality. Meta-regression did not
indicate a significant effect of calendar year on IC or IR
across seven studies (Tables S4 and S5).

Discussion
The systematic review and meta-analysis comprised seven
studies on recent trends in dementia incidence in HIC, considering study quality. Six out of seven studies, notably all
from Western HIC (ie, one study from each of France, The
Netherlands, UK, and three from the USA) reported either
a decrease or stable dementia incidence between the late
1980s and early 2010s. By contrast, an increase in overall
dementia incidence was observed in the Japanese Hisayama
study. Quantitative synthesis, which included five studies of
moderate-to-good methodology quality, suggested a nonsignificant decrease of dementia incidence (18%; IC =0.82; 95%
CI: 0.51–1.33) across the HIC category, although heterogeneity between studies was high.
Synthesizing results of studies from Western HIC only
revealed borderline significance for a decrease in dementia
incidence (31%; IC =0.69; 95% CI: 0.47–1.00), again indicating a high amount of heterogeneity. However, pooled IR of
individual cohorts was not associated with significant temporal variation (based on calendar year) in meta-regression.
Adjusting for study and methodological characteristics
(where feasible regarding number of observations) did not
indicate much change in dementia incidence in HIC since the
late 1980s. Overall, the results point to seemingly differential
trends in dementia incidence regarding HIC region. While
in Western HIC dementia incidence shows a rather stable,
possibly decreasing trend, it may be increasing in East Asian
HIC, exemplified by the Japanese Hisayama study. However,
the limited number of studies at hand, particularly having
identified only one study reporting on trends in dementia
incidence representing the East Asian HIC, as well as the high
heterogeneity among them, precludes a reliable conclusion.
Nevertheless, it may suggest that trends in dementia incidence
are less uniform across HIC. Ultimately, life conditions and
life course experiences may vary a lot among HIC and may
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therefore differentially impact trends in dementia incidence
in these societies beyond common favorable circumstances
such as high life expectancy, stable environments after World
War II, general wealth, good education, or advanced health
care systems.30 Notably, primary data on trends in dementia
incidence from HIC, particularly from countries other than
Western Europe and the USA, are sparse.
Our meta-analytic findings are largely in line with previous works reviewing trends in dementia occurrence.1,3,5,6,30
A systematic review by Prince et al on global trends in
prevalence, incidence, and mortality in dementia, found
“moderately consistent evidence to suggest that the incidence
of dementia may be declining in HIC”, while the age-specific
prevalence seemed rather stable except for some evidence of
an increase in East Asia, including Japan.1 A potential increase
in dementia prevalence in Japan was also reported by two
further reviews, while data from other countries pointed to
rather stable prevalence and stable or declining incidence.3,30
Studies from two other East Asian HIC, that is, South Korea
and Taiwan, suggested stable dementia prevalence; however,
available data were insufficient to draw definite conclusions.30
Trend data regarding dementia incidence from East Asian HIC
other than Japan are lacking. Results from the incidence trend
study included in this work support the notion of an overall
increase of dementia occurrence in Japan. Whether this is a
phenomenon also occurring in other East Asian HIC needs
further study. By contrast, evidence from Western HIC is a
bit more convincing, consistently suggesting stable or declining dementia occurrence.3,5 Our analyses confirm an overall
favorable trend in dementia incidence in Western HIC, though
weighing in the results of our different analytical approaches
would rather support stabilizing than declining dementia
incidence. The divergent trend seen between Western HIC
and Japan may also indicate variation due to ethnicity. Heterogeneity in dementia risk and dementia occurrence within
different ethnic categories has been well described in research,
specifically within the diverse US population.31 Thus, how this
may affect the generalization of trends within countries and
regions, however, is yet to be studied. Importantly, studies
investigating dementia occurrence in Japanese living outside
of Japan observed patterns of AD and VaD rather similar to
Caucasian Americans than to Japanese in Japan.32,33 Then
again, this may hint that environmental factors could be more
important than ethnicity in the development of dementia.
Largely, changes in dementia occurrence are thought to be
driven by multifaceted factors effective over the full life span,
and many of the factors remain unexplained to date.34 However, a particular set of determinants is repeatedly discussed.
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First, there is a well-established link between vascular risk
factors, that is, stroke, hypertension, hypercholesterolemia,
smoking, diabetes, obesity in midlife, and the development
of dementia.35–37 Therefore, favorable trends in vascular risk
factors, for example, better management and treatment of
cardiovascular disease, could contribute to less dementia
incidence.38 Indeed, differential trends between VaD and
AD dementia were indicated in some of the studies in this
work. For example, the FHS reported a less marked, even
nonsignificant decrease in AD dementia, but a more rapid
and steep decrease in VaD.9 The IIDP noted a significant
decline in both all-cause dementia and AD; however, there
seemed to have been a much more marked decline in nonAD cases, of which VaD is the largest group.24 Furthermore,
the PADQUID&3C study found that vascular factors would
explain part of the decrease in their study.25 Interestingly, the
increase in dementia incidence in the Hisayama study was
predominantly seen in AD dementia while the incidence of
VaD was stable,27 despite worsening cardiovascular risk profiles observed in the region.1 Notably, diagnosing subtypes of
dementia based on research criteria is associated with some
inaccuracy. For example, the NINDS-ADRDA criteria have
limited specificity to differentiate AD against other types of
dementia.39 In the absence of large-scale histopathological
assessment in many cohort studies, dementia subtype classification remains probabilistic and likely ignores common
mixed pathologies. Thus, it may be even more difficult assessing dementia subtypes stable across cohorts over time.3 On the
other hand, the study results suggesting a trend toward less
of a burden through VaD may support the hypothesis that a
reduction of the vascular component of dementia may drive
change in dementia incidence. Improvement in blood pressure
and other stroke risk factors has been observed over the same
period as a decline in dementia incidence in the FHS.38 Rocca
suggested that trends could possibly take opposite directions
regarding the two major subtypes of dementia, that is, the
neurovascular type and the neurodegenerative type, which
may be supported, for example, by declining stroke incidence, but parallel increasing Parkinson disease incidence.34
Moreover, trends in dementia occurrence should be viewed
in a broader context of trends in related major disorders and
diseases. In conjunction with trends in dementia, Jones and
Greene recall the rise and fall and again rise of coronary
artery disease (CAD) that demonstrated how fragile success may be.8 Particularly, the increase in obesity may have
accompanied the reversal in CAD occurrence.40 Likewise, the
upward trend in midlife obesity, but also hypertension and
diabetes, may ultimately counterbalance favorable trends in
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dementia as well. At large, adverse trends in some risk factors
for dementia can offset favorable trends in others.40 Latest
results suggest that 35% of dementia is attributable to a set
of nine modifiable risk factors, which include education in
early life (8%), hearing loss (9%), hypertension (2%) and
obesity in midlife (1%), and smoking (5%), depression (4%),
physical inactivity (3%), social isolation (2%), and diabetes
(1%) in late life. Furthermore, another 7% are attributed to
the apolioprotein E ε4 allele, the major genetic risk factor
for dementia.10 Changes in dementia incidence may be the
effect of a complex interplay of life style changes with regard
to the above named factors. Decreasing dementia incidence,
however, would not only indicate fewer new cases due to other
competing risks of death. Also, it likely indicates a delay of
dementia onset. For example, higher education or physical
activity could build cognitive reserve against cognitive and
functional decline in old age,41 ultimately leading to a compression of morbidity from dementia. Particularly, the results
of the FHS support this hypothesis as a 5-year delay in the
mean age of dementia onset rising to 85 years from 80 years
was reported during the last three decades.23 Similarly, the
Rotterdam study as well as the IIDP reported lower dementia
incidence over time for all age groups but the oldest for which
incidence remained stable.24,26 In the CFAS I and II, incidence
of dementia risk remained unchanged in the age strata 80–84
in women, but was lower across all other age groups (65–69,
70–74, 75–79, >85) for both sexes.9 Conversely, the Hisayama
study reported increasing dementia incidence risk for younger
age groups, while it remained unchanged for those >85 years
of age.27 Future studies investigating trends in dementia onset
and competing risk of death could give more insight into the
patterns of changing dementia incidence.
However, the latest estimates on population attributable
fraction by Livingston et al also suggest that 65% of dementia
is attributable to potentially nonmodifiable or yet not identified factors.10 This points to the need to take an even broader
perspective, for example, on the historical context in which
life style factors and life conditions are effective.2
Conducting studies on secular trends introduces methodological challenges. To compare dementia IR, a minimum
requirement is applying similar methods throughout the
study. This was basically fulfilled by the included studies; however, six out of seven studies relied on a clinical
diagnostic approach primarily. Though based on objective
data, final dementia diagnosis involved clinical judgment.
However, clinical and sociocultural awareness of dementia
have changed immensely over time.42 Increased recognition of dementia may more likely lead to a diagnosis more
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recently. The results from Grasset et al support this assumption.25 When they reanalyzed trends in dementia incidence
based on an algorithmic diagnosis, the decrease was more
pronounced compared with the clinical diagnostic approach.25
Thus, dementia diagnosis involving clinical judgment may
underestimate decrease.
Another source of inaccuracy may be low and differing
response rates between cohorts. It is a well-described phenomenon that participation in epidemiologic studies has been
continuously declining over the past decades.43 This was also
seen throughout the studies included in this work. Reasons for
declining participation include increased requests for study
participation, complex and demanding research protocols,
declining volunteerism, lower trust in science, and less time
capacities.44 The extent to which nonresponse creates bias in
estimates on health outcomes sparks debate. It is known that
nonresponse is associated with lower socioeconomic status,
less education, poorer health, and lower level of functioning44 – all factors that are adversely associated with brain
health in old age. Indeed, in a community survey of older
individuals, nonresponders appeared to be disproportionately
cognitively impaired.45 By contrast, another study reported
that the impact of nonresponse on rates of dementia incidence
was small and nonsignificant.46 However, if nonresponse
continues to increase, it could lead to biased conclusions on
secular trends. In such a scenario, the observed decrease in
dementia incidence would be overestimated.
Generalizability of findings constitutes another issue.
Five of the included studies acknowledged that it was unclear
whether results were representative of the older population,22,24,26 or that it was clear that the sample was not.9,25 In
consequence, generalization remains a matter of judgment
and interpretation of the results, however, if determined to
be internally valid.47 Our risk of bias assessment suggested
predominantly low risk of bias for internal validity. Limitations were rather associated with items concerning external
validity. It has been argued that internal validity is the priority
for research, which might be particularly true for incidence
studies.48 However, it is important that the external validity
is strengthened in future studies.
Finally, it is noteworthy that there are other approaches to
study secular trends, for example age-period-cohort (APC)
analysis or analyses based on secondary data (medical
records, health claims, etc). APC analysis may be specifically
useful to understand risk differences in dementia based on
year of birth. Likewise, it could give insight into variation
due to larger external factors from the historical perspective (eg, war, economic crisis, and famine), that is, period
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effects. Secondary data may reveal different, but also important aspects of time trends than primary data, for example,
information on changes in health care service use, number of
dementia diagnoses in a specific period, or changing awareness of dementia in clinicians.

Limitations
The main limitations arose from the small number of studies
included in this work based on our eligibility criteria and the
high heterogeneity among them. High heterogeneity was not
surprising as 1) one study would show opposite results, 2)
the magnitude of IC and IR varied among studies, and 3)
study attributes differed. Omitting studies one by one would
not reveal significantly lower heterogeneity. To account for
heterogeneity, we used DerSimonian–Laird random-effect
models and conducted weighted random-effects metaregression to examine associations of heterogeneity with
study characteristics. However, exploring heterogeneity did
not suggest significant variation due to design effects. Moreover, only a small effect of follow-up length was present once
country variation was not taken into account. Importantly, the
exploration of sources of heterogeneity was limited by low
power, again owing to the small number of studies at hand.
Likewise, there may be other factors causing heterogeneity
that could not have been considered due to data availability.
Overall, the limited number of studies and the high heterogeneity preclude definite conclusions until more studies
become available. Furthermore, except for country variation,
subgroup analysis was dropped out because of insufficient
data (eg, comparable age groups or sex).
Pooling IR of dementia incidence across HIC revealed
the presence of publication bias. Correction using the trimand-fill procedure suggested that two studies were missing
at the left side of the mean effect which would have lowered
IR by three cases per 1,000 person-years. Possibly, we did
not identify all studies, even though we have tried to ensure
literature saturation by backing the database searches with
gray literature and hand searches of reference lists of eligible
studies.
In general, meta-analysis of aggregate data may carry risk
of ecological bias, particularly when average participant’s
characteristics do not adequately reflect individual-level
associations.49 Individual participant data analysis could
avoid such bias.

Conclusions
We found evidence to suggest favorable trends in dementia
incidence in Western HIC (stabilizing/decreasing). However,
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there may be reverse trends in other HIC regions, as exemplified by an observed increase in dementia incidence in
Japan. Overall, there may be differential trends in dementia
incidence in HIC, reflecting varying life conditions and life
experiences beyond beneficial environments in such wealthy
societies. Adding to previous reviews, we may imply that
the reason for not finding consistent and substantial trends
over time in dementia incidence in earlier works is unlikely
a result of inadequate methodological rigor. In other words,
we can be slightly more confident than before that, although
there are a number of individual studies that suggest a decline
over time in dementia incidence, the data do not yet support
a robust conclusion to that effect. Notably, primary data
on incidence trends are sparse, the heterogeneity between
studies was high, and power to isolate sources of variation
was low which preclude drawing definite conclusions. Ultimately, further well-conducted studies on trends in dementia
incidence, but also mortality and prevalence, from a broad
range of countries, regions, and sociocultural backgrounds
are needed to get a better picture of current developments
in dementia occurrence, let alone to gain understanding of
factors that drive change.
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