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Inserm, Villejuif, France

* laure.carcaillon-bentata@santepubliquefrance.fr

Abstract

BackgroundAU : Pleaseconfirmthatallheadinglevelsarerepresentedcorrectly:
Dementia onset in those aged <65 years (young onset dementia, YOD) has dramatic indi-

vidual and societal consequences. In the context of population aging, data on YOD are of

major importance to anticipate needs for planning and allocation of health and social

resources. Few studies have provided precise frequency estimates of YOD. The aim of this

study is to provide YOD prevalence and incidence estimates in France and to study the con-

tribution of comorbidities to YOD incidence.

Methods and findings

Using data from the French national health data system (Système National des Données de

Santé, SNDS) for 76% of the French population aged 40 to 64 years in 2016 (n =

16,665,795), we identified all persons with dementia based on at least 1 of 3 criteria: anti-

AU : PleasenotethatasperPLOSstyle; eponymictermsshouldnotbepossessive:Alzheimer drugs claims, hospitalization with the International Classification of Diseases-

10th Revision (ICD-10) dementia codes (F00 to F03, G30, G31.0, G31.1, or F05.1), or regis-

tration for free healthcare for dementia. We estimated prevalence rate (PR) and incidence

rate (IR) and estimated the association of comorbidities with incident YOD. Sex differences

were investigated. We identified 18,466 (PRstandardized = 109.7/100,000) and 4,074 incident

(IRstandardized = 24.4/100,000 person-years) persons with prevalent and incident YOD,

respectively. PR and IR sharply increased with age. Age-adjusted PR and IR were 33%

(95% confidence interval (CI) = 29 to 37) and 39% (95% CI = 31 to 48) higher in men than

women (p < 0.001 both for PR and IR). Cardio- and cerebrovascular, neurological, psychiat-

ric diseases, and traumatic brain injury prevalence were associated with incident YOD (age-

and sex-adjusted p-values <0.001 for all comorbidities examined, except p = 0.109 for anti-

hypertensive drug therapy). Adjustment for all comorbidities explained more than 55% of

the sex difference in YOD incidence. The lack of information regarding dementia subtypes is

the main limitation of this study.
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Conclusions

We estimated that there were approximately 24,000 and approximately 5,300 persons with

prevalent and incident YOD, respectively, in France in 2016. The higher YOD frequency in

men may be partly explained by higher prevalence of AU : Pleasenotethatallinstancesof cardio � neuro � vascularhavebeenreplacedwithcardiovascularandneurovascularthroughouttheabstractandtext:Pleasecheckandcorrectifnecessary:cardiovascular and neurovascular dis-

eases, substance abuse disorders, and traumatic brain injury and warrants further

investigation.

Author summary

Why was this study done?

• Dementia onset in people aged<65 years (young onset dementia, YOD) has dramatic

individual and societal consequences.

• To the best of our knowledge, there is a lack of data regarding the frequency of YOD in

France.

• Few data are available regarding the contribution of comorbidities to YOD incidence.

What did the researchers do and find?

• Using data from the French national health data system for 76% of the French popula-

tion, we estimated YOD prevalence and incidence in individuals aged 40 to 64 years and

examined the contribution of comorbidities to YOD incidence.

• Standardized prevalence rate (PR) and incidence rate (IR) were 109.7/100,000 and 24.4/

100,000 person-years, respectively, and were higher in men than women.

• Cardiovascular and neurovascular, neurological, psychiatric diseases, and traumatic

brain injury explained >55% of the sex difference in YOD incidence.

What do these findings mean?

• We extrapolate that there were approximately 24,000 and approximately 5,300 persons

with prevalent and incident YOD, respectively, in France in 2016.

• YOD incidence is higher in men than women, and this could possibly be due, at least in

part, to the higher prevalence of cardiovascular and neurovascular diseases and sub-

stance abuse disorders in men.

Introduction

Dementia represents a major worldwide public health concern as the number of people

affected doubled between 1990 and 2016 and will continue to rise due to population aging [1].

Although dementia mainly occurs during old age, it can develop earlier. Young onset dementia
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(YOD), also referred to as early onset dementia, generally refers to dementia occurring before

65 years [2]. Among people older than 60 years, 6% to 9% of all dementia cases occurred before

65 years [3].

Compared with individuals with late onset dementia (LOD), those suffering from YOD

usually present more atypical symptoms; memory loss complaints are not systematically

reported, while behavioral problems (e.g., mood disturbances and psychosis) often coexist [4].

These individuals face major psychological, familial, and socioeconomic challenges, while

often still active professionally [5]. YOD has a major impact on the quality of life of people

with the disease and their caregivers [6,7]. YOD burden is high for the health and social care

systems in charge of young individuals affected by a chronic disease requiring a high and costly

level of care.

In the context of population aging, data on YOD are of major importance to anticipate

needs for planning and allocation of health and social resources [8]. Some field and register

studies provided heterogeneous estimates of YOD prevalence, ranging from 38 to 420/100,000

between 30 and 64 years [9–17]. Fewer studies are available regarding YOD incidence, and

methodological differences likely explain inconsistent results between them [9–11,16–19]. In

France, to our knowledge, only 1 study reported on the prevalence of young onset Alzheimer

disease and found it to be 41.2/100,000 before the age of 60 years in 1998 [20].

There is a growing interest in using administrative health databases to estimate the burden

of chronic diseases, including dementia [21,22]. Given the high number of undiagnosed and

untreated dementia in the population [23], these sources suffer from poor sensitivity [24].

However, their sensitivity may be higher in younger individuals [25,26]. In France, a prelimi-

nary study compared dementia prevalence based on administrative data to those from cohort

studies and showed that administrative data underestimated prevalence after 70 years but

yielded consistent estimates for YOD [27]. We hypothesized that the dramatic impact of YOD

on patient’s lives is more likely to lead younger individuals to be in contact with the health sys-

tem than older ones.

In this paper, we used more recent data from the French national health data system for

76% of the French population to estimate YOD prevalence and incidence in 2016, overall and

by age and sex, and to examine the contribution of comorbidities to YOD incidence.

Methods

Data sources

Data come from the French national health data system, Système National des Données de

Santé (SNDS) [22]. It includes data on ambulatory healthcare consumption (including drug

reimbursements and laboratory tests) and hospitalization records in all public/private hospitals

since 2006. Drugs are coded using the anatomical therapeutic chemical classification (ATC).

Data on hospitalizations in short-stay departments, rehabilitation, psychiatry, and at home are

available. After each hospital stay, a discharge summary is filed, including a principal diagnosis

(DP) as well as related (DR) and associated (DA) diagnoses coded using the International Clas-

sification of Diseases-10th Revision (IAU : Pleasenotethat}10threvisionoftheInternationalStatisticalClassificationofDiseasesandRelatedHealthProblems}hasbeenchangedto}InternationalClassificationofDiseases � 10thRevision}toadheretoPLOSstyle:CD-10). In addition, in France, individuals with long-

term chronic diseases (LTDs), including dementia, can benefit from free healthcare, and this

information is registered in SNDS. Demographic information (age, sex, and vital status) is

available.

SNDS gathers data from various social security schemes (which depend on occupation),

covering >98% of the French population. Our analyses are restricted to the general scheme

that includes persons employed in the private sector and spouses if unemployed (76% of the

French population). As the SNDS was initially developed for the general scheme, data for its
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affiliates are more exhaustive than for other schemes, especially for historical data. We

excluded from our analyses workers in public services (11%), farmers, agricultural workers

and their spouses if unemployed (5%), self-employed workers (6%), and workers from other

smaller health systems (2%). As a governmental agency in charge of health surveillance in

France, Santé publique France has a full access to SNDS data according to the French law to

achieve its missions (French public health code, article R1461-14.1); the current project falls

within the surveillance missions of Santé publique France.

Identification of persons with YOD

We identified persons with dementia among all individuals aged 40 to 64 years old and alive

on December 31, 2016. Dementia ascertainment relied on the presence of at least 1 of the fol-

lowing criteria: (1)�2 reimbursements over a 1-year period of anti-Alzheimer drugs (acetyl-

cholinesterase inhibitors: Donepezil, ATC code N06DA02; Rivastigmine, N06DA03;

Galantamine, N06DA04; Memantine, N06DX01); (2) LTD registration for dementia (ICD-10

codes: F00 to F03, G30, G31.0, G31.1, or F05.1); and (3) at least 1 hospitalization with a DP,

DR, or DA diagnosis of dementia (same ICD-10 codes as above). To reduce the number of

false positives and increase specificity, we excluded individuals who were identified only by

one hospitalization with a DA or DR dementia diagnosis.

We previously showed that data collected over a 1-year period had poor sensitivity to iden-

tify prevalent dementia [28]. Consequently, in order to identify prevalent dementia in 2016

and 2015, the 3 criteria were searched over 5-year periods (2012 to 2016 and 2011 to 2015,

respectively). Persons with incident dementia in 2016 were those identified in 2016 but not

prevalent in 2015. We excluded persons with incident dementia without any healthcare use

over 3 years before 2016, in whom we could not determine the exact incidence date.

Comorbidities ascertainment

Based on the literature on YOD and LOD, we selected cardio- and cerebrovascular diseases

and treatments, metabolic conditions, psychiatric diseases, psychotropic drugs, other neuro-

logical diseases, and traumatic brain injury as potential risk factors for YOD [29–35].

The identification of all comorbidities, except traumatic brain injury, relied on algorithms

developed by SNDS experts in collaboration with the institution in charge of the SNDS, the

Caisse Nationale d’Assurance Maladie des Travailleurs Salariés (CNAMTS) [36]. We identified

traumatic brain injury using ICD-10 codes recommended by a literature review on ascertain-

ment of neurotrauma in administrative databases [37]. A detailed description of the algorithms

is available as S1 Table.

Statistical analysis

Characteristics of individuals with prevalent and incident YOD overall and by sex are pre-

sented using means (standard deviation, SD) and number (proportions). Differences between

sexes were tested using Student t test and Pearson chi-squared for continuous and categorical

variables, respectively.

To estimate the YOD prevalence rate (PR) in 2016, we divided the number of individuals

with prevalent dementia, aged 40 to 64 years old and alive on December 31, 2016, by the num-

ber of individuals affiliated to the general scheme of the social security at the same date pro-

vided by the French national health insurance register (Répertoire National Interrégimes des

Bénéficiaires de l’Assurance Maladie, RAU : Pleasenotethat}RNIAM}hasbeendefinedas}R�epertoireNationalInterr�egimesdesB�en�eficiairesdelAssuranceMaladie}inthesentence}ToestimatetheYODprevalencerate:::}:Pleasecheckandcorrectifnecessary:NIAM). The YOD incidence rate (IR) in 2016 was esti-

mated by dividing the number of individuals with incident dementia in 2016 by the number of
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person-years affiliated to the general scheme in 2016, from which we subtracted the number of

individuals with prevalent YOD in 2016.

PR and IR were computed overall and by sex and 5-year age groups. We used Poisson

regression to estimate 95% confidence intervals (CI) and male-to-female prevalence (PRRM/W)

and incidence (IRRM/W) rate ratios and 95% CI, overall (adjusted for age) and by age. We

tested whether PRRM/W and IRRM/W changed with continuous age by including an interaction

term between age and sex. We estimated age- and sex-standardized PR and IR using the

French population as the reference (National Institute of Statistics and Economic Studies)

[38].

The number of persons with prevalent and incident YOD in France in 2016 were extrapo-

lated by applying age- and sex-specific PR and IR to the French population.

We compared the prevalence of comorbidities in incident YOD and the total population

aged 40 to 64 years old affiliated to the general scheme in 2016; it comprised all persons with-

out YOD who were reimbursed at least 1 healthcare intervention or hospitalized within 3 years

before 2016. For each comorbidity, we computed odds ratios (ORs, 95% CI) using logistic

regression adjusted for age and sex.

Analyses regarding prevalence, incidence, and associations of comorbidities with incident

YOD were preplanned. As we found a strong difference in YOD incidence by sex, we further

examined the contribution of comorbidities to sex differences in YOD incidence by estimating

the percentage reduction in the association between sex and YOD after adjustment for comor-

bidities. Traumatic brain injury was included in our analyses after the main analyses were

completed in response to a reviewer’s suggestion.

This study is reported as per the Strengthening the Reporting of Observational Studies in

Epidemiology (STROBE) guideline (S1 STROBE Checklist).

Results

In 2016, we identified 18,466 persons with prevalent YOD (54.2% men, 45.8% women;

Table 1). Their mean age was 57.3 (SD = 6.1) years. Hospitalization records and LTD registra-

tion for dementia were present in 56.3% and 53.4% of prevalent YOD, respectively. More

women (32.2%) than men (23.5%) had anti-Alzheimer drug claims (p< 0.0001). Women

(12.7%) more often met all 3 criteria for inclusion compared to men (7.9%) (p< 0.0001).

In 2016, 4,074 persons (55.4% men and 44.6% women) developed YOD. Their mean age

was 57.2 (SD = 6.0) years, similar in men and women (p = 0.065). Hospitalization records and

LTD registration for dementia were present in 53.5% and 49.2% of incident YOD, respectively.

Anti-Alzheimer drug claims were less frequent in incident than prevalent YOD, but remained

more frequent in women (21.4%) than men (15.6%) (p< 0.0001).

PR and IR

Fig 1 and S2 and S3 Tables show PR and IR of YOD. Crude PR and IR were 105.4/100,000 per-

sons and 23.4/100,000 person-years, respectively. Age- and sex-standardized PR and IR were

109.7/100,000 persons and 24.4/100,000 person-years, respectively. PR increased from 25.2/

100,000 between 40 and 44 years to 284.8 between 60 and 64 years. Similarly, IR increased

from 6.0/100,000 person-years in the younger age category to 62.3 in the older one.

By applying age/sex-specific rates to the French population, we estimate that approximately

24,000 persons (13,400 men and 10,600 women) aged 40 to 64 years had YOD in 2016 and

that approximately 5,300 persons (3,000 men and 2,300 women) developed YOD in 2016.

Age-standardized PR and IR were higher in men (PRmen = 125.5/100,000; IRmen =

28.5/100,000 person-years) than women (PRwomen = 94.8/100,000; IRwomen = 20.5/100,000
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Table 1. Characteristics of prevalent and incident YOD, overall and by sex, in France (2016).

Prevalent YOD Incident YOD

Overall Men Women p-value Overall Men Women p-value

Characteristics n = 18,466 n = 10,011 n = 8,455 n = 4,074 n = 2,256 n = 1,818

Age, mean (SD) 57.3 (6.1) 57.0 (6.3) 57.6 (5.9) <0.001 57.2 (6.0) 57.0 (6.3) 57.4 (6.0) 0.065

Dementia criteria, n (%)

Hospitalization record 10,402 (56.3) 5,578 (55.7) 4,824 (57.1) 0.404 2,180 (53.5) 1,197 (53.1) 983 (54.0) 0.532

Anti-Alzheimer drug claim 5,072 (27.5) 2,352 (23.5) 2,720 (32.2) <0.001 741 (18.2) 351 (15.6) 390 (21.4) <0.001

LTD registration for dementia 9,863 (53.4) 5,231 (52.3) 4,632 (54.8) 0.003 2,003 (49.2) 1,116 (49.5) 887 (48.8) 0.675

Number of dementia criteria, n (%) <0.001 <0.001

One criteria alone 13,549 (72.9) 7,654 (76.5) 5,805 (68.7) 3,372 (82.7) 1,918 (85) 1,453 (80.0)

Two criteria 3,143 (17.0) 1,564 (15.6) 1,579 (18.7) 556 (13.6) 268 (11.9) 288 (15.8)

Three criteria 1,864 (10.1) 793 (7.9) 1,071 (12.7) 147 (3.6) 70 (3.1) 77 (4.2)

Combination of dementia criteria, n (%) <0.001 <0.001

Hospitalization alone 6,439 (34.9) 3,669 (36.7) 2,770 (32.8) 1,662 (40.8) 944 (41.8) 718 (39.5)

Anti-Alzheimer drug claim alone 1,521 (8.2) 788 (7.9) 733 (8.7) 316 (7.8) 154 (6.8) 162 (8.9)

LTD registration alone 5,499 (29.8) 3,197 (31.9) 2,302 (27.2) 1,394 (34.2) 820 (36.3) 573 (31.5)

Hospitalization + anti-Alzheimer drug claim 643 (3.5) 323 (3.2) 320 (3.8) 93 (2.3) 42 (1.9) 51 (2.8)

Hospitalization + LTD registration 1,456 (7.9) 793 (7.9) 663 (7.8) 278 (6.8) 141 (6.3) 137 (7.5)

Anti-Alzheimer drug claim + LTD registration 1,044 (5.7) 448 (4.5) 596 (7.1) 185 (4.5) 85 (3.8) 100 (5.5)

LTD, long-term chronic disease; SD, standard deviation; YOD, young onset dementia.

https://doi.org/10.1371/journal.pmed.1003801.t001

Fig 1. Age-specific prevalence (A1; A2, log scale) and incidence (B1; B2, log scale) rates of YOD in men and women (2016).

Shaded regions represent 95% CIs. CAU : AbbreviationlistshavebeencompiledforthoseusedthroughoutFigs1and2:Pleaseverifythatallentriesarecorrect:I, confidence interval; YOD, young onset dementia.

https://doi.org/10.1371/journal.pmed.1003801.g001
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person-years). The age-adjusted PRRM/W was 1.33 (95% CI = 1.29 to 1.37), and the age-

adjusted IRRM/W was 1.39 (95% CI = 1.31 to 1.48). PRRM/W decreased with age (Fig 2). It was

1.66 (95% CI = 1.45 to 1.89) between 40 and 44 years, and it progressively decreased to 1.26

(95% CI = 1.21 to 1.31) between 60 and 64 years (p-interaction between sex and continuous

age<0.001). Age-specific IRRM/W were similar to corresponding age-specific PRRM/W, and

there was a similar trend of decreasing IRRM/W with continuous age, but it was not statistically

significant (p-interaction = 0.494), possibly due to insufficient statistical power as the number

of incident cases in each age group was considerably smaller than the number of prevalent

cases. The attenuation of the difference between men and women with increasing age is due to

a faster increase of PR and IR with age in women than men (Fig 1).

Contribution of comorbidities to YOD

Table 2 shows a higher prevalence of all comorbidities in YOD than in the general population,

in particular of cerebrovascular and neurological diseases, substance abuse, schizophrenia and

psychotic disorders, and traumatic brain injury. In persons without YOD, all comorbidities

were more frequent in men than women (S4 Table).

The age-adjusted OR of YOD for men compared to women was 1.48 (95% CI = 1.39 to

1.57, p< 0.001). Table 3 shows the contribution of comorbidities to this association; cardiovas-

cular and neurovascular and metabolic diseases and substance abuse disorders explained

23.5% and 29.2% of the association, respectively. After adjustment for all comorbidities, the

association decreased by 55.6% (OR = 1.19, 95% CI = 1.11 to 1.27, p< 0.001).

Discussion

We used data from the French national health data system for 76% of the French population to

estimate the PR and IR of YOD in people aged 40 to 64 years old. In 2016, age and sex-stan-

dardized PR and IR were 109.7/100,000 persons and 24.4/100,000 person-years, respectively.

By applying these rates to the French population, we estimate that approximately 24,000 per-

sons aged 40 to 64 years old had YOD in 2016, and approximately 5,300 persons developed

Fig 2. Male-to-female PR (PRRM/W) and IR (IRRM/W) rate ratios, overall and by age. Black bars represent 95% CIs.

CI, confidence interval; IR, incidence rate; PR, prevalence rate.

https://doi.org/10.1371/journal.pmed.1003801.g002
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YOD in 2016. Rates of YOD were higher in men compared to women, and we identified that

this association was attenuated by 56% after adjustment for all comorbid conditions consid-

ered, suggesting a potential role for comorbid conditions in the relationship between sex and

YOD.

Burden of YOD in France and comparison with other studies

Previous field studies have provided inconsistent results regarding YOD prevalence, with PR

ranging from 90 to 420/100,000 between 30 and 64 years [11,14,39,40]. Our estimation is com-

patible with the only previous French study [20], although it reported a slightly lower preva-

lence in people aged 41 to 60 years (PR = 41.2/100,000, n = 39 versus PR = 67.7/100,000 in our

study for the same age group) probably due to the inclusion of young onset Alzheimer disease

only, not all-cause dementia. Our results are also in line with 2 studies: one performed in the

province of Modena in Italy (2006 to 2019, PR = 119.9/100,000) [41] and the other in 4 catch-

ment areas of eastern Sydney, Australia (2007 to 2008, PR = 133/100,000 between 45 and 64

years; the PR for this age group in our study was 127/100,000) [11]. Regarding incidence, 2

recent field studies provided IR that were consistent with our findings; in the Italian study

mentioned above, the IR was 22.8/100,000, and it was 25.0/100,000 between 45 and 64 years in

a population-based study in Norway (2015 to 2017) [11,17].

In registry-based studies, PR ranged from 81 to 143/100,000 between 45 and 65 years, in

line with our study findings [9,12,13,15,16,40–42]. In addition, 4 registries provided IR. Our

estimate (24.4/100,000 person-years) is close to that from a Spanish study (2007 to 2009) that

Table 3. Percentage reduction of the association between male sex and YOD incidence due to comorbidities.

Model OR men versus womena 95% CI Percentage reduction (%)b

Model 1 adjusted for age 1.48 (1.39 to 1.57) —

Model 1 + covariates

Morbid obesity 1.48 (1.39 to 1.58) 0.0

Diabetes 1.46 (1.37 to 1.55) 3.5

Antihypertensive drug therapy 1.48 (1.39 to 1.57) 0.0

Acute cerebrovascular disease (excluding transient attacks) 1.45 (1.36 to 1.53) 5.2

Sequelae of cerebrovascular disease or history of acute cerebrovascular disease 1.41 (1.32 to 1.50) 12.4

Acute ischemic heart disease 1.48 (1.39 to 1.57) 0.0

Chronic ischemic heart disease or history of acute ischemic heart disease 1.44 (1.36 to 1.53) 7.0

Cardiac arrhythmias and conduction disorders 1.44 (1.36 to 1.53) 7.0

All cardiovascular, cerebrovascular, and metabolic disease and related drug therapies 1.35 (1.27 to 1.43) 23.5

Parkinson disease 1.46 (1.37 to 1.55) 3.5

Epilepsy 1.43 (1.34 to 1.52) 8.8

Multiple sclerosis 1.51 (1.42 to 1.60) −5.1

All neurological diseases other than dementia 1.44 (1.35 to 1.53) 7.0

Substance abuse disorders (drugs, alcohol, and cannabis) 1.32 (1.24 to 1.40) 29.2

Schizophrenia and psychotic disorders 1.46 (1.37 to 1.55) 3.5

All psychiatric disorders and related drug therapies 1.31 (1.23 to 1.39) 31.1

Traumatic brain injury 1.41 (1.33 to 1.50) 12.4

All comorbidities 1.19 (1.11 to 1.27) 55.6

a ORs, 95% CIs, and p-values were computed using logistic regression. All ORs are significant at p< 0.001.
b Percentage reduction = 100 × (logORModel 1 − logORModel 1 + covariates)/logORModel 1.

CI, confidence interval; OR, odds ratio; YOD, young onset dementia.

https://doi.org/10.1371/journal.pmed.1003801.t003
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estimated IR to be 22.8/100,000 person-years between 40 and 65 years [16]. Other studies

conducted in Scotland (1974 to 1988) [18], England (2000 to 2006) [19], and Japan (2018 to

2019) [43] yielded much lower IR of 2.7, 11.5, and 2.5/100,000 person-years, respectively. The

inclusion of psychiatric hospitals records only in the Scottish study, the small catchment area

and thus small number of incident cases in the English study, and a large population a denomi-

nator (18 to 64 years) in the Japanese study are the main explanations for the low incidence

estimates in these studies.

Other studies used national or regional administrative databases [44–46], with important

differences regarding study design, data sources, and criteria used to define YOD. Recently,

the European medical information framework consortium analyzed 6 electronic health data-

bases from 5 countries to estimate dementia PR and IR [45]. Our results are comparable to

those from 2 databases identifying dementia using general pharmacy and hospital records: 1

from Tuscany (Italy, 50 to 70 years: PR = 100/100,000; IR = 30/100,000 person-years) and 1

from the northern and central regions of Jutland (Denmark, 50 to 70 years: PR = 300/100,000;

IR = 58/100,000 person-years). In our study, the PR between 50 and 65 years was 100/100,000,

and the IR was 37/100,000 person-years. Most studies that included primary care data pro-

vided estimates similar to our own [44,45], but one reported higher rates [46]; it ascertained

dementia using 4 linked administrative health databases from the Saskatchewan Province

(Canada), a wide range of AU : Pleasedefine}CIM � 10}inthesentence}Moststudiesthatincludedprimarycaredata:::}ifapplicable=appropriateandaddtothemainabbreviationlist:ICD–10 codes, and cognitive testing data, but not functional tests,

which may have led to an overestimation of the YOD frequency.

Given the heterogeneity of the information available in administrative databases in each

country, comparisons of YOD frequency are difficult, and differences should be interpreted

with caution. A recent review on the accuracy of dementia diagnosis in routinely collected

datasets reported good specificity and positive predictive value but moderate sensitivity [24].

Based on 12 studies, sensitivity was comprised between 21% and 86%, with only 3 of 12 studies

reporting estimates�60%. However, some studies found sensitivity to be higher at younger

ages [25,26]. There are 2 major reasons for reduced sensitivity in administrative databases:

first, 1 to 3 persons with dementia is undiagnosed and therefore undetected in administrative

databases [23]; second, criteria used to identify dementia lack sensitivity since not all persons

with dementia are treated with anti-Alzheimer drugs or hospitalized [21,27]. Regarding youn-

ger individuals with YOD, cognitive decline and dementia are often associated with behavioral

disturbances [4], and they face a more aggressive course with a steeper rate of cognitive decline

[47]. Therefore, the disease has a major impact on individuals’ lives, which likely explains

higher sensitivity of administrative databases in younger individuals who are more likely to

seek medical care and integrate the health system than their older counterparts.

Sex differences in YOD incidence and role of comorbidities

Many studies examined sex differences in dementia, and their results remain equivocal

[48,49]. Previous studies mostly reported no differences between men and women for LOD

incidence [50,51]. Studies with higher rates in women mostly found differences restricted to

the oldest age group [52,53]. For YOD, we found that the PRRM/W was 1.33 and the IRRM/W

1.39 and that this difference decreased with age. Two Japanese multicenter population-based

studies (n = 2,469 [42] and n = 4,077 [39] YOD) reported higher YOD prevalence in men than

women (PRRM/W = 1.59, 95% CI = 1.56 to 1.53 and mean PRRM/W = 1.4, respectively). Also

consistent with our findings, in both the hospital-based Italian and Danish studies discussed

above, PRRM/W/IRRM/W <70 years were 1.11/1.25 in the Italian (n = 2,659 YOD) and 1.45/

1.25 in the Danish study (n = 2,183 YOD) [45] and decreased thereafter. Other studies found

no significant sex differences for prevalence [11,12,16,40,46] or incidence [11,16,46,50].
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Differences between men and women in dementia rates are likely to arise both from differ-

ences related to sex (i.e., biological) and gender (i.e., behaviors, such as addictions; sociocul-

tural, such as education or occupation) [49]. A number of reasons may thus account for higher

YOD rates in men. First, there are important sex differences in middle age for several comor-

bidities associated with dementia. The incidence of cardio- and cerebrovascular disease is

higher in middle-aged men than women [54]. There is increasing evidence that these condi-

tions are associated with cognitive decline and LOD [31,33]. Although additional studies are

needed to better understand their role in YOD, in our study, cardio- and cerebrovascular dis-

eases or metabolic disease explained approximately 23% of the association between male sex

and YOD, thus suggesting an important contribution of vascular dementia to YOD. In addi-

tion, other disorders associated with cognitive decline and dementia (e.g., substance abuse

[55], Parkinson disease [29], epilepsy [35], and traumatic brain injury [56]) are more common

in men than women and explained an important part of the association between male sex and

YOD. Second, women may benefit from neuroprotective effects of estrogens regarding cere-

brovascular disease and dementia [57]. Third, compared to men, women may have a reduced

or delayed use of healthcare services for memory complaints. According to the French national

Alzheimer Database that includes information for all individuals who attend memory clinics,

in 2012, women were older than men (77.5 versus 74.4 years) and had a lower Mini-Mental

State Examination (MAU : Pleasenotethat}MMSE}hasbeendefinedas}Mini � MentalStateExam}inthesentence}AccordingtotheFrenchnationalAlzheimer:::}:Pleasecheckandcorrectifnecessary:MSE) score (20.5 versus 21.6 points) at the time of first visit [58]. How-

ever, these findings may reflect the higher proportion of older women in France rather than a

delayed used of medical care services. Unfortunately, YOD data were not available in this

study.

Strengths and limitations of the study

The main strengths of our study are its large size, the inclusion of all persons aged 40 to 64

years old affiliated to the general scheme of the French social security, and the ascertainment

of all persons with dementia who required medical care within that population. The large

number of persons with YOD allowed us to estimate PR, IR, and sex ratios with precise CIs.

The comparison with a reference cohort of persons without YOD yielded a sex difference simi-

lar to the incidence analysis and provides insights about the role of comorbidities in sex differ-

ences in YOD incidence.

The main limitation of our study is that we were unable to identify undiagnosed persons

and those who were not in contact with the medical system. As discussed above, this is less

likely to occur in this age group than in older individuals. In addition, we used the first date of

contact for dementia with the medical system to define age at incidence, which could be

delayed relative to the actual age at incidence, leading to misclassification of some individuals

with YOD as having LOD [59,60]. No data are available in France on the delay between

dementia diagnosis and anti-Alzheimer drugs initiation, LTD registration, or first hospitaliza-

tion. However, French health authorities recommend to provide LTD registration for demen-

tia at the time of diagnosis [61]; in addition, at the time of this study, anti-Alzheimer drugs

were fully reimbursed for individuals with LTD registration, while only 15% of their cost were

reimbursed to people without registration. These recommendations are likely to lead to a short

delay between diagnosis and LTD registration and treatment. Another important limitation

pertains to the lack of accurate information regarding dementia subtypes; one of the reasons

may be variability in how ICD-10 codes are attributed in different hospitals and by different

doctors all over France. Among the 3 criteria used to identify dementia, LTD registrations and

hospitalizations have associated ICD-10 codes that could be used for this purpose. However,

the accuracy of these codes and their relevance to identify dementia subtypes remain unclear,
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and additional validation studies are needed before they can be used for this aim. In addition,

the use of anti-Alzheimer medications to identify YOD could have shifted our selection toward

the inclusion of a higher number of persons with Alzheimer disease compared to other demen-

tia subtypes. However, the majority of persons with YOD was identified through LTD registra-

tion or hospitalizations and only 8% by anti-Alzheimer medications alone. In addition, in

France, some of the anti-Alzheimer medications can also be prescribed for other causes of

dementia, such as Parkinson disease, dementia with Lewy bodies, or mixed dementia. Regard-

ing study sample selection (76% of the French population), the participants excluded from our

study are very heterogeneous. Public services concentrate a higher number of women and

well-educated individuals, while agricultural and self-employed workers are 2 groups consti-

tuted of more men and with a large heterogeneity in terms of educational level. Therefore, and

given the low amount of individuals that are missing, it is unlikely that the selection lead a sys-

tematic bias in our analysis. Other limitations include the lack of information on cognitive sta-

tus and dementia severity and risk or protective factors (e.g., education level, occupation,

smoking, alcohol drinking, physical activity, and diet). Finally, drug claims are not available in

SNDS for persons in nursing home with an internal pharmacy, but this has little influence on

our results given that these institutions are only available in France for persons�60 years.

Policy and research implications

We provide French YOD frequency estimates that help increase awareness on its burden. In

addition, we show the important contribution of cardio- and cerebrovascular, metabolic, neu-

rological (other than dementia), psychiatric diseases, and traumatic brain injury in explaining

sex differences in YOD incidence. The higher YOD frequency in men deserves further investi-

gation to clarify the role of sex-associated risk factors and comorbidities as well as differences

in healthcare access. Our results may suggest that preventive approaches targeting cardiovas-

cular risk factors in midlife, substance abuse disorders, and prevention and management of

traumatic brain injury could be further investigated as strategies for reducing or postponing

YOD.
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dépenses. Propositions de l’Assurance Maladie pour 2017. 2016 [20200221]. Available from: https://

www.ameli.fr/sites/default/files/rapport-activite-charges-produits-17_assurance-maladie.pdf.

37. Chen AY, Colantonio A. Defining neurotrauma in administrative data using the International Classifica-

tion of Diseases Tenth Revision. Emerg Themes Epidemiol. 2011; 8(1):4. Epub 2011/05/17. https://doi.

org/10.1186/1742-7622-8-4 PMID: 21569640.

38. Population en 2016. Recensement de la population—Base infracommunale (IRIS) [Internet]. 2016

[cited 2021 Aug 26]. Available from: https://www.insee.fr/fr/statistiques/4228434.

39. Awata S, Edahiro A, Arai T, Ikeda M, Ikeuchi T, Kawakatsu S, et al. Prevalence and subtype distribution

of early-onset dementia in Japan. Psychogeriatrics. 2020; 20(6):817–23. Epub 2020/08/21. https://doi.

org/10.1111/psyg.12596 PMID: 32815229.

40. Kvello-Alme M, Brathen G, White LR, Sando SB. The Prevalence and Subtypes of Young Onset

Dementia in Central Norway: A Population-Based Study. J Alzheimers Dis. 2019; 69(2):479–87. https://

doi.org/10.3233/JAD-181223 PMID: 31006688.

41. Withall A, Draper B, Seeher K, Brodaty H. The prevalence and causes of younger onset dementia in

Eastern Sydney, Australia. Int Psychogeriatr. 2014; 26(12):1955–65. https://doi.org/10.1017/

S1041610214001835 PMID: 25307142.

42. Ikejima C, Ikeda M, Hashimoto M, Ogawa Y, Tanimukai S, Kashibayashi T, et al. Multicenter popula-

tion-based study on the prevalence of early onset dementia in Japan: vascular dementia as its promi-

nent cause. Psychiatry Clin Neurosci. 2014; 68(3):216–24. https://doi.org/10.1111/pcn.12127 PMID:

24372910.

43. Edahiro A, Miyamae F, Taga T, Sugiyama M, Kikuchi K, Okamura T, et al. Incidence and distribution of

subtypes of early-onset dementia in Japan: A nationwide analysis based on annual performance reports

of the Medical Centers for Dementia. Geriatr Gerontol Int. 2020; 20(11):1050–5. Epub 2020/09/30.

https://doi.org/10.1111/ggi.14043 PMID: 32989857.

44. Heath CA, Mercer SW, Guthrie B. Vascular comorbidities in younger people with dementia: a cross-sec-

tional population-based study of 616 245 middle-aged people in Scotland. J Neurol Neurosurg Psychia-

try. 2015; 86(9):959–64. https://doi.org/10.1136/jnnp-2014-309033 PMID: 25406350.

45. Perera G, Pedersen L, Ansel D, Alexander M, Arrighi HM, Avillach P, et al. Dementia prevalence and

incidence in a federation of European Electronic Health Record databases: The European Medical

Informatics Framework resource. Alzheimers Dement. 2018; 14(2):130–9. https://doi.org/10.1016/j.jalz.

2017.06.2270 PMID: 28734783.

46. Kosteniuk JG, Morgan DG, O’Connell ME, Kirk A, Crossley M, Teare GF, et al. Incidence and preva-

lence of dementia in linked administrative health data in Saskatchewan, Canada: a retrospective cohort

study. BMC Geriatr. 2015; 15:73. https://doi.org/10.1186/s12877-015-0075-3 PMID: 26135912.

47. Stanley K, Whitfield T, Kuchenbaecker K, Sanders O, Stevens T, Walker Z. Rate of Cognitive Decline in

Alzheimer’s Disease Stratified by Age. J Alzheimers Dis. 2019; 69(4):1153–60. Epub 2019/05/28.

https://doi.org/10.3233/JAD-181047 PMID: 31127765.

48. Buckley RF, Waller M, Masters CL, Dobson A. To What Extent Does Age at Death Account for Sex Dif-

ferences in Rates of Mortality From Alzheimer Disease? Am J Epidemiol. 2019; 188(7):1213–23.

https://doi.org/10.1093/aje/kwz048 PMID: 30824901.

49. Mayeda ER. Invited Commentary: Examining Sex/Gender Differences in Risk of Alzheimer Disease

and Related Dementias-Challenges and Future Directions. Am J Epidemiol. 2019; 188(7):1224–7.

https://doi.org/10.1093/aje/kwz047 PMID: 30824902.

50. Edland SD, Rocca WA, Petersen RC, Cha RH, Kokmen E. Dementia and Alzheimer disease incidence

rates do not vary by sex in Rochester. Minn Arch Neurol. 2002; 59(10):1589–93. https://doi.org/10.

1001/archneur.59.10.1589 PMID: 12374497.

51. Fitzpatrick AL, Kuller LH, Ives DG, Lopez OL, Jagust W, Breitner JC, et al. Incidence and prevalence of

dementia in the Cardiovascular Health Study. J Am Geriatr Soc. 2004; 52(2):195–204. https://doi.org/

10.1111/j.1532-5415.2004.52058.x PMID: 14728627.

PLOS MEDICINE Young-onset dementia in France

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1003801 September 23, 2021 15 / 16

https://doi.org/10.1016/j.trci.2019.09.017
https://doi.org/10.1016/j.trci.2019.09.017
http://www.ncbi.nlm.nih.gov/pubmed/31921967
https://doi.org/10.1001/jamapsychiatry.2015.1546
http://www.ncbi.nlm.nih.gov/pubmed/26444987
https://doi.org/10.1111/ene.14043
http://www.ncbi.nlm.nih.gov/pubmed/31330091
https://www.ameli.fr/sites/default/files/rapport-activite-charges-produits-17_assurance-maladie.pdf
https://www.ameli.fr/sites/default/files/rapport-activite-charges-produits-17_assurance-maladie.pdf
https://doi.org/10.1186/1742-7622-8-4
https://doi.org/10.1186/1742-7622-8-4
http://www.ncbi.nlm.nih.gov/pubmed/21569640
https://www.insee.fr/fr/statistiques/4228434
https://doi.org/10.1111/psyg.12596
https://doi.org/10.1111/psyg.12596
http://www.ncbi.nlm.nih.gov/pubmed/32815229
https://doi.org/10.3233/JAD-181223
https://doi.org/10.3233/JAD-181223
http://www.ncbi.nlm.nih.gov/pubmed/31006688
https://doi.org/10.1017/S1041610214001835
https://doi.org/10.1017/S1041610214001835
http://www.ncbi.nlm.nih.gov/pubmed/25307142
https://doi.org/10.1111/pcn.12127
http://www.ncbi.nlm.nih.gov/pubmed/24372910
https://doi.org/10.1111/ggi.14043
http://www.ncbi.nlm.nih.gov/pubmed/32989857
https://doi.org/10.1136/jnnp-2014-309033
http://www.ncbi.nlm.nih.gov/pubmed/25406350
https://doi.org/10.1016/j.jalz.2017.06.2270
https://doi.org/10.1016/j.jalz.2017.06.2270
http://www.ncbi.nlm.nih.gov/pubmed/28734783
https://doi.org/10.1186/s12877-015-0075-3
http://www.ncbi.nlm.nih.gov/pubmed/26135912
https://doi.org/10.3233/JAD-181047
http://www.ncbi.nlm.nih.gov/pubmed/31127765
https://doi.org/10.1093/aje/kwz048
http://www.ncbi.nlm.nih.gov/pubmed/30824901
https://doi.org/10.1093/aje/kwz047
http://www.ncbi.nlm.nih.gov/pubmed/30824902
https://doi.org/10.1001/archneur.59.10.1589
https://doi.org/10.1001/archneur.59.10.1589
http://www.ncbi.nlm.nih.gov/pubmed/12374497
https://doi.org/10.1111/j.1532-5415.2004.52058.x
https://doi.org/10.1111/j.1532-5415.2004.52058.x
http://www.ncbi.nlm.nih.gov/pubmed/14728627
https://doi.org/10.1371/journal.pmed.1003801


52. Hofman A, Rocca WA, Brayne C, Breteler MM, Clarke M, Cooper B, et al. The prevalence of dementia

in Europe: a collaborative study of 1980–1990 findings. Eurodem Prevalence Research Group. Int J

Epidemiol. 1991; 20(3):736–48. https://doi.org/10.1093/ije/20.3.736 PMID: 1955260.

53. Ramaroson H, Helmer C, Barberger-Gateau P, Letenneur L, Dartigues JF, Paquid. Prevalence of

dementia and Alzheimer’s disease among subjects aged 75 years or over: updated results of the

PAQUID cohort. Rev Neurol. 2003; 159(4):405–11. PMID: 12773869.

54. Wilkins JT, Ning H, Berry J, Zhao L, Dyer AR, Lloyd-Jones DM. Lifetime risk and years lived free of total

cardiovascular disease. JAMA. 2012; 308(17):1795–801. https://doi.org/10.1001/jama.2012.14312

PMID: 23117780.

55. Cheng C, Huang CL, Tsai CJ, Chou PH, Lin CC, Chang CK. Alcohol-Related Dementia: A Systemic

Review of Epidemiological Studies. Psychosomatics. 2017; 58(4):331–42. https://doi.org/10.1016/j.

psym.2017.02.012 PMID: 28501289.

56. Frost RB, Farrer TJ, Primosch M, Hedges DW. Prevalence of traumatic brain injury in the general adult

population: a meta-analysis. Neuroepidemiology. 2013; 40(3):154–9. Epub 2012/12/22. https://doi.org/

10.1159/000343275 PMID: 23257914.

57. Rocca WA, Grossardt BR, Shuster LT. Oophorectomy, estrogen, and dementia: a 2014 update. Mol

Cell Endocrinol. 2014; 389(1–2):7–12. https://doi.org/10.1016/j.mce.2014.01.020 PMID: 24508665.

58. Anthony S, Pradier C, Chevrier R, Festraets J, Tifratene K, Robert P. The French National Alzheimer

database: a fast growing database for researchers and clinicians. Dement Geriatr Cogn Disord. 2014;

38(5–6):271–80. https://doi.org/10.1159/000360281 PMID: 24994018.

59. Draper B, Withall A. Young onset dementia. Intern Med J. 2016; 46(7):779–86. https://doi.org/10.1111/

imj.13099 PMID: 27405890.

60. van Vliet D, de Vugt ME, Bakker C, Pijnenburg YA, Vernooij-Dassen MJ, Koopmans RT, et al. Time to

diagnosis in young-onset dementia as compared with late-onset dementia. Psychol Med. 2013; 43

(2):423–32. Epub 2012/05/30. https://doi.org/10.1017/S0033291712001122 PMID: 22640548.
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