
Journal of Parkinson’s Disease 13 (2023) 243–254
DOI 10.3233/JPD-223550
IOS Press

243

Research Report

Neuropsychiatric Symptoms and Caregiver
Stress in Parkinson’s Disease with
Cognitive Impairment, Alzheimer’s
Disease, and Frontotemporal Dementia
Yu-Tzu Changa,b, Chi-Wei Huangc, Hsin-I Changc, Shih-Wei Hsud, Chen-Chang Leed,
Shu-Hua Huange, Pei-Ning Wangf,g and Chiung-Chih Changc,∗
aDepartment of Internal Medicine, National Cheng Kung University Hospital, College of Medicine, National
Cheng Kung University, Tainan, Taiwan
bDepartment of Internal Medicine, College of Medicine, National Cheng Kung University, Tainan, Taiwan
cCognition and Aging Center, Department of General Neurology, Institutes for translational research in
biomedicine, Kaohsiung Chang Gung Memorial Hospital, Chang Gung University College of Medicine, Kaoh-
siung, Taiwan
dDepartment of Radiology, Kaohsiung Chang Gung Memorial Hospital, Chang Gung University College of
Medicine, Kaohsiung, Taiwan
eDepartment of Nuclear Medicine, Kaohsiung Chang Gung Memorial Hospital, Chang Gung University College
of Medicine, Kaohsiung, Taiwan
f Department of Neurology, Taipei Veterans General Hospital, Taipei, Taiwan
gDepartment of Neurology, School of Medicine, National Yang-Ming Chia Tung University, Taipei, Taiwan

Accepted 18 January 2023
Pre-press 7 February 2023
Published 14 March 2023

Abstract.
Background: A better understanding of factors associated with caregiver burden might facilitate the construction of coping
strategies to improve their clinical outcomes and the comprehensive care model for dementia.
Objective: To investigate the cognitive and neuropsychiatric domains that contribute to caregiver burden in three types of
neurodegenerative disorders: Parkinson’s disease (PD), Alzheimer’s disease (AD), and frontotemporal disease (FTD).
Methods: Eight hundred and fourteen patients and their caregivers were invited to participate; among them, 235 had PD with
cognitive impairment; 429 had AD, and 150 had FTD. The evaluation protocol included the Neuropsychiatric Inventory (NPI),
the Mini-Mental State Examination, the Chinese Version Verbal Learning Test, the modified Trail Making Test B, semantic
fluency, and a geriatric depression score. Statistical comparisons of the cognitive tests, NPI total scores, and caregiver burden
among the three diagnosed types of dementia, matched for a Clinical Dementia Rating (CDR) of 0.5 or 1, were performed,
and multivariate linear regression models were used to evaluate the parameter significance.
Results: Caregivers for patients with PD and FTD showed significant burden increments when the CDR scores changes from
0.5 to 1. For CDR = 0.5, the PD group had significantly lower caregiver burdens than the AD group, but the NPI total scores
were significantly higher. Factors related to caregiver burden were the presence of delusion among all diagnosis groups, while
the impact of NPI total scores related to caregiver burden was the highest in FTD, followed by AD and PD.
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Conclusions: At the mild to moderate stages, our results suggested different degrees of significance in terms of the cognitive
test scores or NPI subdomains for predicting caregiver stress among the three types of dementia.
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INTRODUCTION

The percentage of individuals in Taiwan aged ≥ 65
years increased from 4.1% in 1980 to 10.7%
in 2010. This increase in the aging population
led to an increase in the prevalence of dementia
[1]. Alzheimer’s disease (AD), Parkinson’s disease
(PD), and frontotemporal disease (FTD) are among
the three most common neurodegenerative entities
leading to dementia [2, 3]. With the advance of neu-
roimaging and molecular biomarkers, more patients
are receiving a clinical diagnosis at the mild cog-
nitive impairment (MCI) phase. The heterogeneity
and subtypes specific to the MCI phases in PD and
AD warrant differences in treatment strategies. MCI
due to AD represents an earlier disease stage prior to
dementia [4, 5]. Similarly, PD-MCI is associated with
increased risks of developing dementia in as many as
80% of PD patients [6].

In common degenerative disorders, an understand-
ing of the factors correlated with caregiver burden
may help to improve coping strategies. Compared
with professionals, family members of dementia
patients often experience greater levels of distress
related to reduced quality of life, mood changes, sleep
disorders, and cardiovascular morbidity and mortal-
ity [7–9]. In a demographic analysis, older caregivers,
assistants without payment, or those who have been
caregivers for longer periods, had poor health sta-
tus, and female caregivers with lower income or
without support were found to have more depressive
symptoms [10]. Under such circumstances, a proper
dementia care model should focus not only on the
patients but also on the caregivers. In suburban Tai-
wan, the care of dementia patients is often provided
by family members who stay with the patients [10].
Proper support leading to better management of neu-
ropsychiatric disturbances may help restore cognitive
abilities in these patients and also relieve the burden
on caregivers.

Given the same dementia subtype, behavior related
to caregiver burden may vary greatly among countries
or cultures, where the caregiver burden will be higher
when the degenerative disorders progress faster [11].
In the literature, a higher caregiver burden among
caregivers to patients with behavioral variant FTD

(bvFTD) was reported compared with those caring
for AD patients [12, 13]. However, a constellation
of factors such as dementia severity, relationships
between caregivers and patients, or the caregiver’s
level of depression may moderate each other [14, 15].
It is still being investigated whether the greater bur-
den in bvFTD is related to the diagnosis per se or
indirectly related due to the younger age of onset,
behavioral patterns, or the stage at diagnosis. A direct
comparison of dementia subtypes, matched for pos-
sible confounding factors, may help to delineate such
relationships.

Factors related to caregiver stress can be com-
plex because the clinical diagnosis, co-morbidities,
neuropsychiatric presentations, cognitive profiles, or
disease stages may interact [16]. Clarification of their
inter-relationship may help to construct a compre-
hensive patient-centered family-oriented healthcare
strategy. To date, limited information is available in
the Asian population on the domains of Neuropsychi-
atric Inventory (NPI) and cognitive profiles related
to caregiver stress among the common degenerative
spectra. Since the usage of NPI for evaluating behav-
ioral symptoms as well as caregiver burden has been
well documented in AD [17], PD-dementia (PDD)
[18], FTD [19], and in patients receiving antipsy-
chotic treatment [20], this hospital-based study was
aimed toward reporting the NPI subdomains and
standardized cognitive test results [21] in three
neurodegenerative subtypes to explore the clinical
weightings among factors related to caregiver stress.

MATERIALS AND METHODS

Study design

A double-center observational study enrolled study
participants treated at the Cognition and Aging Cen-
ter at Kaohsiung Chang Gung Memorial Hospital and
the Department of Neurology at Taipei Veteran Gen-
eral Hospital. The study protocol complied with the
ethical standards established in the Declaration of
Helsinki, and the protocol received approval from the
Institutional Review Board (IRB) at both hospitals
(IRB number: CORPG8N0041).
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Inclusion and exclusion criteria

A total of 814 subjects were included after the
consensus of a panel composed of neurologists, neu-
ropsychologists, neuroradiologists, and experts in
nuclear medicine [16, 22–25]. The NPI and cogni-
tive tests were performed for all participants in the
diagnostic phases, referring to patients who were drug
naı̈ve for acetylcholine esterase or antipsychotic med-
ications.

The AD patients met the criteria of the Diagnos-
tic and Statistical Manual of Mental Disorders, 4th
edition [26] and the probable AD criteria of the
National Institute of Neurologic and Communica-
tive Disorders and the Stroke-Alzheimer’s Disease
and Related Disorders Association [27]. The clini-
cal diagnosis of AD was supported by the results of
the amyloid neuroimaging if the clinical diagnosis
was not reached by the multi-disciplinary team [28].
The criteria for MCI due to AD was confirmed by
the clinical core features and the neuropsychological
tests [4].

The diagnosis of FTD and the three clinical sub-
types were based on the Neary criteria [29], i.e.,
bvFTD, semantic dementia (SD), and progressive
non-fluent aphasia (PNFA). The core features of
SD included impaired confrontation naming and
impaired single-word comprehension [30], while
the PNFA met the diagnostic features of agramma-
tism in language production with effortful, halting
speech with inconsistent speech sound errors and
distortions.

PD-MCI and PDD were diagnosed by the Move-
ment Disorder Society task force criteria [6, 31].
From the literature review, non-amnestic, single-
domain impairment (i.e., any single non-memory
domain) is the most common subtype of PD-MCI [6].
In this study, both single-domain and multi-domain
PD-MCI were included. Because the caregiver bur-
den and dementia functional scores are highly related
and to make the functional severities for comparing
the characteristics in PD-MCI and AD-MCI uni-
form, only patients with Clinical Dementia Rating
(CDR) scores of 0.5 were included for analysis. For
the dementia group, only CDR = 1 were eligible for
enrollment. The patients with PD-MCI or PDD had
Hoehn and Yahr stage 0–2. The rationale for the motor
scale ranges was to control the influence of increased
motor disability on caregiver stress. The exclusion
criteria were a history of clinical stroke, neuroimag-
ing evidence of territorial infarction, or autoimmune
or systemic inflammatory diseases.

Caregiver burden, NPI and cognitive profiles

We used the 12-item version of the NPI [32]
that divided mental/behavioral phenomena into 12
domains and the caregiver stress was accessed by
the NPI-D scale [17]. Only caregivers who stayed
with the patients represented the informants. All of
the 12 NPI domains were rated on symptom fre-
quency from 1 (occasional) to 4 (very frequent),
symptom severity from 1 (mild) to 3 (severe), and
caregiver burden from 0 (none) to 5 (extreme). The
NPI-total score (ranging from 0 to 144) represented
the sum of the subscale variables (frequency x sever-
ity). The sum of the caregiver burden in each domain
of the NPI-D was also calculated (ranging from
0 to 60).

The 30-item Mini-Mental State Examination
(MMSE) and CDR scale were assessed. Verbal
episodic memory was assessed using the Chi-
nese Version Verbal Learning Test (CVVLT) [33].
The sum of the first four learning trials (CVVLT-
total) represented the overall retaining ability of the
episodic memory and the 10 min recalls (CVVLT-
10 min) represented delayed recall ability. The
ability to perform five arithmetic calculations was
assessed, while frontal lobe function was assessed
using digit forward and backward span, verbal flu-
ency, and Modified Trails B tests [34] (correct
numbers and time [maximum = 120 s]). Visuo-
spatial abilities were assessed by the drawing of
pentagons.

Statistical analysis

Statistical significance for intergroup differences
was assessed by a Chi-square test for categori-
cal variables or by an analysis of variance with
a post-hoc analysis for continuous variables, as
appropriate. The Pearson correlation analysis was
used to explore the relationships between the NPI
total score or the NPI burden and the continuous
variables (i.e. demographic or cognitive data). A mul-
tivariate linear regression analysis was performed
to evaluate the influence of the independent vari-
ables on NPI burden or total scores. Only factors
showing significant correlations with the dependent
variable were entered into the regression analy-
sis model. The statistical analysis was performed
using SPSS Statistics 12.0 (SPSS Inc., Chicago, IL,
USA). A p value < 0.01 was considered statistically
significant.
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RESULTS

Baseline characteristics of the study patients

A total of 814 patients completed the study
(Table 1). The demographic data and neuropsychi-
atric tests performance for the three degenerative
disorders are listed in Table 1. Among the diag-
nostic groups, patients with FTD had the lowest
scores on the cognitive tests and the highest in
the NPI scores and caregiver distress levels. The
results may be related to the sample inhomogene-
ity in the CDR scores. Patients with AD (CDR = 0.5,
n = 316, 73.65%; CDR = 1, n = 113) and the PD
groups (CDR = 0.5, n = 202, 85.96%; CDR = 1,
n = 33) showed a higher proportion of patients with
CDR = 0.5 compared with FTD (CDR = 0.5, n = 15,
10%; CDR = 1, n = 135).

Caregiver burdens related to CDR severities in
AD and FTD but not in PD

To investigate whether dementia severity interferes
with the level of caregiver distress, we compared

the differences in caregiver stress between CDR = 0.5
and CDR = 1 in each diagnosis. The caregiver burden
score was significantly higher in CDR = 1 compared
with CDR = 0.5 in AD (CDR: 0.5 vs. 1.0:1.97 vs,
4.74, p < 0.001), and FTD (CDR = 0.5 vs. 1.0:2.09
vs. 10.27, p < 0.001), but not in PD (CDR = 0.5 vs.
1.0:0.64 vs. 2.45, p = 0.064).

Changes in caregiver stress by different
diagnosis groups

While stratifying by the same CDR scores, we
further compared the differences in the caregiver
burden scores between the three diagnosis groups
(Fig. 1A and B, CDR = 0.5; Fig. 1C and D, CDR = 1).
For CDR = 0.5, although the PD-MCI group had the
highest total NPI score, the caregiver distress was
the lowest. Patients with AD-MCI and FTD had
comparable caregiver burdens (Fig. 1A). In the NPI
subdomain analysis, patients with PD-MCI had the
highest percentage of depression and sleep disor-
ders, and the FTD group had the highest percentage
of anxiety and disinhibition (Fig. 1B). Meanwhile,
the caregiver stress in PD-MCI was related only to

Table 1
Demographical characteristics and neuropsychiatric tests in the three diagnostic groups

Clinical diagnosis FTD AD PD

Case numbers 150 429 235

Age (y) 65.1 (7.0) ∗ 72.7 (8.8)
§

64.4 (11.0)

Education (y) 9.9 (5.3) 7.0 (5.0) ∗,
§

8.8 (5.0) #

Sex (male/female) 76/74∗ 191/238 134/101
§

Mini-Mental State Examination 15.5 (7.4) ∗,# 20.4(6.1)
§

24.5 (5.0)
case numbers of CDR 0.5 and CDR 1 n = 15; n = 135 n = 316; n = 113 n = 202; n = 33
Memory test

CVVLT-total 12.8 (7.9) ∗,# 18.5 (7.3)
§

22.7 (6.4)

CVVLT-10 min recalls 1.6 (2.3) ∗,# 3.2 (3.1)
§

5.4 (2.7)
Frontal-executive test

Digit forward 6.8 (1.6) ∗,# 7.2 (1.4) 7.2 (1.6)

Digit backward 3.2 (1.3) # 3.1 (1.5)
§

3.8 (1.5)

Modified Trails B tests time (s) 105.0 (28.2) # 100.4 (31.9)
§

88.1 (34.8)

Modified Trails B tests scores 7.2 (4.8) # 6.4 (5.3)
§

9.2 (5.1)

Verbal fluency 6.2 (5.1) ∗,# 10.6 (4.8)
§

13.0 (4.8)

Calculations 2.7 (1.7) ∗,# 3.5 (1.5)
§

4.0 (1.2)

Visuospatial-Pentagone 0.5 (0.5) ∗,# 0.6 (0.5) 0.7 (0.5)

Geriatric depression score 3.6 (3.3) 3.8 (3.5) 5.0 (3.9) #,
§

NPI total scores 19.3 (18.1) ∗,#,
§

6.5 (9.5)
§

8.7 (10.2)

NPI caregiver burden 9.7 (9.8) ∗,#,
§

2.6 (5.0) 0.9 (3.0)

Data are presented as mean (standard deviation) or number (percentage; %) CVVLT, Chinese version
verbal learning test; NPI, Neuropsychiatric Inventory; CDR, Clinical Dementia Rating; FTD, fron-
totemporal disease; AD, Alzheimer’s disease; PD, Parkinson’s disease. ∗p < 0.05 FTD compared with

AD; #p < 0.05 FTD compared with PDD;
§
p < 0.05 AD compared with PD.
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Fig. 1. Different diagnosis groups in caregiver stress, Neuropsychiatric Inventory (NPI), and Mini-Mental State Examination (MMSE)
stratified by the same Clinical Dementia Rating (CDR) score. The blue bar represents CDR 0.5 and the red bar is CDR = 1. PD, Parkinson’s
disease; AD, Alzheimer’s disease; FTD, frontotemporal disease; PDD, Parkinson’s disease dementia. ∗p < 0.05.

the frequency (r = 0.379, p < 0.01) but not the sever-
ity (r = 0.211, p = 0.27) or frequency∗Severity scores
(r = 0.3, p = 0.11).

For CDR = 1, while the MMSE scores were com-
parable among the three diagnosis groups, patients
with FTD had the highest total NPI scores and care-
giver distress scores (Fig. 1C). The FTD patients also
had the highest percentage of the NPI subdomains
(Fig. 1D) except in the hallucination domain.

Relationships between the cognitive tests scores
and caregiver burden among the three diagnosis
groups

Age and educational levels were not related to total
NPI scores or caregiver burden (Table 2). The cogni-
tive test scores showed inverse correlations with total
NPI scores, but the domains affected were different
among the diagnoses. In AD, the caregiver burden
was significantly correlated with memory and exec-
utive scores, while the caregiver burden in the FTD
and PD groups was related to the frontal-executive
test.

The relationships between the NPI scores and
caregiver burden were significantly correlated

in all diagnosis groups (correlation coefficient:
FTD > AD > PD). There were dissociations between
diagnosis and caregiver-NPI relationships in that
FTD showed significance only in the dementia stage,
while PD showed it in the CDR = 0.5 stage.

Factors predicting caregiver burden among the
three diagnosis groups were further analyzed using
the multivariate linear regression models (Supple-
mentary Table 1). The results suggested that caregiver
burden in FTD and PD was only related to the total
NPI scores. In AD, the MMSE, delay recalls, and
NPI total scores were all significantly related to the
caregiver burden scores.

Relationships between cognitive test
performance and NPI total scores among the
three diagnosis groups

Factors predicting total NPI scores are shown in
Supplementary Table 2. None of the selected cogni-
tive tests significantly predicted the total NPI scores
among the three groups. For AD and PD, the NPI
scores were related to the geriatric depression scores.
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Table 2
Correlations between Cognitive test scores and NPI total scores (or Caregiver Burden)

Frontotemporal disease Alzheimer’s disease Parkinson’s disease

NPI-total burden NPI-total burden NPI-total burden

Age (y) 0.07 0.11 0.06 0.09 –0.10 0.07
Education (y) –0.07 –0.15 –0.10 0.00 –0.08 –0.09
Mini-Mental State Examination –0.15 –0.14 –0.12∗ –0.20∗ –0.05 –0.17∗
Gender 0.544 0.432 0.72 –0.975 0.849 0.510
Memory test

CVVLT-total –0.03 –0.07 –0.05 –0.13∗ –0.02 –0.06
CVVLT-10 min recalls –0.09 –0.07 –0.01 –0.16∗ 0.00 –0.08

Frontal-executive test
Digit forward –0.17 –0.18∗ –0.11∗ –0.05 –0.05 –0.07
Digit backward –0.11 –0.19 –0.13∗ –0.03 –0.07 –0.13
Modified Trails B tests time (s) 0.17 0.14 0.15∗ 0.12∗ 0.03 0.09
Modified Trails B tests scores –0.17 –0.17 –0.14∗ –0.12∗ –0.05 –0.19∗
Verbal fluency –0.04 –0.03 –0.08 –0.09 –0.04 –0.11
Calculations –0.22∗ –0.20∗ –0.11∗ –0.08 –0.07 –0.10

Visuospatial-Pentagone –0.25∗ –0.20∗ –0.10 –0.05 –0.10 –0.06
Geriatric depression score 0.04 0.10 0.29∗ 0.08 0.36∗ 0.02
All patients : NPI-total score – 0.80∗ – 0.3∗ – 0.16∗

CDR = 0.5: NPI-total score – –0.113 – 0.292∗∗ – 0.222∗
CDR = 1: NPI-total score – 0.803∗∗ – 0.3∗∗ – 0.163

NPI, Neuropsychiatric Inventory; NPI-total, sum of 12 domains in the NPI (frequency x severity); burden, sum of caregiver burden in 12
domains in the NPI. ∗ p < 0.05; numbers indicate Pearson Correlation Coefficient or Mean difference (after Gender).

NPI subdomains and caregiver burden stratified
by dementia severity

Since the functional severities using the CDR
revealed different impacts on the relationships
between total NPI scores and caregiver burden, a cor-
relation analysis between NPI caregiver burden and
each subdomain score was first conducted, followed
by a multivariate regression analysis to evaluate their
independent roles on the caregiver burden (Table 5).
The results suggested that in AD and PD, the pres-
ence of irritability was related to greater caregiver
burden at the MCI stage. For the dementia stage of
CDR = 1, the presence of delusions was related to a
greater caregiver burden in all three groups, and the
presence of hallucinations in the AD and FTD groups
was also related to a greater caregiver burden.

Comparisons of neuropsychiatric scores among
the FTD subtypes

Among patients of FTD with CDR = 1, we further
compared whether the diagnosis of FTD subtypes
affected the caregiver burden scores (Table 3). The
analysis showed no significant in-group differences
in the NPI caregiver burden or the total scores. In
the cognitive domains, however, semantic demen-
tia showed significantly lower scores in the MMSE,
memory tests, digit forward, and verbal fluency com-
pared with bvFTD. Meanwhile, the PNFA patients

also had lower MMSE scores and total memory test
scores compared to the bvFTD patients. In contrast
with the cognitive test, the bvFTD patients had the
highest presentation of NPI subdomains, especially
the subdomains of anxiety, hallucination, and aber-
rant motor behavior (Fig. 2).

DISCUSSION

Major findings

The study explored factors related to caregiver
burdens in three common degenerative diseases
matched for dementia functional severity. There were
three major findings. First, the caregiver burden was
affected by the interactions between diagnosis and
disease severity. The cognitive and neuropsychiatric
domains also contributed different weightings. Over-
all, the total NPI score was the most important factor
related to the caregiver burden among the three dis-
ease spectrums (Supplementary Table 1). Significant
interactions in dementia severity and the diagnostic
group were evident in the caregiver burden scores.
The paradoxical findings of higher NPI scores but
lower burdens in the PD-MCI compared with the
AD-MCI suggested differences in mechanisms medi-
ating caregiver stress (Fig. 1). Such interactions were
also true for FTD in the dementia stage because the
total NPI scores and burden were significantly higher
based on equivalent cognitive test scores compared
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Table 3
Neuropsychiatric data in frontotemporal dementia subtypes

bvFTD (n = 67) PNFA (n = 27) SeD (n = 27)
Mean SD Mean SD Mean SD

NPI Caregiver burden 11.9 9.5 7.4 8.5 9.5 10.9
NPI total scores 24.5 18.3 16.0 17.2 16.9 17.5
MMSE 17.2 6.4 13.6 a 7.3 11.6 b 6.7
Memory test

CVVLT-total 16.0 6.6 10.5 a 8.7 7.9 b 7.0
CVVLT-10 min recalls 1.9 2.3 1.6 2.6 0.3 b,c 0.7

Frontal-executive test
Digit forward 7.1 1.4 6.4 2.0 6.1 b 1.7
Digit backwards 3.1 1.1 3.4 1.4 2.7 1.3
MTBT Time (s) 104.4 27.3 116.7 12.7 105.9 29.5
MTBT scores 7.4 4.7 6.1 4.9 7.3 5.3
Verbal Fluency 7.6 4.9 5.1 4.0 3.5 b 4.2

Pentagone 0.5 0.5 0.5 0.5 0.5 0.5
Geriatric depression score 3.4 3.3 3.0 3.2 4.2 3.5

NPI, Neuropsychiatric Inventory; SD, standard deviation; MTBT, Modified Trails B tests; CVVLT, Chinese version
verbal learning test; MMSE, Mini-Mental State Examination; bvFTD, behavior variant frontotemporal dementia;
PNFA, progressive non-fluent aphasia; SeD, semantic dementia. All the FTD patients have a clinical dementia rating = 1.
ap < 0.05 between bvFTD and PNFA; bp < 0.05 between bvFTD and SeD; cp < 0.05 between SeD and PNFA.

Fig. 2. Comparisons of neuropsychiatric inventory presentations in 3 subtypes of frontotemporal dementia. bvFTD, behavior variant
frontotemporal dementia; PNFA, progressive non-fluent aphasia; SD, semantic dementia.

with patients with either AD or PD (Fig. 1). Second,
the age and educational levels of the patients were not
related to the caregiver burden. Although some cog-
nitive domains showed significant correlations with
caregiver burden in PD or FTD, the cognitive scores
were not significant after entering into the regression

model with NPI (Supplementary Table 1). In contrast,
the delayed memory recall, MMSE scores, and NPI
scores were related to caregiver burden in AD (Sup-
plementary Table 1). Finally, the presence of any NPI
symptom may not explain the related caregiver bur-
den because the symptom and burden correlation was
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not consistent among the three diseases (Supplemen-
tary Table 3).

Caregiver burden in the PD spectrum and
comparisons with AD

PD-MCI is defined by clinical, cognitive, and
functional criteria [6]. Our patients with PD-MCI
had higher total NPI scores, percentage of depres-
sion, and sleep disorders compared with AD-MCI,
but the caregiver burdens were significantly lower.
This dissociation may be explained partly by the
NPI domains being affected in PD-MCI. PD-MCI
caregivers experience elevated levels of caregiver dis-
tress related to physical health problems or lower
economic loads compared with those with normal
cognition [35]. Previously, retaining hallucination-
specific insight has been accessed in patients with PD
and the hallucination-specific insights were related to
higher severity and MMSE scores [36]. The caregiver
burden in hallucination was related to the frequency
of hallucination rather than the severities in our PD-
MCI. The retained insights of these PD-MCI patients
in visual hallucination can explain the caregiver
burden.

There is a paucity of research regarding care-
giver outcomes in PD-MCI. Based on our results,
we inferred several possible explanations. First, our
PD-MCI analysis suggested the greatest weighting of
irritability and hallucinations in predicting caregiver
distress, which was in contrast to AD-MCI showing
agitation, delusion, depression, and irritability (Sup-
plementary Table 3). The differences in NPI clusters
may have affected the degree of caregiver stress. The
prevalence of delusion in AD varies [37], but studies
in Taiwan have reported that delusions are the most
distressing symptom for AD caregivers [38, 39]. In
fact, symptoms of delusion in AD among ethnic Chi-
nese have been reported more frequently than among
Caucasians [40]. Another study in Hong Kong sug-
gested high collinearity of delusional disorders with
hallucinations, aggressiveness, and affective distur-
bances in elderly Chinese AD patients [41], which
was consistent with the clustering of the NPI sub-
domains shown in AD-MCI here.

Second, the clinical diagnosis may directly inter-
fere with the level of caregiver stress at the MCI stage.
The existing PD-MCI criteria emphasize the absence
of significant functional impairment resulting from
cognitive impairment as the primary feature [31]. In
such a context, most patients with PD-MCI still man-
age their medications and/or finances, which might

lead to a lower caregiver burden. There were signifi-
cant correlations between the MMSE scores and the
caregiver burden scores in AD and PD in this study.
With higher MMSE scores in PD-MCI, the lower
burden in PD-MCI might have reflected the relative
intactness of general cognitive performance on the
equivalent functional scale. In our PD-MCI patients,
the relationship between total NPI scores and care-
giver burden was also lower than that in the AD-MCI
patients.

In fact, there are challenges in terms of separat-
ing contributions of cognitive, behavioral, and motor
deficits to caregiver load. Theoretically, the progres-
sion from PD-MCI to PDD should increase caregiver
burden incrementally, yet another interesting finding
here was that caregiver burden in PD-MCI and PDD
were not significantly different. These results could
be related to the fewer case numbers in the PDD
group. Alternatively, deterioration of motor function
along with a decline of cognitive ability may not nec-
essarily lead to a greater caregiver burden in PDD
from the perspective of care load. Our study pointed
out that only delusion, but not other subdomains or
total NPI scores (r = 0.148, p = 0.462), was a signif-
icant predictive factor of greater caregiver burden in
PDD (Table 5). Other studies have suggested that the
presence of delusion and hallucinations (psychosis
cluster), agitation or total NPI scores, instead, are
associated with higher caregiver distress scores in
PDD [18, 42].

Although our regression model emphasized the
role of total NPI scores in PD caregiver burden, the
correlation analysis also supported the clinical sig-
nificance of the MMSE and Modified Trails B test
scores. Both PD-MCI and PDD patients have vari-
ous levels of memory and executive deficits [43–45].
The longitudinal brain-behavior study also pointed
out that PD with more posterior cortical basis symp-
toms represents a cognitive syndrome that can be
distinguished from the based symptoms [46]. Fur-
ther study should include the subtypes of PD-MCI to
understand whether caregiver burdens are driven by
such differences.

Relationships of caregiver burden in FTD and
differences from AD in the early dementia phase

Evidence has shown that caregivers of FTD
patients report higher levels of general burden, and
feel less competent than AD caregivers [12]. In our
study, most patients with FTD received diagnostic
consultations when the CDR scores were 1. Although



Y.-T. Chang et al. / Caregiver Burden in Dementia Patients 251

the CDR may not be a suitable tool for functional
evaluations of FTD patients, the criticism related to
the use of the CDR was because the included items
might lead to an under-estimation of functional abil-
ity in FTD patients. In such cases, patients with FTD
received consultations at a later phase than those
with AD. Focusing on both groups at the dementia
phase, the caregiver burden scores for the patients
with FTD were related to the delusion and hallu-
cination subdomains, similar to those for the AD
caregivers. By using multivariate linear regression
models, we found that higher beta values (Supple-
mentary Table 1) were seen in FTD compared with
AD for predicting caregiver stress using NPI total
scores. The higher proportions of other NPI subdo-
mains in the FTD patients also implied stronger links
among overall severities and frequencies in all NPI
domains.

Recently, one report from China focusing on a total
of 214 patients with FTD, diffuse Lewy body demen-
tia, and AD pointed out the highest caregiver burden
in bvFTD [47]. The same trend for higher caregiver
burden in FTD was found in our study. Unique to
this study, we divided the FTD patients based on the
diagnostic criteria and found that the caregiver bur-
den was not significantly different among the three
subtypes of FTD.

The severity of agitation [19], apathy [12], and
mood disturbances have been associated with greater
caregiver burdens in bvFTD, while a lack of rela-
tionship between caregiver burden with degree of
cognitive impairment or functional severities has also
been reported [48]. We compared the behavioral
changes among three FTD subtypes, where hallu-
cination and appetite were two key features that
distinguished the subtypes. However, only halluci-
nation was related to greater caregiver burden.

For the cognitive domains, the FTD caregiver bur-
den in this study was found to be correlated to the
cognitive scores for digit forward, calculation, and
visuospatial ability although the clinical weightings
were less than the NPI scores (Table 2). Since the
bvFTD, SD, and PNFA showed significant differ-
ences in the cognitive profiles, it is possible that the
significant correlation between the cognitive tests and
caregiver burden was not driven by the diagnosis
per se.

Limitations

There were some limitations in this study. First,
because this was a two-center observational study, the

inter-rater reliability of the NPI may not have been
completely consistent, and thus some important asso-
ciations might have been lost. However, we used the
NPI because it is a highly structured instrument with
high test-retest reliability, and our raters completed a
training session before the study which minimized the
potential bias. Second, we stated that the clinical pro-
files were collected at the drug-naı̈ve phase to avoid
possible confounding by medications, but strictly
speaking, the definition may not have been applicable
to the PD-MCI or PDD groups. Dopaminergic agents
and several antiparkinsonian agents, commonly used
for motor function restoration in PD, have behavioral
effects and may thus have contributed to neuropsychi-
atric presentation in our PD-MCI and PDD groups.
Drug-related influences on the NPI domains in PD-
MCI or PDD should be considered clinically relevant,
in particular, visual hallucinations [49]. Meanwhile,
those using antipsychotic drugs were not considered
to be eligible in this study. Taken together, NPI symp-
toms may have been more common in our PD cohorts.
Third, the results for PD and FTD could have been
driven by the PD-MCI and FTD with dementia. The
selection of cases showing sample inhomogeneity in
terms of functional severity may limit the general
application to FTD at the non-dementia stage and in
PDD. However, the sample distribution pattern may
reflect the real-world situation for patients searching
for behavior neurologist consultations. The statisti-
cal analyses were performed based on two functional
severities, and the discussion only emphasized the
PD-MCI or FTD, using MCI or dementia due to AD
as a contrast, to delineate possible coping strategies.
Fourth, the mean total NPI scores of the patients in
our studies vary from 6.5 in AD to 19.3 in FTD, care-
giver burden ranging from 0.9 in PD to 9.7 in FTD
and CDR were limited to 0.5 and 1. It indicated that
many of the enrolled patients were at the relatively
earlier clinical stage and the generalization of our
study results to the whole PD, AD, and FTD popu-
lation should be cautious. Finally, there was clinical
heterogeneity in the AD-MCI and PD-MCI, but our
study did not classify them into different subtypes
due to sample size considerations. The evaluation of
functional performance in PD-MCI using CDR = 0.5
may not have been fully consistent with those for
AD. Although we had selected PD-MCI or PDD at
earlier cognitive stages, the disabilities in PD-MCI or
PDD may cause greater caregiver burden from motor
symptoms rather than cognition. The use of NPI-D
may underestimate the overall burden in PD com-
pared with AD or FTD which had predominantly
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cognition or behavior symptoms. Further develop-
ment of applicable functional scores combining the
impacts of motor, behavioral, and cognitive deficits
for AD and PD may better delineate the weighting of
each factor.

CONCLUSION

Disease-related neuropsychiatric comorbidities
may be important determinants for relieving care-
giver distress in terms of proposing treatment
strategies. Clinical diagnosis, NPI total scores, NPI
symptom clusters, and cognitive profiles predicted
caregiver burden differently among the three com-
mon degenerative disorders under investigation in
this study. At the MCI stage, PD caregivers had a
lower caregiver burden although the total NPI scores
were higher than those for MCI due to AD. After
progression to the dementia phase, FTD caregivers
encountered the highest burden, but the differences
in the burden scores among the three FTD subtypes
were not found to be significantly different.
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