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1 | INTRODUCTION

Dementia is usually seen as a disease of older adults, but it also occurs
in people younger than the age of 65 years, which is referred to as
young-onset dementia (YOD).! YOD has a large impact on both the
persons with dementia and their caregivers.? A diagnosis of YOD can
be notoriously difficult, as patients present with different signs and
symptoms, and health care professionals may not initially think of a

Introduction: Reliable data on the incidence rates for young-onset dementia (YOD)
are lacking, but are necessary for research on disease etiology and to raise awareness
among health care professionals.

Methods: We performed a systematic review and meta-analysis on population-based
studies on the incidence of YOD, published between January 1, 1990 and Febru-
ary 1, 2022, according to Meta-analyses of Observational Studies in Epidemiology
(MOOQOSE) guidelines. Data were analyzed using random-effects meta-analyses. Results

were age-standardized, and heterogeneity was assessed by subgroup analyses and

Results: Sixty-one articles were included. Global age-standardized incidence rates
increased from 0.17/100,000 in age 30 to 34 years, to 5.14/100,000 in age 60 to 64
years, giving a global total age-standardized incidence rate of 11 per 100,000 in age 30
to 64. This corresponds to 370,000 new YOD cases annually worldwide. Heterogene-
ity was high and meta-regression showed geographic location significantly influenced

Discussion: This meta-analysis shows the current best estimate of YOD incidence. New
prospective cohort studies are needed.

incidence, meta-analysis, worldwide, young-onset dementia

neurodegenerative cause. First symptoms of YOD more often include
difficulties in the behavioral, language, visual, or motor domains.3** This
is reflected by an average time between symptom onset and a diagno-
sis of YOD of 4.4 years, compared to 2.8 years for late-onset dementia
(LOD).>

Information on the epidemiology in general, and the incidence of
YOD in particular, is imprecise and scarce.® The few previous reviews
on the epidemiology of YOD have focused mainly on the prevalence,
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with one review also including incidence studies.® In a recent meta-
analysis, we estimated the global age-standardized prevalence of YOD
to be 119.0 per 100,000 persons, corresponding to 3.9 million peo-
ple 30 to 64 years of age living with YOD.” No meta-analysis on
the incidence of YOD has been conducted so far, which could yield
more precise estimates or point toward important sources of variation
therein. This is important for studying the etiology and risk factors of
YOD, as well as for initiating prevention strategies. Incidence is also
important for the planning of diagnostic services of YOD and improving
the awareness in health care professionals.

Two widely cited incidence studies on YOD, both based on individ-
ual cohorts, found that the incidence doubles every 5 years of age® and
no differences were observed between men and women.? Both stud-
ies showed that the incidence was highest for Alzheimer’s disease (AD),
but they differed in incidence rates for vascular dementia (VaD), fron-
totemporal dementia (FTD), and secondary dementias. A recent study
from Kvello-Alme et al.? on the incidence of YOD in Norway reported
higher incidence rates than previous studies, especially in the lower age
ranges.

Our aim was to assess the current incidence of YOD through a sys-
tematic review and meta-analysis of all available data worldwide in
order to obtain reliable estimates of the global incidence of YOD, and
to investigate differences in incidence between sex and age groups and

study designs.

2 | METHODS

2.1 | Search strategy and selection criteria
This systematic review and meta-analysis was conducted according
to the MOOSE (Meta-analyses of Observational Studies in Epidemi-
ology) guidelines.! PubMed, Embase, CINAHL, and PsychINFO were
searched for articles that have been published between January 1,
1990 and March 31, 2020. An update of the search strategy was per-
formed to include new articles published between March 31, 2020
and February 1, 2022. Population-based studies on the prevalence
and incidence of YOD were eligible for inclusion (eMethods A). This
review reports only on the incidence studies. A systematic review on
the prevalence studies has been published published.” No language
restrictions were applied, and, if necessary, studies were translated.
Authors were contacted at least twice if articles were not avail-
able, or if additional data were needed. Reference lists of included
studies and previous systematic reviews were checked manually for
additional references. The study is registered with The International
Prospective Register of Systematic Reviews (PROSPERO), number
CRD42019119288. It is part of the larger PRECODE (Prevalence
Recognition and Care pathways in young Onset Dementia) project on
the prevalence, incidence, definition, and care pathways of YOD.
Articles were independently screened by two researchers (SH and
KP) on title and abstract, and next on full texts. Cohen’s kappa for
interrater agreement was substantial (0.67).12 Disagreements were

resolved with the help of a third researcher (SK). When multiple arti-

RESEARCH IN CONTEXT

1. Systematic review: We performed a literature search
in PubMed, Embase, CINAHL and PsychINFO on
population-based studies on the incidence of dementia in
people under the age of 65 years. We found no previous
meta-analyses on the incidence of young-onset dementia.

2. Interpretation: We included 61 articles in this review.
Meta-analyses showed age-standardized incidence rates
increased from 0.17/100,000 person-years in age 30-
34 years, to 5.14/100,000 person-years in age 60-64
years, resulting in a total incidence rate of 11/100,000
person-years in age 30-64 years. This corresponds to an
annuals incidence of 370,000 new cases every year. Sub-
group analyses showed similar incidence rates between
men and women, and incidence rates were highest for
Alzheimer’s disease, followed by vascular dementia and
frontotemporal dementia. Meta-regression showed geo-
graphical location significantly influenced the hetero-
geneity between studies.

3. Future directions: Annually, 370,000 people are newly
diagnosed with young-onset dementia. This shows the
public health impact is high, and it should raise aware-
ness in healthcare professionals. Future studies should
be aimed at the current knowledge gaps on subtypes of
dementia, and difference in incidence between different

ethnic groups.

cles reported on the same cohort, the article with the most elaborate
data (e.g., largest sample size, most relevant age range) was included in
this review.

To be eligible for inclusion, studies had to be population based.
Symptom onset of dementia had to be before the age of 65 years. How-
ever, all studies in this review used 65 at age of diagnosis rather than
age at symptom onset as inclusion criteria. The diagnosis had to be
according to acceptable criteria (e.g., ICD, DSM, NINCDS-ADRDA), or
by a clinician when these criteria were not described.

Studies conducted in specific patient groups (e.g., HIV patients) or
care homes, or used mortality data were excluded for this review.
Studies were included when they used registers from either hospital,
primary care, or insurance companies, or were conducted in specific
demographic subpopulations (e.g., women only, certain age ranges),
since these could be included in subgroup meta-analyses. Studies were
eligible for inclusion when they were published from 1990 onward.
Studies with a study period before 1990 but publication after 1990
were included.

2.2 | Data analysis

Data extraction was performed by one researcher (SH) and checked

by a second researcher (KP), using a standard data collection form.
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Quality assessment was performed independently by the two
researchers using the Risk of Bias Tool.1® This tool was adjusted
slightly to check the quality of incidence studies (eMethods B). Items
were defined as “high risk” when information about this item was not
described clearly in the article.

Meta-analyses were performed using R version 3.6.6, where inci-
dence rates were pooled with random-effect meta-analysis using the
Poisson distribution. A continuity correction was applied to studies
with zero cases of YOD, by adding a constant of 0.5 to the denom-
inator of the incidence rate.!* Meta-analyses were performed on
5-year age bands beginning at age 30, since pooling all ages together
would give biased results, due to the overrepresentation of higher age
ranges. Subgroup analyses based on sex, subtypes of dementia, and
study designs were conducted. The study designs were categorized as
“cohort studies using register linkage to identify people with YOD,”
“cohort studies using active screening to identify people with YOD,”
and “retrospective register-based studies.” When possible, analyses
were age-standardized for the World Standard Population (WSP),1>
the European Standard Population (ESP),2¢ and the United Stated
Standard Population (USP)Y7 using direct standardization. Studies
were excluded from the meta-analysis when they reported incidence
rates only in specific subpopulations, or when number of cases and
person-years both were not reported.

Heterogeneity between studies was assessed with |2, indicating
what amount of the total variance is explained by between-study dif-
ferences. Meta-regression was performed to analyze which aspects
significantly influenced the heterogeneity between studies. Parame-
ters investigated in the meta-regression were age range, size of the
study, diagnostic criteria used, study design, and geographic location
(i.e., the different world regions).

Funnel plots were visually assessed for symmetry to identify poten-
tial small study bias (see eMethods C).

Due to the nature of the study, no informed consent was necessary.

3 | RESULTS

A total of 22,191 articles were found from the original and updated
search, and after removal of duplicates, 14,451 remained for screening.
After screeningtitles and abstracts, 1022 articles remained for full-text
screening. Of these, 61 articles reported on the incidence of YOD and
were included in this systematic review (eFigure A).?-10.18-76

The quality of all studies was sufficient (Table 1 and eTable A),
with lower ratings for register-based studies because of their passive
case-finding methods. Studies differed with regard to several method-
ological aspects, with wide variations in included age ranges, diagnostic
criteria, and study design.

Studies were conducted in different world regions, with the major-
ity coming from Europe (34 studies), followed by North America (10
studies) and Asia (10 studies), and Oceania (2 studies) and South Amer-
ica (5 studies). No incidence studies on YOD were found for Africa.

Figure 1 shows the world map of included studies. Due to insufficient
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data from studies outside Europe, no subgroup analysis on ethnicity
could be performed.

3.1 | All-type dementia

Forty-seven articles reported incidence rates on all-type YOD (Table 1).
Of these, five articles?2130.3148 could not be included in the meta-
analysis, since they did not provide number of cases and person-years,
and one article?? reported incidence rates only for a specific ethnic
subpopulation (see eTable B for an overview of included articles by
analysis).

Table 2 shows the age-standardized incidence rates per 5-year
age band, together with the crude incidence rates. The global age-
standardized incidence rate of people aged 30 to 64 was 11 per
100,000 person-years worldwide (see Table 2), corresponding to
~370,000 (95% confidence interval [CI] corresponding to 230,000
to 660,000) new cases each year worldwide. In Europe the age-
standardized incidence rate was 14 per 100,000 person-years,
whereas in the United States the incidence rate was 11 per 100,000
person years.

The crude annual incidence rate of YOD in the lowest age group 30
to 34 was 0.9 per 100,000 person-years (95% Cl 0.1-4.6) and in the
highest age group 60 to 64 56.6 per 100,000 person-years (95% Cl
39.7-80.7) (see Table 2). On average, incidence rates doubled every 5
years of age, starting from the age of 40 (see Figure 2).

A meta-regression was performed on the crude incidence rates,
with age range, study size, diagnostic criteria, study design, and geo-
graphic location as potential moderators of between study differences
in separate univariable analyses. Geographic location, study size, and
study design significantly influenced the heterogeneity between stud-
ies. Studies from North America, South America, and Oceania reported
significantly higher incidence rates than studies from Europe (see
Table 3). Prospective register studies reported significantly lower inci-
dence rates compared to studies with active screening and studies with
>100,000 person-years reported significantly lower incidence rates
compared to studies with <5000 person-years. In multivariable regres-
sion only geographic location remained significant, with an R? of 84.2%
(data of multivariable regression not shown).

Stratified meta-analysis for men and women showed that inci-
dence rates were generally similar and the Cls overlapped greatly
(see Figure 3 and eTable C). For men, the crude incidence rate was
38.3 per 100,000 person-years (95% Cl 3.9-377.0), 0.3 per 100,000
person-years (95% Cl 0.0-1.9) in the lowest age group 30 to 34 and
60.8 per 100,000 person-years (95% Cl 15.9-231.5) in the highest
age group 60 to 64. For women, the overall crude incidence rate was
35.9 per 100,000 person-years (95% Cl 5.7-226.6), 0.6 per 100,000
person-years (95% Cl 0.1-2.4) in the lowest age group 30 to 34
and 51.1 per 100,000 person-years (95% 12.1-215.6) in the highest
age group 60 to 64. After the age of 60 the incidence rate for men
increased visually more steeply than for women; however, this has not
been statistically tested.
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TABLE 1 Study characteristics of the included incidence studies

Study period
<1990 2 3 2 0
1990-1999 3 5 2 1
2000-2009 7 1 0 2
2010-2019 29 4 4 5
unknown 5 2 1 0

Sample size
<5000 6 6 1 0
5000-50,000 10 1 4 1
50,000-100,000 4 0 0 0
>100,000 17 4 3 6
Unknown 10 4 1 1

Design
Prospective studies
Active screening 11 7 4
Register linkage 13 1

Retrospective studies

Register-based 23 7 3 6

World region
Europe 28 10 6 6
North America 6 1 0 1
Asia 7 3 1 1
South America 3 1 1 0

(Continues)
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TABLE 1 (Continued)

Dementia type?

All-type YOD Alzheimer’s Vascular Frontotemporal
Study characteristics (N=47) disease (N = 15) dementia (N =9) dementia (N =8)
Oceania 2 0 0 0
Africa 0 0 1 0

Data shown is number of studies.

aStudies may be reported multiple times if they are included in multiple meta-analyses (all-type, Alzheimer’s disease, vascular dementia, frontotemporal
dementia)

b|CD = International Classification of Diseases

¢DSM = Diagnostic and Statistical Manual of Mental Disorders

d0ther criteriawere NINCDS-ADRDA (National Institute of Neurological and Communicative Diseasess and Stroke - Alzheimer’s Disease and Related Disor-
ders Association), NINDS-AIREN (National Institute of Neurological Disorders and Stroke - Association Internationale pour la Recherché et I'Enseignement
en Neurosciences) or other register codes

o

Number of included incidence studies

I 10-12studies
B 7o studies

4-6 studies
1-3 studies

No studies available

FIGURE 1 World map of included studies

TABLE 2 Cruderates and age-standardized incidence rates per 100,000 person-years for 5-year age bands

All-type dementia

Age range Number of articles Crude rate Global® Europe?® United States?®
30-34 5 0.9(0.1-7.2) 0.17(0.02-1.33) 0.13(0.01-1.01) 0.14(0.02-1.12)
35-39 6 1.0(0.2-4.8) 0.17 (0.03-0.84) 0.15(0.03-0.70) 0.18 (0.04-0.85)
40-44 9 3.2(1.0-9.9) 0.51(0.16-1.59) 0.47(0.15-1.47) 0.57(0.18-1.78)
45-49 10 5.2(2.0-13238) 0.77 (0.29-2.03) 0.77 (0.30-2.04) 0.82(0.32-2.18)
50-54 12 13.6(7.8-23.7) 1.78(1.02-3.10) 1.97(1.13-3.44) 1.87(1.07-3.26)
55-59 15 24.7 (17.4-35.1) 2.74(1.93-3.89) 3.46(2.43-4.91) 2.63(1.85-3.73)
60-64 25 56.6(39.7 - 80.7) 5.14(3.60-7.32) 7.46(5.23-10.63) 4.82(3.38-6.87)
Total (30-64) 41 35.3(24.0-51.7) 11.28(7.06-20.11) 14.40(9.28-24.20) 11.03 (6.85-19.80)

aAge-standardized incidence rates were calculated by means of direct standardization against the World Standard Population (global), European Standard
Population (Europe) and United States Standard Population (United States). For each age band, we multiplied the crude incidence rate with the number of
people in that age group in the standard population, and divided this by the total number of people aged 30 to 65 years in the standard population.
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Age group 30-34 Estimate [95% CI]
Author Cases Person-years
Nilsson 2 2340440 n 0.000001 [0.000000, 0.000003]
Tynkkynen 3 37500 —— 0.000080 [0.000026, 0.000248]
Tynkkynen 3 14286 F = 0.000210 [0.000068, 0.000651]
Kvello-Alme 0 87078 B 0.000006 [0.000000, 0.000092]
Calvo-Perxas 3 616603 . 0.000005 [0.000002, 0.000015]
RE Model 12=91.2% - 0.000009 [0.000001, 0.000072]
T T 1
0.000000 0.000400 0.000800
Incidence rate of Young-Onset Dementia
Age group 35-39 Estimate [95% CI]
Author Cases Person-years
Nilsson 1 2503790 = 0.000000 [0.000000, 0.000003]
Tynkkynen 3 37500 rm— 0.000080 [0.000026, 0.000248]
Tynkkynen 1 14286 +#—— 0.000070 [0.000010, 0.000497]
Kvello-Alme 2 82994 m+ 0.000024 [0.000006, 0.000096]
Calvo-Perxas 5 640058 = 0.000008 [0.000003, 0.000019]
Sabia 0 6515 = i 0.000077 [0.000005, 0.001225]
RE Model 12=82.0% > 0.000010 [0.000002, 0.000048]
T T 1
0.000000  0.000500  0.001000  0.001500
Incidence rate of Young-Onset Dementia
Age group 40-44 Estimate [95% CI]
Author Cases Person-years
Knekt 4 12908 = 0.000310 [0.000116, 0.000825]
Nilsson 7 2582838 = 0.000003 [0.000001, 0.000006]
Tynkkynen 16 42105 e 0.000380 [0.000233, 0.000620]
Tynkkynen 2 13334 = 0.000150 [0.000038, 0.000599]
Kvello-Alme 2 90715 -— 0.000022 [0.000006, 0.000088]
Calco-Perxas 8 600246 ] 0.000013 [0.000007, 0.000027]
Sabia 0 21019 -— 0.000024 [0.000001, 0.000380]
Qizilbash 18 1800000 [ 0.000010 [0.000006, 0.000016]
Carcaillon 225 3776930 ] 0.000060 [0.000052, 0.000068]
RE Model 12=97.0% L = 0.000032 [0.000010, 0.000099]
r T T T 1
0.000000 0.000400 0.000800
Incidence rate of Young-Onset Dementia
Age group 45-49 Estimate [95% CI]
Author Cases Person-years
Knekt 2 11552 —.— 0.000173 [0.000043, 0.000692]
Nilsson 20 2649604 = 0.000008 [0.000005, 0.000012]
Tynkkynen 18 40909 . 0.000440 [0.000277, 0.000698]
Tynkkynen 10 13889 = 0.000719 [0.000387, 0.001336]
Kvello-Alme 2 94860 m~ 0.000021 [0.000005, 0.000084]
Calvo-Perxas 13 551847 =m 0.000024 [0.000014, 0.000041]
Gustavsson 0 11404 w—— 0.000044 [0.000003, 0.000700]
Sabia 1 32436 m—— 0.000031 [0.000004, 0.000219]
Qizilbash 63 2533333 = 0.000025 [0.000019, 0.000032]
Carcaillon 332 3753743 u 0.000088 [0.000079, 0.000098]
RE Model 12=98.0% > 0.000052 [0.000020, 0.000138]
i T T 1
0.000000 0.000500 0.001000 0.001500

Incidence rate of Young-Onset Dementia

Forest plots 5-year age bands for all-type young-onset dementia (YOD)
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-, i 9/
ﬁgoer group 50-54 Cones personoyears Estimate [95% CI]
Knekt 1 11891 m 0.000084 [0.000012, 0.000597]
Nilsson 110 2337788 m 0.000047 [0.000039, 0.000057]
Tynkkynen 18 39130 = 0.000460 [0.000290, 0.000730]
Tynkkynen 11 15942 w 0.000690 [0.000382, 0.001244]
Kvello-Alme 18 87103 m 0.000207 [0.000130, 0.000328]
Calvo—Perxas 33 492779 m 0.000067 [0.000048, 0.000094]
Gustavsson 2 16456 m 0.000122 [0.000030, 0.000486]
Sabia 1 43087 m 0.000023 [0.000003, 0.000165]
Edland 5 14059 w 0.000356 [0.000148, 0.000854]
Qizilbash 211 2493056 = 0.000085 [0.000074, 0.000097]
Oudin 0 443.43 = | 0.001126 [0.000071, 0.017708]
Carcaillon 616 3622905 m 0.000170 [0.000157, 0.000184]
RE Model 12=97.6% ) 0.000136 [0.000078, 0.000237]

T 1
0.000000 0.010000 0.020000

Incidence rate of Young-Onset Dementia

ﬁﬂ?r group 55-59 o Estimate [95% CI]

ses Person-years

Banerjee 3 20667.5 m 0.000145 [0.000047, 0.000450
Knekt 2 10524 m~ 0.000190 [0.000048, 0.000759
Nilsson 284 2297180 = 0.000124 [0.000110, 0.000139
Ruitenberg 1 2701  w— 0.000370 [0.000052, 0.002621
Tynkkynen 16 42105 mw 0.000380 [0.000233, 0.000620
Tynkkynen 3 13043 = 0.000230 [0.000074, 0.000713
Lobo 0 673 ] 0.000742 [0.000046, 0.011738
Kvello-Alme 23 80978 = 0.000284 [0.000189, 0.000427
Calvo-Perxas 80 427825 = 0.000187 [0.000150, 0.000233
Gustavsson 17 14115 - 0.001203 [0.000748, 0.001934
Sabia 6 50068 = 0.000120 [0.000054, 0.000267
Edland 5 12446 - 0.000402 [0.000167, 0.000964
Qizilbash 467 2602167 = 0.000179 [0.000164, 0.000196
QOudin 1 180292 +m— 0.000554 [0.000078, 0.003922
Carcaillon 1016 3251985 = 0.000312 [0.000294, 0.000332
RE Model 12=96.4% ' 0.000247 [0.000174, 0.000351]

T T 1
0.000000 0.005000 0.010000 0.015000

Incidence rate of Young-Onset Dementia

Age group 60-64 Estimate [95% CI]
Author Cases Person-years

Welmer 3 3604.54 m 0.000832 [0.000268, 0.002574]
Walters 586 1682810 = 0.000348 [0.000321, 0.000377]
Walters 172 477750 & 0.000360 [0.000310, 0.000418]
Banerjee 6 13910 o 0.000431 [0.000194, 0.000959]
Knekt 0 7369 0.000068 [0.000004, 0.001084]
Van Brussel 496 1126891 = 0.000440 [0.000403, 0.000480]
Nilsson 663 2388358 & 0.000278 [0.000257, 0.000299]
Ruitenberg 4 7818 w 0.000511 [0.000192, 0.001361]
Tynkkynen 9 33333 w 0.000270 [0.000140, 0.000519]
Tynkkynen 3 10345 & 0.000290 [0.000094, 0.000898]
Lobo 1 3609 m 0.000277 [0.000039, 0.001963]
Kvello-Alme 42 76614 w 0.000548 [0.000405, 0.000741]
Calvo-Perxas 174 367771 & 0.000473 [0.000408, 0.000549]
Gustavsson 51 15063 I 0.003374 [0.002567, 0.004435]
Sabia 19 49022 w 0.000387 [0.000247, 0.000607]
Edland 14 10834 0.001291 [0.000765, 0.002177]
Qizilbash 1048 2529651 w 0.000414 [0.000390, 0.000440]
Knopman 15 11916 w 0.001257 [0.000758, 0.002084]
Abner 0 220 ] { 0.002268 [0.000142, 0.035061]
Oudin 1 2894.38 = 0.000345 [0.000049, 0.002447]
Carcaillon 1886 3023837 & 0.000623 [0.000596, 0.000652]
Andreu-Reinon 29 98249 = 0.000295 [0.000205, 0.000425]
Cesar-Freitas 3 359 b 0.008287 [0.002688, 0.025256]
Lopes 360 1e+05 [ 0.003587 [0.003236, 0.003976]
Kwon 82.01 1e+05 = 0.000819 [0.000660, 0.001017]
RE Model 12=99.2% | 0.000566 [0.000397, 0.000807]

T T 1
0.000000 0.020000 0.040000

Incidence rate of Young-Onset Dementia

FIGURE 2 Continued
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TABLE 3 Univariable random-effect analysis of the
meta-regression

Category Coefficient P-value
Age range 0-64 Reference
30-64 —0.8(-2.3t00.6) 0.2737
35-64 -0.6(-34t02.1) 0.6525
40-64 -0.2(-1.8to 1.5) 0.8551
45-64 1.6(0.0t03.1) 0.0495
50-64 1.2(-0.5t0 3.0) 0.1669
55-64 -0.1(-1.9t01.7) 0.9164
60-64 14(-0.1t02.9) 0.0669
Study size <5000 Reference
5000-50,000 —1.3(-3.0t00.5) 0.1472
50,000-100,000 —-1.1(-3.1t00.9) 0.2938
>100,000 -1.9(3.4t0-0.3) 0.0199
Diagnostic DSM Reference
criteria ICD 0.2(-0.8t01.1) 0.7018
Other 0.6(-1.0t02.2) 0.4840
Study design  Active screening Reference
Prospective —-1.9(-3.1t0-0.7) 0.0018
register study
Retrospective —1.0(-2.1t00.1) 0.0614
register study
World region? Europe Reference
Asia 0.5(-0.3t01.3) 0.1771
North America 1.3(0.5t02.1) 0.0013
South America 2.5(1.5t03.4) <0.0001
Oceania 2.6(1.4t03.8) <0.0001

Data are shown as coefficient (95% Cl) P-value. The coefficients repre-
sent the difference in incidence rate between that group and the reference
group.

2Africa was not included in the meta-regression since no data was available
for this continent

Incidence rates all-type dementia

30 e TOta
e VIale

e Female

Incidence (per 100,000)

30-34 35-39 40-44 45-49 50-54 55-59 60-64
S-year age bands

FIGURE 3 Pooled incidence rates of 5-year age bands for the total
incidence (male and female), incidence rate for males and incidence
rate for females.

Register-based retrospective studies were performed across all age
ranges. Prospective cohort studies using register linkage to identify
YOD cases were conducted in 35 years of age and older, whereas
prospective cohort studies using active screening were conducted only

in groups 55 years of age and older. Consequently, differences by study

design could be explored in the later age groups only. In the age bands
55 years and older, 5-year incidence rates were highest for prospective
cohort studies using active screening, followed by prospective cohort
studies using register linkage, and finally retrospective register-based
studies (eTable C).

3.2 | Dementia subtypes
Separate meta-analyses were performed for the dementia subtypes
AD, VaD, and FTD.

A total of 15 articles reported on the incidence of AD. Of these,
10 could be included in the meta-analysis. Four articles did not report
number of cases and person-years. Information on AD incidence was
available only for the total incidence (age 30 to 64 years), and for
5-year age bands starting from age 50 onward. As a result, it was
not possible to age-standardize rates. Crude incidence rates were
2.5 per 100,000 person-years (95% CI 0.6-9.3) in the age band 50
to 54 years, 8.2 per 100,000 person-years (95% Cl 6.0-11.1) in the
age band 55 to 59 years, and 35.8 per 100,000 person-years (95%
Cl 9.8-131.0) in the age band 60 to 64 years. The total crude inci-
dence rate of AD was 9.8 per 100,000 person-years (95% Cl 2.8-33.5)
(eTable C). Differences in incidence rates by sex could be assessed,
showing a higher incidence rate in women (12.7/100,000) than in men
(5.4/100,000).

Nine articles reported on the incidence of VaD, one of which did
not report both number of cases and person-years and was therefore
excluded from meta-analysis. Incidence rates were pooled for the total
incidence, and 5-year age bands starting from the age of 55. In the
latter, incidence rates were 2.8 per 100,000 person-years (95% Cl 1.6-
4.9) for the age band 55 to 59 years and 7.2 per 100,000 person-years
(95% Cl 4.9-10.5) for the age band 60 to 64 years. When analyzing the
crude incidence rate for VaD, the incidence rate was 4.0 per 100,000
person-years (95% Cl 0.8-19.4). Incidence rates differed only slightly
between women (6.0/100,000) and men (8.9/100,000).

Eight articles reported on the incidence of FTD, one of which did
not report both number of cases and person-years and was therefore
excluded from meta-analysis. Incidence rates were pooled only for the
total incidence. The crude incidence rate was 1.1 per 100,000 person-
years (95% Cl 0.4-2.9) (eTable C). No information on sex differences
was available.

4 | DISCUSSION

Based on this systematic review and meta-analysis with 61 population-
based studies, the overall age-standardized annual incidence rate in
30- to 64-year-olds was 11 per 100,000 worldwide, corresponding
to an annual incidence of 370,000 new cases worldwide using the
world population of 2019 of people 30 to 64 years of age according to
the United Nations (UN).”” Incidence rates globally were higher, with
increasing age from 0.17 per 100,000 person-years in people 30 to 34
years of age to 5.14 per 100,000 person-years in the age range 60 to 64
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years. This difference was also seen in the United States, and in Europe
the difference was slightly steeper.

Incidence rates were highest for dementia due to AD, followed
by VaD and FTD. Incidence rates increased more steeply for men
compared to women. Other subgroup analyses showed that incidence
rates were highest in prospective cohort studies that used active
screening, followed by prospective cohort studies that used record
linkage, and lowest for retrospective register-based studies. Although
heterogeneity was high, only geographic location was significant in
the meta-regression on heterogeneity, with studies conducted out-
side Europe reporting significantly higher incidence rates than studies
conducted in Europe.

To our knowledge, no previous meta-analysis on the incidence of
YOD has been performed, but most cited incidence studies on YOD
from Garre-Olmo et al. and Mercy et al. reported annual incidence
rates of 13.4 per 100,000 person-years in the 30- to 64-year age
range, and 11.5 per 100,000 person-years in the 45- to 64-year age
range, respectively.®? These are crude incidence rates rather than
age-standardized rates and are lower than the crude rates of this meta-
analysis (35.3/100,000 person-years in the age range from 30 to 64).
Our crude incidence rates were also higher compared to a recent study
by Kvello-Alme et al.?? conducted in Norway, which reported an annual
incidence rate of 14.8 per 100,000 person-years in the age range 30
to 64 years, and 25.0 per 100,000 person-years in the age range 45 to
64 years. It is important to note that these studies were retrospective
register-based studies, which generally report lower incidence rates
compared to prospective cohort studies with either active screening or
register linkage. In addition, none of the studies age-standardized their
results, so comparison of incidence rates can only be made based on the
crude results.

A report from the World Health Organization (WHO) from 2012
studied incidence of dementia starting from age 60. They found an
incidence of 310 per 100,000 person-years in the age group 60 to 64
years,”8 which is higher than the incidence of 56.6 per 100,000 person-
years found in this review. However, their analysis was based on 3
studies of the age range 60 to 64 years, whereas our meta-analysis was
based on 21 studies of the age range 60 to 64 years. Our lower inci-
dence rates might be due to the inclusion of more studies, leading to a
more nuanced result, since our 21 studies also included more register-
based studies. Another review from Wolters et al. on the incidence of
dementia from the age of 65 showed that for the age group 65 to 69
years, incidence was between 160 per 100,000 and 860 per 100,000
person-years,”? which is also much higher than the rates we found for
age 60 to 64. The studies included in the review of Wolters et al.”?
had smaller sample sizes and person-years than the studies included
in our meta-analysis. The large sample sizes and person-years in our
review come from studies with register-based case finding. Underes-
timation of incidence in these large studies is likely, because they rely
on all people with YOD being registered in the databases used for the
study. This could partly explain the difference in incidence rates found
in this meta-analysis and the review from Wolters et al.”? The World
Alzheimer Report 201589 showed that the annual incidence of demen-

tia in people 65 years of age and older was 8.6 million new cases per
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year. In comparison, we found 370,000 new cases of YOD per year, indi-
cating that the incidence of YOD is substantially lower; however, due
to the longer survival time of people with YOD the public health issue
is still profound.

Our finding of a similar incidence rate between men and women
for all-type dementia was in line with previous findings from Garre-
Olmo et al.? and Kvello-Alme et al.’? For AD, the overall incidence rates
were similar, but the 5-year incidence rates starting from age 55 were
higher for women compared to men. Although the difference between
men and women was minimal, except for AD, there might be underlying
causes for this difference, like a difference in diagnosis or care seeking.
However, the information in this study was not sufficient to elaborate
on this topic.

A previous meta-analysis on the prevalence of YOD showed preva-
lence increased with age, and was highest for AD, followed by VaD
and FTD.” These observations also seem to hold for incidence rates.
The relatively high prevalence estimates found in the previous review,
combined with the incidence rates found in this review, show that
YOD is a rare disease with a relatively long survival time. This is
in line with previous research, showing that people with YOD have
an average survival time after diagnosis of 7.9 years.! A recent
study found an even longer survival time of over 10 years.®2 This
emphasizes the need for accurate epidemiological data on the global
burden of YOD, planning of diagnostic services, and provision of better
health care.

Of interest, our meta-regression showed that crude incidence esti-
mates were significantly higher in studies conducted in North America,
South America, and Oceania compared to Europe. However, due to
the small number of studies conducted outside Europe, these results
should be interpreted with caution. The lower crude incidence in Euro-
pean studies is not reflected in the age-standardized incidence rates.
The difference in the age-standardized incidence rates between the
WSP, USP, and ESP are due to a difference in their population age
structure, rather than a higher risk or incidence of YOD in the ESP.
Because the ESP has a higher percentage of elderly people, the age-
standardized incidence rates are higher than the WSP and USP. This
explains the discrepancy between the lower crude incidence rates in
European studies, but the higher age-standardized incidence rates in
Europe. Case definitions of studies between world regions did not dif-
fer substantially, although methodology on cognitive assessment most
likely differed between studies.

We tried to assess this risk of bias by using the Risk of Bias Tool.
However, this tool is general, and studies using registers usually did
not report in-depth information on the policies used. Different referral
guidelines, assessment tools, and individual knowledge of the specialist
can all influence the quality of the register. This was not incorporated in
the Risk of Bias Tool and might explain part of the large heterogene-
ity we found between the studies that could not be assessed in our
meta-regression.

In this review, most studies were conducted in Europe, and within
Europe, several studies were conducted in Sweden. This may have
led to an underrepresentation of incidence rates in other continents.

This could influence the interpretation of the incidence rates for con-
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tinents other than Europe, indicating more research in other regions is
necessary.

Moreover, in regions where the probability of case finding is lower
due to cultural values or a lack of resources for both care seeking and
care access, information bias toward a lower incidence rate is pos-
sible. Although the meta regression showed higher incidence rates
in all continents compared to Europe, information in continents with
low-income countries was scarce, leading to probable information bias

in these continents.

41 | Strengths

This systematic review is based on a comprehensive literature search
incorporating a large number of studies in order to be as inclusive as
possible. In addition, we contacted many authors if information on inci-
dence rates were unclear or missing. With this approach, we were able
to include several population-based cohort studies, the primary aim of
which was not to investigate the incidence of YOD. However, because
these cohort studies are drawn from representative populations and
have a long follow-up, they provide important information and were
considered for inclusion in this review. To compare estimates across
populations with different age structures, we used age-standardized
rates. Finally, we performed meta-analyses, including subgroup anal-
yses and meta-regression, allowing us to pool estimates and explore
between-study differences.

Because the incidence rate was sometimes O, the data were
transformed with GLMM based on the logit transformation, as this
eliminates misleading results, which can occur when using other pop-
ular methods such as Freeman-Tukey double arcsine or normal logit
transformation.

4.2 | Limitations

Most studies in this review used registers to identify people with
YOD. Our meta-analysis showed these studies reported lower inci-
dence rates than studies with active screening. Hence, the pooled
incidence rates are likely to be an underestimation of the true popu-
lation incidence. Studies using registers include persons that had been
diagnosed with YOD by a health care professional. According to the
World Alzheimer Report, only one third to one half of the people with
dementia receive a routine clinical diagnosis.83 However, research has
shown passive case finding to be a more cost-effective way of mea-
suring prevalence or incidence than active case finding, especially for
rare diseases. In addition, although under-ascertainment of YOD is
highly likely when using registers to identify cases, previous research
showed registers play a valid role in dementia case ascertainment, and
can be used for studying incidence if these registers meet high enough
standards.?* A systematic review on undetected dementia in health
care claimed that the detection rate is even lower for people with YOD
compared to LOD.8? If this is true, incidence rates in this meta-analysis
might be an underestimation of the truth, even more so than incidence
rates for LOD.

Furthermore, we found significant heterogeneity between the stud-
ies. This heterogeneity is due to differences in several aspects of
the study methodology. However, the meta-regression showed only
significant variability due to geographic location. Other sources of het-
erogeneity probably exist, but these could not be inferred from the
available data. In addition, previous research has shown that studies
with big sample sizes/person-years increase 12, due to more precise
estimates and therefore smaller Cls. Because 12 depends on the Cls,
which are very small in the studies from this meta-analysis, this could
explain part of the heterogeneity in our meta-analysis.8¢

4.3 | Future research

There is a need for more and better data. First, most data were
from Europe, followed by North America, whereas no information
was available for Africa. No subgroup analyses on ethnicity or conti-
nent could be performed and differences in incidence rates between
different ethnic subgroups could not be investigated. Studies on the
epidemiology of dementia are scarce in most continents; one expla-
nation may be the difficulty in investigating incidence rates reliably
using big cohort studies, which are expensive and time consuming.
Given the meta-regression showing significant heterogeneity between
geographic locations, more research in the continents of Asia, Ocea-
nia, South America, and Africa is warranted. Second, studies mostly
assessed only the total incidence of YOD, or specifically assessed
major etiologies. Although we found several studies including other
important subtypes of dementia such as Parkinson’s dementia or
alcohol-related dementia, there was not enough information on these
subtypes for the meta-analysis. Scarcity of incidence rates of sub-
types of YOD is probably due to the very low incidence rates of
several etiologies. However, because YOD has more diverse underlying
causes than LOD,?” data on these other subtypes are very important.
Therefore, future research should focus on the incidence of different
subtypes of YOD. Third, some studies provided insufficient information
for meta-analysis. Therefore, future research should aim to standard-
ize procedures and reporting of incidence studies, to make the separate
studies more comparable and future meta-analyses even more reli-
able. To the best of our knowledge, no standardized procedures for
incidence studies exist. Fourth, we were unable to analyze changes in
incidence over time due to the low number of studies in each age band,
despite the long timeframe we researched. This should be addressed
in future research so that the influence of the changes of diagnosing
dementia can be studied.

Finally, although this meta-analysis showed cohort studies that
were using active screening reported higher incidence rates compared
to cohort studies using registries, conducting very large cohort studies
to investigate the incidence of YOD with active screening, especially
in the younger age range, might not be feasible. Instead, more effort
should go to implementing population-based disease registries. When
these registries are extensive and complete, they represent a valid,
cost-effective alternative for identifying incidence rates of YOD and

other rare diseases in cohort studies.2®
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In conclusion, this systematic review and meta-analysis found a
global age-standardized incidence rate of YOD of 11 per 100,000,
which translates into 370,000 new cases per year worldwide. These
numbers can still be considered an underestimation and should
encourage more research into incidence, risk factors, and etiology.
Findings should already raise awareness for policy makers to orga-
nize sufficient diagnostic services specialized in YOD and make health
care professionals more open to consider a diagnosis of YOD, thereby
increasing the recognition of the disease in young people. To address
the knowledge gaps in future research, new prospective cohort stud-
ies or collaborative individual-participant meta-analysis of existing
cohorts should assess different dementia subtypes, and report rates by

sex and ethnicity.
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