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Abstract

Objectives: Patients with dementia follow different trajectories of progression. We aimed to investigate which
factors at the time of diagnosis could predict trajectory group membership.

Design: Longitudinal observational study.

Setting: Specialized memory clinic, Oslo University Hospital in Norway.

Participants: Patients assessed at the memory clinic, between 12 January 2009 and 31 July 2016, who were
registered in the Norwegian Registry of persons assessed for cognitive symptoms (NorCog) and diagnosed with
dementia after the baseline examination period (n= 442). The patients were followed up to 3 years, with an
average of 3.5 examinations.

Measurements: Clinical Dementia Rating Scale Sum of Boxes (CDR-SB), Mini-Mental State Examination
(MMSE), the Consortium to Establish a Registry of Alzheimer’s disease (CERAD) 10-item word list delayed
recall, the Clock Drawing Test, (CDT) Trail Making Test A (TMT-A), and Neuropsychiatric Inventory
Questionnaire (NPI-Q). Based on changes in scores on the CDR-SB, we used group-based trajectory modeling
(GBTM) to explore the presence of trajectory groups. Multinomial logistic regression was used to explore
whether a set of baseline variables could predict trajectory group membership.

Results: Three trajectory groups were identified, one with a slow progression rate and two with more-rapid
progression. Rapid progression was associated with older age, lower cognitive function (MMSE and TMT-A), and
more-pronounced neuropsychiatric symptoms (NPI-Q) at the time of diagnosis.

Conclusions: Our findings demonstrate the heterogeneity of dementia progression and describe risk factors for
rapid progression, emphasizing the need for individual follow-up regimes. For future intervention studies, our
results may guide the selection of patients.
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Introduction

Dementia disorders progress, leading to disability
and, ultimately, death (Strand et al., 2018, 2019).
Studies have indicated that subgroups of patients
with dementia follow different trajectories of
progression, with a large proportion progressing
slowly, especially in the earlier stages (Eldholm
et al., 2018a; Melis et al., 2019; Song et al., 2018;

Wang et al., 2019). Several risk factors for rapid
progression at the time of diagnosis have been
identified, but the findings are conflicting, and
different approaches used and risk factors assessed
make it challenging to compare results (Melis et al.,
2019). Nevertheless, findings have indicated that
lower cognitive function, a heavier neuropsychiatric
symptoms (NPS) burden, early appearance of extra-
pyramidal symptoms, and having signs of both Alz-
heimer’s dementia (AD) and dementia with Lewy
bodies (DLB) at baselinemay predict a rapid decline
(Blanc et al., 2017; Song et al., 2018; Tschanz et al.,
2011). Regarding age at dementia onset, the results
vary, indicating both young and older age at onset as
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predictors of rapid progression (Melis et al., 2019;
Song et al., 2018; Tschanz et al., 2011). Progression
rate seems to be affected by several factors, but
studies have usually examined potential risk factors
separately (Melis et al., 2019).

Different methods and assessment scales are used
to measure progression, thereby hindering compari-
son (Melis et al., 2019; Wang et al., 2019). Most
studies have used the change in Mini-Mental State
Examination (MMSE) or the Clinical Dementia Rat-
ing Scale (CDR), while changes in activities of daily
living (ADLs), NPS load, and length of time to
nursing home admission or to death have been
used less frequently (Melis et al., 2019). These out-
comes measure different aspects of the dementia
syndrome (Eldholm et al., 2018a; Jutkowitz et al.,
2017); MMSE might be less sensitive in the earlier
as well as the later stages of dementia (Musicco et al.,
2010; Song et al., 2018), while the CDR, measuring
both cognitive and functional abilities (Hughes et al.,
1982), is more appropriate for detecting changes
during all stages. The statistical methods applied to
investigate dementia progression also vary, compli-
cating the comparison of studies even further (Melis
et al., 2019).

Identifying risk factors for progression and
understanding the course of dementia are important
for more-precise prognoses. This is essential in the
care of patients, for informing policymakers, and
in the search for effective disease-modifying treat-
ments (Shah et al., 2016). By identifying distinct
trajectory groups, we study the heterogeneity of
dementia progression in aNorwegianmemory clinic
cohort. We further investigate whether a set of
baseline factors could predict trajectory group
membership.

Methods

Participants
Patients assessed at thememory clinic,OsloUniversity
Hospital, between 12 January 2009 and 31 July 2016,
who were registered in the Norwegian Registry of
persons assessed for cognitive symptoms (NorCog)
and diagnosed with dementia after the baseline exam-
ination period (defined as up to 6months from thefirst
visit) (number of patients [n]= 668), were eligible for
inclusion (see Figure S1 published as supplementary
material online attached to the electronic version of
this paper). Patients who did not receive any follow-up
examinations at the memory clinic were excluded
(n= 219). Patients received follow-up at various
time intervals based on clinical judgment. The
CDR was scored as a measure of cognitive and func-
tional impairment (Hughes et al., 1982) at each clinic
visit (see section: Main study outcome), and in the

current study, patients were followed up to 3 years
after diagnosis. Maximum follow-up was restricted to
3 years due to limited data after that period and to limit
survival bias. During this time window, the patients
received an average of 3.5 (standard deviation [SD]
1.7) examinations, including the baseline examina-
tion. Seven patients were excluded due to insufficient
information to assess the CDR on at least two
occasions.

All patients gave written informed consent to
participate. The present project was approved by
the Regional Ethics Committee (2015/1510 REK
vest) and was performed in accordance with the
Helsinki Declaration of 1975.

Diagnostic workup
All patients were assessed at baseline according to the
standardized and comprehensive NorCog research
protocol (Braekhus et al., 2011) as a part of a routine
clinical workup. This includes a cognitive test battery,
detailed information about symptoms, number of
years of education, medication use, and number of
comorbid diagnoses within the following disease cate-
gories: pulmonary, cerebrovascular, cardiovascular,
cancer, or diabetes mellitus (registered in a standard-
ized way by a physician). All patients underwent a
physical examination including blood sampling and, in
most cases, a magnetic resonance imaging brain scan
(MRI). According to clinical indication, cerebrospinal
fluid core biomarkers (n= 198) amyloid β42, total tau,
and phosphorylated181 tau were measured, and posi-
tron emission tomography or single-photon emission
computed tomography was performed (Braekhus
et al., 2011). These biomarkers were used in the
diagnostic process. We included the following cogni-
tive tests as predictors of progression rate: the MMSE
(0–30; lower values indicate greater cognitive
impairment) (Folstein et al., 1975); the Consortium
to Establish a Registry of Alzheimer’s Disease
(CERAD) 10-item word list delayed recall
(CERAD-DR) (0–10; lower values indicate poorer
episodic memory function) (Morris et al., 1989); the
Clock Drawing Test (CDT) (Mainland et al., 2014)
(with pathological cutoff ≤ 3/5 points [Shulman et al.,
1986]); and the Trail Making Test A (TMT-A)
(Reitan, 1958) (based on age-adjusted cutoff of − 2
SD [Mitrushina et al., 2005]). NPS were assessed
using the Neuropsychiatric Inventory Questionnaire
(NPI-Q) (Kaufer et al., 2000), a proxy-based short
form of the Neuropsychiatric Inventory (NPI) (Cum-
mings et al., 1994), and the NPI-Q severity score
(0–36; higher values indicate more-severe NPS
burden) was included in the analyses.

Based on all available information from the base-
line examinations, diagnoses were made by one of
the researchers who also is an experienced clinician.
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In inconclusive cases (n= 61), two of the other
researchers who also are experienced clinicians
were consulted. The National Institute on Aging
and the Alzheimer’s Association (NIA-AA) diagnos-
tic criteria were used to diagnose all-cause dementia
(McKhann et al., 2011). AD and etiologically mixed
AD (AD mixed) were diagnosed according to the
NIA-AA criteria for Alzheimer’s disease dementia
(McKhann et al., 2011). Parkinson’s disease demen-
tia (PDD) and DLB were diagnosed using the
clinical diagnostic criteria for dementia associated
with Parkinson’s disease (Emre et al., 2007) and the
revised criteria from the fourth consensus report of
the DLB Consortium (McKeith et al., 2017),
respectively. Frontotemporal dementia was diag-
nosed using the International Consortium Revised
Guidelines for the diagnosis of behavioral-variant
frontotemporal dementia (bv-FTD) (Rascovsky
et al., 2011) and classification of primary progressive
aphasia (PPA) (Gorno-Tempini et al., 2011). If
none of these were present, the etiology was denoted
as dementia caused by other etiology (other).

Main study outcome: CDR
As a global measure of cognitive and functional
impairment, the CDR (Hughes et al., 1982) was
scored by the same researcher who is a certified
CDR rater (Knight ADRC) based on all information
from the patient’s record at baseline and at every
follow-up examination. In equivocal cases, two
additional researchers who are experienced CDR
raters were consulted. The CDR rates a person’s
cognitive ability in relation to past performance in
six cognitive and functional categories: memory,
orientation, judgment and problem-solving, com-
munity affairs, home and hobbies, and personal
care. Each item was given a score of 0, 0.5, 1, 2,
or 3 according to the severity of the decline.
The global score is based on an algorithm that
gives priority to the memory item, ranging from
CDR 0 (no dementia) to CDR 3 (severe dementia)
(Hughes et al., 1982). In research, the items are
often added together as the CDR sum of boxes
(CDR-SB) to form a continuous scale (0–18, higher
scores indicate more-severe decline) (O’Bryant
et al., 2008).

Statistical analyses
Analyses were performed using Stata/IC 15.1 (Stata-
Corp LLC2018, Stata Statistical Software, revision 17
December 2018, College Station, TX, USA). To
compare the difference in baseline characteristics
and mortality between groups, independent t-tests
and Pearson’s χ2 tests were used for continuous and
categorical data, respectively. For participants who

died during the 3 years of follow-up, date of death
was linked to the cohort using the Cause of Death
Registry (Norwegian Institute of PublicHealth, 2018).
To explore the presence of distinct trajectory groups
based on the change in theCDR-SBover time, we first
applied group-based trajectory modeling (GBTM)
(Nagin and Odgers, 2010), using the Stata package
Traj (Jones and Nagin, 2013). The number and
shapes of trajectory groups was decided guided by
model fit as well as clinical relevance, as suggested by
Nagin and Odgers, ensuring sufficient class size and
clinical usefulness (Nagin and Odgers, 2010). More
specifically, we used the Bayesian information crite-
rion (BIC) to estimate the goodness-of-fit of the
different models; values closest to zero indicate better
fit. Furthermore, we ensured the posterior probability
of group membership to be at least 0.7 and odds of
correct classification (OCC) to be above 5 (see Table
S1 published as supplementary material online
attached to the electronic version of this paper). We
also checked that the confidence intervals (CIs) of the
trajectory groups did not overlap, indicating a good
model fit (Nagin and Odgers, 2010).

Next, the three-level trajectory group membership
categorical variable was applied as the outcome vari-
able in multinomial logistic regression to explore
whether a set of baseline characteristics could predict
trajectory groupmembership. We ensured that Spear-
man’s intercorrelations between the explanatory vari-
ables were not ≥ 0.5, and thus, the TMT-B was
removed due to high intercorrelation with the
TMT-A. A set of regression models was fitted, all
adjusted for sex, age, years of education, dementia
etiology, and comorbidity (model 1), by separately
including the variables of interest: MMSE (model 2),
NPI-Q (model 3), TMT-A (model 4), CDT
(model 5), and CERAD-DR (model 6). In the final
model, all variables were included (model 7). Only
those with a complete set of baseline variables were
included in the regression analyses (n= 372). The fit
of the different models was assessed using likelihood-
ratio tests for nested models.

Results

Sample characteristics
Mean age at diagnosis was 70.5 years (range
46–89 years); 51% were females (Table 1). Most
patients had AD (AD or AD mixed) (73%). Mean
MMSE at baseline was 23.1 (SD 4.1), mean
CDR-SB was 5.1 (SD 2.3), and most patients
(54%) did not have any registered comorbidity.

Those without follow-up examinations were older,
and fewer were living with a partner. In addition, they
had lower baseline cognitive functioning, more-severe
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NPS burden, more-severe dementia, and a higher
mortality compared to those with follow-up examina-
tions (Table 1). Number of comorbidities, were
similar between the groups, but in the group who
was not followed up, more had cerebrovascular
disease (p= 0.016) and less had cancer (p= 0.046)
(Table 1).

Trajectory groups
Three distinct progression-trajectory groups were
identified (Figure 1). Group 1 had the best base-
line functioning and the slowest progression rate
(average baseline CDR-SB = 3.5 and average
annual change in CDR-SB = 0.7). Groups 2 and
3 both progressed faster (annual change in

CDR-SB = 2.4 and 2.9, respectively), and their
baseline level of dementia differed, with group 3
having more-advanced impairment (CDR-
SB = 5.3 and 8.2, respectively) (Table 2).

During follow-up, mortality (per 1000 person-
years) for the three groups were 17.0 (95% CI 8.2,
32.6), 19.6 (95% CI 9.8, 39.3), and 70.6 (95% CI
44.4, 112.0), respectively. Thus, patients in group 3
had more than 4 times the mortality of those in
group 1 (Table 2). No differences were found in the
number of patients with pulmonary disease
(p= 0.968), cerebrovascular disease (p= 0.899),
cardiovascular disease (p= 0.535), or cancer
(p= 0.104) between the trajectory groups. There
were, however, more patients with diabetes mellitus
in the rapidly progressing group (p= 0.005).

Table 1. Descriptive statistics of patients who did and did not receive follow-up examinations

CHARACTERISTICS

WITH FOLLOW-UP WITHOUT FOLLOW-UP

(N = 442) (N = 219) P-VALUE
...................................................................................................................................................................................................................................................................................................................................

Age, years 70.5 (8.1) 73.6 (9.4) <0.001
Young onset, <65 years, N (%) 124 (28.1) 48 (21.9) 0.091
Female, N (%) 225 (50.9) 104 (47.5) 0.408
Married/living together with partner, N (%) 323 (73.1) 137 (62.6) 0.006
Years of education 12.8 (3.7) 12.3 (3.8) 0.141
Dementia etiology, N (%)

AD 229 (51.8) 90 (41.1) 0.009
AD mixed 93 (21.0) 51 (23.3) 0.510
DLB/PDD 49 (11.1) 29 (13.3) 0.419
FTD 29 (6.6) 16 (7.3) 0.720
Other 42 (9.5) 33 (15.1) 0.034

Comorbidity present (≥ 1 disease), N (%) 195 (46) 98 (46) 0.935
Pulmonary disease, N (%) 5 (1.1) 6 (2.8) 0.128
Cerebrovascular disease, N (%) 57 (12.9) 44 (20.1) 0.016
Cardiovascular disease, N (%) 137 (31.0) 73 (33.3) 0.543
Cancer, N (%) 42 (9.5) 11 (5.0) 0.046
Diabetes mellitus, N (%) 38 (8.6) 19 (8.6) 0.973

MMSE 23.1 (4.1) 21.6 (4.4) <0.001
NPI-Q symptoms 3.7 (2.6) 4.5 (2.6) 0.001
NPI-Q severity 5.8 (5.3) 7.2 (5.6) 0.002
TMT-A (worse than− 2 SD), N (%) 206 (48.1) 127 (62.3) 0.001
CDT (≤ 3/5 points), N (%) 259 (58.9) 148 (69.5) 0.009
CERAD-DR 1.6 (1.9) 1.7 (1.9) 0.549
Follow-up, years 2.2 (1.5) * *

CDR sum of boxes 5.1 (2.3) 7.1 (3.1) <0.001
CDR sum of boxes yearly change (mean, SE) 0.9 ± 0.06 * *

Mortality the first 3 years after the diagnosis
(per 1000 person-years)

29.2 95.8 <0.001

Note. The values are presented as means (standard deviation, SD) unless otherwise specified. The descriptive means of the groups were
compared using independent t-tests, and proportions were compared using Pearson’s χ2 tests. Bold values highlight significant differences
(p ≤ 0.05).
Abbreviations: N, number of patients; SD, standard deviation; SE, standard error; AD, Alzheimer’s dementia; ADmixed, etiologically mixed
Alzheimer’s dementia; DLB, dementia with Lewy bodies; PDD, Parkinson’s disease dementia; FTD, frontotemporal dementia; MMSE,
Mini-Mental State Examination; NPI-Q, Neuropsychiatric Inventory Questionnaire; TMT-A, Trail Making Test A; CDT, the Clock
Drawing Test; CERAD-DR, the Consortium to Establish a Registry of Alzheimer’s Disease 10-item word list delayed recall; CDR, Clinical
Dementia Rating Scale.
*Not applicable.
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Predictors of rapid progression

BASELINE FACTORS ASSOCIATED WITH

TRAJECTORY GROUP 2 MEMBERSHIP (MORE-RAPID

PROGRESSION)
In the fully adjusted model (Table 4), using group 1
as a reference, we found that belonging to group 2
was associated with higher age (relative risk ratio
[RRR] 1.04 [95% CI 1.00, 1.07]), lower score on
the MMSE (RRR 0.86 [95% CI 0.79, 0.94]), and
worse performance on the TMT-A (RRR 0.35 [95%
CI 0.20, 0.61]) at the baseline examination. For
every single-point increase in severity on the NPI-Q,
the risk of belonging to group 2 increased by 7%
(RRR 1.07 [95% CI 1.02, 1.13]). Further, belong-
ing to group 2 was associated with poor performance
on the CDT in the crudemodel (RRR 0.45 [95%CI
0.27, 0.73]) (Table 3), but this was no longer
significant in the fully adjusted model. No signifi-
cant differences were found in regard to sex, years of
education, dementia etiology, comorbidity, or per-
formance on CERAD-DR between group 1 and the
more-rapidly progressing group 2 in either model.

BASELINE FACTORS ASSOCIATED WITH

TRAJECTORY GROUP 3 MEMBERSHIP (MOST-
RAPIDLY PROGRESSING GROUP)
In the fully adjustedmodel (Table 4), using group 1
as a reference, we found that belonging to group 3
was associated with higher age (RRR 1.06 [95% CI

1.01, 1.11]), lower score on the MMSE (RRR 0.68
[95% CI 0.61, 0.77]), and worse performance on
the TMT-A (RRR 0.39 [95% CI 0.18, 0.84]) at the
baseline examination. For every single-point
increase in severity on the NPI-Q, the risk of
belonging to group 3 increased by 16% (RRR
1.16 [95% CI 1.09, 1.24]). Belonging to group 3
was associated with less education (model 1) (RRR
0.92 [95% CI 0.85, 0.99]), poor performance on
the CDT (model 5) (RRR 0.26 [95% CI 0.14,
0.48]), and on the CERAD-DR (model 6) (RRR
0.77 [95% CI 0.63, 0.93]) in the crude models
(Table 3), but these were no longer significant in
the fully adjusted model. There were no significant
differences in sex, dementia etiology, or comorbid-
ity between the groups (group 1 vs. group 3) in
either model.

WHICH BASELINE PREDICTORS WERE MORE

IMPORTANT FOR PREDICTING TRAJECTORY GROUP

MEMBERSHIP?
The MMSE (p< 0.001), NPI-Q severity score
(p< 0.001), and TMT-A (p= 0.001) were the
most important single predictors of dementia
progression.

Discussion

In a sample of patients with dementia examined at a
specialized memory clinic in Norway and followed
up to 3 years after diagnosis, we found three distinct
trajectory groups of dementia progression; one
group progressed slowly, while two other groups
had a more-rapid decline. Rapid progression was
associated with older age, lower cognitive function,
andmore-pronouncedNPS at the time of diagnosis.

Our findings are in agreement with those of other
studies showing heterogeneity in the progression
rate of patients with dementia (Eldholm et al.,
2018a; Haaksma et al., 2018; Melis et al., 2019;
Song et al., 2018; Wang et al., 2019). The trajectory
groups in our sample differed regarding baseline
cognitive and functional abilities, indicating the
patients were at different stages of dementia at
baseline. A meta-analysis from 2018 found that
moderate dementia, defined as a score on the
MMSE between 17 and 21, was associated with
rapid cognitive decline, defined as a yearly change
in MMSE ≥ 3 points (follow-up time ranging from
61.2 days to 9 years) (Song et al., 2018). This could
indicate that cognitive decline reaches a threshold,
after which it accelerates and then subsequently
slows in severe dementia when there is less cognitive
function to be lost (Musicco et al., 2010; Song et al.,
2018). We did, however, find significant baseline

Figure 1. Three trajectory groups based on change in CDR sum of

boxes over time. Note. Trajectory groups, using GBTM, with the

trajectory shapes 1 2 1 (1 = linear, 2 = quadratic). The proportions

(%) are based on themaximum probability assignment rule. Group
1 (blue); number of patients (n)= 195 (43.2%), posterior proba-

bility of groupmembership= 0.92, and OCC= 14.7. Group 2 (red);

n= 153 (34.9%) posterior probability of group membership=
0.88, and OCC= 13.4. Group 3 (green); n= 94 (21.9%), posterior

probability of group membership= 0.94, and OCC= 62.6. CDR,

clinical dementia rating scale. Production: File format TIFF, using
Stata/IC 15.1 StataCorp LLC 2018 on Windows 10 Pro.
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differences between the trajectory groups, even after
adjusting for cognition, indicating that the groups do
reflect different trajectories of progression. Like us,
Haaksma et al. examined the progression of demen-
tia using the CDR-SB over 3 years in a large clinical
cohort. They also found three distinct trajectory
groups, with a large group (63%) progressing slowly.
Their study differed from ours in several aspects;
only AD patients were included; participants were
older (79.4 vs. 70.5 years), baseline cognitive and
functional abilities were better (CDR-SB 3.8 vs.
5.1), and the methods differed (Haaksma et al.,
2018). Still, our similar results strengthen the belief
that these three trajectory groups are clinically
relevant.

In our sample, we found that older age at baseline
could predict a more-rapid progression rate. In the
literature, the impact of age at onset has been incon-
clusive indicating that onset at both a younger and
older age could predict rapid progression (Haaksma
et al., 2018; Lanctot et al., 2017; Melis et al., 2019;

Song et al., 2018). This discrepancy might be due to
different methods used or to differences in patient
characteristics. Even though we did not find any
significant differences in the number of baseline
comorbidities between the groups, older patients
are at risk of concomitant incidents and frailty,
and this is suggested to have at least a short-term
impact on progression rate (Haaksma et al., 2017).
Older patients also have an increased risk of
experiencing delirium during the follow-up period
(Vasilevskis et al., 2012), and delirium superim-
posed on dementia has been shown to accelerate
cognitive decline (Krogseth et al., 2016). According
to the Norwegian guidelines on dementia, specia-
list healthcare services are responsible for assessing
patients with cognitive symptoms who are youn-
ger (guiding recommendation of ≤ 65 years),
experiencing atypical symptoms or having other
complicating factors (Norwegian Directorate of
Health, 2017). Therefore, our older patients might
have had a more atypical presentation, which has

Table 2. Descriptive statistics of the three trajectory groups

CHARACTERISTICS

GROUP 1 GROUP 2 GROUP 3

(N = 195) (N = 153) (N = 94)
...................................................................................................................................................................................................................................................................................................................................

Age, years 69.7 (7.9) 71.3 (7.6) 70.7 (9.0)
Young onset, <65 years, N (%) 64 (32.8) 34 (22.2) 26 (27.7)
Female, N (%) 89 (45.6) 84 (54.9) 53 (55.3)
Married/living together with partner, N (%) 151 (77.4) 106 (69.3) 66 (70.2)
Years of education 13.2 (3.6) 12.8 (3.7) 12.0 (3.9)
Dementia etiology, N (%)

AD 106 (54.4) 72 (47.1) 51 (54.3)
AD mixed 33 (16.9) 36 (23.5) 24 (25.5)
DLB/PDD 19 (9.7) 22 (14.4) 8 (8.5)
FTD 12 (6.2) 9 (5.9) 8 (8.5)
Other 25 (12.8) 14 (9.2) 3 (3.2)

Comorbidity present (≥ 1 disease), N (%) 93 (49.2) 67 (46.3) 34 (36.6)
Pulmonary disease, N (%) 2 (1.0) 2 (1.3) 1 (1.1)
Cerebrovascular disease, N (%) 25 (12.8) 21 (13.7) 11 (11.7)
Cardiovascular disease, N (%) 61 (31.3) 51 (33.3) 25 (26.6)
Cancer, N (%) 25 (12.8) 10 (6.5) 7 (4.5)
Diabetes mellitus, N (%) 9 (4.6) 14 (9.2) 15 (16.0)

MMSE 24.9 (2.8) 23.0 (3.4) 19.5 (5.0)
NPI-Q symptoms 3.0 (2.4) 3.8 (2.5) 4.9 (2.6)
NPI-Q severity 4.5 (4.6) 5.9 (5.0) 8.3 (6.0)
TMT-A (worse than− 2 SD), N (%) 63 (33.0) 88 (58.7) 55 (63.2)
CDT (≤ 3/5 points), N (%) 88 (45.6) 99 (64.7) 72 (76.6)
CERAD-DR 1.9 (2.0) 1.5 (1.8) 0.9 (1.3)
CDR sum of boxes 3.5 (1.0) 5.3 (1.4) 8.2 (2.2)
CDR sum of boxes yearly change (mean, SE) 0.7 (0.1) 2.4 (0.6) 2.9 (0.2)
Mortality the first 3 years after the diagnosis (per 1000 person-years) 17.0 19.6 70.6

Note. The values are presented as means (standard deviation, SD) unless otherwise specified.
Abbreviations: N, number of patients; SD, standard deviation; SE, standard error; AD, Alzheimer’s dementia; ADmixed, etiologically mixed
Alzheimer’s dementia; DLB, dementia with Lewy bodies; PDD, Parkinson’s disease dementia; FTD, frontotemporal dementia; MMSE,
Mini-Mental State Examination; NPI-Q, Neuropsychiatric Inventory Questionnaire; TMT-A, Trail Making Test A; CDT, the Clock
Drawing Test; CERAD-DR, the Consortium to Establish a Registry of Alzheimer’s Disease 10-item word list delayed recall; CDR, Clinical
Dementia Rating Scale.
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been shown to predict rapid decline (Scheltens et al.,
2018). Our findings also suggest cognitive functions
such as psychomotor retardation, but not memory
loss could predict a rapid decline. This supports the
belief that non-memory deficits are a sign of a more-
aggressive disease process, at least in AD (Scheltens
et al., 2018).

Rapid progression of dementia was associated
with more-severe NPS load at baseline, after adjust-
ing for cognitive test results, age, sex, education,
dementia etiology, and comorbidity. Other studies
have also indicated NPS burden as a predictor of
accelerated cognitive and functional decline (Lanc-
tot et al., 2017; Poulin et al., 2017; Song et al., 2018),
and increased risk of early institutionalization, poor
quality of life and mortality (Lanctot et al., 2017).
Moreover, NPS has been shown to increase

caregiver burden (Reed et al., 2020). Even though
NPS can occur at all stages of dementia, the severity
has been shown to increase in the more-advanced
stages (Jutkowitz et al., 2017; Lanctot et al., 2017;
Lyketsos et al., 2002; Poulin et al., 2017). This could
reflect that NPS is a result of more-pronounced
neurodegeneration affecting the regulation of behav-
ior (Lanctot et al., 2017). However, since the pro-
gression of NPS and cognitive decline seem to
follow different trajectories, and since NPS is a
risk factor for progression even after adjusting for
cognitive decline, we believe it is a poor prognostic
factor in dementia (Poulin et al., 2017; Tschanz
et al., 2011). In the present study, we did not study
the individual NPS, although the symptoms proba-
bly have different underlying pathologies and the
frequency may vary across dementia severity

Table 3. Multinomial logistic regression small models (models 1–6) assessing trajectory group membership by
baseline predictors

SMALL MODELS 1–6 (N = 372) GROUP 2 VERSUS GROUP 1 GROUP 3 VERSUS GROUP 1
...................................................................................................................................................................................................................................................................................................................................

Characteristics RRR 95% CI p-value RRR 95% CI p-value
Sex*

Female 1.0 1.0
Male 0.72 (0.47, 1.40) 0.398 0.97 (0.52, 1.82) 0.927

Age* 1.03 (1.00, 1.06) 0.127 1.03 (1.00, 1.07) 0.069
Years of education* 0.98 (0.92, 1.05) 0.653 0.92 (0.85, 0.99) 0.037
Dementia etiology*

AD 1.0 1.0
AD mixed 1.50 (0.80, 2.78) 0.207 1.56 (0.77, 3.15) 0.218
DLB/PDD 1.63 (0.80, 3.32) 0.175 0.88 (0.35, 2.24) 0.787
FTD 1.34 (0.49, 3.75) 0.552 1.21 (0.34, 4.27) 0.764
Other 0.54 (0.20, 1.48) 0.235 0.49 (0.13, 1.83) 0.293

Comorbidity*

No comorbidity 1.0 1.0
≥ 1 disease 0.86 (0.53, 1.40) 0.550 0.68 (0.38, 1.20) 0.180

MMSE† 0.82 (0.76, 0.89) <0.001 0.66 (0.59, 0.73) <0.001
NPI severity‡ 1.08 (1.02, 1.13) 0.006 1.15 (1.09, 1.22) <0.001
TMT-A§

− 2 SD or worse 1.0 1.0
Better than− 2 SD 0.27 (0.16, 0.45) <0.001 0.19 (0.10, 0.35) <0.001

CDT¶

≤ 3/5 points 1.0 1.0
≥ 4/5 points 0.45 (0.27, 0.73) 0.001 0.26 (0.14, 0.48) <0.001

CERAD-DR# 0.95 (0.83, 1.10) 0.519 0.77 (0.63, 0.93) 0.008

Note. Multinomial logistic regression models (models 1–6) were used to assess predictors of trajectory group membership, by separately
testing baseline covariates of interest. All models were adjusted by sex, age, years of education, dementia etiology, and comorbidity. Bold
values highlight significant differences (p ≤ 0.05).
Abbreviations: N, number of patients; SD, standard deviation; RRR, relative risk ratio; CI, confidence interval; AD, Alzheimer’s dementia;
AD mixed, etiologically mixed Alzheimer’s dementia; DLB, dementia with Lewy bodies; PDD, Parkinson’s disease dementia; FTD,
frontotemporal dementia; MMSE, Mini-Mental State Examination; NPI-Q, Neuropsychiatric Inventory Questionnaire; TMT-A, Trail
Making Test A; CDT, the Clock Drawing Test; CERAD-DR, the Consortium to Establish a Registry of Alzheimer’s Disease 10-item word
list delayed recall.
*Model 1.
†Model 2.
‡Model 3.
§Model 4.
¶Model 5.
#Model 6.
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(Siafarikas et al., 2018). The effect of individualNPS
on dementia progression should, therefore, be inves-
tigated further. It is also unclear whether interven-
tions in regard toNPSwill affect the progression rate
(Lanctot et al., 2017).

Among those being followed, the rapid progres-
sors had the highest mortality (Table 2), but those
without follow-up examinations had even higher
mortality and more NPS (Table 1). More advanced
dementia or possibly the use of antipsychotics
(Schneider et al., 2005) could have contributed to
this increased mortality. Those without follow-up
had more cardiovascular disease (p= 0.016) which
could have contributed to increased mortality in this
group. On the contrary, they had less cancer, but our
data do not provide information about the type and
severity of the malignancy. There were no differ-
ences in the amount of cardiovascular disease
between the trajectory groups (p= 0.535). Interest-
ingly, more of the rapid progressors had diabetes
mellitus, which may have contributed to higher
mortality (Xu et al., 2018), but which did not

increase the risk of rapid dementia progression in
a Systematic Review andMeta-Analysis (Song et al.,
2018). Comorbid diseases probably have different
effects on the progression rate of dementia, and this
deserves further attention.

There were no significant differences in progres-
sion between the various dementia etiologies in our
sample, but there was a trend toward higher risk of
belonging to group 3 with the diagnosis AD mixed
compared to AD alone (RRR 2.27 [ 95% CI 0.96,
5.38] p= 0.062). A study by Blanc et al. showed that
having both AD and DLB together could predict a
more-rapid progression compared to having either
one alone (Blanc et al., 2017). The progression was,
however, measured by change in the MMSE, which
is not equivalent to change in the CDR-SB since the
CDR considers both cognitive and functional abili-
ties (Hughes et al., 1982). In a study by Eldholm
et al., no association was found between progression
rate (measured by change in the CDR-SB) and
vascular comorbidity in patients with AD (Eldholm
et al., 2018b). Since most of our patients with a

Table 4. Fully adjusted multinomial logistic regression model (model 7), assessing trajectory group membership
by baseline predictors

MODEL 7 (N = 372) GROUP 2 VERSUS GROUP 1 GROUP 3 VERSUS GROUP 1
...................................................................................................................................................................................................................................................................................................................................

Characteristics RRR 95% CI p-value RRR 95% CI p-value
Sex

Female 1.0 1.0
Male 0.91 (0.52, 1.59) 0.737 1.34 (0.64, 2.81) 0.442

Age 1.04 (1.00, 1.07) 0.028 1.06 (1.01, 1.11) 0.013
Years of education 1.04 (0.96, 1.12) 0.337 1.03 (0.94, 1.13) 0.559
Dementia etiology

AD 1.00 1.00
AD mixed 1.65 (0.84, 3.23) 0.144 2.27 (0.96, 5.38) 0.062
DLB/PDD 1.21 (0.54, 2.71) 0.650 0.79 (0.24, 2.59) 0.693
FTD 1.59 (0.54, 4.72) 0.404 1.29 (0.25, 6.67) 0.765
Other 0.54 (0.18, 1.62) 0.272 1.18 (0.26, 5.35) 0.826

Comorbidity
No comorbidity 1.00 1.00
≥ 1 disease 1.07 (0.63, 1.80) 0.809 0.93 (0.46, 1.87) 0.833

MMSE 0.86 (0.79, 0.94) 0.001 0.68 (0.61, 0.77) <0.001
NPI-Q severity 1.07 (1.02, 1.13) 0.010 1.16 (1.09, 1.24) <0.001
TMT-A

− 2 SD or worse 1.00 1.00
Better than− 2 SD 0.35 (0.20, 0.61) <0.001 0.39 (0.18, 0.84) 0.016

CDT
≤ 3/5 points 1.00 1.00
≥ 4/5 points 0.80 (0.46, 1.40) 0.439 0.90 (0.41, 1.95) 0.787

CERAD-DR 0.98 (0.84, 1.15) 0.817 0.92 (0.72, 1.18) 0.526

Note. A fully adjusted multinomial logistic regression model was used to assess predictors of trajectory group membership by baseline
covariates. Bold values highlight significant differences (P ≤ 0.05).
Abbreviations: N, number of patients; SD, standard deviation; RRR, relative risk ratio; CI, confidence interval; AD, Alzheimer’s dementia;
AD mixed, etiologically mixed Alzheimer’s dementia; DLB, dementia with Lewy bodies; PDD, Parkinson’s disease dementia; FTD,
frontotemporal dementia; MMSE, Mini-Mental State Examination; NPI-Q, Neuropsychiatric Inventory Questionnaire; TMT-A, Trail
Making Test A; CDT, the Clock Drawing Test; CERAD-DR, the Consortium to Establish a Registry of Alzheimer’s Disease 10-item word
list delayed recall.
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diagnosis of AD mixed had cerebrovascular disease
as the concomitant condition (92%), this might
explain why we did not find a significant result. A
study by Strand et al., from the NorCog Registry,
found differences in reduced life expectancy
between the various causes of dementia, with the
greatest loss in patients with vascular dementia,
DLB, and PDD (Strand et al., 2018). Decline in
the CDR and reduced life expectancy can both be
used to indicate the prognosis of a patient, but they
are also not entirely comparable. In addition, as
most of the patients in the present study were
affected by AD or AD mixed presentation (73%),
we might not have had sufficient power to show a
potential difference within the non-AD populations.

Higher education has previously been shown
to predict a more-rapid decline (Haaksma et al.,
2018; Song et al., 2018), but we found no such
association.

A limitation in our study is that the study popu-
lation is a selected group who were referred to a
specialized memory clinic and, therefore, are more
likely to be younger, have more-complex symptoms,
and possibly more education than the population at
large. However, we do believe the results could be
representative of a similar memory clinic popula-
tion. The CDR-SB, although widely used, was not
originally designed to measure progression, and we
scored the CDR, post hoc, based on patient records.
The ratings were, however, conducted by the same
experienced and certified rater, thus ensuring con-
sistency and reproducibility. Fifty-four percent of
the patients did not have any registered comorbidity.
Even though our population is quite young and has
little comorbidity, we fear there is a risk of under-
reporting. However, since the number of comorbid-
ities are low in all the groups, we expect this
underreporting is evenly distributed. Lastly, we do
not have information on concomitant incidences
such as cerebrovascular events like stroke, or delir-
ium during the follow-up period. Even though our
population had little comorbidity at the time of
diagnosis, such incidences could have accelerated
the progression rate in some patients (Haaksma
et al., 2017).

A strength of this study is that the sample was
thoroughly examined, and all diagnoses were set
according to research criteria based on an extensive
examination protocol and biomarkers (most parti-
cipants underwent MRI of the brain). Another
advantage is the application of GBTM as a statistical
tool in the present study. With GBTM, the trajec-
tory groups are not based on ex ante characteristics;
rather, it uses the actual variations in the data as a
statistical tool to group those with similar develop-
ment (Nagin and Odgers, 2010).

Conclusion

In a clinical cohort comprising patients with dementia,
we identified three distinct trajectory groups of pro-
gression: one group with slow progression and two
with more-rapid progression rates. Rapid progression
was associated with older age, lower cognitive func-
tion, and more-pronounced NPS at the time of diag-
nosis. This knowledge can guide clinicians and
policymakers in estimating prognoses and in planning
for the future care of patients with dementia. Our
findings also demonstrate the heterogeneity in demen-
tia progression and the need for individual follow-up
regimes. For future intervention studies, our results
may guide the selection of patients and the follow-up
period needed, since almost half of the patients pro-
gressed slowly up to 3 years after the diagnosis. Our
results also show that, particularly in earlier stages of
dementia, estimating prognoses can be difficult.
Therefore, we need to search for other factors, such
as biomarkers, that can predict the different trajecto-
ries of disease progression earlier in the disease
process.
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