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Abstract
Background: Caregiver burden is a serious concern for family caregivers of dementia pa-
tients, but its nature is unclear in patients with semantic dementia (SD). This study aimed to 
clarify caregiver burden for right- (R > L) and left-sided (L > R) predominant SD versus behav-
ioral-variant frontotemporal dementia (bvFTD) patients. Methods: Using the Japanese version 
of the Zarit Burden Interview (ZBI) and the Neuropsychiatric Inventory, we examined care-
giver burden and behavioral and psychological symptoms of dementia (BPSD) in 43 first-vis-
it outpatient/family caregiver dyads (bvFTD, 20 dyads; SD [L > R], 13 dyads; SD [R > L], 10 dy-
ads). Results: We found a significant difference in ZBI score between the 3 diagnostic groups. 
Post hoc tests revealed a significantly higher ZBI score in the bvFTD than in the SD (L > R) 
group. The ZBI scores in the SD (L > R) and SD (R > L) groups were not significantly different, 
although the effect size was large. Caregiver burden was significantly correlated with BPSD 
scores in all groups and was correlated with activities of daily living and instrumental activi-
ties of daily living decline in the bvFTD and SD (R > L) groups. Conclusion: Caregiver burden 
was highest in the bvFTD group, comparatively high in the SD (R > L) group, and lowest in the 
SD (L > R) group. Adequate support and intervention for caregivers should be tailored to dif-
ferences in caregiver burden between these patient groups. © 2018 The Author(s)
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Introduction

Caregiver burden among family caregivers of dementia patients is a serious concern. 
Caregiver burden is known to increase when caring for patients with behavioral and psycho-
logical symptoms of dementia (BPSD), cognitive dysfunction, low activities of daily living 
(ADL) and instrumental ADL (IADL) scores, and other problems that arise from dementia  
[1, 2].

Compared with noncaregivers, caregivers have higher rates of depressive and anxiety 
disorders [3–5], a lower quality of life [6, 7], a higher risk of hypertension and heart disease, 
decreased immunity, and greater mortality [8]. Caregiver burden is consistently reported to 
be higher for caregivers who work with patients with behavioral-variant frontotemporal 
dementia (bvFTD) than for those working with patients with other forms of dementia, such 
as Alzheimer disease [9–11]. This may be because patients with bvFTD often develop the 
condition at an early age and quickly begin to exhibit changes in personality, interpersonal 
relationships, and behavior.

In contrast, caregiver burden in individuals who care for patients with semantic dementia 
(SD) is generally low [12], although few studies have examined this topic. SD, along with 
bvFTD and progressive nonfluent aphasia, is a subtype of frontotemporal lobar degeneration 
(FTLD), which is a neurodegenerative disorder characterized by selective loss of semantic 
memory associated with focal atrophy of the anterior temporal lobes. SD is associated with 
asymmetrical atrophy of the anterior temporal lobe [13], and patients with right- and left-
sided predominant SD present with a number of distinct symptoms. In particular, individuals 
with right-sided predominant SD (R > L) exhibit prosopagnosia and behavioral change, 
whereas those with left-sided predominant SD (L > R) exhibit severe language disturbance 
(e.g., word-finding difficulties or poor comprehension) [13, 14]. 

It is possible that caregiver burden in SD (R > L) is relatively high compared to that in SD 
(L > R) because of behavioral problems similar to those in bvFTD. However, previous studies 
that focused on caregiver burden for patients with SD have not distinguished between patients 
with right- and left-sided predominant cerebral atrophy. Thus, the purpose of this study was 
to examine caregiver burden for SD patients with right- and left-sided predominant atrophy 
and bvFTD patients, and to identify characteristics of caregiver burden and related factors 
among these subtypes of FTLD.

Methods

Participants
This study was approved by the Human Ethics Review Committee of Kumamoto 

University. Written informed consent was obtained from all patients and their primary care-
givers, who were family members. Participants in this study were first-visit outpatients at the 
Dementia Clinic of the Department of Neuropsychiatry, Kumamoto University Hospital, who 
were recruited at the clinic between April 2007 and April 2016. Participants were diagnosed 
with bvFTD and SD according to the international consensus criteria for probable bvFTD [15] 
and the consensus criteria for the clinical diagnosis of FTLD [16], respectively. 

Patients who fulfilled the above criteria (n = 43) were examined by senior neuropsychia-
trists (M.H. and M.I.) who have sufficient experience with dementia patients. All patients 
underwent routine laboratory tests, neuroimaging studies, such as magnetic resonance 
imaging (MRI) and single-photon emission computed tomography (SPECT), and standard 
neuropsychological examinations. For SD diagnoses, 23 patients were classified into 2 
subgroups, namely left- or right-sided dominant cases, based on the predominance of temporal 
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lobe atrophy observed on MRI and the predominance of temporal lobe cerebral blood flow 
hypoperfusion on SPECT. Left-handed and ambidextrous patients with SD were excluded by 
the Edinburgh Inventory [17]. As a result, we recruited a total of 43 patient/family caregiver 
dyads (bvFTD, 20 dyads; SD [L > R], 13 dyads; SD [R > L], 10 dyads) (Fig. 1).

Measures
We used the Japanese version of the Zarit Burden Interview (J-ZBI) to measure caregiver 

burden [18, 19]. The J-ZBI consists of 22 items concerning the impact of patient disabilities 
on the lifestyle of the caregiver. These items address caregiver health, psychological well-
being, finances, social life, and the relationship between the caregiver and recipient of care. 
Each item is scored on a 5-point Likert scale ranging from 0 to 4. The sum of the scores ranges 
from 0 to 88, and a higher score indicates a higher burden.

We assessed cognitive function using the Mini-Mental State Examination (MMSE) [20] 
and dementia severity using the Clinical Dementia Rating (CDR) [21], which characterizes 6 
domains of cognitive and functional performance. The overall CDR score can then be used to 
classify cognitive function into 1 of 5 levels: no dementia, CDR = 0; questionable demen- 
tia, CDR = 0.5; mild dementia, CDR = 1; moderate dementia, CDR = 2; or severe dementia,  
CDR = 3.

ADL and IADL were assessed using the Physical Self-Maintenance Scale (PSMS) and a part 
of the Lawton IADL scale, respectively [22, 23]. Using the PSMS, 6 domains (i.e., toileting, 
feeding, dressing, grooming, physical ambulation, and bathing) were assessed, and the scores 
ranged from 0 to 6, with higher scores indicating better functioning. Using the Lawton IADL 
scale, 5 domains out of 8 (i.e., using the telephone, shopping, using transportation, handling 
medications, and handling finances) were assessed. Three domains (i.e., preparing food, 
housekeeping, and doing laundry) were excluded from the analysis because of gender differ-

R R R

a b c

Fig. 1. Cases of bvFTD, SD (R > L), and SD (L > R). a Representative bvFTD case. A 65-year-old housewife 
presented with an 8-year history of progressive alterations in her personality and behaviors, such as stereo-
typy and apathy, and word-finding difficulty. Her MRI revealed circumscribed right-sided dominant frontal 
lobar atrophy. b Representative SD (R > L) case. A 60-year-old professional man presented with a 2-year 
history of prosopagnosia, clock-watching or adherence to a strict daily timetable, and increased psychologi-
cal symptoms, such as apathy and depression. He also showed impairments in word comprehension and 
naming. His MRI revealed circumscribed bilateral temporal atrophy, which was more marked on the right 
side. c Representative SD (L > R) case. A 75-year-old female farmer presented with a 3-year history of pro-
gressive difficulty in understanding speech and in naming with semantic paraphasia. A strictly fixed daily 
rhythm that looks like a timetable and psychological symptoms, such as irritability and apathy, were gradu-
ally apparent. Her MRI revealed circumscribed bilateral temporal atrophy, which was more marked on the 
left side. bvFTD, behavioral-variant frontotemporal dementia; SD, semantic dementia; MRI, magnetic reso-
nance imaging.
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ences, that is, women do more housework than men in Japan. The scores range from 0 to 5, 
with higher scores indicating better functioning.

We used the Japanese version of the 10-item Neuropsychiatric Inventory (NPI) [24, 25] 
to assess BPSD. This inventory covers the following 10 domains: hallucinations, delusions, 
agitation/aggression, depression, anxiety, euphoria, apathy, disinhibition, irritability/lability, 
and aberrant motor behavior. The score of each domain is calculated by frequency (1 = less 
than once per week; 2 = once per week; 3 = a few times per week; 4 = once or more per day) 
× severity (1 = mild; 2 = moderate; 3 = severe), and the sum of all scores in each domain repre-
sents the NPI total score (range 0–120).

Statistical Analysis
First, we compared the sociodemographic and clinical characteristics of bvFTD, SD (L > 

R), and SD (R > L) patients using a χ2 test and a one-way analysis of variance (ANOVA) with 
the Tukey post hoc test. Second, we compared the caregiver burden (ZBI total score) between 
the patient groups using a one-way ANOVA. Third, we calculated the mean ZBI scores of each 
CDR severity group in 3 diagnostic groups. Finally, we calculated the Pearson correlation 
coefficient between caregiver burden and patient sociodemographic and clinical features. As 
efficacy measures, we calculated the Cohen η2 and d. The magnitude of the effect size was set 
such that η2 = 0.01 (small), η2 = 0.06 (medium), and η2 = 0.14 (large), and d = 0.2 (small), d = 
0.5 (medium), and d = 0.8 (large).

Results

The participant characteristics are shown in Table 1. We found no significant differences 
between the 3 diagnostic groups in terms of age, gender, education, duration of illness, NPI 
score, and CDR severity. However, we observed a significant difference in MMSE scores 
between the 3 diagnostic groups (F = 3.66, p = 0.035, η2 = 0.16), and a post hoc test showed 
significantly lower scores for the SD (L > R) group compared to the SD (R > L) group (15.3 vs. 
22.8, p < 0.01, d = 1.28). We expect that this is simply a result of heightened semantic 
dysfunction in SD (L > R) patients. There were significant differences between the PSMS and 
Lawton IADL scores in the 3 diagnostic groups, and a post hoc test showed significantly lower 
scores for the bvFTD group than for the SD (L > R) and SD (R > L) groups. Among the care-
givers, 27 (62.8%) were spouses and 31 (72.1%) were female. We found no significant differ-
ences between the 3 diagnostic groups in terms of relationship to patients or gender of care-
givers.

The prevalence of BPSD, as assessed by NPI, is shown in Figure 2. We found no significant 
differences for any symptoms between the 3 diagnostic groups. Apathy/indifference was 
present in more than half of the patients in every group and was especially high in the bvFTD 
group (95.0%). We found agitation and aberrant motor behavior in more than half of the 
patients in the bvFTD group and depression/dysphoria in more than half of the patients in 
the SD (R > L) group.

We found significant differences in ZBI scores between the bvFTD, SD (L > R), and SD  
(R > L) groups (F = 7.1, p = 0.002, η2 = 0.26). A post hoc test revealed that the ZBI scores were 
significantly higher in the bvFTD group than in the SD (L > R) group (p = 0.002, d = 1.51). We 
found no significant differences in ZBI scores between the SD (L > R) and SD (R > L) groups 
(p = 0.166). However, the effect size was large (d = 0.89) (Table 2).

As an additional and preliminary analysis, we calculated the mean ZBI scores of each CDR 
severity group in 3 diagnostic groups only if the number of cases was > 2 in each severity 
group (Fig. 3). In the bvFTD group, the ZBI mean score of CDR = 0.5, 1, 2, and 3 was 27.9, 28.0, 
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42.4, and 44.0, respectively. In the SD (L > R) group, the mean score of CDR = 0.5 and 1 was 
14.6 and 12.5, respectively. In the SD (R > L) group, the mean score of CDR = 0.5 and 1 was 
17.0 and 34.3, respectively.

The correlation coefficients between ZBI scores and other factors are shown in Table 3. 
For all diagnostic groups, the ZBI score was not significantly correlated with patient age, 
duration of education, or duration of illness. The ZBI score was significantly correlated with 
the PSMS and Lawton IADL in the bvFTD group and with the Lawton IADL score in the SD  
(R > L) group. In all groups, the ZBI score was significantly correlated with the NPI score. 
Especially depression/dysphoria was significantly correlated with the ZBI score in the SD  
(L > R) group (r = 0.842, p < 0.001). Although the ZBI score was weakly correlated with the 
MMSE score in the 3 groups, the correlation was not significant. 
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Discussion

To the best of our knowledge, this is the first study to examine the differences in caregiver 
burden and related factors between patients with bvFTD, SD (L > R), and SD (R > L). Our 
results were consistent with those of previous studies that found a high caregiver burden for 
patients with bvFTD [9, 10] even after taking into consideration the severity of the disease. 
These studies reported various behavioral disturbances in patients with bvFTD, the most 
troubling of which included personality changes and lack of empathy. Indeed, these symptoms 
most strongly aggravated the mental health of caregivers [11, 26]. To date, information about 
caregiver burden for patients with SD is scarce. A study by Uflacker et al. [12] showed that, 
compared to bvFTD, SD was associated with a lower caregiver burden. Actually, caregivers of 
patients with SD (L > R) felt a lower burden. However, we found a comparatively high burden 
among caregivers of patients with SD (R > L). A study conducted by Thompson et al. [13] 
revealed that patients with SD (R > L) were more frequently impaired than those with SD  
(L > R) in terms of social awkwardness, job loss, loss of insight, and difficulty with person 
identification. These characteristics of SD (R > L), which sometimes lead to diagnostic 
confusion with bvFTD in the early stages of illness [13], might increase caregiver burden to a 
level comparable with that for patients with bvFTD. As for SD (L > R), the main symptoms are 
associated with language disturbance, and the behavioral symptoms are not prominent in the 
early stages of illness. Thus, it is reasonable to expect that caregiver burden for these patients 
would be lower than that for patients with SD (R > L) and bvFTD. 

However, the participants in this study were first-visit outpatients, i.e., many of them 
were in the early stages of disease. The caregiver burden of patients with SD (L > R) likely 
increases as the frontal and temporal symptoms of the disease gradually emerge [14]. Thus, 
longitudinal changes in caregiver burden represent a valuable topic for future studies.

In addition to differences in the level of caregiver burden, we found that different factors 
were related to the caregiver burden in the different subgroups of FTD. Specifically, care-
givers of patients with bvFTD felt a higher burden when impaired ADL and IADL, and some 
BPSD symptoms, such as agitation, apathy, and disinhibition, were prominent in their patients. 
In our study, we found greater impairment of ADL and IADL in patients with bvFTD, which 
was consistent with previous studies [27]. ADL and IADL would be one of the most important 
related factors in terms of caregiver burden in bvFTD. 

Caregiver burden was equally strongly correlated with BPSD in the 3 diagnostic groups, 
which is consistent with a previous study targeted at patients with FTD [28]. In the SD (L > 
R) group, patient levels of depression were significantly correlated with caregiver burden. 
Many patients with SD (L > R) have insight regarding their language disturbance [13], leading 
to increased patient levels of depression and subsequent emotional burden for their care-

Table 2. Caregiver burden (ZBI score) 

bvFTD 
(n = 20)

SD (L > R) 
(n = 13)

SD (R > L) 
(n = 10)

F p Effect 
size (η2)

Bonferroni post hoc test Effect size (d)

ZBI score 34.0±16.9 12.7±7.7 25.8±20.7 7.1 0.002 0.26
(large)

bvFTD > SD (L > R); p = 0.002
bvFTD, SD (R > L); p = 0.570
SD (R > L), SD (L > R); p = 0.166

1.51 (large)
0.45 (small)
0.89 (large)

Values are means ± standard deviations. ZBI, Zarit Burden Interview; bvFTD, behavioral variant frontotemporal 
dementia; SD, semantic dementia.
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givers. In contrast, patient levels of depression were not correlated with caregiver burden in 
SD (R > L) patients, although more than half of these individuals were depressed. Sabodash 
et al. [29] suggested that SD patients have a higher risk of suicide, especially those with 
depression and insight about their disease. With respect to depression in SD (L > R) and SD 
(R > L), more detailed research is needed, including an examination of the relationship 
between patient levels of depression and caregiver burden. 

The limitations of this study are as follows. First, the sample size was relatively small, 
especially for each type of SD due to the rarity of the disease. However, our sample size was 
comparable to those in previous studies of patients with SD [12, 13, 30] and was sufficiently 
large to perform statistical analyses. Second, this is a cross-sectional study targeted at partic-
ipants who were first-visit outpatients. Hsieh et al. [31] reported that the level of caregiver 
burden in SD increased with the progression of the disease, whereas that in bvFTD remained 
high. Longitudinal investigations would be beneficial in future studies. Third, we could not 
examine the environmental and familial factors associated with caregiver burden. Fourth, 
progressive nonfluent aphasia (PNFA), which is 1 of 3 subtypes of FTD, was not examined in 
our study because of the limited number of participants. The level of caregiver burden in 
PNFA is reported to be lower than that in bvFTD and to be similar to that in Alzheimer disease 
[32]. Further studies should clarify factors associated with caregiver burden in PNFA.

In conclusion, we found that the caregiver burden for patients with SD (L > R) was rela-
tively low, whereas that for patients with SD (R > L) was comparatively high. Caregivers for 
patients with bvFTD had the highest level of burden. Caregiver burden was correlated with 

bvFTD
(n = 20)

SD (L > R)
(n = 13)

SD (R > L)
(n = 10)

Age –0.091 –0.219 0.511
Education –0.092 0.305 –0.060
Duration of illness 0.036 0.154 0.254
MMSE score –0.418† –0.405 –0.621†

PSMS score –0.563* –0.110 –0.594†

Lawton IADL score 
(out of 5 points) –0.519* –0.342 –0.834*

NPI score (subscale) 0.748** 0.790** 0.818**
Delusions – – –
Hallucinations – – –
Agitation/aggression 0.602 0.432 0.530
Depression/dysphoria 0.367 0.842** –0.007
Anxiety 0.246 – 0.592
Elation/euphoria 0.352 – –
Apathy/indifference 0.531 0.379 0.668
Disinhibition 0.449 0.144 0.476
Irritability/lability 0.156 0.394 0.655
Aberrant motor behavior 0.295 0.267 –

ZBI, Zarit Burden Interview; bvFTD, behavioral variant 
frontotemporal dementia; SD, semantic dementia; MMSE, Mini-Mental 
State Examination; PSMS, Physical Self-Maintenance Scale; IADL, 
instrumental activities of daily living; NPI, Neuropsychiatric Inventory; 
–, excluded from analysis because <3 patients had symptoms. **  p < 
0.01, * p < 0.05, † p < 0.1; Bonferroni correction was conducted for each 
NPI subscale.

Table 3. Correlation with ZBI 
(Pearson r) 
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BPSD scores, and factors related to caregiver burden differed between the bvFTD, SD (L > R), 
and SD (R > L) groups. In supporting caregivers, it is necessary to understand the features of 
burden of each type of FTLD and to develop an interventional approach.
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