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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
higher morbidity burden in the year immediately before dementia 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.

 Altered morbidity patterns could serve as an early warning sign of YOAD.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided

the original work is properly cited.

© 2024 The Authors. Alzheimer’s & Dementia published by Wiley Periodicals LLC on behalf of Alzheimer’s Association.

Alzheimer’s Dement. 2024;20:2373-2383.

wileyonlinelibrary.com/journal/alz 2373


mailto:line.damsgaard@regionh.dk
http://creativecommons.org/licenses/by/4.0/
https://wileyonlinelibrary.com/journal/alz
http://crossmark.crossref.org/dialog/?doi=10.1002%2Falz.13681&domain=pdf&date_stamp=2024-01-31

s | Alzheimer’s &Dementia’

DAMSGAARD ET AL.

THE JOURNAL OF THE ALZHEIMER’S ASSOCIATION

1 | BACKGROUND

While several studies have sought to describe the earliest symptoms
of Alzheimer’s disease (AD),! 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.? 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

5 anxiety,®

diseases,> inflammatory bowel disease, stress diagnoses,
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.” 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? 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,° 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 IN CONTEXT

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 approach may 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
1995.1112 The Danish National Prescription Registry (DNPrR)'3 was
used to draw information on filled prescription medication used in the
censoring of potential controls. Covariates were identified from the
Population Education Register!* 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.1®
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2.2 | Study design and population

We conducted a retrospective incidence density matched nested case-
control study following the approach of our previous study on YOAD.1©
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 shown mean time to diagnosis around 5 years for YOAD patients.5?
The AD diagnosis was made according to the National Institute on
Aging-Alzheimer’s Association workgroups (NIA-AA) criteria,® and
disease severity was determined based on International Classification
of Diseases (ICD) 10 criteria.l” Thus, cases were 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
MCl or dementia diagnosis in DNPR or DPCRR before index date, (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-
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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 contacts were drawn from DNPR and DPCRR. Diagnoses were
grouped according to overall categories of diseases and health prob-
lems, based on chapters in the ICD-10 classification (chapters I-XIV,
XVII-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. Each matched 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., AO1) within each disease
category in the study population were identified, and the association

between each specific diagnosis and YOAD was investigated.

2.5.2 | Sensitivity analysis

In a sensitivity analysis, patients were grouped by YOAD disease
severity, examining those with MCl/mild dementia or moderate/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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Individuals with Alzheimer's
Disease in DanDem 2016-2020
N=17,644
Excluding those diagnosed
age 2 70 years
N=15,817
N=1827
Excluding Down syndrome
5 and mental retardation
N=76
N=1751
Excluding those not living in
»| Denmark in the entire 10 year
retrospective period
N=6
YOAD case population

N=1745

FIGURE 1 Flowchart of case selection. DanDem: Danish Quality
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 FOO-FO9 (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 (Unspecified mental 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 level was 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 [Cl] 5.74-13.48), Mental and behavioral dis-
orders (IRR 3.18,95% Cl 2.73-3.71), and Symptoms/signs not classified
elsewhere (IRR 2.45,95% Cl 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
afew disease categories, with the most notable increases found in Dis-
eases of the ear and mastoid process (IRR 1.51, 95% Cl 1.16-1.97) and
Mental and behavioral disorders (IRR 1.43,95% Cl 1.14-1.79). Inthe 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% Cl 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 FOO (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 MCl/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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TABLE 1 Baseline characteristics of study population.

Casesn=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,> 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%)
Never married 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 behavioral® 389 (22%) 428 (8%)
Nervous systemP 307 (18%) 647 (12%)
Eye and adnexa 258 (15%) 660 (13%)
Ear and mastoid 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 1590 YOAD patients); ACE, Addenbrooke’s Cognitive Examination (reliable information for
1173 YOAD patients).

bExcluding dementia diagnosis.
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Disease categories

Adjusted IRR

ICD-10 chapters and code range (95% Cl)

Certain infections, I: AO0-B99 ©- 1.01 (0.82 - 1.24)
Neoplasms, |I: C00-D48 9 1.03 (0.90 - 1.17)
Hematological/immunological, Ill: D50-D89 +0— 1.22 (0.91 - 1.63)
Endocrine/metabolic, IV: EO0-E90 ' o 1.38 (1.21 - 1.57)
Mental and behavioral*, V: FO0-F99 —0— 3.18 (2.73 - 3.71)
Nervous system*, VI: G00-G99 -0- 1.52 (1.31-1.77)
Eye and adnexa, VII: HO0-H59 -0 1.20 (1.03 - 1.41)
Ear and mastoid process, VIII: H60-H95 -0 1.45 (1.20 - 1.74)
Circulatory system, IX: 100-199 ‘o 1.26 (1.12 - 1.41)
Respiratory system, X: J0O0-J99 s 1.12 (0.95 - 1.31)
Digestive system, XI: KOO-K93 o 1.01 (0.89 - 1.14)
Skin/subcutaneous system, XII: L00-L99 0- 1.17 (0.97 - 1.42)
Musculoskeletal system, XIII: M0O0-M99 6 0.92 (0.83 - 1.03)
Genitourinary system, XIV: NOO-N99 0 1.10 (0.96 - 1.26)
Symptoms/signs, XVIII: RO0-R99 : -0— 2.45(2.19 - 2.74)
Injuries, poisoning, external causes, XIX: S00-T98 o 1.31 (1.17 - 1.46)
Factors influencing health status, XXI: Z00-Z80 : o >  8.80(5.74-13.48)

o s 10

Fully adjusted IRR (95% ClI)

FIGURE 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 (Cl). 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. * Excluding mild 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, ' where we 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.2?20 Increased IRRs for
diagnoses of injuries to the head and forearm suggests that YOAD
patients may be more prone to injuries. In a large, register-based study
from Sweden, Nystrom 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,?* 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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Adjusted IRR

Mental and behavioral*

ICD-10 chapters and code range (95% CI)
Certain infections 056 148
A, 1.13 (0.86 - 1.48)
I: AO0-B99 1.24 (0.79 - 1.93)
Neoplasms 3 0.92 (0.76 - 1.11)
. N 1.00 (0.85 - 1.19)
Il: C00-D48 : 0.98 (0.78 - 1.25)
Hematological/immunological paaloea-2lo)
. . ] 1.09 (0.71 - 1.66)
Ill: D50-D89 1.71 (1.01 - 2.89)
Endocrine/metabolic ] (1)é Eg gg 1 g:')))
IV: EO0-EQ0 2.64 (2.17 - 3.21)
1.43 (1.14-1.79)
)

V: F00-F99

Nervous system*
VI: G00-G99

Eye and adnexa

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)
VII: HO0-H59 1.45 (1.08 - 1.93)
Ear and mastoid process 1 i; 8 12 1 gz;
VIIl: H60-H95 1.41 (1.01 - 1.98)

. 1.05 (0.90 - 1.22)
Circulatory system 1.08 (0.94 - 1.25)
IX: 100-I

00-199 2.14 (1.81 - 2.53)
. 1.01 (0.80 - 1.28)
)F(lejplritory system 1.01 (0.82 - 1.26)

: J00-J99 1.38 (1.05 - 1.81)
Digestive system 1.05(0.89-1.23)

: ) 0.97 (0.83-1.13)
Xl KOO-K93 0.98 (0.78 - 1.24)
Skin/subcutaneous system 1 82 Eg gg 1 gg;
Xll: LOO-L99 2.00 (1.37 - 2.94)
Musculoskeletal system 1.00(0.88 - 1.14)
Xlll: M00-M99 Y 0.83(0.73 - 0.95)

' 1.02 (0.85 - 1.22)
Genitourinary system AU e 2

- . 1.08 (0.90 - 1.28)
XIV: NOO-NS9 1.24 (0.94 - 1.62)
Symptoms/signs 1.19(1.03 - 1.36)

. ) 1.40 (1.24 - 1.59)
XVIII: R00-R99 5.69 (4.89 - 6.61)
Injuries, poisoning, external causes I (0l 27

ries, | s 1.35 (1.20 - 1.53)
XIX: S00-T98 1.39 (1.16 - 1.66)
Factors influencing health status ] g; E? gg ] Sg;
XXI: Z00-Z80 7.01 (6.01 - 8.17)

Fully adjusted IRR (95% ClI)

® IRR 10 - >5 years 95% ClI
IRR 5 - >1 years 95% CI
IRR <1 year 95% Cl

FIGURE 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 (Cl). 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. * Excluding mild cognitive impairment and
dementia diagnoses. ICD: International Classification of Diseases.
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Disease category

DAMSGAARD ET AL.

Most frequent diagnoses

A46: Erysipelas 111
Certain infections A41: Other sepsis 95
A49: Bacterial infection of unspecified site 58
D12: Benign neoplasm of colon etc. 391
Neoplasms C44: Other malignant neoplasms of skin 172
D17: Benign lipomatous neoplasm 110
. D64: Other anaemias 82
!-Iematollogl.calll D50: Iron deficiency anaemia 47
immunologica D68: Other coagulation defects. 22
: E78: Disorders of lipoprotein metabolism etc. 498
Endocrinel E11: Type 2 diabetes meliitus 401
E66: Obesity 280
F10: Alcohol-related mental disorders 225
g'e: ta! an(li F43: Reaction to severe stress 191
ehaviora F32: Depressive episode 159
G56: Mononeuropathies of arm 192
Nervous system G47: Sleep disorders 163
G45: Transient cerebral ischaemic attacks 114
H25: Senile cataract 301
Eye and adnexa H26: Other cataract 94
H35: Other retinal disorders 94
. H91: Other hearing loss 362
E:or:ensds astold H93: Other disorders of ear 161
P H90: Conductive and sensorineural hearing loss 126
110: Essential hypertension 1024
Circulatory system 120: Angina pectoris 309
125: Chronic ischaemic heart disease 298
J44: Chronic obstructive pulmonary disease 249
Respiratory system J18: Pneumonia, organism unspecified 243
J45: Asthma 169
K57: Diverticular disease of intestine 284
Digestive system K59: Other intestinal disorders 229
K40: Inguinal hernia 216
q L02: Cutaneous abscess etc. 100
Sku:/subcutaneous L08: Other local infections of skin 71
system L40: Psoriasis 58
M17: Gonarthrosis 495
glusst:::lloskeletal M75: Shoulder lesions 481
Y M23: Internal derangement of knee 349
. . N39: Other disorders of urinary system 235
Ge“"m“""a’y N30: Cystitis 190
Systenn N81: Female genital prolapse 163
R10: Abdominal and pelvic pain 576
Symptoms/signs R41: Symptoms involving cognitive functions* 415
RO7: Pain in throat and chest 302
P I S61: Open wound of wrist and hand 486
In|tu "esi poisining, S52: Fracture of forearm 338
EXIeIajcauses S01: Open wound of head 280
Factors influencing Z01 Invesugayons without complaints 6039
health status Z03: Observation 3338
Z12: Screening for neoplasms 1643

Fully adjusted IRR (95% Cl)

Adjusted IRR

(95% Cl)

e 1.06 (0.69 - 1-63)
e 1.00 (0.63 - 1.59)
e 1.45 (0.84 - 2.51)
- 1.23 (0.98 - 1.54)
—— 1.06 (0.74 - 1.49)
—.— 0.83 (0.53 - 1.31)
e 1.26 (0.78 - 2.03)
he 1.36 (0.73 - 2.52)
- 0.30 (0.07 - 1.29)
. 1.64 (1.35 - 1.99)

Lo 1.20 (0.96 - 1.51)
o 0.59 (0.43 - 0.81)
— 212 (1.62 - 2.79)

— 2.77 (2.06 - 3.70)

5 I 3.48 (2,54 - 4.77)
i 0.73 (0.51 - 1.05)
— 1.02 (0.71 - 1.45)
D 1.56 (1.05 - 2.31)

[ e 1.66 (1.31 - 2.12)
- 1.03 (0.7 - 1.65)
—— 0.56 (0.32 - 0.97)
R 1.51 (1.20 - 1.90)
e 1.30 (0.92 - 1.83)
e 1.33 (0.91 - 1.95)
- 1.38 (1.19 - 1.60)
le— 1.26 (0.95 - 1.58)
o 1.11 (0.85 - 1.44)
—— 1.06 (0.79 - 1.41)
e 1.07 (0.80 - 1.43)
—— 1.09 (0.7 - 1.54)
—— 1.09 (0.84 - 1.43)
Lo 1.33 (1.00 - 1.77)
—e— 0.99 (0.72 - 1.37)
e 1.19 (0.7 - 1.85)
E— 1.43 (0.87 - 2.37)
B — 1.24 (0.70 - 2.19)
. 1.08 (0.88 - 1.33)
- 0.92 (0.74 - 1.14)
. 0.96 (0.75 - 1.24)
e 1.34 (1.01 - 1.78)
- 1.39 (1.02 - 1.91)
—— 0.99 (0.69 - 1.42)
S 1.03 (0.85 - 1.25)
i < 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)

— e »  465(363-5.96)

—— 2.59 (2.31 - 2.91)

- 0.92 (0.78 - 1.06)

—— ‘
2 4

FIGURE 4 Incidence rate ratios (IRRs) for young onset Alzheimer’s disease are plotted for the three most 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 (Cl). 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 Cl 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.2?2 AD-specific research shows that the preva-
lence of vascular risk factors is not elevated in YOAD patients, were

apolipoprotein E (APOE) 4 allele, that is, genetic risk factors, were
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Adjusted IRR

Subcategories, ICD-10 code range (95% Cl)
Organic, including symptomatic, o 8.05 (4.62 - 14.03)
mental disorders* PN 2.99 (0.86 - 10.33)
F00-F09 . 3.88 (1.89 -7.96)
: 26.39 (8.00 - 87.03)
Mental and behav_ioral disorders ;o 1.81 (1.43 - 2.29)
due to psychoactive substance use g
° 1.20 (0.85 - 1.71)
F10-F19 i 1.33 (0.93 - 1.91)
: 4.57 (3.03 - 6.88)
Schizophrenia, schizotypal and o— 2.28 (1.46 - 3.57)
delusional disorders é 0.95 (0.49 - 1.83)
F20-F29 . 1.88 (1.02 - 3.47)
5.37 (2.62 - 11.01)
Mood/affective disorders o 3.14 (2.48 - 3.98)
F30-F39 » 1.45 (1.01 - 2.07)
: 2.94 (2.11 - 4.11)
2 9.17 (5.88 - 14.28)
Neurotic, stress-related and o 2.69 (2.11 - 3.45)
somatoform disorders ® 1.14 (0.77 - 1.69)
F40-F48 : 3.40 (2.39 - 4.82)
: 8.21 (4.62 - 14.59)
Behavioral syndromes associated with . 1.79 (0.65 - 4.95)
psychological disturbances and .
physical factors. F50-F59 : 3.87 (1.04 - 14.48)
: 2.93 (0.41 - 20.92)
Disorders .Of adult personality -O— 1.61 (0.84 - 3.11)
Egg 'l:ggawor P 1.08 ((0.42 -2 76))
- 5 0.93 (0.30 - 2.91
3.70 (0.99 - 13.84)
Unspecified mental disorder o
F99 P —0— 3.36 (1.81 - 6.25)

2.09 (0.87 - 5.00)
1.40 (0.43 - 4.57)

0 20 40
Fully adjusted IRR (95% ClI)
o IRR Overall —  95%Cl
®|RR 10 ->5years ————  95%Cl
IRR 5 - >1 years 95% Cl
IRR < 1 year 95% Cl

FIGURE 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 (Cl). 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 Sé. ICD: International Classification of Diseases. * Excluding mild cognitive impairment and dementia

diagnoses.

instead more prominent.?® 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.2*
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.” 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.?> 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.2¢ While
some of these overlap with associations found in the present study
(hearing loss, depression, disorders of the urinary system), others were
not commonly found in our cohort (disorders of the vestibular system,
disorders of refraction etc.).

Morbidity generally tends to increase with increasing age, and there
is likely a difference in the morbidity pattern for those diagnosed with
YOAD compared to LOAD based on age alone. Thus, morbidity in LOAD
may differ considerably from morbidity 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.’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,%! and
it remains an area of great importance for clinicians to assess, both
pre-and post-diagnosis. Several studies have also shown an association
between a diagnosis of stress in midlife and risk of dementia assum-

ing stress as a risk factor for,>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 6 months prior to the index date 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 the more 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
diagnosed by specialists in memory clinics and allows access to detailed
variables beyond the Danish registers. This allowed a novel 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.32
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 YOAD were 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 symptoms and morbidity prior to adiagno-
sis of YOAD by exploring associations between reasons for GP contacts

or use of prescription medication.
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