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Abstract.
Background: The progression of dementia in people with young-onset dementia (YOD) is relatively unknown.
Objective: To investigate the progression of dementia and cognitive decline in the three most common subtypes in YOD and
to explore which factors are associated with this course.
Methods: The course of dementia was examined in 198 people with YOD. The primary outcomes were cognitive function,
as assessed by the Mini-Mental State Examination (MMSE) and dementia severity, as assessed by the Global Deterioration
Scale (GDS). Mixed-model analyses were used to explore factors associated with the course of dementia of the diagnostic
sub-types.
Results: The mean overall two-year progression of dementia severity was 0.9 GDS points, this was a statistically significant
change (p = 0.012) and was not significantly different for the three dementia subtypes. The mean overall two-year decline in
cognitive function was 1.6 points on the MMSE. The differences in cognitive decline were statistically significant (p = 0.046)
among the three diagnosis groups, AD participants showed the greatest decline, of 2.3 points. In addition to lower education
(p = 0.010), higher scores on the Neuropsychiatric Inventory (NPI) sub-syndromes psychosis (p < 0.001) and hyperactivity
(p = 0.002) were associated with higher rates of cognitive decline. In contrast, higher scores on the NPI affect cluster were
associated with lower levels of cognitive decline (p < 0.001).
Conclusion: Different YOD subtypes show different rates of decline in cognitive functioning, and this decline seems less
progressive compared to those observed in studies in late-onset AD. Further research is needed to evaluate whether managing
neuropsychiatric symptoms can positively influence the decline of cognitive function.
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INTRODUCTION

The progression of dementia severity and cognitive
decline are not well characterized in the three most
common subtypes of young-onset dementia (YOD),
which include Alzheimer’s dementia (AD), vascu-
lar dementia (VaD) including mixed AD/VaD, and
frontotemporal dementia (FTD). People with YOD,
defined as dementia with symptom onset prior to age
65 years, and their families face an uncertain future
because the progression of dementia in this group
appears to be highly variable [1]. Due to this variabil-
ity, clinicians experience difficulties with informing
YOD families and with tailoring advanced care plans.

The progression of dementia severity involves
increasing difficulties in cognition and concentration,
work performance, social functioning, daily living
activities, and psychomotor skills. The rate at which
dementia progresses in YOD is unclear; however,
some studies suggest a faster decline in younger ver-
sus older persons with AD [1, 2]. It remains uncertain
if the hypothesis of faster decline is applicable for
different subtypes of YOD. This information will aid
the support of young people with dementia and their
families and allow for advanced care planning.

Cognitive function is the main feature in demen-
tia, and disease progression also reflects decline in
cognitive function. The decline shows different pat-
terns in the subtypes of YOD [3]. Factors associated
with a more rapidly progressive course of dementia
are: presence of neuropsychiatric symptoms (NPS),
younger age of onset, presence of APOE ε4, higher
education, higher Mini-Mental Stage Examination
(MMSE) change prior to study inclusion and the use
of antipsychotic medication [2, 4–8]. Items in the
NPS that are associated with a more rapidly course
of dementia are psychosis and agitation [9].

Studies on the course of cognitive functioning in
older people with AD have shown a decline of 1–6
points on the MMSE per year, with a mean of approx-
imately 3 points per year [10–12]. In YOD, a decline
of 0.8–8.1 points per year has been found, mostly for
people with AD [1, 3, 13–15]. However, the findings
of cognitive decline in persons with young-onset AD
(YO-AD; AD symptom onset prior to age 65 years)
are not entirely consistent. There is little evidence
that subtypes of YOD have different patterns of cog-
nitive decline [3]. Most studies have found a more
rapid decline in persons with YO-AD compared to
those who have late-onset AD (LO-AD, AD symp-
tom onset at or after age 65 years); however, one study
found no difference [1, 13–16].

Knowledge about factors associated with
dementia-related cognitive decline is almost exclu-
sively derived from research in elderly populations
[5, 7, 17]. Factors associated with a more progressive
cognitive decline in people with late onset dementia
are: the use of antipsychotic drugs, the presence of
NPS, and a high rate of cognitive decline before
inclusion in the study [5, 7, 11, 18–20]. In people
with AD, other factors associated with rapid cogni-
tive decline include the presence of genetic factors,
such as one or more APOE ε4 alleles; cerebrospinal
fluid biomarkers; a high total (phosphorylated) tau,
low amyloid-� 1-42 or a high ratio of total tau to
amyloid-� 1-42; early motor signs; younger age;
diabetes mellitus; and (cerebro) vascular pathology
[1–3, 10, 21, 22].

The use of antipsychotic drugs, frequently pre-
scribed in people with YOD, is negatively associated
with cognitive function [23]. Antipsychotic drugs
block receptors for acetylcholine, muscarine, D2,
5HT2, or histamine. Blocking the acetylcholine
receptor may cause a negative effect on cognitive
function, given that an acetylcholine deficit is one
of the causes of AD [12, 19, 24]. Blocking mus-
carine receptors can directly cause cognitive decline
by forming amyloid-� proteins (A�), which are com-
ponents of neuritic plaques [18, 25]. However, studies
on the relationship between antipsychotic drug use
(APDU) and cognitive decline in LO-AD are con-
flicting, and the effect of APDU in YOD is uncertain
[19, 24, 26]. In YOD antipsychotic drugs are fre-
quently prescribed, therefore we expect a high risk
of negative effects on cognitive functioning and the
progression of the dementia [11].

NPS are common in persons with dementia, but
the question remains whether these symptoms are a
cause, an effect or only correlated to the decline in
cognitive function. Some have suggested that chronic
stress may contribute to the development of disor-
ders such as dementia [27]. Also the natural course in
elderly persons with AD may be affected due to NPS
[2]. In YOD, where maybe as a result of a chronic
stress condition, NPS frequently occur, there might
be also a relationship with the decline of cognitive
function.

Identifying younger individuals with dementia
who are prone to a more rapidly progressive dis-
ease course might aid in informing them and their
caregivers. The aim of this study is to investigate
the progression of dementia and decline in cogni-
tive function in people with YOD and to explore
whether there is a relationship with dementia subtype,
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the amount of neuropsychiatric symptoms and use of
antipsychotic drugs.

METHODS

Study design and selection of participants

This longitudinal study is based on data from
215 YOD participants in the Needs in Young-onset
Dementia (NeedYD) study, the design of which has
been published previously [28]. Persons with demen-
tia symptom onset prior to age 65 were included (age
at inclusion could be over age 65). Participants were
recruited from 1) the memory clinics of three Dutch
Alzheimer centers located in Amsterdam, Nijmegen
and Maastricht, 2) memory clinics of general hos-
pitals, 3) mental health services in the south of the
Netherlands, and 4) YOD specialized daycare facili-
ties. At time of study-including, all of the participants
were community dwelling. We selected only partici-
pants with the three most common subtypes of YOD:
AD, VaD, and FTD.

Data collection and assessments

The Medical Ethics Committee of the Univer-
sity Medical Center Maastricht and the local ethics
committees of the participating institutions approved
the protocol of the NeedYD study. The research
project was performed according to the principles of
the Declaration of Helsinki (version January 2004;
http://www.wma.net) and in agreement with Dutch
law regarding medical-scientific research in humans
(WMO). Written informed consent was obtained
from patients or their legal representatives prior to
the study. Data collection started in 2007 and 2008
(baseline), followed by assessments every 6 months
through 2 years of follow up.

Primary outcomes

Progression of dementia was assessed via inter-
views using the Global Deterioration Scale (GDS),
which rates dementia severity from no dementia
(GDS stage 1) to advanced dementia (GDS stage
7) [29]. In addition to cognitive function, the scale
considers functioning in daily living and behavior
[29]. The GDS has been validated against behavioral,
neuroanatomic, and neurophysiologic measures, with
significant correlations found in each area.

Cognitive function was assessed using the MMSE,
which ranges from 0–30 points. The MMSE is a

reliable and valid test of global cognitive function
[30]. Lower scores indicate more severe cognitive
impairment (0–17 severe, 18–23 mild and 24–30 no
cognitive impairment) [31].

Covariates

Dementia diagnoses were made according to the
Diagnostic and Statistical manual of mental Disor-
ders [32]. The dementia subtypes of AD (probable
and possible), VaD and FTD were made according to
the McKhann criteria, the ninds-airen criteria and the
consensus on clinical dementia subtypes, respectively
[33–35].

APDU data was retrieved from patients’ medical
charts and classified using the Anatomical Thera-
peutic Chemical Classification System [36]. At each
assessment, we categorized the use of antipsychotics
(psycholeptic categories ATC N05AA-N05AG)
dichotomously (present or absent). Medication ‘as
needed’ was not included in this study.

NPS were assessed with the Dutch version of the
Neuropsychiatric Inventory (NPI) [37]. This instru-
ment has a high inter-observer reliability and is a valid
rating scale for neuropsychiatric symptoms in demen-
tia [38]. The frequency (0–4) and severity scores
(1–3) of the NPI items were multiplied, resulting in
a score ranging from 0–12. We used the score of four
neuropsychiatric sub-syndromes based on a study
by the European Alzheimer Disease Consortium
[39]. These sub-syndromes are psychosis (summed
scores of delusions, hallucinations and nighttime
behavioral disturbances; range 0–36), hyperactivity
(summed scores of agitation, euphoria, disinhibition,
irritability and aberrant motor behavior; range 0–60),
affective (summed scores of depression and anxiety;
range 0–24) and apathy (summed scores of apathy,
sleep- and nighttime disturbances and appetite/eating
disorder; range 0–36).

Demographic characteristics

Gender, date of birth and education were col-
lected through structured interviews with primary
caregivers. Disease duration was calculated by sub-
tracting the year of symptom onset from the year
of baseline assessment. Education was collected and
coded into 8 categories, ranging from 1 (elementary
school) to 8 (university). The education categories
were divided into “low” (categories 1 and 2), “mid-
dle” (categories 3, 4 and 5) and “high” (categories 6,
7 and 8).

http://www.wma.net
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Statistical analysis

The analyses were performed using the Statistical
Package for Social Sciences (SPSS), version 22.0.0.1
(2013). Proportions or means were calculated to
describe participants’ characteristics. Differences
between groups (AD, VaD, FTD) were assessed using
Analysis of Variance (ANOVA) with Bonferroni post
hoc analysis, or Pearson Chi-Square (χ2). Course
analyses of MMSE and GDS were performed with a
random intercept mixed-model analysis, which con-
trols for the effect of repeated measures of the same
person. All factors and interaction terms with mea-
surement (time) were included at the start of the
mixed model. In the final analysis all factors and the
statistically significant interaction terms were used.
GDS and MMSE were used as a linear outcome in
the mixed-model analysis.

MMSE scores were analyzed with mixed-model
analyses which can adequately deal with missing
values. The missing values were mostly due to
the result of non-cooperativeness, agitation, apa-
thy, aphasia or difficulty understanding the items
of the MMSE. Missing scores were imputed using
the scores obtained before and after the missing
value (when available) or using the individual course
to impute to a maximum of two missing values
of each individual. In total, 54 (5.5%) missing
MMSE scores of a total of 990 measurements were
imputed.

For all analyses, a p-value < 0.05 was the threshold
for statistical significance.

RESULTS

We included 198 of the 215 NeedYD study partic-
ipants, including 122 people with AD, 34 with VaD
and 42 with FTD [28]. The mean age at inclusion
was 60.9 years, and the mean disease duration was
7.2 years (Table 1). The male to female ratio in all
groups was approximately equal, with slightly more
males (55%) in the AD group. Baseline assessment
showed that dementia severity among participants
with AD was more advanced compared with that
among participants with VaD and FTD. In addition,
participants with VaD and FTD had statistically sig-
nificantly higher MMSE scores (+6.3 and +6.4 points,
respectively) at baseline than did AD participants.
Participants in the three groups did not differ in their
level of education or APDU.
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Table 2
Global Deterioration Scale and Mini-Mental State Examination findings

Diagnosis [N] All [198] Alzheimer’s Vascular Frontotemporal
dementia [122] dementia(1) [34] dementia [42]

Mean MMSE (SD) [N]
Baseline 20.2 (7.8) [153] 17.6 (7.2) [90] 23.9 (5.3) [30] 24.0 (8.4) [33]

0.5 y 19.9 (8.0) [135] 17.2 (7.8) [76] 22.6 (6.4) [30] 24.1 (7.4) [29]
1 y 19.2 (8.5) [133] 16.2 (7.9) [75] 23.1 (6.6) [30] 23.3 (8.6) [28]
1.5 y 18.2 (9.0) [131] 15.2 (8.3) [73] 21.9 (7.1) [30] 22.1 (10.1) [28]
2 y 18.6 (9.4) [112] 15.3 (8.7) [59] 22.5 (6.5) [26] 22.3 (10.7) [27]

GDS (SD) [N]
Baseline 4.4 (1.1) [187] 4.7 (1.0) [118] 3.9 (1.0) [31] 4.1 (1.3) [38]

0.5 y 4.8 (1.1) [180] 5.1 (1.0) [111] 4.4 (0.9) [32] 4.5 (1.3) [37]
1 y 5.1 (1.1) [176] 5.3 (1.0) [112] 4.6 (0.9) [31] 4.6 (1.3) [33]
1.5 y 5.2 (1.1) [165] 5.4 (1.1) [102] 4.5 (1.1) [31] 4.9 (1.1) [32]
2 y 5.3 (1.2) [149] 5.6 (1.1) [90] 4.7 (1.0) [24] 4.7 (1.4) [35]

MMSE, Mini-Mental State Examination; GDS, Global Deterioration Scale. (1) Including mixed vascu-
lar/Alzheimer’s dementia.

Progression of dementia and decline in cognitive
function

The mean overall two-year progression of demen-
tia severity was 0.9 GDS points, a statistically
significant change (p = 0.012). The baseline differ-
ence in dementia severity (VaD participants –0.8 and
FTD participants –0.6 compared with AD partici-
pants) was statistically significant and was present
(Bonferroni 45.41, df = 2, p < 0.001) during the two-
year course (Table 2). A mixed-model analysis
using dementia severity as the dependent variable
showed a statistically significant change over the two
years. However, we found no significant interaction
between diagnosis and time, indicating that the pro-
gression of dementia severity was similar for the three
dementia subtypes.

The mean overall two-year decline in cognitive
function was 1.6 points on the MMSE (p = 0.046).
Participants with AD showed the greatest decline of
2.3 points after two years (Table 2). A mixed-model
analysis with cognitive function as the dependent
variable showed a significant interaction between
diagnosis and time (Table 3), indicating that the
decline in cognitive function differs among the three
diagnosis groups.

Factors associated with the progression of
dementia and cognitive decline

A mixed-model analysis revealed a significant
relationship between dementia severity and age,
with younger participants showing a more rapid
decline (Table 3). Neither dementia severity nor the
progression of dementia severity was related to gen-
der, APDU, disease duration or any of the NPI
sub-syndromes.

In addition, the analysis showed a significant asso-
ciation between decline in cognitive function and
the three NPI sub-syndromes (Table 3). Higher psy-
chosis and hyperactivity NPI scores were related to
a steeper cognitive decline (p < 0.001 and p = 0.002
resp.), whereas higher affective NPI scores were asso-
ciated with a slower course (p < 0.001). Additionally,
participants who had low education levels showed
more rapid cognitive decline than did participants
who had higher levels of education (p = 0.010). Fur-
thermore, diagnosis was associated with cognitive
decline, with a more rapid decline observed in AD
participants. No significant relationship was found
between cognitive decline and gender, APDU, age or
disease duration.

DISCUSSION

To our knowledge, this is the first longitudinal
study to describe and compare the progression of
dementia and the decline in cognitive function in peo-
ple with the three most common subtypes of YOD.
In addition, the association of NPI sub-syndrome
scores or APDU concerning the course of demen-
tia was examined. The results showed no relationship
between dementia subtype and dementia progression.
However, participants with AD had a more progres-
sive decline in cognitive function compared with
those with VaD or FTD. The decline in cognitive
function was negatively associated with both the psy-
chosis NPI sub-syndrome score and the hyperactivity
score, and it was positively associated with the affec-
tive sub-syndrome score. We suggest that differences
in cognitive decline compared to disease progression
emphasize the distinction between cognitive func-
tioning and performing self-care tasks. We did not
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Table 3
Mixed Model Analysis

Mini Mental State Examination Global Deterioration Scale
Estimates [95% CI] (p-value) Overall p-value(4) Estimates [95% CI] (p-value) Overall p-value(4)

Intercept 11.07 [–14.27 – 36.42] 0.386 10.34 [6.54 – 14.15] <0.001
Time 0.059 0.012
Baseline –5.77 [–13.76 – 2.21] (0.151) –7.32 [–11.55 – –3.09] (0.001)
0.5 y 0.06 [–7.27 – 7.40] (0.986) –5.97 [–9.80 – –2.13] (0.003)
1 y –2.88 [–10.98 – 5.22] (0.475) –5.15 [–9.23 – –1.07] (0.014)
1.5 y –1.17 [–7.26 – 4.93] (0.699) –4.37 [–7.84 – –0.89] (0.014)
2 y(1)

Sex, male 0.92 [–3.49 – 5.33] 0.678 0.02 [–0.45 – 0.49] 0.943
Diagnosis (2) 0.053 0.018
Alzheimer’s dementia –6.61 [–14.22 – 1.01] (0.088) 0.50 [–0.06 – 1.07] (0.078)
Vascular dementia –3.70 [–11.27 – 3.87] (0.334) 0.31 [–0.95 – 0.33] (0.334)
Frontotemporal dementia(1)

Antipsychotic use 0.71 [–1.38 – 2.80] 0.494 0.07 [–0.22 – 0.36] 0.620
Age at baseline(2) 0.20 [–0.19 – 0.58] 0.310 0.09 [–0.15 – –0.03] 0.003
Disease duration at baseline –0.16 [–0.71 – 0.40] 0.575 0.01 [–0.04 – 0.07] 0.620
Education (3) –5.90 [–12.98 – 1.17] (0.101) / 0.434 0.22 [–0.8 – 0.82] (0.464) / 0.741
Low/Middle/High(1) 0.40 [–7.06 – 7.86] (0.916) 0.22 [–0.44 – 0.89] (0.507)
NPI psychosis (3) –0.37 [–0.70 – –0.03] 0.032 –0.01 [–0.03 – 0.02] 0.534
NPI hyperactivity (3) –0.30 [–0.66 – 0.05] 0.090 0.01 [–0.01 – 0.02] 0.238
NPI affective (3) 1.13 [0.40 – 1.85] 0.003 –0.02 [–0.05 – 0.01] 0.167
NPI apathy 0.14 [0.001 – 0.27] 0.048 –0.01 [–0.03 – 0.01] 0.433

NPI, Neuropsychiatric Inventory. (1) Reference. (2) Remained in the final model of interaction with time of the Global deterioration scale.
(3) Remained in the final model of interaction with time of the Mini mental state examination model. (4) 2-year value.

find any relationship between decline in cognitive
function and disease severity or APDU. Younger age
at baseline and low levels of education were asso-
ciated with a more rapidly progressive course of
dementia.

We found no YOD studies to compare our find-
ings on the progression of dementia, but the results
are in line with findings on LO-AD, where a younger
age is related to a more progressive course [1, 2, 8,
40]. In contrast to our findings on dementia severity,
we found an association between YOD subtypes and
decline in cognitive function (Table 3). This is in line
with the study of Smits, et al. [3], who found that
the annual decline in MMSE scores differed among
dementia subtypes, although not exclusively YOD.
The AD participants in that study also showed a faster
decline in their MMSE scores compared with VaD
participants. However, participants with the behav-
ioral variant of FTD had the most progressive decline,
which is in line with an earlier study on FTD subtypes
by Brodaty et al. [41].

The maximum two-year decline in cognitive func-
tion that we found, 2.3 points on the MMSE in AD
participants, suggests that the hypothesis of a faster
cognitive decline in persons with YO-AD, compared
with LO-AD, is not supported. The 2.3 decline is less
than found in a meta-analysis of 3.492 AD partici-
pants, where a mean decline of 3.3 MMSE points per

year was reported [10]. One study exclusively on YO-
AD showed a 6-month decline of 0.5 MMSE points,
which is in line with our findings [41].

The relationship that we found between the NPI
sub-syndrome psychosis score and a more pro-
gressive cognitive decline is supported by studies
with persons suffering from AD [5, 7, 12]. We
found no studies concerning the possible relationship
between the NPI hyperactivity sub-syndrome score
and a more progressive decline in cognitive function.
Psychotic symptoms and hyperactivity may be con-
sidered chronic stress conditions, which might offer
an explanation for our findings. It has been suggested
that chronic stress conditions cause dysfunction of
the hippocampus and prefrontal cortex by structural
degeneration and can lead to dementia [27]. Some
studies have suggested a correlation between depres-
sion, part of the affective NPI sub-syndrome, and
AD [42, 43]. However, these studies also suggested
that some neuropathological brain changes, which are
correlated with depression, can lead to AD [44]. On
the contrary, we found a less progressive decline in
cognitive function in participants with higher scores
on the affective NPI sub-syndrome. It is unlikely
that medication, such as selective serotonin reuptake
inhibitors, frequently prescribed for mood disorders
in persons with dementia, contribute to this less pro-
gressive cognitive decline. A review on this topic
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showed no effect on cognition between placebo and
treated groups [45].

Contrary to our expectations, APDU was not a sig-
nificant factor in either the progression of dementia
or cognitive decline, as found in other studies con-
cerning elderly persons with dementia [19, 46]. In
this explorative study, we did not find an explanation
for this finding, but younger persons may experience
fewer side effects from these drugs. For extrapyrami-
dal side effects, an age-related effect has been found,
but age-related effects on the progression of demen-
tia or cognitive decline remain to be explained [47].
Furthermore, not all studies reported negative effects
of APDU on the progression of cognitive decline in
LO-AD [26].

Low education was associated with a faster decline
in cognition. We know that low education is a risk fac-
tor in AD, but our result contrasts that of Rasmusson
et al., who found a more rapidly cognitive decline in
elderly people with higher education [8, 48].

Limitations

Although we studied a relatively large cohort of
people with YOD, some limitations should be con-
sidered. First, inherent to the use of the MMSE in a
cohort study on dementia, we had to address missing
values. Doing so is often ignored in research, but it is
preferable to use imputation methods that provide less
biased outcomes because all valuable information is
used [49, 50]. Using imputation, we were able to ade-
quately address the problem of missing data without
resorting to case-wise deletion. Second, the MMSE
is validated in elderly people, and a younger popula-
tion with higher scores might affect the outcome [31].
However, we used this instrument not to compare
younger versus older persons, but to examine individ-
ual differences over time. Therefore, the age-related
effect will not have influenced our outcomes. Third,
we only investigated APDU at evaluation time points
and did not consider defined daily doses of APDU or
continuous exposure. However, this influenced both
users and nonusers at the evaluation. Therefore, we
think that chronic users registered more “yes” scores
in their evaluations, and do have their effect in our
analysis. Fourth, the MMSE is widely used in demen-
tia research and therefore allows for comparison of
our study findings with the results of previous studies.
However, the MMSE was not developed for people
with YOD specifically, and might for instance not
be appropriate for the assessment of cognitive func-
tioning in people with FTD [21]. However, as it is a

frequently used instrument, it is useful to compare
with outcomes in the elderly. Adding the GDS as
outcome measurement in our study, tackles the dif-
ficulty of the interpretation of the MMSE on FTD
participants. Fifth, in this study we did not investigate
whether the familial variant of AD or FTD influenced
the outcomes of the course of cognitive decline or
disease progression, knowing that the progression is
frequently more rapid. At baseline, this information
was not always available. As these familial forms
are rare, with suggested prevalence rates in AD and
FTD of 1–3 and 20–40% it is most unlikely that
this limitation biased the outcomes. On the contrary,
more disease progression and decline of cognitive
function should be expected in the FTD group when
this familial variant dominated the study population
[51, 52].

Conclusion

This longitudinal study on the progression of
dementia and decline in cognitive function in YOD
showed an overall mean two-year progression of 0.9
GDS points and a decrease of 1.6 points on the MMSE
scale.

The NPI sub-syndromes of psychosis and hyper-
activity were negatively correlated with the decline
in cognitive function in YOD, whereas the affec-
tive NPI sub-syndrome was positively correlated
with cognitive function. Therefore, the challenge is
to see whether preventing and adequately manag-
ing psychosis and hyperactivity could decrease the
decline of cognitive functioning. The first choice in
managing these symptoms are psychosocial inter-
ventions. However, we found no negative effect of
antipsychotic medication on either the progression
of dementia or the decline of cognitive functioning;
therefore, the use of this medication might be consid-
ered. This must be closely monitored and considered
with respect to any potential (side) effects [53]. Fur-
thermore, it is challenging to find out why persons
with affective symptoms showed a more favorable
course of cognitive functioning.

The decline in cognitive function was highest in
AD participants, whereas the progression of dementia
severity showed no statistically significant differ-
ences in the three dementia subtypes. When advising
persons with YOD and their families about prog-
noses, the different courses of cognitive decline
should be considered.

More research is needed to clarify if and why
younger people with YOD have a more rapidly
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progressive course of dementia compared with
elderly YOD persons.

ACKNOWLEDGMENTS

Yvette Daniels and Deliane v Vliet participated
in data collection. This research was supported with
grants from the Dutch Alzheimer’s Foundation, Bun-
nik, the Wever Care Group, Tilburg, and of the
Florence Care Group, the Hague, all of them in the
Netherlands.

Authors’ disclosures available online (https://
www.j-alz.com/manuscript-disclosures/17-0859r2).

REFERENCES

[1] Stanley K, Walker Z (2014) Do patients with young onset
Alzheimer’s disease deteriorate faster than those with late
onset Alzheimer’s disease? A review of the literature. Int
Psychogeriatr 26, 1945-1953.

[2] Holland D, Desikan RS, Dale AM, McEvoy LK,
Alzheimer’s Disease Neuroimaging Initiative (2012) Rates
of decline in Alzheimer disease decrease with age. PLoS
One 7, e42325.

[3] Smits LL, van Harten AC, Pijnenburg YA, Koedam EL,
Bouwman FH, Sistermans N, Reuling IE, Prins ND, Lemstra
AW, Scheltens P, van der Flier WM (2015) Trajectories of
cognitive decline in different types of dementia. Psychol
Med 45, 1051-1059.

[4] Eustace A, Coen R, Walsh C, Cunningham CJ, Walsh JB,
Coakley D, Lawlor BA (2002) A longitudinal evaluation
of behavioural and psychological symptoms of probable
Alzheimer’s disease. Int J Geriatr Psychiatry 17, 968-973.

[5] Herrmann N, Harimoto T, Balshaw R, Lanctot KL, Cana-
dian Outcomes Study in Dementia Investigators (2015) Risk
factors for progression of Alzheimer disease in a Canadian
population: The Canadian Outcomes Study in Dementia
(COSID). Can J Psychiatry 60, 189-199.

[6] Heyman A, Peterson B, Fillenbaum G, Pieper C (1997)
Predictors of time to institutionalization of patients with
Alzheimer’s disease: The CERAD experience, part XVII.
Neurology 48, 1304-1309.

[7] Lopez OL, Wisniewski SR, Becker JT, Boller F, DeKosky
ST (1999) Psychiatric medication and abnormal behavior
as predictors of progression in probable Alzheimer disease.
Arch Neurol 56, 1266-1272.

[8] Rasmusson DX, Carson KA, Brookmeyer R, Kawas C,
Brandt J (1996) Predicting rate of cognitive decline in prob-
able Alzheimer’s disease. Brain Cogn 31, 133-147.

[9] Selbaek G, Engedal K, Benth JS, Bergh S (2014) The course
of neuropsychiatric symptoms in nursing-home patients
with dementia over a 53-month follow-up period. Int Psy-
chogeriatr 26, 81-91.

[10] Han L, Cole M, Bellavance F, McCusker J, Primeau F (2000)
Tracking cognitive decline in Alzheimer’s disease using the
mini-mental state examination: A meta-analysis. Int Psy-
chogeriatr 12, 231-247.

[11] Schmidt C, Wolff M, Weitz M, Bartlau T, Korth C, Zerr I
(2011) Rapidly progressive Alzheimer disease. Arch Neurol
68, 1124-1130.

[12] Wilkosz PA, Seltman HJ, Devlin B, Weamer EA, Lopez
OL, DeKosky ST, Sweet RA (2010) Trajectories of cogni-
tive decline in Alzheimer’s disease. Int Psychogeriatr 22,
281-290.

[13] Gronning H, Rahmani A, Gyllenborg J, Dessau RB, Hogh P
(2012) Does Alzheimer’s disease with early onset progress
faster than with late onset? A case-control study of clini-
cal progression and cerebrospinal fluid biomarkers. Dement
Geriatr Cogn Disord 33, 111-117.

[14] Panegyres PK, Chen HY (2013) Differences between early
and late onset Alzheimer’s disease. Am J Neurodegener Dis
2, 300-306.

[15] van der Vlies AE, Koedam EL, Pijnenburg YA, Twisk JW,
Scheltens P, van der Flier WM (2009) Most rapid cogni-
tive decline in APOE epsilon4 negative Alzheimer’s disease
with early onset. Psychol Med 39, 1907-1911.

[16] Jacobs D, Sano M, Marder K, Bell K, Bylsma F, Lafleche
G, Albert M, Brandt J, Stern Y (1994) Age at onset of
Alzheimer’s disease: Relation to pattern of cognitive dys-
function and rate of decline. Neurology 44, 1215-1220.

[17] Canevelli M, Adali N, Cantet C, Andrieu S, Bruno G, Cesari
M, Vellas B, ICTUS/DSA Group (2013) Impact of behav-
ioral subsyndromes on cognitive decline in Alzheimer’s
disease: Data from the ICTUS study. J Neurol 260,
1859-1865.

[18] Tollefson GD, Montague-Clouse J, Lancaster SP (1991)
The relationship of serum anticholinergic activity to mental
status performance in an elderly nursing home population.
J Neuropsychiatry Clin Neurosci 3, 314-319.

[19] Tune LE (2001) Anticholinergic effects of medication in
elderly patients. J Clin Psychiatry 62(Suppl 21), 11-14.

[20] Ward A, Caro JJ, Kelley H, Eggleston A, Molloy W (2002)
Describing cognitive decline of patients at the mild or mod-
erate stages of Alzheimer’s disease using the standardized
MMSE. Int Psychogeriatr 14, 249-258.

[21] Snider BJ, Fagan AM, Roe C, Shah AR, Grant EA, Xiong
C, Morris JC, Holtzman DM (2009) Cerebrospinal fluid
biomarkers and rate of cognitive decline in very mild demen-
tia of the Alzheimer type. Arch Neurol 66, 638-645.

[22] Staekenborg SS, Pijnenburg YA, Lemstra AW, Scheltens P,
Vd Flier WM (2016) Dementia and Rapid Mortality: Who
is at Risk? J Alzheimers Dis 53, 135-142.

[23] Koopmans RT, Reinders R, van Vliet D, Verhey FR, de Vugt
ME, Bor H, Bakker C (2014) Prevalence and correlates of
psychotropic drug use in community-dwelling people with
young-onset dementia: The NeedYD-study. Int Psychogeri-
atr 26, 1983-1989.

[24] McShane R, Keene J, Gedling K, Fairburn C, Jacoby
R, Hope T (1997) Do neuroleptic drugs hasten cognitive
decline in dementia? Prospective study with necropsy fol-
low up. BMJ 314, 266-270.

[25] Perry EK, Kilford L, Lees AJ, Burn DJ, Perry RH (2003)
Increased Alzheimer pathology in Parkinson’s disease
related to antimuscarinic drugs. Ann Neurol 54, 235-238.

[26] Livingston G, Walker AE, Katona CL, Cooper C (2007)
Antipsychotics and cognitive decline in Alzheimer’s dis-
ease: The LASER-Alzheimer’s disease longitudinal study.
J Neurol Neurosurg Psychiatry 78, 25-29.

[27] Mah L, Szabuniewicz C, Fiocco AJ (2016) Can anxiety
damage the brain? Curr Opin Psychiatry 29, 56-63.

[28] van Vliet D, Bakker C, Koopmans RT, Vernooij-Dassen
MJ, Verhey FR, de Vugt ME (2010) Research protocol of
the NeedYD-study (Needs in Young onset Dementia): A
prospective cohort study on the needs and course of early
onset dementia. BMC Geriatr 10, 13.

https://www.j-alz.com/manuscript-disclosures/17-0859r2
https://www.j-alz.com/manuscript-disclosures/17-0859r2


A.A.J. Gerritsen et al. / Course of Young-Onset Dementia 351

[29] Reisberg B, Ferris SH, de Leon MJ, Crook T (1982)
The Global Deterioration Scale for assessment of primary
degenerative dementia. Am J Psychiatry 139, 1136-1139.

[30] Folstein MF, Folstein SE, McHugh PR (1975) Mini-mental
state. A practical method for grading the cognitive state of
patients for the clinician. J Psychiatr Res 12, 189-198.

[31] Tombaugh TN, McIntyre NJ (1992) The mini-mental state
examination: A comprehensive review. J Am Geriatr Soc
40, 922-935.

[32] American Psychiatric Association (2000) Diagnostic and
Statistical Manual of Mental Disorders-Text revision: DSM-
IV-TR, American Psychiatric Association, Arlington.

[33] Erkinjuntti T (1994) Clinical criteria for vascular dementia:
The NINDS-AIREN criteria. Dementia 5, 189-192.

[34] McKhann G, Drachman D, Folstein M, Katzman R, Price D,
Stadlan EM (1984) Clinical diagnosis of Alzheimer’s dis-
ease: Report of the NINCDS-ADRDA Work Group under
the auspices of Department of Health and Human Ser-
vices Task Force on Alzheimer’s Disease. Neurology 34,
939-944.

[35] Neary D, Snowden JS, Gustafson L, Passant U, Stuss D,
Black S, Freedman M, Kertesz A, Robert PH, Albert M,
Boone K, Miller BL, Cummings J, Benson DF (1998)
Frontotemporal lobar degeneration: A consensus on clinical
diagnostic criteria. Neurology 51, 1546-1554.

[36] WHO Collaborating Centre for Drug Statistics Method-
ology (2014) Guidelines for ATC classification and DDD
assignment 2015.

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

[38] Kat MG, de Jonghe JF, Aalten P, Kalisvaart CJ, Droes
RM, Verhey FR (2002) [Neuropsychiatric symptoms of
dementia: Psychometric aspects of the Dutch Neuropsy-
chiatric Inventory (NPI)]. Tijdschr Gerontol Geriatr 33,
150-155.

[39] Aalten P, Verhey FR, Boziki M, Brugnolo A, Bullock R,
Byrne EJ, Camus V, Caputo M, Collins D, De Deyn PP,
Elina K, Frisoni G, Holmes C, Hurt C, Marriott A, Mecocci
P, Nobili F, Ousset PJ, Reynish E, Salmon E, Tsolaki M, Vel-
las B, Robert PH (2008) Consistency of neuropsychiatric
syndromes across dementias: Results from the European
Alzheimer Disease Consortium. Part II. Dement Geriatr
Cogn Disord 25, 1-8.

[40] Perrault A, Wolfson C, Egan M, Rockwood K, Hogan DB
(2002) Prognostic factors for functional independence in
older adults with mild dementia: Results from the canadian
study of health and aging. Alzheimer Dis Assoc Disord 16,
239-247.

[41] Brodaty H, Woodward M, Boundy K, Ames D, Balshaw R,
Prime Study Group (2011) Patients in Australian Memory
Clinics: Baseline characteristics and predictors of decline at
six months. Int Psychogeriatr 23, 1086-1096.

[42] Marques SC, Oliveira CR, Outeiro TF, Pereira CM (2010)
Alzheimer’s disease: The quest to understand complexity.
J Alzheimers Dis 21, 373-383.

[43] Novais F, Starkstein S (2015) Phenomenology of depression
in Alzheimer’s disease. J Alzheimers Dis 47, 845-855.

[44] Sierksma AS, van den Hove DL, Steinbusch HW, Prick-
aerts J (2010) Major depression, cognitive dysfunction and
Alzheimer’s disease: Is there a link? Eur J Pharmacol 626,
72-82.

[45] Jones HE, Joshi A, Shenkin S, Mead GE (2016) The effect
of treatment with selective serotonin reuptake inhibitors
in comparison to placebo in the progression of dementia:
A systematic review and meta-analysis. Age Ageing 45,
448-456.

[46] Konishi K, Hori K, Uchida H, Watanabe K, Tominaga
I, Kimura M, Hosoyamada M, Shibasaki T, Kataoka
A, Hachisu M (2010) Adverse effects of anticholinergic
activity on cognitive functions in Alzheimer’s disease. Psy-
chogeriatrics 10, 34-38.

[47] Lohr JB, Caligiuri MP, Edson R, Lavori P, Adler LA,
Rotrosen J, Hitzemann R (2002) Treatment predictors of
extrapyramidal side effects in patients with tardive dyskine-
sia: Results from Veterans Affairs Cooperative Study 394.
J Clin Psychopharmacol 22, 196-200.

[48] Norton S, Matthews FE, Barnes DE, Yaffe K, Brayne C
(2014) Potential for primary prevention of Alzheimer’s dis-
ease: An analysis of population-based data. Lancet Neurol
13, 788-794.

[49] Saunders JA, Morrow-Howel N, Spitznagel E, Doré P,
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