
 

  

 

Aalborg Universitet

Mapping morbidity 10 years prior to a diagnosis of young onset Alzheimer's disease

Damsgaard, Line; Janbek, Janet; Laursen, Thomas M.; Høgh, Peter; Vestergaard, Karsten;
Gottrup, Hanne; Jensen-Dahm, Christina; Waldemar, Gunhild
Published in:
Alzheimer's & Dementia

DOI (link to publication from Publisher):
10.1002/alz.13681

Creative Commons License
CC BY 4.0

Publication date:
2024

Document Version
Publisher's PDF, also known as Version of record

Link to publication from Aalborg University

Citation for published version (APA):
Damsgaard, L., Janbek, J., Laursen, T. M., Høgh, P., Vestergaard, K., Gottrup, H., Jensen-Dahm, C., &
Waldemar, G. (2024). Mapping morbidity 10 years prior to a diagnosis of young onset Alzheimer's disease.
Alzheimer's & Dementia, 20(4), 2373-2383. https://doi.org/10.1002/alz.13681

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            - Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            - You may not further distribute the material or use it for any profit-making activity or commercial gain
            - You may freely distribute the URL identifying the publication in the public portal -
Take down policy
If you believe that this document breaches copyright please contact us at vbn@aub.aau.dk providing details, and we will remove access to
the work immediately and investigate your claim.

Downloaded from vbn.aau.dk on: May 29, 2024

https://doi.org/10.1002/alz.13681
https://vbn.aau.dk/en/publications/a7dfa993-512b-4839-86eb-d1b83e55ccb0
https://doi.org/10.1002/alz.13681


Received: 12 September 2023 Revised: 21November 2023 Accepted: 7 December 2023

DOI: 10.1002/alz.13681

R E S E A RCH ART I C L E

Mappingmorbidity 10 years prior to a diagnosis of young onset
Alzheimer’s disease

Line Damsgaard1 Janet Janbek1 ThomasM. Laursen2 Peter Høgh3,4

Karsten Vestergaard5 Hanne Gottrup6 Christina Jensen-Dahm1

GunhildWaldemar1,4

1Danish Dementia Research Centre,

Department of Neurology, Copenhagen

University Hospital – Rigshospitalet,

Copenhagen, Denmark

2National Centre for Register-based Research,

Department of Economics and Business

Economics, Aarhus University, Aarhus,

Denmark

3Department of Neurology, Zealand

University Hospital, Roskilde, Denmark

4Department of Clinical Medicine, University

of Copenhagen, Copenhagen, Denmark

5Dementia Clinic, Department of Neurology,

Aalborg University Hospital, Aalborg,

Denmark

6Dementia Clinic, Department of Neurology,

Aarhus University Hospital, Aarhus, Denmark

Correspondence

Line Damsgaard, Danish Dementia Research

Centre, Section 8008, Department of

Neurology, Copenhagen University Hospital –

Rigshospitalet. Blegdamsvej 9, 2100,

Copenhagen, Denmark.

Email: line.damsgaard@regionh.dk

Abstract

INTRODUCTION: Early symptoms in young onset Alzheimer’s disease (YOAD)may be

misinterpreted, causing delayed diagnosis. This population-based study aimed to map

morbidity prior to YOAD diagnosis.

METHODS: In a register-based incidence density matched nested case-control study,

we examined hospital-diagnosed morbidity for people diagnosed with YOAD in Dan-

ish memory clinics during 2016-2020 compared to controls in a 10-year period.

Conditional logistic regression produced incidence rate ratios (IRRs).

RESULTS: The study included 1745 cases and 5235 controls. YOAD patients had a

highermorbidity burden in theyear immediately beforedementia diagnosis, for certain

disorders up to 10 years before. This was especially evident for psychiatric morbid-

ity with the highest increased IRRs throughout the entire period and IRR 1.43 (95%

confidence interval 1.14–1.79) in the 5–10-years before dementia diagnosis.

DISCUSSION: YOAD patients display a different pattern of morbidity up to 10 years

prior to diagnosis. Awareness of specific alterations in morbidity may improve efforts

toward a timely diagnosis.

KEYWORDS

Alzheimer’s disease, early warning signs, epidemiology, morbidity, registry-based, young onset
dementia

Highlights

∙ Retrospective, nested case-control study of young onset Alzheimer’s disease

(YOAD).

∙ YOAD cases had a higher morbidity burden than controls.

∙ YOAD cases had a higher psychiatric morbidity burden up to 10 years before

diagnosis.

∙ Alteredmorbidity patterns could serve as an early warning sign of YOAD.
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1 BACKGROUND

While several studies have sought to describe the earliest symptoms

of Alzheimer’s disease (AD),1 to our knowledge, no previous studies

have broadly explored morbidity prior to a diagnosis of young onset

AD (YOAD). Studies examining morbidity prior to an AD or all-cause

dementia diagnosis usually target one prespecified disease or symp-

tom, often as risk studies, as outlined in the 2020 Lancet Commission’s

report on dementia prevention, intervention, and care.2 Here, evi-

dence was gathered on, among others, hearing impairment, traumatic

brain injury, hypertension, diabetes, cardiovascular disease, depres-

sion, and sleep disorders and subsequent dementia. Other studies

have found associations between many diverse diseases and symp-

toms and a future diagnosis of all-cause dementia, such as infectious

diseases,3 inflammatory bowel disease,4 stress diagnoses,5 anxiety,6

and so forth. Further studies that stratify on etiology are needed,

as (co)morbidity burden is likely heterogeneous between different

causes of dementia. Furthermore, the vast majority of studies on

risk factors and early symptoms in AD have focused on late onset

AD (LOAD). As morbidity generally tends to increase with increas-

ing age, there is likely a difference in the pattern of morbidity for

those diagnosed with YOAD compared to those diagnosed with LOAD

even based on age alone. Therefore, the knowledge on morbidity

preceding LOAD is unlikely to be directly transferable to YOAD

patients.

Due to the risk of reverse causation, it is often challenging to

establish whether a disease or symptom is a risk factor for demen-

tia or an early manifestation of the dementia disorder. Regardless,

increased knowledge on such diseases and symptoms may serve as

early warning signs. In a study of pre-diagnostic symptoms of 89

young-onset dementia patients, only 5% of patients reported cogni-

tive symptoms five years before diagnosis.7 Establishing key features

of the pre-diagnostic phase of YOAD, including both cognitive and

non-cognitive symptoms, may help patients, caregivers, and espe-

cially general practitioners (GPs) recognize the need for memory clinic

referral during the early phase of clinical deterioration. Studies have

shown a large diagnostic delay in young onset dementia, which may

have detrimental effects on work life, financial stability, and family

roles.8,9 Thus, minimizing diagnostic delay is key in ensuring timely

diagnosis and support. Furthermore, an early diagnosis allows for

timely initiation of treatment, which may be especially important with

advances in early biomarkers and the emergence of disease-modifying

treatments.

In a previous study, we demonstrated that YOAD patients have

increased healthcare utilization from 10 years before diagnosis,10 and

the present study elaborates on those findings.

The aim of this study was to explore whether individuals diagnosed

with YOAD differ from cognitively healthy matched adults in terms of

reasons for hospital contacts 10 years preceding diagnosis, in order to

describe potential patterns that characterize the prodromal phase of

YOAD.

RESEARCH INCONTEXT

1. Systematic review: The authors searched PubMed

for literature on dementia and prior morbidity. Only

few studies were found, focusing on either late

onset Alzheimer’s disease or young onset all-cause

dementia.

2. Interpretation: This study demonstrated a higher

morbidity burden among patients with young onset

Alzheimer’s disease (YOAD) than controls, detectable

up to as long as 10 years before dementia diagnosis.

There was a substantial increase in psychiatric diag-

noses, supporting prior reports on the significance

of stress and depression in the years leading up to

diagnosis.

3. Future directions: Altered hospital-diagnosed morbidity

patterns in young patients with cognitive complaints may

be an early warning sign of YOAD. Future studies should

further explore early symptoms and morbidity prior to

a diagnosis of YOAD by exploring consultations in the

general practice setting and the use of prescription medi-

cation. This approachmay help to identify patients at high

risk of YOAD earlier than today.

2 METHODS

2.1 Data sources

Cases were identified from the Danish Quality Database for Dementia

(DanDem). The database was established in 2016, and it is manda-

tory for all secondary healthcare facilities that accept referrals for

diagnostic evaluation of cognitive impairment and dementia to enter

information in DanDem upon completion of diagnostic evaluation.

Thus, DanDem contains information on all patients seen at Danish

memory clinics from 2016 onward. Variables included are, among

others, etiology, severity of the dementia syndrome at time of diag-

nosis (if applicable), and diagnostic investigations performed, including

results of selected cognitive tests. Furthermore, we used the Danish

National Patient Registry (DNPR) and the Danish Psychiatric Central

Research Register (DPCRR), which contain information on all somatic

and psychiatric diagnoses given in the secondary healthcare sector

since 1977 and 1969, respectively, with outpatient data added in

1995.11,12 The Danish National Prescription Registry (DNPrR)13 was

used to draw information on filled prescription medication used in the

censoring of potential controls. Covariates were identified from the

Population Education Register14 and the Civil Registration System,

with the latter also used for accurate linkage between the registers

through each Danish citizen’s unique 10-digit personal identification

number.15
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DAMSGAARD ET AL. 2375

2.2 Study design and population

We conducted a retrospective incidence densitymatched nested case-

control study following the approachof our previous studyonYOAD.10

Cases included all individuals diagnosed with mild cognitive impair-

ment (MCI) or dementia due to AD (YOAD) in a Danish memory

clinic between 2016 and 2020. Matched controls were drawn from a

nationwide cohort of all Danish citizens.

2.2.1 Case definition

By convention, YOAD is defined as dementia due to AD with symp-

tom onset before age 65 years. As information on the time of symptom

onset for patients was not available, we approximated symptom onset

by including all patients diagnosed with mild cognitive impairment

(MCI) or dementia due to AD before age 70 years, assuming a 5-year

time lag between symptom onset and final diagnosis, as prior research

has shownmean time todiagnosis around5years forYOADpatients.8,9

The AD diagnosis was made according to the National Institute on

Aging-Alzheimer’s Association workgroups (NIA-AA) criteria,16 and

disease severity was determined based on International Classification

of Diseases (ICD) 10 criteria.17 Thus, caseswere individuals with a first

diagnosis of MCI or dementia with AD etiology in DanDem from the

start of the register (2016) through 2020. Index date was the date of

diagnosis (and the date of matching for controls).

2.2.2 Control definition

Each case was matched with three controls drawn from the full risk

set, the entire Danish population, on age and sex. Each control was at

risk for YOAD at matching date. Thus, incidence density matching was

used, allowing odds ratios from conditional logistic regression analy-

ses to be interpreted as incidence rate ratios (IRR).18 Controls were

randomly selected with the following criteria: (1) no entry in DanDem

before index date (never referred to or seen at a memory clinic), (2) no

MCIordementiadiagnosis inDNPRorDPCRRbefore indexdate, (3) no

redeemed prescription for antidementia medication in DNPrR before

index date. ICD codes for identification of MCI and dementia diagno-

sis in DNPR/DPCRR and anatomical therapeutic chemical (ATC) codes

for identification of dementia medication in DNPrR can be found in

Table S1.

2.2.3 Overall censoring criteria

Individuals with Down syndrome (ICD-8: 759.3, ICD-10: DQ90) and

Mental Retardation (ICD-8: 311-315, ICD-10: DF70-DF79) were cen-

sored. To ensure completeness of data, cases and controls who did

not live in Denmark throughout the study period were also censored.

As incidence density matching was used, controls were censored if

they had a dementia diagnosis or a redeemed prescription of antide-

mentia medication prior to diagnosis. Censoring criteria and specific

diagnostic codes used to determine these can be seen in Table S1.

2.3 Definition of morbidity

Primary and secondary discharge diagnoses from in- and outpatient

hospital contactswere drawn fromDNPRandDPCRR.Diagnoseswere

grouped according to overall categories of diseases and health prob-

lems, based on chapters in the ICD-10 classification (chapters I-XIV,

XVIII-XIX, and XXI). The study population was considered exposed if

they had at least one diagnosis within each of these categories during

the 10 years prior to the index date. All contacts related to pregnancy,

childbirth or the perinatal period, and congenital malformations and

chromosomal abnormalities (ICD-10 chapters XV, XVI, XVII) and pro-

cedural codes (ICD-10 chapter XX) were excluded. As any prior MCI

or dementia diagnosis was a censoring criterion for controls, these

ICD-10 codes (Table S1) were censored.

2.4 Covariates

Analyses were adjusted for age, sex, highest attained educational level

at age 40 years (or at time of diagnosis, whichever came first), and civil

status at index date.

2.5 Data analysis

2.5.1 Main analysis

For each disease category we used a conditional logistic regression

model to investigate the association between having at least one

diagnosis within the corresponding ICD-10 chapter and subsequent

diagnosis of YOAD. Eachmatched set served as a stratum in the regres-

sion model. IRRs were calculated (a) for the entire 10-year period, (b)

for diagnosis in the 10 - >5-year interval prior to index date, (c) for

the 5 - >1-year interval prior to index date, and (d) for the ≤1-year

interval prior to index date, to investigate latency between symp-

toms/diagnoses and dementia diagnosis. In addition, the three most

prevalent diagnoses (on a two-digit level, e.g., A01) within each disease

category in the study population were identified, and the association

between each specific diagnosis and YOADwas investigated.

2.5.2 Sensitivity analysis

In a sensitivity analysis, patients were grouped by YOAD disease

severity, examining thosewithMCI/mild dementia ormoderate/severe

dementia, compared with their respective matched controls. In

another sensitivity analysis, all contacts in the 6 months preceding the

index date were censored. Furthermore, sensitivity analyses were per-

formed stratifying cases by sex and by age at diagnosis (age< 55 years,

age≥ 55 years).
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2376 DAMSGAARD ET AL.

F IGURE 1 Flowchart of case selection. DanDem: DanishQuality
Database for Dementia, YOAD, young onset Alzheimer’s disease.

2.5.3 Post hoc analysis

Based on the main results, post-hoc analyses were done investigat-

ing the association between ICD-10 codes F00-F09 (Organic, including

symptomatic, mental disorders) (excluding MCI or dementia diag-

noses, see Table S1), F10-19 (Mental and behavioral disorders due to

psychoactive substance use), F20-29 (Schizophrenia, schizotypal and

delusional disorders), F30-39 (Mood [affective] disorders), F40-F48

(Neurotic, stress-related and somatoform disorders), F50-59 (Behav-

ioral syndromes associated with physiological disturbances and physi-

cal factors), F60-69 (Disorders of adult personality and behavior), and

F99 (Unspecifiedmental disorder) and subsequent diagnosis of YOAD.

Analyses were presented in two adjustment models; one unad-

justed, and one adjusted for age, sex, highest attained educational level

at age 40 years (or at time of diagnosis, whichever came first), and civil

status at index date. A 5%significance levelwas applied for all analyses.

Data management was performed using SAS 9.4 software. This

research project was approved by the Danish Data Protection Agency,

Statistics Denmark, and the Danish Health Data Authority. Danish

law does not require ethics committee approval or informed patient

consent.

3 RESULTS

There were 17,644 individuals with a diagnosis of AD in DanDem

between 2016 and 2020. Of these, 1827 were diagnosed before age

70 years. After censoring, there were 1745 cases (Figure 1). The mean

age at diagnosis was 64.5 years, and 58% of the patients were female

(Table 1). There were 63% of the cases diagnosed with either MCI or

mild dementia at time of diagnosis, and 37% diagnosed with moder-

ate/severe dementia. The covariates were evenly distributed among

cases and controls.

Figure 2 shows the overall adjusted IRRs for a diagnosis within

the disease categories in YOAD cases compared to controls (unad-

justed IRRs in Table S2). The highest overall increase was found for

the categories Factors influencing health status with an IRR of 8.80

(95% confidence interval [CI] 5.74–13.48), Mental and behavioral dis-

orders (IRR3.18, 95%CI2.73–3.71), andSymptoms/signsnot classified

elsewhere (IRR 2.45, 95%CI 2.19–2.74).

When looking at the retrospective period 10 - >5 years prior to

index date (Figure 3), significantly increased IRRs were only found for

a few disease categories, with themost notable increases found in Dis-

eases of the ear andmastoid process (IRR 1.51, 95%CI 1.16–1.97) and

Mental and behavioral disorders (IRR 1.43, 95%CI 1.14–1.79). In the 5

- >1 year prior to index date, significantly increased IRRs were found

for Mental and behavioral disorders, Diseases of the ear and mastoid

process, Symptoms/signs not classified elsewhere, Injuries, poisonings,

and other external causes, and Factors influencing health status, with

Mental and behavioral disorders the disease category with the highest

IRR (2.48, 95%CI 2.02–3.04).

In the period immediately preceding index date, 12 out of the 17

disease categories investigated showed significantly increased IRRs.

In a sensitivity analysis (Table S3), all contacts registered during

the 6 months before index date were censored, thus investigating

the time period ≤1 year–6 months prior to index date; IRRs for all

but Hematological/immunological diseases, Diseases of the eye and

adnexa, Diseases of the ear and mastoid process, and Diseases of the

respiratory system remained significantly increased.

Figure 4 shows the three most frequent diagnoses within each dis-

ease category in the entire study population and corresponding IRRs

(unadjusted IRRs in Table S4). The largest increase was found for the

ICD-10 code R41 (symptoms involving cognitive functions) in the cat-

egory Symptoms/signs not classified elsewhere with an IRR of 90.84

(95% CI 52.29–157.87) (of cases, 23% had been given this diagnosis at

least once during the study period, and for controls this was 0.3%) and

for the code Z01 (other special examinations and investigations of per-

sons without complaint or reported diagnosis) in the category Factors

influencing health status with an IRR of 4.65 (95% CI 3.63–5.96). The

three most prominently increased IRRs for specific diseases/disorders

were found for the three psychiatric codes: F10 (mental and behav-

ioral disorders due to use of alcohol), F43 (reaction to severe stress and

adjustment disorders), and F32 (depressive episode).

In the post-hoc analysis exploring the association between rele-

vant Mental and behavioral disorders’ subcategories and YOAD, IRRs

were significantly increased across nearly all subcategories, most

prominently F00 (Organic, including symptomatic, mental disorders)

(Figure 5). In all performed analyses, adjustment generally did not

impact the estimates (Tables S2-S6).

We conducted a sensitivity analysis dividing the study population by

dementia syndrome severity, grouping cases with MCI/mild dementia

and moderate/severe dementia, and comparing them to their respec-

tive control groups. While the magnitude of the associations differed

somewhat, the overall patterns observed were generally similar to

those found in the main analysis (Table S5). A sensitivity analysis

stratifying YOAD patients by age and sex yielded similar results as
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DAMSGAARD ET AL. 2377

TABLE 1 Baseline characteristics of study population.

Cases n= 1745 Controls n= 5235

Age at index date, mean years (SD) [range] 64.5 (5.1) [35.8–69.9] 64.5 (5.1) [35.5–69.9]

Sex, male/female, n (%) 726 (42%)/1019 (58%) 2178 (42%)/3057 (58%)

Dementia syndrome severity at time of diagnosis, n (%)

Mild cognitive impairment 84 (5%) –

Mild dementia 1010 (58%) –

Moderate dementia 530 (30%) –

Severe dementia 121 (7%) –

Cognitive examination scores at first visit,a mean (SD)

MMSE 21.0 (5.5) –

ACE 65.2 (15.4) –

Educational attainment at age 40, n (%)

Low 1184 (68%) 3629 (69%)

Medium 374 (21%) 1118 (21%)

High 104 (6%) 268 (5%)

Unknown 83 (5%) 220 (5%)

Civil status at index date, n (%)

Married 1094 (63%) 3377 (65%)

Divorced 321 (18%) 869 (17%)

Widowed 133 (8%) 349 (7%)

Nevermarried 177 (10%) 611 (12%)

Unknown 20 (1%) 29 (1%)

Individuals with≥1 diagnosis within each category, n (%)

Certain infections 123 (7%) 365 (7%)

Neoplasms 363 (21%) 1065 (20%)

Hematological/immunological 67 (4%) 161 (3%)

Endocrine/metabolic 446 (26%) 1042 (20%)

Mental and behavioralb 389 (22%) 428 (8%)

Nervous systemb 307 (18%) 647 (12%)

Eye and adnexa 258 (15%) 660 (13%)

Ear andmastoid process 188 (11%) 409 (8%)

Circulatory system 589 (34%) 1516 (29%)

Respiratory system 245 (14%) 658 (13%)

Digestive system 456 (26%) 1355 (26%)

Skin/subcutaneous system 168 (10%) 436 (8%)

Musculoskeletal system 689 (39%) 2465 (41%)

Genitourinary system 375 (21%) 1037 (20%)

Symptoms/signs not classified elsewhere 999 (57%) 1842 (35%)

Injuries, poisonings, external causes 896 (51%) 2331 (45%)

Factors influencing health status 1721 (99%) 4723 (90%)

Note: Where percentages do not add up to 100%, this is due to rounding up/down.

Abbreviation: Sd, standard deviation.
aMMSE,Mini-Mental State Examination (reliable information for 1590YOADpatients); ACE, Addenbrooke’s Cognitive Examination (reliable information for

1173 YOAD patients).
bExcluding dementia diagnosis.
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0 5 10
Fully adjusted IRR (95% CI)

Neoplasms, II: C00-D48

Hematological/immunological, III: D50-D89

Certain infections, I: A00-B99

Endocrine/metabolic, IV: E00-E90

Mental and behavioral*, V: F00-F99

Nervous system*, VI: G00-G99

Eye and adnexa, VII: H00-H59

Ear and mastoid process, VIII: H60-H95

Circulatory system, IX: I00-I99

Respiratory system, X: J00-J99

Digestive system, XI: K00-K93

Skin/subcutaneous system, XII: L00-L99

Musculoskeletal system, XIII: M00-M99

Genitourinary system, XIV: N00-N99

Symptoms/signs, XVIII: R00-R99

Injuries, poisoning, external causes, XIX: S00-T98

Factors influencing health status, XXI: Z00-Z80

1.03 (0.90 - 1.17)

1.22 (0.91 - 1.63)

1.01 (0.82 - 1.24)

1.38 (1.21 - 1.57)

3.18 (2.73 - 3.71)

1.52 (1.31 - 1.77)

1.20 (1.03 - 1.41)

1.45 (1.20 - 1.74)

1.26 (1.12 - 1.41)

1.12 (0.95 - 1.31)

1.01 (0.89 - 1.14)

1.17 (0.97 - 1.42)

0.92 (0.83 - 1.03)

1.10 (0.96 - 1.26)

2.45 (2.19 - 2.74)

1.31 (1.17 - 1.46)

8.80 (5.74 - 13.48)

Disease categories
ICD-10 chapters and code range

Adjusted IRR
(95% CI)

F IGURE 2 Incidence rate ratios (IRRs) for young onset Alzheimer’s disease are plotted by disease categories in the 10-year retrospective
study period. For the refence group (dementia-free controls), the IRR is equal to 1 (as indicated by the dotted vertical line). Error bars represent
95% confidence intervals (CI). The IRRs presented are adjusted for age, sex, highest attained educational level at age 40 years (or at time of
diagnosis, whichever came first), and civil status at index date. Unadjusted estimates are presented in Table S2. * Excludingmild cognitive
impairment and dementia diagnoses. ICD: International Classification of Diseases.

in the main analysis, as did removing those with MCI (results not

shown).

4 DISCUSSION

In this nested case-control study, we found that YOAD patients had a

higher morbidity burden than age- and sex-matched controls, particu-

larly in the year immediately preceding AD diagnosis, and for certain

disorders up to 10 years prior. This was especially evident for psy-

chiatric morbidity, following which the likelihood of AD diagnosis was

increased by 43% if diagnosed in the 5- to 10-year interval prior to

YOAD. Among the most frequent psychiatric diagnoses in the study

population were stress and depression, both of which increased the

likelihood of YOAD diagnosis. In an analysis of psychiatric subcate-

gories, all of these had significantly increased IRRs, though as this was

a post-hoc analysis, these results should be interpreted with caution.

In the year immediately preceding diagnosis, YOAD patients had a

larger morbidity burden than the cognitively healthy controls across

multiple disease categories. This aligns with findings from our previ-

ous study,10 wherewe found increased healthcare utilization across all

types of healthcare contacts in the year preceding YOAD diagnosis.

In examining the most frequent diagnoses among the study pop-

ulation, Symptoms involving cognitive functions and Other special

examinations and investigations of persons without complaint had the

highest IRRs for YOAD compared to controls. It is likely that these

diagnostic codes were registered as part of the diagnostic evaluation

leading up to referral or given at the initial memory clinic visit. In

the sensitivity analysis censoring all diagnoses given 6 months before

YOAD diagnosis, the disease categories containing these specific diag-

nostic codes were still significantly increased, perhaps signaling that

diagnostic evaluation is often intricate and protracted due to the

necessity for supplementary examinations. These diagnostic codes are

rather unspecific though, perhaps implying that these patients have

had symptoms for a long time without suspicion of dementia, sup-

porting the need for aids in timely diagnosis.19,20 Increased IRRs for

diagnoses of injuries to the head and forearm suggests that YOAD

patients may bemore prone to injuries. In a large, register-based study

from Sweden, Nyström et al. assessed the association between injuri-

ous falls and Parkinson’s disease up to 10 years prior to diagnosis and

found an odds ratio of 1.19 (95% CI 1.08–1.31) in the time interval 7

to <10 years before diagnosis,21 which is comparable to IRRs found in

the present study. Thus, injuries related to falls could potentially be an

early symptom of neurodegeneration, even in younger patients.
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0 5 10
Fully adjusted IRR (95% CI)

Neoplasms
II: C00-D48

Hematological/immunological
III: D50-D89

Certain infections
I: A00-B99

Endocrine/metabolic
IV: E00-E90

Mental and behavioral*
V: F00-F99

Nervous system*
VI: G00-G99

Eye and adnexa
VII: H00-H59

Ear and mastoid process
VIII: H60-H95

Circulatory system
IX: I00-I99

Respiratory system
X: J00-J99

Digestive system
XI: K00-K93

Disease categories
ICD-10 chapters and code range

Adjusted IRR
(95% CI)

0.81 (0.57 - 1.14)
1.13 (0.86 - 1.48)
1.24 (0.79 - 1.93)
0.92 (0.76 - 1.11)

0.98 (0.78 - 1.25)
1.00 (0.85 - 1.19)

1.41 (0.92 - 2.15)

Skin/subcutaneous system
XII: L00-L99

Musculoskeletal system
XIII: M00-M99

Genitourinary system
XIV: N00-N99

Symptoms/signs
XVIII: R00-R99

Injuries, poisoning, external causes
XIX: S00-T98

Factors influencing health status
XXI: Z00-Z80

1.09 (0.71 - 1.66)
1.71 (1.01 - 2.89)
1.11 (0.93 - 1.31)

95% CI
95% CI
95% CI

1.06 (0.90 - 1.25)
2.64 (2.17 - 3.21)
1.43 (1.14 - 1.79)
2.48 (2.02 - 3.04)
8.19 (6.27 - 10.70)
1.01 (0.81 - 1.26)
1.05 (0.86 - 1.30)
3.16 (2.48 - 4.03)
1.03 (0.81 - 1.26)
1.17 (0.96 - 1.43)

1.45 (1.08 - 1.93)
1.51 (1.16 - 1.97)
1.45 (1.15 - 1.81)
1.41 (1.01 - 1.98)
1.05 (0.90 - 1.22)
1.08 (0.94 - 1.25)

2.14 (1.81 - 2.53)
1.01 (0.80 - 1.28)
1.01 (0.82 - 1.26)
1.38 (1.05 - 1.81)
1.05 (0.89 - 1.23)
0.97 (0.83 - 1.13)
0.98 (0.78 - 1.24)
1.12 (0.85 - 1.48)
1.06 (0.82 - 1.36)
2.00 (1.37 - 2.94)
1.00 (0.88 - 1.14)
0.83 (0.73 - 0.95)
1.02 (0.85 - 1.22)
1.06 (0.89 - 1.26)
1.08 (0.90 - 1.28)
1.24 (0.94 - 1.62)
1.19 (1.03 - 1.36)
1.40 (1.24 - 1.59)
5.69 (4.89 - 6.61)
1.13 (1.00 - 1.27)
1.35 (1.20 - 1.53)
1.39 (1.16 - 1.66)
1.07 (0.93 - 1.25)
1.63 (1.39 - 1.92)
7.01 (6.01 - 8.17)

IRR 10 - >5 years
IRR 5 - >1 years

IRR ≤ 1 year  

F IGURE 3 Incidence rate ratios (IRRs) for young onset Alzheimer’s disease are plotted by disease categories in three time-intervals prior to
diagnosis. For the refence group (dementia-free controls), the IRR is equal to 1 (as indicated by the dotted vertical line). Error bars represent 95%
confidence intervals (CI). The IRRs presented are adjusted for age, sex, highest attained educational level at age 40 years (or at time of diagnosis,
whichever came first), and civil status at index date. Unadjusted estimates are presented in Table S2. * Excludingmild cognitive impairment and
dementia diagnoses. ICD: International Classification of Diseases.
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1.00 (0.63 - 1.59)
1.06 (0.69 - 1-63)

0 2 4 6
Fully adjusted IRR (95% CI)

Disease category
Adjusted IRR

(95% CI)

A46: Erysipelas
Certain infections

Neoplasms

Hematological/
immunological

1.45 (0.84 - 2.51)
A41: Other sepsis
A49: Bacterial infection of unspecified site

n

111
95
58

D12: Benign neoplasm of colon etc.

D17:  Benign lipomatous neoplasm
C44: Other malignant neoplasms of skin

D64: Other anaemias
D50: Iron deficiency anaemia
D68: Other coagulation defects.

Most frequent diagnoses

E78: Disorders of lipoprotein metabolism etc.
E11: Type 2 diabetes mellitus
E66: Obesity

F10: Alcohol-related mental disorders
F43: Reaction to severe stress
F32: Depressive episode

G56: Mononeuropathies of arm
G47: Sleep disorders
G45: Transient cerebral ischaemic attacks

H25: Senile cataract
H26: Other cataract
H35: Other retinal disorders

H91: Other hearing loss
H93: Other disorders of ear
H90: Conductive and sensorineural hearing loss

I10: Essential hypertension
I20: Angina pectoris
I25: Chronic ischaemic heart disease

J44: Chronic obstructive pulmonary disease
J18: Pneumonia, organism unspecified
J45: Asthma

K57: Diverticular disease of intestine
K59: Other intestinal disorders
K40: Inguinal hernia

L02: Cutaneous abscess etc.
L08: Other local infections of skin
L40: Psoriasis

M17: Gonarthrosis
M75: Shoulder lesions
M23: Internal derangement of knee

N39: Other disorders of urinary system
N30: Cystitis
N81: Female genital prolapse

R10: Abdominal and pelvic pain
R41: Symptoms involving cognitive functions*
R07: Pain in throat and chest

S52: Fracture of forearm
S61: Open wound of wrist and hand

S01: Open wound of head

Z01: Investigations without complaints
Z03: Observation
Z12: Screening for neoplasms

Endocrine/
metabolic

Mental and
behavioral

Nervous system

Eye and adnexa

Ear and mastoid
process

Circulatory system

Respiratory system

Digestive system

Skin/subcutaneous
system

Musculoskeletal
system

Genitourinary
system

Symptoms/signs

Injuries, poisining,
external causes

Factors influencing
health status

391
172
110

82
47
22

498
401
280

225
191
159

192
163
114

301
94
94

362
161
126

1024
309
298

249
243
169

284
229
216

100
71
58

495
481
349

235
190
163

576
415
302

486
338
280

6039
3338
1643

1.23 (0.98 - 1.54)
1.06 (0.74 - 1.49)
0.83 (0.53 - 1.31)

1.26 (0.78 - 2.03)
1.36 (0.73 - 2.52)
0.30 (0.07 - 1.29)

1.64 (1.35 - 1.99)
1.20 (0.96 - 1.51)
0.59 (0.43 - 0.81)

2.12 (1.62 - 2.79)
2.77 (2.06 - 3.70)
3.48 (2.54 - 4.77)

0.73 (0.51 - 1.05)
1.02 (0.71 - 1.45)
1.56 (1.05 - 2.31)

1.66 (1.31 - 2.12)
1.03 (0.77 - 1.65)
0.56 (0.32 - 0.97)

1.51 (1.20 - 1.90)
1.30 (0.92 - 1.83)
1.33 (0.91 - 1.95)

1.38 (1.19 - 1.60)
1.26 (0.95 - 1.58)
1.11 (0.85 - 1.44)

1.06 (0.79 - 1.41)
1.07 (0.80 - 1.43)
1.09 (0.77 - 1.54)

1.09 (0.84 - 1.43)
1.33 (1.00 - 1.77)
0.99 (0.72 - 1.37)

1.19 (0.77 - 1.85)
1.43 (0.87 - 2.37)
1.24 (0.70 - 2.19)

1.08 (0.88 - 1.33)
0.92 (0.74 - 1.14)
0.96 (0.75 - 1.24)

1.34 (1.01 - 1.78)
1.39 (1.02 - 1.91)
0.99 (0.69 - 1.42)

1.03 (0.85 - 1.25)
90.8 (52.3 - 157.9)
1.27 (0.98 - 1.64)

1.25 (1.02 - 1.53)
1.45 (1.15 - 1.84)
1.55 (1.20 - 1.99)

4.65 (3.63 - 5.96)
2.59 (2.31 - 2.91)
0.92 (0.78 - 1.06)

F IGURE 4 Incidence rate ratios (IRRs) for young onset Alzheimer’s disease are plotted for the threemost frequent diagnoses in the study
population in each disease category. For the refence group (dementia-free controls), the IRR is equal to 1 (as indicated by the dotted vertical line).
Error bars represent 95% confidence intervals (CI). The IRRs presented are adjusted for age, sex, highest attained educational level at age 40 years
(or at time of diagnosis, whichever came first), and civil status at index date. Unadjusted estimates are presented in Table S4. * Note that for the
diagnostic code R41, estimate and CI is outside the graph limits.

The current study aimed at describing pre-diagnostic symptoms

of YOAD. While there is overlap between associations found in the

present study and conditions previously described as risk factors for

late-onset dementia (such as hearing loss, hypertension, depression,

etc.),2 our study did not aim to determine whether these condi-

tions may also constitute a risk factor for YOAD (methods to tackle

reverse causation and confounding would be needed). A large epi-

demiological study has suggested that patients with young onset

all-cause dementia have a larger vascular comorbidity burden than

those without dementia.22 AD-specific research shows that the preva-

lence of vascular risk factors is not elevated in YOAD patients, were

apolipoprotein E (APOE) ε4 allele, that is, genetic risk factors, were
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0 20 40
Fully adjusted IRR (95% CI)

Mental and behavioral disorders
Subcategories, ICD-10 code range

Adjusted IRR
(95% CI)

95% CI
95% CI
95% CI
95% CI

IRR Overall
IRR 10 - >5 years
IRR 5 - >1 years

IRR  1 year

Organic, including symptomatic,
mental disorders*
F00-F09

Mental and behavioral disorders
due to psychoactive substance use
F10-F19

Schizophrenia, schizotypal and
delusional disorders
F20-F29

Mood/affective disorders
F30-F39

Neurotic, stress-related and
somatoform disorders
F40-F48

Behavioral syndromes associated with
psychological disturbances and
physical factors. F50-F59

Disorders of adult personality
and behavior
F60-F69

Unspecified mental disorder
F99

8.05 (4.62 - 14.03)
2.99 (0.86 - 10.33)
3.88  (1.89 - 7.96)

26.39 (8.00 - 87.03)

1.81 (1.43 - 2.29)
1.20 (0.85 - 1.71)
1.33 (0.93 - 1.91)
 4.57 (3.03 - 6.88)

2.28 (1.46 - 3.57)
0.95 (0.49 - 1.83)
1.88 (1.02 - 3.47)
5.37 (2.62 - 11.01)

3.14 (2.48 - 3.98)
1.45 (1.01 - 2.07)
2.94 (2.11 - 4.11)

9.17 (5.88 - 14.28)

2.69 (2.11 - 3.45)
1.14 (0.77 - 1.69)
3.40 (2.39 - 4.82)

8.21 (4.62 - 14.59)

1.79 (0.65 - 4.95)

3.87 (1.04 - 14.48)
2.93 (0.41 - 20.92)

1.61 (0.84 - 3.11)
1.08 (0.42 - 2.76)
0.93 (0.30 - 2.91)

3.70 (0.99 - 13.84)

3.36 (1.81 - 6.25)
2.09 (0.87 - 5.00)
1.40 (0.43 - 4.57)

≤

F IGURE 5 Incidence rate ratios (IRRs) for young onset Alzheimer’s disease are plotted by subcategories of mental and behavioral disorders
prior to diagnosis. For the refence group (dementia-free controls), the IRR is equal to 1 (as indicated by the dotted vertical line). Error bars
represent 95% confidence intervals (CI). The IRRs presented are adjusted for age, sex, highest attained educational level at age 40 years (or at time
of diagnosis, whichever came first), and civil status at index date.Where no estimates are presented, there were too few events to analyze.
Unadjusted estimates are presented in Table S6. ICD: International Classification of Diseases. * Excludingmild cognitive impairment and dementia
diagnoses.

instead more prominent.23 Future studies may examine the spe-

cific risk profile of YOAD, where APOE status would be relevant to

include.

To our knowledge, no previous studies have examined the rela-

tionship between prior morbidity and YOAD. However, one study

investigating morbidity prior to young onset all-cause dementia found

an increased odds ratio of dementia following anxiety, depression,

diabetes, and stroke in the 2 years before dementia diagnosis.24

Similarly, a case-control study of pre-diagnostic symptoms in young

onset all-cause dementia found depression and anxiety among the

most prevalent early symptoms.7 This is consistent with our results,

where associations were also found for all corresponding disease

categories.

Two other studies investigated morbidity preceding LOAD; a

Taiwanese study of 4600 LOAD cases and 4600 controls found

that anxiety, functional digestive disorder, psychopathology-specific

symptoms, disorders of the vestibular system, concussion, disorders

of the urinary system, disorders of refraction and accommodation, and

hearing loss were positively associated with LOAD.25 Likewise, a study

based on the Baltimore Longitudinal Study of Aging found depression,

erectile dysfunction, gait abnormalities, hearing loss, and nervous and

musculoskeletal symptoms positively associated with LOAD.26 While

some of these overlap with associations found in the present study

(hearing loss, depression, disorders of the urinary system), otherswere

not commonly found in our cohort (disorders of the vestibular system,

disorders of refraction etc.).

Morbidity generally tends to increasewith increasing age, and there

is likely a difference in the morbidity pattern for those diagnosed with

YOADcompared toLOADbasedonagealone. Thus,morbidity in LOAD

may differ considerably frommorbidity in YOAD.
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The association between psychiatric morbidity and dementia

deserves particular attention. Prior studies have shown an associa-

tion between mid- or late-life depression and subsequent dementia in

LOAD, suggesting that depression that begins in late-life may be part

of the AD prodrome.1,27–30 Results from the present study suggest

this to be true for YOAD as well. Prior research has demonstrated a

higher prevalence of depression in YOAD compared to LOAD,31 and

it remains an area of great importance for clinicians to assess, both

pre- andpost-diagnosis. Several studies have also shownan association

between a diagnosis of stress in midlife and risk of dementia assum-

ing stress as a risk factor for,5,32 or early symptom in, dementia. In

the present study, the association between psychiatric diagnoses and

dementia was especially convincing immediately before the diagnosis

of YOAD, suggesting that stress and depression may also be important

early signs of YOAD.

Our study had several limitations. Inherent in the study design is

the risk of detection bias; patients with comorbidities are more likely

to see a medical doctor frequently, making them more likely to be

referred to a memory clinic and receive a diagnosis upon experienc-

ing cognitive symptoms than those who do not regularly see a doctor.

However, 37% of cases were diagnosed in the moderate/severe stages

of dementia, suggesting that frequent doctor visits do not guarantee a

timely diagnosis. While censoring of contacts related to the diagnos-

tic process in the memory clinic was attempted, it is not possible to

completely remove all such contacts if not specifically marked with a

dementia diagnosis. However, a sensitivity analysis removing all con-

tacts 6months prior to the indexdate yielded comparable results to the

main analysis. Furthermore, as we did not have the date of symptom

onset, we had to approximate this by using age at diagnosis. Another

limitation of the present study is that the registers do not contain diag-

nostic information on morbidity from GPs. Patients with stress and

depression are often seen by a GP or referred to a psychologist; there-

fore, we are likely to only register themore severe cases in the present

study.

A major strength of the present study is the use of nationwide

healthcare registers to assess morbidity registered at hospital con-

tacts. In Denmark, hospital services are free of charge and the Danish

healthcare registers contain detailed, reliable, and complete data on

all hospital contacts. Thus, there is equal access to healthcare services

for all and virtually full data coverage, limiting problems with selection

bias. The use of DanDem for AD case finding ensures that all cases are

diagnosedby specialists inmemory clinics and allows access to detailed

variablesbeyond theDanish registers. This allowedanovel approach to

establish a large case cohort with a relatively rare disease.

Epidemiological studies on signs and symptoms in the prodromal

phase of Parkinson’s disease have helped to understand the course of

the development of symptoms, and have changed the understanding

of Parkinson’s disease from a motor-symptom disease to a disease of

long latency, characterized by the progressive emergence of multiple

non-motor-symptoms before onset of the typical motor-symptoms.33

There is a similar potential for better understanding the disease course

in YOAD, where epidemiological studies such as ours may help move

toward a better understanding of the earliest disease stages. Especially

the identification of psychiatric morbidity as a possible early sign of

YOAD could potentially have an impact on screening instruments for

early dementia, with more focus on behavioral and affective signs and

symptoms along with cognitive assessment.

In conclusion, this study demonstrated a higher morbidity burden

among YOAD patients than their matched controls, detectable up to

as long as 10 years before dementia diagnosis. There was a substan-

tial increase in psychiatric diagnoses, supporting prior research on

stress and depression in the years leading up to diagnosis. Onset of

psychiatric diseases or unspecific cognitive symptoms in midlife could

potentially be an early warning sign of YOAD and may help guide GPs

in which patients with cognitive complaints should be referred to a

memory clinic. In our study, more than a third of all patients diagnosed

with YOADwere diagnosed at an advanced stage in their disease, high-

lighting the need for tools to support a timely diagnosis. Future studies

should further explore early symptomsandmorbidity prior to a diagno-

sis ofYOADbyexploring associations between reasons forGPcontacts

or use of prescriptionmedication.

ACKNOWLEDGMENTS

We thank the Danish Clinical Quality Program –National Clinical Reg-

istries (RKKP) for granting access to data from the Danish Quality

Database for Dementia. The Danish Dementia Research Centre is sup-

ported by The Danish Ministry of Health which was not involved in

any phase of this study (study design; the collection, analysis, and

interpretation of data; the writing of the report; and the decision to

submit the article for publication). This research project did not receive

any specific grant from funding agencies in the public, commercial, or

not-for-profit sectors.

CONFLICT OF INTEREST STATEMENT

All authors declare no conflicts of interest. Author disclosures are

available in the supporting information.

CONSENT STATEMENT

This research project was approved by the Danish Data Protection

Agency, Statistics Denmark, and the Danish Health Data Authority.

Danish law does not require ethics committee approval or informed

patient consent.

DATA AVAILABILITY STATEMENT

All of the data used in this study are derived from the Danish National

and Public Health registries. These data are collected and stored by

the relevant authorities and cannot be made public or accessed by

unauthorized parties. Access to such data is given via standard rules

and regulations of data access outlined by the Danish Data Protection

Agency andDanish Health Data Authority.

REFERENCES

1. Bature F, Guinn BA, Pang D, Pappas Y. Signs and symptoms preceding

thediagnosis ofAlzheimer’s disease: a systematic scoping reviewof lit-

erature from1937 to 2016. BMJOpen. 2017;7:e015746. doi:10.1136/
bmjopen-2016-015746

 15525279, 2024, 4, D
ow

nloaded from
 https://alz-journals.onlinelibrary.w

iley.com
/doi/10.1002/alz.13681 by D

anish R
egions N

orth D
enm

ark, W
iley O

nline L
ibrary on [02/05/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1136/bmjopen-2016-015746
https://doi.org/10.1136/bmjopen-2016-015746


DAMSGAARD ET AL. 2383

2. Livingston G, Huntley J, Sommerlad A, et al. Dementia prevention,

intervention, and care: 2020 report of the Lancet Commission. Lancet.
2020;396:413-446. doi:10.1016/S0140-6736(20)30367-6

3. Sipilä PN, Heikkilä N, Lindbohm JV, et al. Hospital-treated infectious

diseases and the risk of dementia: a large, multicohort, observational

study with a replication cohort. Lancet Infect Dis. 2021;21:1557-1567.
doi:10.1016/S1473-3099(21)00144-4

4. Zuin M, De Giorgio R, Capatti E, Boschetti E, Zuliani G. Inflammatory

bowel disease as a new risk factor for dementia. Aging Clin Exp Res.
2022;34:1725-1728. doi:10.1007/s40520-022-02076-1

5. Islamoska S, Hansen ÅM, Ishtiak-Ahmed K, et al. Stress diagnoses

in midlife and risk of dementia: a register-based follow-up study.

Aging Ment Heal. 2021;25:1151-1160. doi:10.1080/13607863.2020.
1742656

6. Gulpers B, Ramakers I, Hamel R, Köhler S, Oude Voshaar R, Verhey F.

Anxiety as a predictor for cognitive decline and dementia: a systematic

review and meta-analysis. Am J Geriatr Psychiatry. 2016;24:823-842.
doi:10.1016/j.jagp.2016.05.015

7. Hendriks S, Peetoom K, Tange H, et al. Pre-Diagnostic symptoms

of young-onset dementia in the general practice up to five years

before diagnosis. J Alzheimer’s Dis. 2022;88:229-239. doi:10.3233/
JAD-220215

8. Draper B, Cations M, White F, et al. Time to diagnosis in young-

onset dementia and its determinants: the INSPIRED study. Int J Geriatr
Psychiatry. 2016;31:1217-1724. doi:10.1002/gps.4430

9. Kvello-Alme M, Bråthen G, White LR, Sando SB. Time to diagnosis

in young onset Alzheimer’s disease: a population-based study from

centralNorway. JAlzheimer’sDis. 2021;82:965-974. doi:10.3233/JAD-
210090

10. Damsgaard L, Janbek J, Munk T, Gunhild L, Dahm CJ. Healthcare uti-

lization prior to a diagnosis of young ‑ onset Alzheimer ’ s disease : a

nationwide nested case – control study. J Neurol. 2023;270(12):6093-
6102. doi:10.1007/s00415-023-11974-x

11. Lynge E, Sandegaard JL, Rebolj M. The Danish national patient

register. Scand J Public Health. 2011;39:30-33. doi:10.1177/

1403494811401482

12. Mors O, Perto GP, Mortensen PB. The Danish psychiatric central

research register. Scand J Public Health. 2011;39:54-57. doi:10.1177/
1403494810395825

13. Pottegård A, Schmidt SAJ, Wallach-Kildemoes H, Sørensen HT, Hallas

J, Schmidt M. Data resource profile: the Danish national prescription

registry. Int J Epidemiol. 2017;46:798. doi:10.1093/ije/dyw213
14. Jensen VM, Rasmussen AW. Danish education registers. Scand J Public

Health. 2011;39:91-94. doi:10.1177/1403494810394715
15. Sahl Andersen J, De Fine Olivarius N, Krasnik A. The Danish national

health service register. Scand J Public Health. 2011;39:34-37. doi:10.
1177/1403494810394718

16. McKhann GM, Knopman DS, Chertkow H, et al. The diagnosis of

dementia due to Alzheimer’s disease: recommendations from the

National Institute on Aging-Alzheimer’s Association workgroups on

diagnostic guidelines for Alzheimer’s disease. Alzheimer’s Dement.
2011;7:263-269. doi:10.1016/j.jalz.2011.03.005

17. World Health Organization. The international Classification of Dis-

eases (ICD-10) Classification of Mental and Behavioural Disorders:

Diagnostic criteria for research. 1993. Available at: https://www.who.

int/publications/i/item/9241544554

18. Pearce N. What does the odds ratio estimate in a case-control study?

Int J Epidemiol. 1993;22:1189-1192. doi:10.1093/ije/22.6.1189
19. Dubois B, Padovani A, Scheltens P, Rossi A, Agnello GD. Timely

diagnosis for Alzheimer’s disease: a literature review on benefits

and challenges. J Alzheimer’s Dis. 2015;49:617-631. doi:10.3233/JAD-
150692

20. Robinson L, Tang E, Taylor JP. Dementia: timely diagnosis and early

intervention. BMJ. 2015;350:1-6. doi:10.1136/bmj.h3029

21. Nyström H, Nordström A, Nordström P. Risk of injurious fall and hip

fracture up to 26 y before the diagnosis of Parkinson disease: nested

case–control studies in a nationwide cohort. PLoS Med. 2016;13:1-14.
doi:10.1371/journal.pmed.1001954

22. Heath CA, Mercer SW, Guthrie B. Vascular comorbidities in younger

people with dementia: a cross-sectional population-based study of

616 245middle-aged people in Scotland. J Neurol Neurosurg Psychiatry.
2015;86:959-964. doi:10.1136/jnnp-2014-309033

23. Chen Y, Sillaire AR, Dallongeville J, et al. Low prevalence and clini-

cal effect of vascular risk factors in early-onset Alzheimer’s disease. J
Alzheimer’s Dis. 2017;60:1045-1054. doi:10.3233/JAD-170367

24. Albrecht JS, Hanna M, Kim D, Perfetto EM. Predicting diagnosis

of Alzheimer’s Disease and related dementias using administrative

claims. J Manag Care Spec Pharm. 2018;24:1138-1145. doi:10.18553/
jmcp.2018.24.11.1138

25. Liao JY, Tzu-Chi Lee C, Lin TY, Liu CM. Exploring prior diseases associ-

ated with incident late-onset Alzheimer’s disease dementia. PLoS One.
2020;15:1-13. doi:10.1371/journal.pone.0228172

26. Beason-Held LL, Kerley CI, Chaganti S, et al. Health conditions asso-

ciated with Alzheimer’s disease and vascular dementia. Ann Neurol.
2022;93:805-818. doi:10.1002/ana.26584

27. Barnes DE, Yaffe K, Byers AL,McCormickM, Schaefer C,Whitmer RA.

Midlife vs late-life depressive symptomsand risk of dementia.ArchGen
Psychiatry. 2012;69:493-498. doi:10.1001/archgenpsychiatry.2011.

1481

28. Gaugler JE, Hovater M, Roth DL, Johnston JA, Kane RL, Sarsour

K. Depressive, functional status, and neuropsychiatric symptom tra-

jectories before an Alzheimer’s disease diagnosis. Aging Ment Heal.
2014;18:110-116. doi:10.1080/13607863.2013.814100

29. Li G, Wang LY, Shofer JB, et al. Temporal relationship between

depression and dementia. Arch Gen Psychiatry. 2011;68:970-977.
30. Singh-Manoux A, Dugravot A, Fournier A, et al. Trajectories of

depressive symptoms before diagnosis of dementia: a 28-year

follow-up study. JAMA Psychiatry. 2017;74:712-728. doi:10.1001/
jamapsychiatry.2017.0660

31. Gumus M, Multani N, Mack ML, Tartaglia MC. Progression of neu-

ropsychiatric symptoms in young-onset versus late-onset Alzheimer’s

disease. GeroScience. 2021;43:213-223. doi:10.1007/s11357-020-

00304-y

32. Nabe-Nielsen K, Rod NH, Hansen ÅM, et al. Perceived stress and

dementia: results from the Copenhagen city heart study. Aging Ment
Heal. 2020;24:1828-1836. doi:10.1080/13607863.2019.1625304

33. Elbaz A. Prodromal symptoms of Parkinson’s disease: implications

for epidemiological studies of disease etiology. Rev Neurol (Paris).
2016;172:503-511. doi:10.1016/j.neurol.2016.07.001

SUPPORTING INFORMATION

Additional supporting information can be found online in the Support-

ing Information section at the end of this article.

How to cite this article: Damsgaard L, Janbek J, Laursen TM,

et al. Mappingmorbidity 10 years prior to a diagnosis of young

onset Alzheimer’s disease. Alzheimer’s Dement.

2024;20:2373–2383. https://doi.org/10.1002/alz.13681

 15525279, 2024, 4, D
ow

nloaded from
 https://alz-journals.onlinelibrary.w

iley.com
/doi/10.1002/alz.13681 by D

anish R
egions N

orth D
enm

ark, W
iley O

nline L
ibrary on [02/05/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

http://10.1016/S0140-6736(20)30367-6
http://10.1016/S1473-3099(21)00144-4
https://doi.org/10.1007/s40520-022-02076-1
https://doi.org/10.1080/13607863.2020.1742656
https://doi.org/10.1080/13607863.2020.1742656
https://doi.org/10.1016/j.jagp.2016.05.015
https://doi.org/10.3233/JAD-220215
https://doi.org/10.3233/JAD-220215
https://doi.org/10.1002/gps.4430
https://doi.org/10.3233/JAD-210090
https://doi.org/10.3233/JAD-210090
https://doi.org/10.1007/s00415-023-11974-x
https://doi.org/10.1177/1403494811401482
https://doi.org/10.1177/1403494811401482
https://doi.org/10.1177/1403494810395825
https://doi.org/10.1177/1403494810395825
https://doi.org/10.1093/ije/dyw213
https://doi.org/10.1177/1403494810394715
https://doi.org/10.1177/1403494810394718
https://doi.org/10.1177/1403494810394718
https://doi.org/10.1016/j.jalz.2011.03.005
https://www.who.int/publications/i/item/9241544554
https://www.who.int/publications/i/item/9241544554
https://doi.org/10.1093/ije/22.6.1189
https://doi.org/10.3233/JAD-150692
https://doi.org/10.3233/JAD-150692
https://doi.org/10.1136/bmj.h3029
https://doi.org/10.1371/journal.pmed.1001954
https://doi.org/10.1136/jnnp-2014-309033
https://doi.org/10.3233/JAD-170367
https://doi.org/10.18553/jmcp.2018.24.11.1138
https://doi.org/10.18553/jmcp.2018.24.11.1138
https://doi.org/10.1371/journal.pone.0228172
https://doi.org/10.1002/ana.26584
https://doi.org/10.1001/archgenpsychiatry.2011.1481
https://doi.org/10.1001/archgenpsychiatry.2011.1481
https://doi.org/10.1080/13607863.2013.814100
https://doi.org/10.1001/jamapsychiatry.2017.0660
https://doi.org/10.1001/jamapsychiatry.2017.0660
https://doi.org/10.1007/s11357-020-00304-y
https://doi.org/10.1007/s11357-020-00304-y
https://doi.org/10.1080/13607863.2019.1625304
https://doi.org/10.1016/j.neurol.2016.07.001
https://doi.org/10.1002/alz.13681

	Mapping morbidity 10 years prior to a diagnosis of young onset Alzheimer’s disease
	Abstract
	1 | BACKGROUND
	2 | METHODS
	2.1 | Data sources
	2.2 | Study design and population
	2.2.1 | Case definition
	2.2.2 | Control definition
	2.2.3 | Overall censoring criteria

	2.3 | Definition of morbidity
	2.4 | Covariates
	2.5 | Data analysis
	2.5.1 | Main analysis
	2.5.2 | Sensitivity analysis
	2.5.3 | Post hoc analysis


	3 | RESULTS
	4 | DISCUSSION
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	CONSENT STATEMENT
	DATA AVAILABILITY STATEMENT

	REFERENCES
	SUPPORTING INFORMATION


