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Objectives: Previous studies have shown large heterogeneity in the progression of dementia, both within
and between patients. This heterogeneity offers an opportunity to limit the global and individual burden
of dementia through the identification of factors associated with slow disease progression in dementia.
We explored the heterogeneity in dementia progression to detect disease, patient, and social context
factors related to slow progression.
Design: Two longitudinal population-based cohort studies with follow-up across 12 years.
Setting and Participants: 512 people with incident dementia from Stockholm (Sweden) contributed to the
Kungsholmen Project and the Swedish National Study of Aging and Care in Kungsholmen.
Methods: We measured cognition using the Mini-Mental State Examination and daily functioning using
the Katz Activities of Daily Living Scale. Latent classes of trajectories were identified using a bivariate
growth mixture model. We then used bias-corrected logistic regression to identify predictors of slower
progression.
Results: Two distinct groups of progression were identified; 76% (n ¼ 394) of the people with dementia
exhibited relatively slow progression on both cognition and daily functioning, whereas 24% (n ¼ 118)
demonstrated more rapid worsening on both outcomes. Predictors of slower disease progression were
Alzheimer’s disease (AD) dementia type [odds ratio (OR) 2.07, 95% confidence interval (CI) 1.15-3.71],
lower age (OR 0.88, 95% CI 0.83-0.94), fewer comorbidities (OR 0.77, 95% CI 0.66-0.90), and a stronger
social network (OR 1.72, 95% CI 1.01-2.93).
Conclusions/Implications: Lower age, AD dementia type, fewer comorbidities, and a good social network
appear to be associated with slow cognitive and functional decline. These factors may help to improve
the counseling of patients and caregivers and to optimize the planning of care in dementia.
� 2019 The Author(s). Published by Elsevier Inc. on behalf of AMDA e The Society for Post-Acute and

Long-Term Care Medicine. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
As life expectancy increases, the worldwide burden of dementia
will continue to increase as well.1 With this increase, there is a
growing need for detailed prognostic information for patients with
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progression of dementia, both within and between patients.2e6 This
heterogeneity offers an opportunity to limit the global and individual
burden of dementia through the identification of factors associated
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important, as the large variation in dementia progression speed limits
the prognostic capacity of clinicians when counseling their patients.
This limited ability to provide a personalized prognosis causes un-
certainty regarding disease course and care needs. The uncertainty, in
turn, can create additional emotional distress, including feelings of
sorrow, anxiety, and despair for both patients and caregivers in a
condition that is very stressful in itself already.7 Remarkably, there are
only a few studies aiming to disentangle the prognostic heterogeneity
among patients diagnosed with dementia.8 To enable anticipation of
future care needs and to help physicians in counseling patients and
their caregivers, we need to unravel the factors associated with slow
disease progression in people with dementia and look beyond
dementia-related characteristics.9 Other characteristics of patients
with dementia, such as their level of education,10 comorbidity
burden,11 anticholinergic drug use,12 and the social support they
receive,13 may also influence the rate of progression, but these factors
have never been studied jointly in the context of dementia. Several
studies have emphasized the need to examine impairments in daily
functioning besides outcomes of cognitive decline when character-
izing the course of this dementia.14e16 Therefore, this study aims to
identify (1) concurrent trajectories of cognition and daily functioning
in community-dwelling older persons with incident dementia and (2)
factors associated with slow progression rates.

Methods

Cohort Description

This study included data from 2 population-based studies con-
ducted consecutively in the Kungsholmen parish of Stockholm: the
Kungsholmen Project (KP) and the Swedish National Study of Aging
and Care in Kungsholmen (SNAC-K). KP is a community-based longi-
tudinal study of adults aged �75 years living at home or in in-
stitutions. Participants of KP were recruited among all 2368
inhabitants, of whom 1810 persons (76.4%) participated at baseline.
The baseline assessment (wave 1) was carried out between 1987 and
1989 and was followed by 4 examinations spaced approximately
3 years apart (waves 2-5). The project reached a maximum follow-up
period of 12 years. SNAC-K is an ongoing community-based longitu-
dinal study of randomly selected adults aged�60 years living at home
or in institutions. Of the original 4590 people invited to participate in
SNAC-K, 3363 (73.3%) participated at baseline. The baseline assess-
ment (wave 1) was carried out between 2001 and 2004. Since then,
participants have been followed up regularly: every 6 years for the
young-old cohorts (60-78 years) and every 3 years for the older co-
horts (age �78 years). By the end of 2015, 4 study waves spaced
3 years apart (waves 1-4) were completed. Linkage to the Swedish
inpatient and death registers provided additional information on
medical events and survival. The Swedish inpatient register covers all
diseases diagnosed in the hospital during a patient’s life. Both cohort
studies were approved by the regional ethical review board in
Stockholm. Written informed consent was obtained from all partici-
pants or, in case of persons with cognitive impairment, from proxies
(next of kin or guardians). Detailed information regarding study
design and data collection for these cohorts can be found
elsewhere.17,18

Sample Selection

In order to capture the entire trajectory of dementia progression,
we limited our analysis to incident dementia cases. Incident dementia
was defined as meeting the Diagnostic and Statistical Manual of Mental
Disorders (DSM-III-R/DSM-IV) criteria19 while not meeting them at the
prior visit. Therefore, participants with a diagnosis of dementia at
baseline (wave 1) were excluded. Dementia subtypes were defined as
follows: AD according to NINCDS/ADRDA criteria, 20 Lewy body de-
mentia according to McKeith criteria,21 and vascular dementia ac-
cording to NINDS-AIREN criteria.22 A total of 520 incident dementia
cases were identified (310 from KP and 210 from SNAC-K). After
exclusion of 8 patients with schizophrenia, our final study sample
consisted of 512 people with incident dementia (208, 34, 152, and 118
patients were diagnosed between waves 1-2, 1-3, 2-3, and 3-4,
respectively). The 34 people diagnosed between waves 1 and 3 were
part of the young-old cohort, and therefore they were followed up
every 6 years up until wave 3; after that, they turned �78 years of age
and were followed up every 3 years, as was the rest of the cohort.

Outcomes Measures

Cognitive progression was assessed using the Mini-Mental State
Examination (MMSE) score, ranging from 0 to 30, with higher scores
representing better cognitive functioning.23 The sum score of the
Katz Activities of Daily Living (ADL) scale was used to measure the
progression of daily functioning.24 The ADL score ranges from 0 to 12,
with higher scores indicating more limitations in daily functioning.
To enhance the interpretability of our model, ADL scores were
reverse-coded, so higher scores indicated better performance (eg, an
ADL score of 1 was recoded as 11). We used follow-up measurements
of MMSE and ADL across a period of 12 years and derived latent
classes of progression as described in the Statistical Analyses section
below.

Independent Variables

We a priori selected 7 potential predictors of progression to
include in our prediction model for classes of MMSE and ADL trajec-
tories. These potential predictors included age, gender, education,10

dementia nosology, comorbidity burden,11 anticholinergic drug
burden,12 and social network.13 We used 2 categories for education:
elementary vs higher education. Dementia nosology was also divided
into 2 categories: Alzheimer’s disease (AD) and other dementia types.
Comorbidity burden at the time of dementia diagnosis was oper-
ationalized as the number of chronic diseases, based on data retrieved
from the Swedish National Patient Register.25 The included disease
categories are listed in Appendix 1. Diseases were classified using the
International Classification of Diseases (ICD) classification, and further
grouped according to disease categories published previously.26 The
ICD codes registered up to 5 years prior to study entry were included
and, given the chronic nature of these conditions, we assumed that
they were still present at subsequent follow-up examinations in in-
dividuals with any of the conditions at study baseline. Social network
was operationalized at study baseline using a social network index
based on 3 components: (1) being married and living with someone;
(2) having children with daily to weekly satisfying contact; and (3)
having relatives/friends with daily to weekly satisfying contact. The
sample was subsequently divided into 2 categories: people with a
poor/limited social network, who had either 1 or 0 of the social
network components; and people with a moderate/extensive social
network, who had either 2 or 3 of the social network components.27

Anticholinergic drug burden at diagnosis was measured using the
Anticholinergic Cognitive Burden (ACB) scale.28 During the study
visits, patients were asked to bring the drugs that they were currently
using. Based on this information, we calculated a total ACB score. The
drugs and their individual anticholinergic burden scores used are
listed in Appendix 2.

Statistical Analyses

We used growth mixture models (GMMs) to model trajectories of
MMSE and ADL jointly over time. GMMs allow for grouping of



Table 1
Sample Characteristics at the Study Visit of Diagnosis (T ¼ 3)

Characteristic Total Sample
(n ¼ 512, 100%)

Class 1: Slow Progression
(n ¼ 394, 77%)*

Class 2: Rapid Progression
(n ¼ 118, 23%)*

Age, y, mean (SD) 88.3 (5.3) 87.7 (4.8) 90.5 (6.2)
Gender, % (n)
Female 78.3 (401) 78.9 (331) 76.3 (90)
Male 21.7 (111) 21.1 (83) 23.7 (28)

Education, % (n)
Elementary school 42.9 (219) 43.5 (171) 41.0 (48)
High school or university 57.1 (291) 56.5 (222) 59.0 (69)

MMSE score, mean (SD) 17.4 (5.9) 18.9 (4.4) 11.2 (7.0)
ADL score
Mean (SD) 8.6 (3.7) 10.3 (2.0) 2.9 (1.9)
% (n) with �1 ADL impairment 68.8 (352) 59.4 (234) 100.0 (118)

Comorbidity count
Mean (SD) 1.8 (1.8) 1.5 (1.7) 2.6 (1.8)
% (n) with �2 comorbidities 47.5 (243) 40.6 (160) 70.3 (83)

ACB Scale, mean (SD) 1.0 (1.4) 0.9 (1.3) 1.4 (1.7)
Social network,y % (n)
Poor/limited 31.8 (163) 28.7 (113) 42.4 (50)
Moderate/extensive 68.2 (349) 71.3 (281) 57.6 (68)

Dementia type, % (n)
Alzheimer’s disease 76.7 (393) 80.7 (318) 63.6 (75)
Mixed dementia 8.9 (45) 7.6 (30) 12.7 (15)
Vascular dementia 8.2 (42) 6.1 (24) 15.2 (18)
Other dementia type 5.6 (29) 5.3 (21) 6.8 (8)
Unspecified dementia type 0.6 (3) 0.3 (1) 1.7 (2)

Cohort, % (n)
Kungsholmen Project 59.8 (306) 64.7 (255) 43.2 (51)
SNAC-K 40.2 (206) 35.3 (139) 56.8 (67)

Survival time after diagnosis, y, median (IQR) 2.8 (1.1-5.2) 3.4 (1.7-5.8) 1.1 (0.5-2.4)

IQR, interquartile range; SD, standard deviation.
ADL score range: 0-12, reverse-coded: higher ¼ better; MMSE score range: 0-30, higher ¼ better.

*Reported class counts and proportions are based on the most likely class membership; it should be noted that individuals are in fact assigned a probability of class
membership.

ySocial network was measured at study baseline.
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participants into so-called latent classes, based on similarities in their
progression patterns over time.29 GMMs are a longitudinal form of
latent class analysis, in which mixed models are used. A specific type
of GMMs, termed parallel-process GMM (PP-GMM), allowed us to
model our 2 outcomes simultaneously over time. Time was treated as
time in years since the last assessment before dementia diagnosis. This
means T ¼ 3 indicates the study visit at which dementia was first
diagnosed. However, it should be recognized that dementia man-
ifested during the interval prior to this study visit, that is, between
T ¼ 0 and T ¼ 3. All available MMSE and ADL scores between 3 years
prior to T ¼ 0 up until 9 years after this time point were used.

We fit quadratic models with 1 to 5 classes and chose our final
model based on the bayesian information criterion (BIC), Lo-Mendell-
Rubin (LMR) likelihood ratio test, and class sizes.30 The BIC is an in-
dicator of model fit, with lower values indicating better model fit. The
LMR test compares the improvement in model fit between 2 nested
Table 2
Scores and Availability of Outcome Data Across Time

Variable T ¼ �3 T ¼ 0

MMSE score, mean (SD) 27.1 (1.9) 25.2 (2.
ADL score, mean (SD) 11.3 (1.3) 10.8 (2.
Follow-up time in years, mean (SD) �3.2 (0.5) 0.0 (0.
Patients with data on MMSE, % (n) 55.3 (283) 91.0 (46
Patients with data on ADL, % (n) 55.7 (285) 96.7 (49
Deaths, % (n) NA NA
Drop-outs,* % (n) NA NA

ADL score range: 0-12, reverse-coded: higher¼ better; MMSE score range: 0-30, higher¼
be alive and not dropped out of the study in order to be diagnosed at T ¼ 3. T ¼ 3 indi
recognized that dementia likely manifested during interval prior to this study visit. Partici
of participants with data on MMSE/ADL at a given time point does not completely add u

*Reasons include refusal, no contact, or patient had moved away from Stockholm.
models. A significant LMR test indicates that the model with k classes
fits better compared with the same model with k e 1 classes.31

Maximum likelihood estimation was used to obtain parameter esti-
mates, with standard errors that are robust to non-normality. To
reduce computation time, observations were assumed to be spaced
exactly 3 years apart (the resulting reduction in BIC was only mar-
ginal). The variance of the quadratic slope was fixed at zero. The re-
sidual variances were allowed to vary over time and were assumed to
be equal across classes. Following the so-called 3-stepmethod, logistic
regression was used to examine which factors predicted class mem-
bership in a multivariable model.32 The 3-step method comprised the
following steps: (1) the latent class model was built, (2) participants
were assigned to latent classes based on their posterior probabilities,
and (3) the association between the assigned class membership and
independent variables was investigated. Participants with missing
values for independent variables (n ¼ 3) were excluded from this
T ¼ 3 T ¼ 6 T ¼ 9

6) 17.4 (5.9) 12.5 (7.3) 7.6 (7.7)
0) 8.6 (3.7) 5.9 (4.2) 3.6 (3.5)
0) 3.1 (0.6) 6.0 (0.7) 8.8 (0.6)
6) 87.7 (449) 35.4 (181) 12.3 (63)
5) 99.0 (507) 41.4 (212) 14.1 (72)

NA 50.4 (258) 18.0 (92)
NA 6.6 (34) <0.1 (2)

better. NA indicates not applicable given our study design; that is, participants had to
cates the study visit at which dementia was first diagnosed. However, it should be
pants could refuse to take theMMSE or ADL questionnaire, which is why the number
p to the total number of participants in the study at that time point.



Fig. 1. Trajectories of Mini-Mental State Examination (A-C) and Activities of Daily Living scores (D-F) across the entire sample (N ¼ 512; gray), class 1 (n ¼ 394, blue), and class 2
(n ¼ 118, red). The mean trajectories of each plot are shown in bold. ADL scores were reverse-coded, with higher scores indicating better daily functioning. For the purpose of
plotting, individuals were assigned to classes based on their most likely class membership; it should be noted that individuals are in fact assigned a probability of class membership
in the model.
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analysis. The area under the curve was subsequently calculated for
sets of predictors via receiver operating characteristic curves to assess
the classification utility of our prediction model. The PP-GMM and
logistic regression models were fit using Mplus, version 8.33 Further
analyses, including receiver operating characteristic curves and pro-
cessing of results, were performed using R, version 3.2.4.34

Results

Sample Characteristics

Sample characteristics from the study visit at which dementia was
first diagnosed (T ¼ 3) are summarized in Table 1. The mean age at
diagnosis was 88.3 years, with a range of 72.0 to 105.1 years. At T ¼ 0,
the mean MMSE score was 25.2 and the mean ADL score was 10.8.
Scores and availability of outcome data across time, including reasons
for drop-out, are reported in Table 2. At T ¼ 6 years, 258 patients had
died (50.4%), and at T ¼ 9 years, only 162 (31.6%) were alive. The
observed median (interquartile range) survival time in years after
diagnosis was 2.8 (1.1-5.2).

Latent Classes of Progression

The observed individual trajectories of MMSE and ADL and
means for the entire sample are depicted in the left panels of
Figure 1. Trajectories of MMSE and ADL were clearly related, as
shown by the strong correlation between their random slopes
(1-class model; R ¼ 0.93, P < .001). When fitting models with
increasing numbers of classes, the 2-class model showed the best
balance between model fit and model complexity. This was
confirmed by the LMR test [2- vs 3-class model: �2 log likelihood
(7) ¼ 219.83, P ¼ .219]. Moreover, the smallest class contained only
4% of our sample when increasing the number of classes beyond 2,
indicating that a model with more than 2 classes derived from our
sample is unlikely to be replicated. The difference in BIC between the
2-class model and the 3-class model is also rather small, indicating
the model fit improvement caused by the third class was minimal.
An overview of the model fit criteria is shown in Appendix 3.

The best-fitting 2-class model included a class-invariant random
intercept and no random slope. Posterior probabilities (which mea-
sure classification accuracy) were high (>0.9) for both classes, indi-
cating good model fit. The parameter estimates of this 2-class model
are shown in Table 3, and the trajectories of both classes are depicted
in the center and right panels of Figure 1. Class 1 was the largest,
comprising 77% (n ¼ 394) of our sample, and showed the slowest
decline. Class 2 comprised 23% (n ¼ 118) of our sample and showed
much more rapid cognitive and functional decline, despite similar
cognitive and functional abilities at diagnosis. From here on, classes 1
and 2 will be referred to as the slowly declining group and rapidly
declining group, respectively. Patients in the rapidly declining group
had a significantly shorter survival time as compared to those in the
slowly declining group. Although patients in the slowly declining
group showed a median survival time of 3.4 years after diagnosis, the
median survival time in the rapidly declining group was only 1.1 years
(P log-rank < .001). In the course of the interval during which de-
mentia clinically manifested (ie, between T ¼ 0 and T ¼ 3), the esti-
mated average decline in our total sample was �5.1 points for MMSE
and �1.7 points for ADL (Figure 1; left panels). Over the same time
period, patients in the slowly declining group declined with �4.7
points for MMSE and �1.3 points for ADL (Figure 1; center panels),



Table 3
Parameter Estimates for MMSE and ADL Trajectories by Latent Class

Class 1: Slow
Progression

Class 2: Rapid
Progression

Prevalence, % (n)* 76.95 (394) 23.05 (118)
Fixed effects, mean (SE)
Intercept (T ¼ 0)
MMSE 24.84 (0.14) 24.93 (0.33)
ADL 11.37 (0.09) 9.16 (0.31)

Linear annual rate of decline
MMSE �1.16 (0.04) �2.41 (0.18)
ADL �0.19 (0.03) �1.28 (0.06)

Quadratic annual rate of decline
MMSE �0.13 (0.01) �0.57 (0.07)
ADL �0.08 (0.01) �0.20 (0.04)

Random effects, mean (SE)
Intercept variance
MMSE 2.29 (0.38) 2.29 (0.38)
ADL 0.63 (0.18) 0.63 (0.18)

Residual variance at T ¼ �3
MMSE 1.52 (0.30) 1.52 (0.30)
ADL 1.12 (0.31) 1.12 (0.31)

Residual variance at T ¼ 0
MMSE 4.26 (0.51) 4.26 (0.51)
ADL 2.72 (0.44) 2.72 (0.44)

Residual variance at T ¼ 3
MMSE 24.25 (2.47) 24.25 (2.47)
ADL 3.77 (0.58) 3.77 (0.58)

Residual variance at T ¼ 6
MMSE 49.31 (4.40) 49.31 (4.40)
ADL 18.68 (1.52) 18.68 (1.52)

Residual variance at T ¼ 9
MMSE 70.56 (12.63) 70.56 (12.63)
ADL 11.00 (1.76) 11.00 (1.76)

N, number of individuals; SE, standard error.
The best-fitting 2-class model included class-invariant intercept variance and no
random slope.

*Reported class counts and proportions are based on the most likely class
membership; it should be noted that individuals are in fact assigned a probability of
class membership. MMSE score range: 0-30, higher¼ better; ADL score range: 0-12,
reverse-coded: higher ¼ better.
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whereas patients in the rapidly declining group declined with �12.4
points for MMSE and �5.6 points for ADL (Figure 1; right panels) on
average.

Predictors of Disease Progression

All potential predictors of disease progression listed in Table 1
were examined using multivariable logistic regression, with pre-
dicted class membership in our final 2-class model as the dependent
variable. The results of this regression analysis are summarized in
Table 4. This analysis was based on 509 patients; 3 patients (<0.1%)
were excluded because of missing values for covariates. Missing
Table 4
ORs and 95% CIs for Membership in Slowly Progressing Class 1 (Reference: Rapidly
Declining Class 2)

Characteristic Univariable
OR (95% CI)

Multivariable
OR* (95% CI)

Age 0.89 (0.84-0.94) 0.88 (0.83-0.94)
Male gender 0.85 (0.50-1.44) 0.69 (0.37-1.30)
Higher vs elementary
education

0.89 (0.57-1.41) 1.44 (0.67-1.92)

Comorbidity count 0.72 (0.63-0.81) 0.77 (0.66-0.90)
Moderate/extensive
vs poor/limited social
network

1.93 (1.21-3.06) 1.72 (1.01-2.93)

AD vs non-AD dementia 2.58 (1.58-4.22) 2.07 (1.15-3.71)
ACB scale 0.78 (0.67-0.90) 0.87 (0.73-1.05)

AD, Alzheimer’s disease; CI, confidence interval; OR, odds ratio.
*n ¼ 509. Bold estimates are significant at P < .05.
explanatory variables were education (n ¼ 2) and ACB score (n ¼ 1).
Factors associated with slow disease progression in the multivariable
model were lower age, AD dementia type, fewer comorbidities at
diagnosis, and a more extensive social network. For example, 1 addi-
tional chronic disease at diagnosis decreased the likelihood of being a
part of the slowly declining group by 23% (OR 0.77, 95% CI 0.66-0.90,
P ¼ .001). Combining the 4 significant predictors of dementia disease
course yielded an area under the curve of 0.75. Appendix 4 depicts
receiver operating characteristic curves for successively larger sets of
predictors, showing the discriminative ability of our model increases
with each additional predictor.

Discussion

In the present study we identified 2 groups of dementia progres-
sion, with the majority of our sample (class 1; 77%) showing relatively
mild progression rates and a smaller group of patients (class 2; 23%)
showing more rapid decline in cognition and daily functioning. We
were able to assign patients to either the slowly or the rapidly
declining groupwith fair accuracy (area under the curve¼ 0.75) based
on their age, type of dementia (AD vs non-AD), social network, and
comorbidity count. These factors may contribute to an individualized
prognosis for people with dementia.

The observed average rate of change in MMSE in our study is
comparable to the previously reported rates from the Cache County
Dementia Progression study, a population-based study from Utah.4

The high correlation between the trajectories of cognition and daily
functioning observed in our study is consistent with previous studies
as well.4e6,15,35 This indicates that cognitive and functional complaints
tend to occur in unison. Furthermore, the majority of our sample
showed relatively slow disease progression, which is consistent with
previously published GMMs of cognitive and functional decline in
dementia.5,6

Few studies possess the necessary data to allow for prognostic
modeling of multiple dementia domains with demographic, medical,
and social predictors simultaneously. However, the predictors exam-
ined in this study have been reviewed individually in previous studies.
For example, low educational attainment has been associated with
increased risk of incident dementia36,37 and cognitive decline38 in
previous studies. However, no predictive effect of education on de-
mentia progression was found in the present study. Consistent with
our current findings, a recent systematic review also found an asso-
ciation between comorbidity burden and more rapid progression in
cognition and daily functioning in people with dementia.11 A meta-
analysis including 19 longitudinal cohort studies concluded that
poor social relationships are associated with cognitive decline in the
general population.39 Moreover, an active and socially integrated
lifestyle appears to be associated with a decreased risk of developing
dementia.40,41 Our study adds to this by showing that a good social
network also appears to be protective of rapid cognitive and functional
decline in people with dementia. This indicates that social network
not only influences the development of dementia, but seems to play
an important role across the whole cognitive dysfunction continuum.
Although anticholinergic drug load was previously shown to be
associated with decreased cognitive abilities,12,42 it was not a signifi-
cant predictor of disease course in our multivariable model. We did
find AD dementia type to be associated with less rapid cognitive and
functional decline as compared to non-AD dementia. Differences be-
tween rates of cognitive and functional decline in AD vs non-AD have
not been studied extensively and have mostly focused on small groups
of vascular dementia patients. These studies reported contradictory
findings, with some studies showing slower decline43e45 and 1
showing more rapid decline46 in non-AD as compared to AD patients.
Longitudinal studies examining rates of decline in large, representa-
tive groups of people with non-AD dementia are currently lacking.
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Strengths of our study include the long follow-up period, both
before and after the clinical manifestation of dementia (across a total
time frame of 12 years), as well as our exceptionally large sample of
incident dementia cases from population-based cohorts. In addition,
the in-depth information on disease and patient characteristics
available in SNAC-K and KP allowed us to examine potential predictors
that have rarely been examined in the context of dementia progres-
sion, such as a patient’s social network. Linkage to registries allowed
for complete follow-up of comorbidity status, medication use, and
mortality. Moreover, the population-based nature of the examined
cohorts increases the generalizability of our findings to the overall
population of patients with dementia, as compared to GMMs based on
clinical data.6,47 Furthermore, GMMs can detect important associa-
tions, which may be missed by conventional models using a single
mean trajectory to describe progression, as those look only for effects
that are consistent across groups.48

A limitation of our study is the relatively long measurement in-
tervals of 3 years, which prevents us from examining yearly changes in
cognition and daily functioning. These 3-year intervals, in combina-
tion with the insidious onset of dementia, also prevent us from pin-
pointing the exact moment of dementia diagnosis. Thismeans that the
heterogeneity observed in our study may, in part, be explained by
variation in timing of dementia diagnosis. Another drawback is the
short median survival time of our sample, which is probably due to the
high age of the included individuals (mean age of 88.3 years at the visit
of diagnosis). This relatively high age is the result of the fact that we
sampled incident cases from a cohort of older adults. It should also be
noted that people living in the Kungsholmen parish of Stockholm have
a relatively high socioeconomic status and educational attainment.
These factors may reduce the generalizability of our observed patterns
of decline. Furthermore, the ACB score used in our study was calcu-
lated at the moment of dementia diagnosis, which may have led to an
underestimation of the effect of anticholinergic burden on dementia
progression, given that several antipsychotics with high anticholin-
ergic burden may have been prescribed later, during the course of the
disease. As the ACB score largely overlapped with the use of anti-
psychotic medications, we did not include antipsychotic medication
use as a separate variable in this study, nor did we include behavioral
symptoms. It should also be noted that alterations in diagnostic
thinking over the past 4 decades, which have, for example, changed
practices regarding the diagnosis of vascular and mixed dementia,
limit the generalizability of the dementia subtype distribution re-
ported here. However, the diagnostic criteria for dementia, on which
these analyses are primarily based, have changed little during that
period.
Conclusions and Implications

This study is the first multidomain trajectory analysis based on a
population-based cohort of more than 500 people with incident de-
mentia. We showed that a significant proportion of patients pro-
gressed along a trajectory that was substantially different from the
population mean progression. Lower age, AD dementia type, fewer
comorbidities, and a good social network appeared to be protective of
rapid cognitive and functional decline. These results call for an
increased focus on non-AD dementia in research, diagnosis, and
treatment planning, as data on the progression speed of non-AD de-
mentia types is scarce. Although the potential causality of our
observed prognostic associations requires replication and further
study, our results raise the hypothesis that maintaining a strong social
network and reducing the number of comorbidities may be important
in slowing cognitive and functional decline in dementia. The prog-
nostic factors identified in this study may improve the counseling of
patients and caregivers and optimize the planning of care in dementia.
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