Received: 12 August 2020

Revised: 20 November 2020

W) Check for updates

Accepted: 27 December 2020

DOI: 10.1002/gps.5500

RESEARCH ARTICLE

Sychiatry

Neuropsychiatric symptoms and comorbidity: Associations
with dementia progression rate in a memory clinic cohort

Trine Holt Edwin?%3

| Bjgrn Heine Strand®*® | Karin Persson®? |

Knut Engedal®? | Geir Selbak?® | Anne-Brita Knapskog?

*Norwegian National Advisory Unit on Ageing
and Health, Vestfold Hospital Trust, Tgnsberg,
Norway

2Department of Geriatric Medicine, Oslo
University Hospital, Oslo, Norway

SFaculty of Medicine, University of Oslo, Oslo,
Norway

“Department of Chronic Diseases and Ageing
Oslo, Norwegian Institute of Public Health,
Oslo, Norway

Correspondence

Trine Holt Edwin, OUS HF Ulleval sykehus,
postboks 4956 Nydalen, 0424, Oslo, Norway.
Email: trine.holt.edwin@gmail.com; trine.
edwin@aldringoghelse.no

Funding information
The Norwegian Health Association, Grant/
Award Number: project ID 73299

Abstract

Objectives: Neuropsychiatric symptoms (NPS) are associated with dementia
severity and progression rate. NPS clusters have different neurobiological un-
derpinnings; therefore, their effect on dementia progression may differ. Further-
more, little is known about whether individual comorbidities affect progression rate.
We investigated the effect of NPS clusters and individual comorbidities on dementia
progression.

Methods: A memory clinic cohort with all-cause dementia (N = 442) was followed
for up to 3 years from diagnosis. Previously, we found trajectory groups of dementia
progression in this cohort: one with slow progression and two with rapid progres-
sion. In the present study, using principal component analysis, three symptom
clusters of NPS were identified on the Neuropsychiatric Inventory Questionnaire
(NPI-Q): agitation, affective and psychosis symptom clusters. Data regarding co-
morbidity were collected by linkage to the Norwegian Patient Registry. Multinomial
logistic regression was applied to explore the association between NPS clusters and
comorbidity with trajectory-group membership.

Results: Adjusted for demographics, dementia aetiology, comorbidity and cognition,
we found that, at the time of dementia diagnosis, for every point within the psychosis
symptom cluster of the NPI-Q, the risk of rapid progression increased by 53%; for
every point within the affective symptom cluster, the risk of rapid progression
increased by 29%. A previous diagnosis of mental and behavioural disorders
(excluding dementia) decreased the risk of rapid dementia progression by 65%.
Conclusions: Psychosis and affective symptom clusters at the time of diagnosis
were associated with rapid progression of dementia. Previous diagnoses of mental
and behavioural disorders (excluding dementia) were associated with slow

progression.
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Key points

1 | INTRODUCTION

Dementia disorders are characterized by cognitive and functional
decline, and many patients with dementia have neuropsychiatric
symptoms (NPS)? and comorbidities? that may influence progression.
Worldwide, approximately 50 million people suffer from dementia®
and the global prevalence is increasing.® Understanding the factors
associated with rapid progression is important not only for designing
intervention studies but also for ensuring optimal follow-up protocols
and quality of life for patients.

We lack robust methods for predicting the progression rate of
dementia, preventing us from providing accurate prognoses to pa-
tients. Several risk factors have been associated with rapid dementia
progression, but comparisons across studies are hampered by the
differences in population, the statistical methods used, and the risk
factors assessed.* Additionally, dementia is often multifactorial,® and
the progression rate is likely to be affected by multiple components.
However, studies typically evaluate risk factors separately, and few
assess the effect of multiple determinants.

NPS are common in all dementia aetiologies and can be present
at every stage of cognitive decline.®” They have been associated with
impairment in activities of daily living,® nursing home admission,”
decreased quality of life,'° greater caregiver burden ! and increased
informal care costs in dementia.’? Previous progression studies link
more-severe NPS with rapid progression of Alzheimer's disease
(AD)*31* but also with more-advanced stages of dementia.t>1¢
Notably, various NPS tend to cluster, indicating correlation and,
possibly, shared pathology within symptom clusters.!>”

The number of comorbidities affecting an individual could affect

1819 at least at short-time follow-up.

the dementia progression,
However, specific comorbid diseases might have distinct associations
with the dementia syndrome and, thereby, may influence progression
rates differently.?® For instance, a history of hypertension or
congestive heart failure has been associated with slower cognitive
decline,®* whereas a history of diabetes has been associated with
slower functional and cognitive decline.2*?* Additionally, a history of
hypertension or psychiatric disorders has been associated with more

1 and the number of

NPS at the time of dementia diagnosis,?
comorbidities might also be associated with more-severe NPS.22 The
effect of cerebrovascular comorbidities on dementia progression is
not clear.>21:23

We seek to increase the knowledge about distinct predictors
of dementia progression by building on previous results where we

found that more-severe overall NPS, but not the number of

e Psychotic and affective symptom clusters at the time of diagnosis were associated with
rapid progression of dementia

e Previous diagnoses of mental and behavioural disorders (excluding dementia) were asso-
ciated with slow progression of dementia

e |n dementia, individual assessments and follow-up protocols are essential

comorbidities, were associated with rapid progression of all-cause
dementia in a memory clinic cohort.?* Due to the clustering of
NPS, together with differences seen in relation to neuropathology
and dementia severity,’, 7 we hypothesize that NPS clusters are
valuable predictors of dementia progression rates. By including

5 we also

comorbidity data from the Norwegian Patient Registry,?
evaluated the effect of specific comorbidities present before and at
the time of the dementia diagnosis. We hypothesize that individual
comorbidities will have different effects on the dementia pro-
gression rate. The findings may improve future planning for pa-
tients, and their caregivers, and may facilitate the selection of

patients eligible for intervention studies.

2 | MATERIAL AND METHODS

2.1 | Subjects

The study population has been described in greater detail.?* In brief,
the patients were included in the Norwegian registry of persons
assessed for cognitive symptoms (NorCog) between 12 January
2009, and 31 July 2016, at the Memory Clinic, Oslo University
Hospital, were diagnosed with dementia and received at least one
follow-up examination after the baseline period (6 months; number
of patients [N] = 442). We restricted the follow-up period to 3 years
to limit survival bias, and the participants were followed for an
average of 2.2 years (standard deviations [SD] 1.5).

All participants signed an informed consent form; the project
was approved by the Regional Ethics Committee (2015/1510 REK
vest) and was conducted in accordance with the Helsinki
Declaration.

2.2 | Assessments

Examinations were part of the standard practice at the clinic, and
patients underwent an average of 3.5 (SD 1.7) consultations with
varying time intervals. As a measure of cognitive and functional
impairment, the Clinical Dementia Rating Scale (CDR)?® was scored
post hoc by the researchers, using all available information from the
patients' records. Based on the severity of cognitive decline, a score
of 0-3 was assigned within the following categories: memory,
orientation, judgement and problem-solving, community affairs,

home and hobbies and personal care.
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2.3 | Diagnostic workup

At baseline, the NorCog research protocol?” was used to assess the
patients.?* In summary, the NorCog protocol includes information on
demographics, comorbidities, medication use, dementia symptoms,
physical examination and blood sampling. The protocol also includes
cognitive test results, for example, the MMSE?® (0-30; lower values
indicate greater cognitive impairment) and the Trail Making Test A
(TMT-A)?? and B (based on age-adjusted cut-off of —2 SD%); the
Clock Drawing Test; the Consortium to Establish a Registry of
Alzheimer's Disease 10-item word list and figure copying; the
Controlled Oral Word Association Test; and the 15-item version of
the Boston Naming Test. Magnetic resonance imaging brain scans
were available for most of the cases, and positron emission tomog-
raphy and single-photon emission computed tomography were
available for selected cases. For 198 of the patients, the results of
cerebrospinal fluid core biomarkers amyloid B42, total tau, and
phosphorylated tau181 (P-tau) were used to aid the diagnoses.

All-cause dementia, AD and aetiologically mixed AD were
diagnosed according to the National Institute on Aging and the
Alzheimer's Association diagnostic criteria.> Further aetiological
dementia diagnoses were made according to clinical diagnostic
criteria for dementia associated with Parkinson's disease,?! the
revised criteria from the Fourth consensus report of the Dementia
with Lewy Bodies Consortium,3? the international consortium
revised guidelines for the diagnosis of behavioural variant
frontotemporal dementia®® and the classification of primary pro-
gressive aphasia.®* The cause of dementia was denoted as ‘other’ if
none of the aetiological criteria were present. The diagnoses were
made post hoc by one of the researchers (an experienced clinician)
using all available information from the patients' records. In un-
certain cases, two of the other researchers were consulted
(N = 61).

At the baseline examination, the Neuropsychiatric Inventory
Questionnaire (NPI-Q),%°> a brief questionnaire version of the
Neuropsychiatric Inventory, was used to assess NPS.2® The NPI-Q
severity score (0-3; a higher score indicates a more-severe symptom)
of the 12 NPS was included. These symptoms were as follows:
delusions, hallucinations, agitation/aggression, depression/dysphoria,
anxiety, elation/euphoria, apathy/indifference, disinhibition, irritabil-
ity/lability, motor disturbance, night-time behaviour and appetite/
eating disturbances. For participants with two or more missing items,
the NPI-Q was set to missing (N = 39).

By regulation, the specialist health care service in Norway?®
must register diagnoses in the Norwegian Patient Registry according
to the 10th revision of the International Statistical Classification of
Diseases and Related Health Problems (ICD-10) codes.®” We
selected the disease categories of interest based on the results of a
systematic review®® including those categories listed in the NorCog
protocol.?” For each patient, we searched both the NorCog and the
Norwegian Patient Registry (from 1 January 2008 up until baseline)
for comorbidities (present or absent) within the 12 selected disease

categories (Table 2). If a comorbidity was registered in either of these

registries, it was denoted as present. The comorbidities were
registered up to 7 years prior to baseline, but because of the chronic
nature of the conditions, they were assumed to have been present at
the time of the dementia diagnosis.

2.4 | Outcome measures

We have previously described the scoring of the CDR scales and the
selection of trajectory groups in this cohort.?* In summary, the CDR
scales were scored post hoc by a certified rater using all available
information from standardized and comprehensive patient records.
Using group-based trajectory modeling®® we identified three
trajectory groups of dementia progression based on changes in CDR-
sum of boxes (CDR-SB).*® The selection of the number and shapes of
trajectory groups was based on the Bayesian information criterion,
the posterior probability of group membership, the odds of correct
classification and class size. The findings were as follows: Group 1
progressed slowly and had the best global functioning at baseline;
Group 2 progressed more rapidly and had poorer global functioning
at baseline; and Group 3 progressed the fastest and had the worst

global functioning at baseline (Table 1).

2.5 | Statistical analyses

Analyses were performed using Stata/IC 15.1 (StataCorp LLC2018,
Stata Statistical Software, revision 17 December 2018, College Sta-
tion, TX77845USA) and SPSS version 26. Summary statistics of the
baseline characteristics were compared using one-way ANOVA,
Kruskal-Wallis or Chi-square x? as appropriate. The annual changes
in the CDR-SB were compared with a linear mixed model with
interaction on time.

2.6 | Factor analysis

To identify NPS clusters, principal component analysis was applied to
the 12 items of the NPI-Q scale, with a patient-symptom severity
ranging from 0-3, using SPSS version 26. The correlation matrix
revealed coefficients above 0.3.*' The sampling adequacy, using
Kaiser-Meyer-Olkin = 0.827 and Bartlett's Test of Sphericity at the
significance level p < 0.001, supported the factorability of the
correlation matrix. Due to somewhat weak correlations between
some of the factors (range 0.459-0.855) and in order to facilitate
interpretation, varimax rotation was chosen. The number of com-
ponents was selected by combining Kaiser's criterion of eigenvalues,
Cattell's scree test, and alpha factoring. Three factors explaining 51%
of the variance were identified: Factor 1 (agitation symptom cluster)
comprised the items elation/euphoria, disinhibition, agitation/
aggression, irritability/lability and motor disturbance (32% of the
variance explained, Cronbach's alpha 0.70); Factor 2 (affective

symptom cluster) comprised the items anxiety, depression/
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All Group 1 Group 2 Group 3 Group comparison

Variables (N = 442) (N = 195) (N = 153) (N = 94) p value
Age in years, mean (SD) 70.5 (8.1) 69.7 (7.9) 71.3 (7.6) 70.7 (9.0) 0.182%
Female, N (%) 225 (50.9) 89 (45.6) 84 (54.9) 53 (55.3) 0.144°
Education in years, mean (SD) 12.8 (3.7) 13.2 (3.6) 12.8 (3.7) 12.0 (3.9) 0.612%
Aetiological diagnosis, N (%)

AD 229 (51.8) 106 (54.4) 72 (47.1) 51 (54.3) 0.347°¢

AD mixed 93 (21.0) 33 (16.9) 36 (23.5) 24 (25.5) 0.157°¢

DLB/PDD 49 (11.1) 19 (9.7) 22 (14.4) 8 (8.5) 0.263¢

FTD 29 (6.6) 12 (6.2) 9 (5.9) 8 (8.5) 0.687°

Other 42 (9.5) 25 (12.8) 14 (9.2) 34 (36.6) 0.032°
MMSE, mean (SD) 23.1 (4.1) 24.9 (2.8) 23.0 (34) 19.5 (5.0) <0.001°
TMT-A (worse than -2SD), N (%) 206 (48.1) 63 (33.0) 88 (58.7) 55 (63.2) <0.001¢
NPI-Q severity, mean (SD) 5.8 (5.3) 4.5 (4.6) 5.9 (5.0) 8.3 (6.0) <0.001°
NPS cluster severity, mean (SD)

Agitation cluster (severity score 0-15) 1.7 (2.4) 1.3 (2.1) 1.8 (2.2) 2.5(2.9) <0.001°

Affective cluster (severity score 0-15) 3.6 (3.0) 2.9 (2.8) 3.6 (2.8) 4.9 (3.1) <0.001°

Psychosis cluster (severity score 0-6) 0.5 (1.0) 0.2 (0.7) 0.5 (1.0) 0.9 (1.5) <0.001°
CDR-SB, mean (SD) 5.1 (2.3) 3.5 (1.0) 5.3 (1.4) 8.2 (2.2) <0.001°
CDR-SB yearly change, mean (SE) 1.0 (0.1) 0.7 (0.1) 2.4 (0.6) 2.9 (0.2) <0.001¢

Abbreviations: AD, Alzheimer's dementia; AD mixed, aetiologically mixed Alzheimer's dementia; CDR-SB, Clinical Dementia Rating Scale sum of boxes;
DLB, dementia with Lewy bodies; FTD, frontotemporal dementia; MMSE, Mini Mental State Examination; N, number of patients; NPI-Q,
Neuropsychiatric Inventory Questionnaire; NPS, neuropsychiatric symptoms; PDD, Parkinson's disease dementia; SD, standard deviation; SE, standard

error; TMT-A, Trail Making Test A.

®Means are compared using one-way ANOVA as appropriate.
PMeans are compared by Kruskal Wallis as appropriate.
Proportions are compared with Chi square x2.

dLinear mixed model.

dysphoria, night-time behaviours, apathy/indifference and appetite/
eating (10% of the variance explained, Cronbach's alpha 0.67); and
Factor 3 (psychosis symptom cluster) comprised the items halluci-
nations and delusions (9% of the variance explained, Cronbach's
alpha 0.49). The severity scores of the items within the symptom
clusters were summed and included as predictors in the regression
models.

2.7 | Multinomial logistic regression analyses

Multinomial logistic regression analyses with the three-level
trajectory group membership as the outcome variable and using the
slow-progression group (Group 1) as reference were performed using
Stata/IC 15.1. In multinomial logistic regression, the outcome
variable Y has more than two categories, and the coefficient is,
therefore, a relative risk ratio (RRR) in contrast to the odds ratio of a

standard logistic regression. Spearman intercorrelation ensured that

the inter-correlation between the explanatory variables were <0.55.
Based on previous results related to this cohort,?* MMSE and TMT-A
were used to adjust for cognitive function. In addition, all models
were adjusted for age, sex, education and dementia aetiology. First,
we ran preliminary models to consecutively test individual NPS
clusters (continues severity score; Table S2) and comorbidity groups
(present = 1 or absent = O; Table S3). Covariates with p < 0.2 were
retained for further analysis in the final multivariate model (Table 3).
Patients without missing values were included in the multinomial

logistic regression analyses (N = 380).

3 | RESULTS

Sample characteristics at the time of diagnosis are listed in Tables 1
and 2. The patients with frontotemporal dementia (FTD) showed
more agitation and those with Lewy body dementia (LBD) showed

more psychotic symptoms (Table S1).
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TABLE 2 Comorbidity groups with ICD-10 codes in all patients and by trajectory groups

Comorbidities by diagnostic class, N (%)

Cardiovascular diseases (100-153 and 170-199)

Cerebrovascular diseases® (160-169)

Diseases of the nervous system (GO0-G99)

Diseases of the sense organs® (H15-H48, H53-H54 and H80-H95)
Mental and behavioural disorders® (FO4-F99)

Diseases of the respiratory system?® (J40-J84 and J95-J99)

Diseases of the musculoskeletal system and connective tissue®
(M05-M19 and M30-M99)

Diseases of the digestive system? (K20-K31, K50-K52 and K70-K93)
Endocrine, nutritional and metabolic diseases® (EO-E90)

Diseases of the urinary system® (NOO-N19)

Cancer? (C00-C97)

Haematological diseases® (D50-D89)

Comorbidity, mean (SD)

Group
All Group 1 Group 2 Group 3 comparison
(N = 442) (N = 195) (N = 153) (N = 94) p value
218 (49.3) 99 (50.8) 76 (49.7) 43 (45.7) 0.604
63 (14.7) 28 (14.8) 24 (16.3) 11 (11.8) 0.654
189 (42.8) 84 (43.1) 66 (43.1) 39 (41.5) 0.891
130 (30.3) 53 (28.0) 51 (34.7) 26 (28.0) 0.409
211 (49.2) 110 (58.2) 66 (44.9) 35 (37.6) 0.002
21 (4.9) 13 (6.9) 5(3.4) 3(3.2) 0.232
109 (25.4) 54 (28.6) 37 (25.2) 18 (19.4) 0.248
47 (11.0) 21 (11.1) 18 (12.2) 8 (8.6) 0.695
168 (39.0) 69 (36.3) 60 (40.5) 39 (41.9) 0.603
14 (3.3) 5(2.7) 5(3.4) 4 (4.3) 0.759
73 (17.0) 39 (20.6) 21 (14.3) 13 (14.0) 0.195
16 (3.7) 7 (3.7) 7 (4.8) 2(2.2) 0.595
2.9 (1.8) 3.0 (1.8) 2.9 (1.9) 2.6 (1.8) 0.980

Note: Proportions are compared with Chi square and means are compared using one-way ANOVA.

Abbreviations: ICD-10, the 10" revision of the International Statistical Classification of Diseases and Related Health Problems; N, number of patients;

SD, standard deviation.
N = 429.
PN = 431.

From the preliminary models, all of the NPS clusters (Table S2)
and six of the comorbidity groups (Table S3) were included in the
final model.

3.1 | Predictors associated with rate clinical
progression

Results from the final model are presented in Table 3. Adjusted for
age, sex, education, dementia aetiology, comorbidity groups, MMSE
and TMT-A, we found that, for every point within the affective
symptom cluster, the relative risk of belonging to the most rapidly
progressing group (Group 3) was 29% higher than that of Group 1
membership (RRR 1.29 [95% Cl 1.11-1.50]). For every point within
the psychotic symptom cluster, the relative risk of belonging to the
most rapidly progressing group (Group 3) increased by 53% (RRR
1.53 [95% CI 1.03-2.28]). Adjusted for age, sex, education, dementia
aetiology, NPS clusters, MMSE and TMT-A, the relative risk of
belonging to the most rapidly progressing group (Group 3) was
reduced with a previous diagnosis of mental and behavioural
disorders (excluding dementia) (RRR 0.35 [95% CI 0.17-0.73]). A
diagnosis of musculoskeletal system and connective tissue disorders
(RRR 0.44 [95% CI 0.19-1.02]) seemed to decrease the relative risk
of belonging to Group 3, while endocrine, nutritional and metabolic
diseases (Group 3: RRR 2.03 [95% Cl 0.99-4.15]) seemed to increase

the relative risk of belonging to Group 3; however, these comorbid-
ities were not statistically significant.

4 | DISCUSSION

In the present study, we found that psychotic and affective symptoms
at the time of dementia diagnosis increased the risk for rapid clinical
progression, even after adjusting for demographic information,
dementia aetiology, cognitive function and comorbidities. Previous
diagnoses of mental and behavioural disorders (excluding dementia)
were associated with slow progression.

Psychotic symptoms at the time of diagnosis were associated
with rapid progression in our cohort. Patients with LBD had more
psychotic symptoms, but the overall association remained significant,
even after adjusting for dementia aetiology. Likewise, Gerritsen and
colleagues*? found that psychotic symptoms were associated with
cognitive decline in young-onset dementia (AD, vascular dementia
[VaD] and FTD). Moreover, researchers also found psychotic
symptoms to be associated with rapid cognitive decline*>** despite
differences in the population (only AD and different age groups),
according to the outcome measurements (change in MMSE or
dementia severity vs. change in CDR-SB) and statistical methods
used. In addition, a meta-analysis supported our results showing that

psychotic symptoms in AD were associated with faster progression
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TABLE 3 Multinomial logistic regression model assessing trajectory-group membership by retained comorbidity groups and

neuropsychiatric symptoms

Fully adjusted model (N = 380)°

Variables

Mental and behavioural disorders®

Disease of the respiratory system®

Disease of the musculoskeletal system and connective tissue”
Endocrine, nutritional and metabolic disease®
Disease of the urinary system®
Cancer®
Agitation symptom cluster (severity score)
Affective symptom cluster (severity score)

Psychosis symptom cluster (severity score)

Group 2 versus Group 1 Group 3 versus Group 1

RRR 95% ClI RRR 95% ClI

0.63 (0.37-1.06) 0.35 (0.17-0.73)*
0.34 (0.08-1.45) 0.58 (0.10-3.28)
0.78 (0.43-1.41) 0.44 (0.19-1.02)
1.45 (0.84-2.49) 2.03 (0.99-4.15)
1.87 (0.38-9.27) 4.18 (0.65-26.87)
0.57 (0.29-1.14) 0.60 (0.23-1.57)
1.03 (0.88-1.20) 0.96 (0.79-1.16)
1.09 (0.97-1.22) 1.29 (1.11-1.50)
1.20 (0.85-1.70) 1.53 (1.03-2.28)*

Notes: This table shows the final multinomial logistic regression model assessing trajectory-group membership by comorbid diagnoses and
neuropsychiatric symptoms. Variables are continuous unless otherwise specified.

Abbreviations: Cl, confidence interval; N, number of patients; RRR, relative risk ratio.

*Significant level p < 0.05.

2Adjusted for age, sex, length of education, dementia aetiology, Mini Mental State Examination and Trail Making Test A.

bVariables are dichotomized and values for present are presented.

measured by change in MMSE.* Conversely, Haaksma et al. did not
find that psychotic symptoms were associated with rapid progression
in AD.* One explanation may be that their results were attenuated
by adjusting for baseline dementia severity, even though changes in
the same variables were their outcome measures.

Affective symptoms at the time of diagnosis were associated
with the most rapidly progressing group in our cohort. Affective
symptoms have been shown to increase the risk of AD,* but their
effect on dementia progression rate has been less studied. A review*”
found that, in AD, depression was associated with rapid cognitive
decline, greater functional decline, and higher rates of nursing home
placement. Affective symptoms have also been associated with
mortality.*> However, other studies did not find any associations
between affective symptoms and rapid progression of dementia’**®
and one study indicated affective symptoms to be associated with
slower cognitive decline in AD, VaD and FTD.*2 This discrepancy may
be due to the overlap between symptoms of AD and depression and
because depressive symptoms often occur with other NPS, making
the diagnosis challenging and the comparison of studies difficult.*’”
When exploring individual NPS in AD, researchers have found

141643 aperrant motor behaviour,+¢

agitation/aggression, and any
clinically significant NPS*® to be associated with rapid clinical pro-
gression. We did not find such associations.

Whether psychotic and affective symptoms reflect higher
neurotoxicity in the brain remains unclear. Studies have, however,
indicated several neuropathological changes linked to psychosis and
to affective symptoms in dementia. For instance, AD patients with
psychotic symptoms have been found to have more neurofibrillary
tangles in neocortical areas independent of dementia severity,*® as

well as more intraneuronal P-tau.*’ Delusions have been associated

with an upregulation of postsynaptic muscarinic receptors in de-
mentia with Lewy bodies®® and increased striatal dopamine receptor
availability in AD.>! Genetic variations could also have an impact on
psychosis in AD,>25% but apolipoprotein E €4 does not seem to in-
crease the risk.>* Regarding affective symptoms, a literature review
found that depressive symptoms in AD were associated with more
cerebral neurofibrillary tangles and senile plaques, hippocampus
atrophy and changes in the serotonergic pathways.>®> Moreover,
alterations in the monoaminergic network in the cortex®® and the
number of corticotropin-releasing hormone neurons®’ have been
associated with depression in dementia. Furthermore, apathy has
been linked to increased P-tau in cerebrospinal fluid and to
neurofibrillary tangles in the anterior cingulated cortex in AD.> The
neuropathological changes related to NPS in FTD and other de-
mentias are much less understood, but psychotic symptoms have
been found to correlate with grey matter atrophy in progranulin
mutation carriers with FTD.>®

The presence of previous mental and behavioural disorders was
associated with slow progression, while psychotic and affective
symptoms at baseline were associated with rapid progression in our
cohort. This could indicate differences in underlying processes.
Psychosis in AD and VaD differs from psychosis seen in schizo-
phrenia, with the dementia syndromes being associated with mostly
persecutory and misidentification delusions and visual hallucina-
tions.”? A study examining the interaction between psychosis in AD
and schizophrenia found a possible genetic link, but the association
was strongest for delusions.>® Schizophrenia and other psychiatric
conditions such as bipolar disorders have been linked to increased
risk of dementia,®® while our findings show that the same conditions

are associated with slow dementia progression. One explanation
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could be that these patients develop symptoms of dementia on the
basis of less neuropathology because of reduced cognitive reserve.®?
Again, this may explain why the dementia progressed more slowly, as
progression rate is known to increase with dementia severity.142462
To elaborate on this, we need further research, preferably combining
clinical markers with biomarkers.

A trend was identified, although not reaching statistical signifi-
cance, for the association of musculoskeletal system and connective
tissue disorders with a slower progression rate of dementia (RRR
0.44[95% Cl1 0.19-1.02], p = 0.055), and these conditions often result
in the use of non-steroidal anti-inflammatory drugs (NSAIDs). An
older longitudinal study found that NSAID usage was associated with
slower progression of decreased verbal fluency, spatial recognition
and orientation in AD.®® Longitudinal studies have shown that the
use of NSAIDs, especially long-term use,®* could reduce the risk of
AD development.65 The mechanism of action is uncertain, but the
attenuation of over-stimulated microglia has been suggested.®*
Clinical trials have, however, failed to prove any benefit of NSAIDs in
the prevention of AD.®*%° It is not clear why epidemiological studies
find this association, while clinical trials do not. Possibly NSAID usage
is a marker of some unknown residual confounding, or that the po-
tential effect of NSAIDs is difficult to prove in prevention trials.®® We
do not have information on the use of medication in our cohort, and,
therefore, we cannot know if these diagnoses reflect NSAID use.
Perhaps, these diagnoses are proxies of another mechanism, thereby
biasing the result.

The presence of endocrine, nutritional and metabolic diseases
seemed to increase the risk of rapid progression, but again, this was a
trend that was not statistically significant (Group 3: RRR 2.03 [95%
Cl 0.99-4.15], p = 0.053). Diabetes has been linked to decreased
progression rate in AD.2*?! Being overweight in mid-life increases
the risk of dementia, while being underweight increases the risk
during the preclinical phase.®” Perhaps our results were weakened by
the several conditions included in this group of diseases with po-
tential opposite effects on dementia progression.

4.1 | Strengths and limitations

The patients included in the present study were from a specialized
memory clinic, which may weaken the generalizability of the results.
We did, however, include all-cause dementia reflecting numerous
underlying pathologies, although nearly 73% of the patients had AD.
Information on the use of medication and medical incidences during
the follow-up period would have improved the knowledge of the
general health of the patients. The ICD-10 categories encompass a
wide range of disorders, which might affect the dementia progression
rate differently, and therefore, the results should be interpreted with
caution. Moreover, the various definitions and assessment tools
applied to describe NPS in the literature—and the differences in
study populations—hinders comparison. To enhance insight into the
pathological mechanisms underlying NPS and comorbidities and their

link to dementia progression, future studies should focus on a

multidimensional approach with thorough clinical examinations and
detailed biomarker profiles.

Using trajectory groups as measures of progression could be
both a limitation and a strength. A study®? comparing the develop-
ment of cognitive and functional decline in two cohorts found
different numbers of latent trajectories and class sizes, further
emphasizing the need to assess multiple domains in progression
studies. Our trajectory groups were based on the CDR, which pro-
vides a global score of functional and cognitive impairment.?®
Strengthening the results, our trajectory groups were similar to those
of Haaksma et al.*® despite differences in study populations and

14,24,45,62 and

statistical methods used. The course of dementia varies,
future research should consider this heterogeneity in dementia
progression rates. Nevertheless, the methods used to detect trajec-
tories are exploratory, and this should be considered when
comparing studies and interpreting the results.

A strength of the present study was its linkage to the Norwegian
Patient Registry, which enabled us to assess comorbidities indepen-
dent of patients and their caregivers' recall. Also, the patients were
examined with an extensive research protocol and diagnosed ac-
cording to validated research criteria. Information about demog-
raphy, dementia aetiology and cognitive decline enabled us to adjust
for important confounders. Another strength was the use of principal
component analysis to determine the NPS clusters, taking the cor-
relation of the symptoms in our cohort into consideration. Others
have also found NPS grouped in similar symptom clusters,*® indi-
cating that they might be clinically meaningful.

5 | CONCLUSION

We have shown that psychotic and affective symptoms at the time of
dementia diagnosis were associated with rapid progression in all-
cause dementia. Previous diagnoses of mental and behavioural dis-
orders were associated with slow progression. Our results contribute
to the understanding of risk factors for dementia progression and
show that multiple factors might affect the progression rate. This

supports the need for individual assessments and follow-up protocols.

ACKNOWLEDGEMENTS

We would like to thank the patients and the staff involved in the
Norwegian registry of persons assessed for cognitive symptoms for
their contribution to the study. This study was funded by the Nor-
wegian Health Association (project ID 73,299), which was not
involved in any part of planning and conducting the study or writing
the article.

CONFLICT OF INTEREST

Dr. Knapskog was the principal investigator and Dr. Edwin was a
rater on the Roche BN29553 trial and the Boehringer-Ingelheim
1346.0023 trial at Oslo University Hospital, outside the submitted
work. Dr. Persson was a rater on the Roche BN29553 trial at Oslo

University Hospital, outside the submitted work.



EDWIN ET AL

AUTHOR CONTRIBUTION

Dr. Edwin and Dr. Knapskog reports work with Roche BN29553 and
with Boehringer-Ingelheim 1346.0023, outside the submitted work.
Dr. Persson reports work with Roche BN29553, outside the sub-
mitted work.

DATA AVAILABILITY STATEMENT
Data are available upon request to the corresponding authors.

Approval from the Regional Ethics Committee for medical research in

the west of Norway (contact: post@helseforsikring.etikkom.no) is

necessary due to legal restrictions.

ORCID

Trine Holt Edwin

https://orcid.org/0000-0002-0530-8771

REFERENCES

1

10.

11.

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 & dementia.
J Alzheimer's Assoc.. 2011;7(3):263-269. https://doi.org/10.1016/j.
jalz.2011.03.005.

Browne J, Edwards DA, Rhodes KM, Brimicombe DJ, Payne RA.
Association of comorbidity and health service usage among patients
with dementia in the UK: a population-based study. BMJ
Open. 2017;7(3), e012546. https://doi.org/10.1136/bmjopen-2016-
012546.

World Health Organization. Global Action Plan on the Public Health
Response to Dementia 2017 - 2025. Geneva, Switzerland: World
Health Organization; 2017.

Melis RJF, Haaksma ML, Muniz-Terrera G. Understanding and
predicting the longitudinal course of dementia. Curr Opin
Psychiatry. 2019;32(2):123-129. https://doi.org/10.1097/yc0.00000
00000000482.

Brenowitz WD, Hubbard RA, Keene CD, et al. Mixed neuropathol-
ogies and estimated rates of clinical progression in a large autopsy
sample. Alzheimer's Dement. 2017;13(6):654-662. https://doi.org/
10.1016/j.jalz.2016.09.015.

Kazui H, Yoshiyama K, Kanemoto H, et al. Differences of behavioral
and psychological symptoms of dementia in disease severity in four
major dementias. PLoS One. 2016;11(8), e0161092. https://doi.org/
10.1371/journal.pone.0161092.

Zhao QF, Tan L, Wang HF, et al. The prevalence of neuropsychiatric
symptoms in Alzheimer's disease: systematic review and meta-
analysis. J Affect Disord. 2016;190:264-271. https://doi.org/10.1016/
jjad.2015.09.069.

Lyketsos CG, Steele C, Baker L, et al. Major and minor depression
in Alzheimer's disease: prevalence and impact. J Neuropsychiatry
Clin  Neurosci. 1997;9(4):556-561. https://doi.org/10.1176/jnp.9.
4.556.

Toot S, Swinson T, Devine M, Challis D, Orrell M. Causes of nursing
home placement for older people with dementia: a systematic re-
view and meta-analysis. Int Psychogeriatr. 2017;29(2):195-208.
https://doi.org/10.1017/51041610216001654.

Gonzalez-Salvador T, Lyketsos CG, Baker A, et al. Quality of life in
dementia patients in long-term care. Int J Geriatric Psychiatry.
2000;15(2):181-189. https://doi.org/10.1002/(sici)1099-1166(200
002)15:2<181::aid-gps96>3.0.co;2-i.

Terum TM, Andersen JR, Rongve A, Aarsland D, Svendsboe EJ,
Testad |. The relationship of specific items on the Neuropsychiatric
Inventory to caregiver burden in dementia: a systematic review. Int J

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

23.

24.

25.

26.

27.

Geriatric Psychiatry. 2017;32(7):703-717. https://doi.org/10.1002/
gps.4704.

Rattinger GB, Sanders CL, Vernon E, et al. Neuropsychiatric symp-
toms in patients with dementia and the longitudinal costs of informal
care in the Cache County population. Alzheimer's Dement. 2019;5:81-
88. https://doi.org/10.1016/j.trci.2019.01.002.

Poulin SP, Bergeron D, Dickerson BC. Risk factors, neuroanatomical
correlates, and outcome of neuropsychiatric symptoms in Alz-
heimer's disease. J Alzheimer's Dis. 2017;60(2):483-493. https://doi.
org/10.3233/jad-160767.

Song YN, Wang P, Xu W, et al. Risk factors of rapid cognitive decline
in Alzheimer's disease and mild cognitive impairment: a systematic
review and meta-analysis. J Alzheimer's Dis. 2018;66(2):497-515.
https://doi.org/10.3233/jad-180476.

van der Linde RM, Dening T, Matthews FE, Brayne C. Grouping of
behavioural and psychological symptoms of dementia. Int J Geriatric
Psychiatry. 2014;29(6):562-568. https://doi.org/10.1002/gps.4037.
Hallikainen |, Hongisto K, Valimaki T, Hanninen T, Martikainen J,
Koivisto AM. The progression of neuropsychiatric symptoms in
Alzheimer's disease during a five-year follow-up: Kuopio ALSOVA
study. J Alzheimer's Dis. 2018;61(4):1367-1376. https://doi.org/
10.3233/jad-170697.

Robert PH, Verhey FR, Byrne EJ, et al. Grouping for behavioral and
psychological symptoms in dementia: clinical and biological aspects.
Consensus paper of the European Alzheimer disease consortium. Eur
Psychiatry. 2005;20(7):490-496. https://doi.org/10.1016/j.eurpsy.
2004.09.031.

Aubert L, Pichierri S, Hommet C, Camus V, Berrut G, de Decker L.
Association between comorbidity burden and rapid cognitive decline
in individuals with mild to moderate Alzheimer's disease. J Am Ger-
iatr Soc. 2015;63(3):543-547. https://doi.org/10.1111/jgs.13314.
Haaksma ML, Rizzuto D, Leoutsakos J-MS, et al. Predicting cognitive
and functional trajectories in people with late-onset dementia: 2
population-based studies. J Am Med Dir Assoc. 2019;20(11):1444-
1450. https://doi.org/10.1016/j.jamda.2019.03.025.

Duthie A, Chew D, Soiza RL. Non-psychiatric comorbidity associated
with Alzheimer's disease. QJM. 2011;104(11):913-920. https://doi.
org/10.1093/gjmed/hcr118.

Jutkowitz E, MacLehose RF, Gaugler JE, Dowd B, Kuntz KM, Kane
RL. Risk factors associated with cognitive, functional, and behavioral
trajectories of newly diagnosed dementia patients. J Gerontol A Biol
Sci Med Sci. 2017;72(2):251-258. https://doi.org/10.1093/gerona/
glw079.

Haaksma ML, Vilela LR, Marengoni A, et al. Comorbidity and pro-
gression of late onset Alzheimer's disease: a systematic review. PLoS
One. 2017;12(5), e0177044. https://doi.org/10.1371/journal.pone.
0177044.

Eldholm RS, Persson K, Barca ML, et al. Association between
vascular comorbidity and progression of Alzheimer's disease: a
two-year observational study in Norwegian memory clinics.
BMC Geriatr. 2018;18(1):120. https://doi.org/10.1186/s12877-018-
0813-4.

Edwin TH, Strand BH, Persson K, Engedal K, Selbaek G, Knapskog A-
B. Trajectories and risk factors of dementia progression: a memory
clinic cohort followed up to 3 years from diagnosis. Int Psychogeriatr.
2020:1-11. https://doi.org/10.1017/51041610220003270.

Helse og omsorgsdepartementet. Forskrift om innsamling og
behandling av helseopplysninger i Norsk pasientregister (Norsk
pasientregisterforskriften). In: omsorgsdepartementet H-o, ed. (Vol.
FOR-2007-12-07-1389). Oslo, Norway: Lovdata; 2007.

Hughes CP, Berg L, Danziger WL, Coben LA, Martin RL. A new
clinical scale for the staging of dementia. Br J Psychiatry 1982;140:
566-572.

Braekhus A, Ulstein I, Wyller TB, Engedal K. The Memory Clinic--
outpatient assessment when dementia is suspected. Tidsskrift den


mailto:post@helseforsikring.etikkom.no
https://orcid.org/0000-0002-0530-8771
https://orcid.org/0000-0002-0530-8771
https://doi.org/10.1016/j.jalz.2011.03.005
https://doi.org/10.1016/j.jalz.2011.03.005
https://doi.org/10.1136/bmjopen-2016-012546
https://doi.org/10.1136/bmjopen-2016-012546
https://doi.org/10.1097/yco.0000000000000482
https://doi.org/10.1097/yco.0000000000000482
https://doi.org/10.1016/j.jalz.2016.09.015
https://doi.org/10.1016/j.jalz.2016.09.015
https://doi.org/10.1371/journal.pone.0161092
https://doi.org/10.1371/journal.pone.0161092
https://doi.org/10.1016/j.jad.2015.09.069
https://doi.org/10.1016/j.jad.2015.09.069
https://doi.org/10.1176/jnp.9.4.556
https://doi.org/10.1176/jnp.9.4.556
https://doi.org/10.1017/S1041610216001654
https://doi.org/10.1002/(sici)1099-1166(200002)15:2%3C181::aid-gps96%3E3.0.co;2-i
https://doi.org/10.1002/(sici)1099-1166(200002)15:2%3C181::aid-gps96%3E3.0.co;2-i
https://doi.org/10.1002/gps.4704
https://doi.org/10.1002/gps.4704
https://doi.org/10.1016/j.trci.2019.01.002
https://doi.org/10.3233/jad-160767
https://doi.org/10.3233/jad-160767
https://doi.org/10.3233/jad-180476
https://doi.org/10.1002/gps.4037
https://doi.org/10.3233/jad-170697
https://doi.org/10.3233/jad-170697
https://doi.org/10.1016/j.eurpsy.2004.09.031
https://doi.org/10.1016/j.eurpsy.2004.09.031
https://doi.org/10.1111/jgs.13314
https://doi.org/10.1016/j.jamda.2019.03.025
https://doi.org/10.1093/qjmed/hcr118
https://doi.org/10.1093/qjmed/hcr118
https://doi.org/10.1093/gerona/glw079
https://doi.org/10.1093/gerona/glw079
https://doi.org/10.1371/journal.pone.0177044
https://doi.org/10.1371/journal.pone.0177044
https://doi.org/10.1186/s12877-018-0813-4
https://doi.org/10.1186/s12877-018-0813-4
https://doi.org/10.1017/S1041610220003270
https://orcid.org/0000-0002-0530-8771

EDWIN ET AL

EYeas WILEY | °

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Norske  laegeforening  tidsskrift — praktisk Med ny  raekke.
2011;131(22):2254-2257. https://doi.org/10.4045/tidsskr.11.0786.
Folstein MF, Folstein SE, McHugh PR. "Mini-mental state". A prac-
tical method for grading the cognitive state of patients for the
clinician. J Psychiatric Res. 1975;12(3):189-198. https://doi.org/
10.1016/0022-3956(75)90026-6.

Reitan RM. Validity of the trail making test as an indicator of organic
brain damage. Percept Mot Skills. 1958;8:271-276.

Mitrushina M, NBoone K, Razani L, D'Elia L. Handbook of Normative
Data for Neuropsychological Assessment. 2nd edition. Oxford, England:
Oxford University Press; 2005.

Emre M, Aarsland D, Brown R, et al. Clinical diagnostic criteria for
dementia associated with Parkinson's disease. Mov Disord.
2007;22(12):1689-1707.quiz  1837. https://doi.org/10.1002/mds.
21507.

McKeith IG, Boeve BF, Dickson DW, et al. Diagnosis and manage-
ment of dementia with Lewy bodies: fourth consensus report of the
DLB Consortium. Neurology. 2017;89(1):88-100. https://doi.org/
10.1212/wnl.0000000000004058.

Rascovsky K, Hodges JR, Knopman D, et al. Sensitivity of revised
diagnostic criteria for the behavioural variant of frontotemporal
dementia. Brain. 2011;134(Pt 9):2456-2477. https://doi.org/
10.1093/brain/awr179.

Gorno-Tempini ML, Hillis AE, Weintraub S, et al. Classification of primary
progressive aphasia and its variants. Neurology. 2011;76(11):1006-1014.
https://doi.org/10.1212/WNL.0b013e31821103e6.

Kaufer DI, Cummings JL, Ketchel P, et al. Validation of the NPI-Q, a
brief clinical form of the neuropsychiatric inventory. J Neuropsychi-
atry Clin Neurosci. 2000;12(2):233-239. https://doi.org/10.1176/
jnp.12.2.233.

Cummings JL, Mega M, Gray K, Rosenberg-Thompson S, Carusi DA,
Gornbein J. The Neuropsychiatric Inventory: comprehensive
assessment of psychopathology in dementia. Neurology. 1994;44(12):
2308-2314.

World Health Organization. ICD-10 : International Statistical Classifi-
cation of Diseases and Related Health Problems. 5th ed. 10th revision
ed. Geneva: World Helath Organization; 2016.

Diederichs C, Berger K, Bartels DB. The measurement of multiple
chronic diseases--a systematic review on existing multimorbidity
indices. JGerontol A Biol Sci Med Sci. 2011;66(3):301-311. https://doi.
org/10.1093/gerona/glq208.

Nagin DS, Odgers CL. Group-based trajectory modeling in clinical
research. Annu Rev Clin Psychol. 2010;6:109-138. https://doi.org/
10.1146/annurev.clinpsy.121208.131413.

O'Bryant SE, Waring SC, Cullum CM, et al. Staging dementia using
clinical dementia rating scale sum of boxes scores: a Texas Alzheimer's
research consortium study. Archives Neurology. 2008;65(8):1091-
1095. https://doi.org/10.1001/archneur.65.8.1091.

Tabachnick BG, Fidell LS. Using Multivariate Statistics. 6th ed. Boston,
MA: Pearson.; 2013.

Gerritsen AAJ, Bakker C, Verhey FRJ, et al. The progression of de-
mentia and cognitive decline in a Dutch 2-year cohort study of
people with young-onset dementia. J Alzheimer's Dis. 2018;63(1):
343-351. https://doi.org/10.3233/jad-170859.

Peters ME, Schwartz S, Han D, et al. Neuropsychiatric symptoms as
predictors of progression to severe Alzheimer's dementia
and death: the Cache County Dementia Progression Study. Am J
Psychiatry. 2015;172(5):460-465. https://doi.org/10.1176/appi.ajp.
2014.14040480.

Defrancesco M, Marksteiner J, Kemmler G, et al. Specific neuro-
psychiatric symptoms are associated with faster progression in
Alzheimer's disease: results of the prospective dementia registry
(PRODEM-Austria). J Alzheimer's Dis. 2020;73(1):125-133. https://
doi.org/10.3233/jad-190662.

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Haaksma ML, Calderon-Larranaga A, Olde Rikkert MGM, Melis RJF,
Leoutsakos JS. Cognitive and functional progression in Alzheimer
disease: a prediction model of latent classes. Int J Geriatric Psychiatry.
2018;33(8):1057-1064. https://doi.org/10.1002/gps.4893.

da Silva J, Goncalves-Pereira M, Xavier M, Mukaetova-Ladinska EB.
Affective disorders and risk of developing dementia: systematic re-
view. Br J Psychiatry. 2013;202(3):177-186. https://doi.org/10.1192/
bjp.bp.111.101931.

Starkstein SE, Mizrahi R, Power BD. Depression in Alzheimer's
disease: phenomenology, clinical correlates and treatment. Int
Rev  Psychiatry. 2008;20(4):382-388. https://doi.org/10.1080/
09540260802094480.

Farber NB, Rubin EH, Newcomer JW, et al. Increased neocortical
neurofibrillary tangle density in subjects with Alzheimer disease and
psychosis. Arch Gen Psychiatry. 2000;57(12):1165-1173. https://doi.
org/10.1001/archpsyc.57.12.1165.

Murray PS, Kirkwood CM, Gray MC, et al. Hyperphosphorylated tau
is elevated in Alzheimer's disease with psychosis. J Alzheimer's Dis.
2014;39(4):759-773. https://doi.org/10.3233/JAD-131166.

Ballard C, Piggott M, Johnson M, et al. Delusions associated with
elevated muscarinic binding in dementia with Lewy bodies. Ann
Neurology. 2000;48(6):868-876.

Reeves S, Brown R, Howard R, Grasby P. Increased striatal dopamine
(D2/D3) receptor availability and delusions in Alzheimer disease.
Neurology. 2009;72(6):528-534.  https://doi.org/10.1212/01.wnl.
0000341932.21961.f3.

Sweet RA, Bennett DA, Graff-Radford NR, Mayeux R, National
Institute on Aging Late-Onset Alzheimer's Disease Family Study G.
Assessment and familial aggregation of psychosis in Alzheimer's
disease from the national Institute on aging late onset Alzheimer's
disease family study. Brain. 2010;133(Pt 4):1155-1162. https://doi.
org/10.1093/brain/awq001.

Creese B, Vassos E, Bergh S, et al. Examining the association be-
tween genetic liability for schizophrenia and psychotic symptoms in
Alzheimer's disease. Transl Psychiatry. 2019;9(1):273. https://doi.org/
10.1038/541398-019-0592-5.

DeMichele-Sweet MA, Sweet RA. Genetics of psychosis in Alz-
heimer's disease: a review. J Alzheimer's Dis. 2010;19(3):761-780.
https://doi.org/10.3233/JAD-2010-1274.

Cortes N, Andrade V, Maccioni RB. Behavioral and neuropsychiatric
disorders in Alzheimer's disease. J Alzheimer's Dis. 2018;63(3):899-
910. https://doi.org/10.3233/jad-180005.

Zubenko GS, Moossy J, Kopp U. Neurochemical correlates of major
depression in primary dementia. Archives Neurology. 1990;47(2):209-
214. https://doi.org/10.1001/archneur.1990.00530020117023.
Meynen G, Unmehopa UA, Hofman MA, Swaab DF, Hoogendijk WJ.
Relation between corticotropin-releasing hormone neuron number
in the hypothalamic paraventricular nucleus and depressive state in
Alzheimer's disease. Neuroendocrinology. 2007;85(1):37-44. https://
doi.org/10.1159/000100582.

Sellami L, Bocchetta M, Masellis M, et al. Distinct neuroanatomical
correlates of neuropsychiatric symptoms in the three main forms of
genetic frontotemporal dementia in the GENFI cohort. J Alzheimer's
Dis. 2018;65(1):147-163. https://doi.org/10.3233/JAD-180053.
Leroi I, Voulgari A, Breitner JCS, Lyketsos CG. The epidemiology of
psychosis in dementia. Am J Geriatric Psychiatry. 2003;11(1):83-91.
Ribe AR, Laursen TM, Charles M, et al. Long-term risk of dementia in
persons with schizophrenia: a Danish population-based cohort
study. JAMA Psychiatry. 2015;72(11):1095-1101. https://doi.org/
10.1001/jamapsychiatry.2015.1546.

Rapp MA, Schnaider-Beeri M, Purohit DP, et al. Cortical neuritic
plaques and hippocampal neurofibrillary tangles are related to
dementia severity in elderly schizophrenia patients. Schizophr Res.
2010;116(1):90-96. https://doi.org/10.1016/j.schres.2009.10.013.


https://doi.org/10.4045/tidsskr.11.0786
https://doi.org/10.1016/0022-3956(75)90026-6
https://doi.org/10.1016/0022-3956(75)90026-6
https://doi.org/10.1002/mds.21507
https://doi.org/10.1002/mds.21507
https://doi.org/10.1212/wnl.0000000000004058
https://doi.org/10.1212/wnl.0000000000004058
https://doi.org/10.1093/brain/awr179
https://doi.org/10.1093/brain/awr179
https://doi.org/10.1212/WNL.0b013e31821103e6
https://doi.org/10.1176/jnp.12.2.233
https://doi.org/10.1176/jnp.12.2.233
https://doi.org/10.1093/gerona/glq208
https://doi.org/10.1093/gerona/glq208
https://doi.org/10.1146/annurev.clinpsy.121208.131413
https://doi.org/10.1146/annurev.clinpsy.121208.131413
https://doi.org/10.1001/archneur.65.8.1091
https://doi.org/10.3233/jad-170859
https://doi.org/10.1176/appi.ajp.2014.14040480
https://doi.org/10.1176/appi.ajp.2014.14040480
https://doi.org/10.3233/jad-190662
https://doi.org/10.3233/jad-190662
https://doi.org/10.1002/gps.4893
https://doi.org/10.1192/bjp.bp.111.101931
https://doi.org/10.1192/bjp.bp.111.101931
https://doi.org/10.1080/09540260802094480
https://doi.org/10.1080/09540260802094480
https://doi.org/10.1001/archpsyc.57.12.1165
https://doi.org/10.1001/archpsyc.57.12.1165
https://doi.org/10.3233/JAD-131166
https://doi.org/10.1212/01.wnl.0000341932.21961.f3
https://doi.org/10.1212/01.wnl.0000341932.21961.f3
https://doi.org/10.1093/brain/awq001
https://doi.org/10.1093/brain/awq001
https://doi.org/10.1038/s41398-019-0592-5
https://doi.org/10.1038/s41398-019-0592-5
https://doi.org/10.3233/JAD-2010-1274
https://doi.org/10.3233/jad-180005
https://doi.org/10.1001/archneur.1990.00530020117023
https://doi.org/10.1159/000100582
https://doi.org/10.1159/000100582
https://doi.org/10.3233/JAD-180053
https://doi.org/10.1001/jamapsychiatry.2015.1546
https://doi.org/10.1001/jamapsychiatry.2015.1546
https://doi.org/10.1016/j.schres.2009.10.013

| WILEY-

62.
63.
64.

65.

66.

67.

Geriatric Psychiatry

EDWIN ET AL

Wang Y, Haaksma ML, Ramakers IHGB, et al. Cognitive and functional
progression of dementia in two longitudinal studies. Int J Geriatr Psy-
chiatry. 2019;34(11):1623-1632. https://doi.org/10.1002/gps.5175.
Rich JB, Rasmusson DX, Folstein MF, Carson KA, Kawas C, Brandt J.
Nonsteroidal anti-inflammatory drugs in Alzheimer's disease.
Neurology. 1995;45(1):51-55. https://doi.org/10.1212/wnl.45.1.51.
McGeer PL, McGeer EG. NSAIDs and Alzheimer disease: epidemiolog-
ical, animal model and clinical studies. Neurobiol Aging. 2007;28(5):639-
647. https://doi.org/10.1016/j.neurobiolaging.2006.03.013.

Szekely CA, Thorne JE, Zandi PP, et al. Nonsteroidal anti-inflam-
matory drugs for the prevention of Alzheimer's disease: a systematic
review. Neuroepidemiology. 2004;23(4):159-169. https://doi.org/
10.1159/000078501.

Meyer P-F, Tremblay-Mercier J, Leoutsakos J, et al. INTREPAD: a
randomized trial of naproxen to slow progress of presymptomatic
Alzheimer disease. Neurology. 2019;92(18), €2070-e2080. https://
doi.org/10.1212/WNL.0000000000007232.

Kivimaki M, Luukkonen R, Batty GD, et al. Body mass index and risk
of dementia: analysis of individual-level data from 1.3 million

individuals. Alzheimer's Dement. 2018;14(5):601-609. https://doi.org/
10.1016/j.jalz.2017.09.016.

SUPPORTING INFORMATION
Additional supporting information may be found online in the Sup-
porting Information section at the end of this article.

How to cite this article: Edwin TH, Strand BH, Persson K,
Engedal K, Selbaek G, Knapskog AB. Neuropsychiatric
symptoms and comorbidity: Associations with dementia
progression rate in a memory clinic cohort. Int J Geriatr
Psychiatry. 2021;1-10. https://doi.org/10.1002/gps.5500



https://doi.org/10.1002/gps.5175
https://doi.org/10.1212/wnl.45.1.51
https://doi.org/10.1016/j.neurobiolaging.2006.03.013
https://doi.org/10.1159/000078501
https://doi.org/10.1159/000078501
https://doi.org/10.1212/WNL.0000000000007232
https://doi.org/10.1212/WNL.0000000000007232
https://doi.org/10.1016/j.jalz.2017.09.016
https://doi.org/10.1016/j.jalz.2017.09.016
https://doi.org/10.1002/gps.5500

	Neuropsychiatric symptoms and comorbidity: Associations with dementia progression rate in a memory clinic cohort
	1 | INTRODUCTION
	2 | MATERIAL AND METHODS
	2.1 | Subjects
	2.2 | Assessments
	2.3 | Diagnostic workup
	2.4 | Outcome measures
	2.5 | Statistical analyses
	2.6 | Factor analysis
	2.7 | Multinomial logistic regression analyses

	3 | RESULTS
	3.1 | Predictors associated with rate clinical progression

	4 | DISCUSSION
	4.1 | Strengths and limitations

	5 | CONCLUSION
	ACKNOWLEDGEMENTS
	CONFLICT OF INTEREST
	AUTHOR CONTRIBUTION
	DATA AVAILABILITY STATEMENT


