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Abstract
Background: Dementia caregivers frequently report high stress, with increased burden as-
sociated with worse outcomes for both patients and caregivers. Although many studies relate 
clinical phenotypes to burden, the relationship between imaging pathology and burden, ir-
respective of diagnosis, is unknown. This study investigated the relationship between care-
giver burden and patient regional cerebral blood flow in dementia. Methods: Seventy-sev- 
en patients with cognitive impairment undergoing brain perfusion single-photon emission 
computed tomography imaging in normal clinical care and their caregivers were recruited. 
Caregiver burden was ranked from “little” to “severe” using the Zarit Burden Interview and 
perfusion values extracted from the patient images for predefined regions of interest. The 
associations between burden score and regional function on imaging were tested. Results: 
Burden score was significantly higher for caregivers of patients with abnormal perfusion com-
pared to those with normal perfusion in the left and right frontal, right parietal, and right 
temporal lobes. No difference in burden was found in the left parietal or temporal groups. 
Correlations showed that a higher caregiver burden was associated with lower patient perfu-
sion scores in the same regions. Conclusion: Caregiver burden is strongly related to the ex-
tent of frontal or right-predominant parietal or temporal lobe dysfunction. Regional abnor-
mality on perfusion imaging can be used to facilitate identification of individuals who are 
likely to create a high burden on caregivers. © 2018 The Author(s) 
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Introduction

Caregiver burden refers to the adverse effects perceived or experienced in caring for 
another person and may include psychological or physical feelings of stress, pressure, or 
fatigue. Factors found to increase caregiver burden in dementia include behavioural distur-
bances and patient apathy [1–3], patient dysfunction in memory and recognising emotions 
[4], and dementia severity [5]. The dementia subtype of frontotemporal dementia (FTD), in 
particular the behavioural variant, is particularly linked with high caregiver burden [5, 6].

Identification of caregiver burden is important, with burden associated with depression 
and decreased quality of life for caregivers and with dementia patient institutionalisation [2, 
7, 8]. If burden is identified, implementation of caregiver and patient interventions has the 
potential to reduce caregiver burden [9], improve caregiver depression [10, 11], delay patient 
institutionalisation [12, 13], and improve caregiver quality of life [11, 14].

The Zarit Burden Interview (ZBI) is considered a principal instrument in measuring care-
giver burden in dementia [15]. The instrument includes items addressing the effects of care-
giving on multidimensional aspects of the caregiver’s life, including areas of quality of life, 
health, and eliciting negative thoughts/emotions. Several versions of the instrument are in use, 
all considered to possess sound psychometric properties of reliability and validity and suggesting 
an underlying two-factor structure reflecting “personal strain” and “role strain” [16].

Neuroimaging is commonly used to aid dementia diagnosis and provide information on 
dementia subtype. Perfusion single-photon emission computed tomography (SPECT) is a 
functional imaging technique that gives an indirect measure of brain function at rest that is 
commonly used to aid dementia diagnosis. Perfusion SPECT imaging gives good sensitivity 
and specificity for dementia prediction, with regional patterns of reduced function suggesting 
dementia subtype in addition to providing information on dementia severity and prognosis 
[17, 18]. The direct correlation between regional deficits on perfusion SPECT imaging and 
presenting symptoms in an individual is well defined. Individuals with frontal regional deficits 
commonly present with behavioural, personality, or language changes, individuals with 
temporal deficits often show language or memory symptoms, and those with posterior 
deficits can show visuospatial processing and spatial mapping difficulties. However, the use 
of regional imaging to predict care needs and caregiver burden in a clinical setting is not well 
studied. The demonstration that abnormality within specific regions on imaging predicts 
caregiver burden, irrespective of dementia subtype or formal diagnosis, opens the way to 
better targeting of interventions for those at high risk of caregiver strain.

This study aimed to investigate the relationship between caregiver burden and patient 
regional functional deficits on perfusion imaging.

Methods

Participants
The participants involved in this study gave written informed consent to join the Research 

Ethics Committee-approved Brain Imaging in Dementia (BraIID) study. All patient partici-
pants from the BraIID study had reported cognitive decline at the time of recruitment and 
underwent perfusion hexamethylpropyleneamine oxime-SPECT (HMPAO-SPECT) imaging as 
part of the diagnostic process. The companions of patients were also recruited to provide 
information on patient and caregiver characteristics, including caregiver burden as assessed 
by the ZBI, clinical staging by the Clinical Dementia Rating (CDR) scale [19], behavioural 
assessment using the Cambridge Behavioural Inventory (CBI) [20, 21], and functional activity 
using the Functional Activities Questionnaire (FAQ) [22].
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The data from 77 consecutive patients recruited to the BraIID study at the time of 
perfusion SPECT imaging, with a companion who knew them in a personal capacity, were 
analysed.

Demographics and Neuropsychological Data
Demographic information was collected from patient participants at the time of consent. 

Companions of patients completed the 22-item ZBI [23] and an informant-rated CDR, CBI, and 
FAQ within 2 weeks of patient scanning.

Perfusion SPECT Imaging
Perfusion SPECT imaging was completed in all cases using a 99mTc-HMPAO tracer. HMPAO 

scans were acquired on a GE Infinia 3/8 HK4 dual-head gamma camera equipped with low-
energy high-resolution collimators, following a circular orbit over 360°, 180° arc for each 
detector, with the radius minimised for each patient. The total number of projections was 
120, each acquired for 25 s, with a 20% symmetrical energy window centred on the 140 keV 
photopeak; the matrix size was 128 × 128 and the applied zoom was 1.33, which resulted in 
a pixel size of 3.32 mm. The images were checked for movement and reconstructed using a 
filtered back projection method with attenuation correction.

In preparation for statistical analysis, the HMPAO-SPECT reconstructed images were 
spatially normalised to a standard structural template and smoothed with a 16-mm kernel 
using Statistical Parametric Mapping 8 (SPM8) [24]. Cerebellar normalisation was also 
completed using in-house MATLAB code, correcting for age.

Regions of interest for the frontal, temporal, and parietal lobes were created using the 
WFU PickAtlas software and the Automated Anatomical Labelling digital atlas [25–27]. The 
Automated Anatomical Labelling digital atlas is set in the Montreal Neurological Institute 
space. Average normalised voxel value counts were obtained for each region of interest using 
the SPM8 MarsBaR toolbox for both patients and controls, giving a quantitative indication of 
perfusion [28]. Perfusion regions of interest for each individual were classified as normal or 
abnormal using a two standard deviation cut-off from 31 age-matched controls.

Statistical Analysis
The ZBI score was divided into those with little to no burden (score 0–20), mild to 

moderate burden (score 21–40), and moderate to severe and severe burden (score 41–88) 
as per recommended ZBI cut-offs. The moderate to severe and severe burden groups were 
combined due to the small number of individuals in the severe burden group (n = 3).

SPM8 voxel-based imaging comparisons comparing burden groups with controls to 
identify patterns of abnormally reduced perfusion were completed. Mann-Whitney U tests 
were used to compare mean ZBI scores across the same brain regions of interest. Correlation 
analysis compared ZBI total scores and perfusion values within regions of interest. Follow-up 
exploratory analyses using Spearman rho (p < 0.01 uncorrected threshold) tested for asso-
ciations between specific ZBI items and regional perfusion values to identify whether specific 
patient regional deficits were associated with particular profiles of caregiver burden. The 
influence of age, patient and caregiver sex, CDR sum of boxes score, CBI total and domain 
score, and FAQ score on caregiver burden was also assessed using χ2 and Kruskal-Wallis 
testing. The CBI score for each domain and the total score were converted into a percentage 
of impairment: 0–25% was classified as mild, 26–50% as moderate, 51–75% as severe, and 
> 75% as very severe. This grading system was based on prior studies that have investigated 
the CBI tool [21, 29].
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Results

Participant Demographics
The patient demographics are shown in Table 1. Caregivers in our sample were mostly 

female (71%) and a spouse or partner of the patient with cognitive complaints (80%), 
although some were siblings (8%), adult children (8%), and friends (4%). Caregivers had a 
median ZBI score of 23, ranging from 0 to 72 points out of 88. There were slightly more male 
than female patients (65%), with a median caregiver-rated CDR score of 0.5 and a median 
functional activity score of 9 out of 30. The mean age of patients was 69 years (standard devi-
ation 8.34). The majority of patients were living with their spouse or partner (88%) and were 
retired or not working due to illness (84%), although a small percentage were still working 
at the time of recruitment (10%; working status unknown in 6%). Most individuals were 
right-handed (89%), with a small number being left-handed (7%; 4% unknown). The burden 
score was not related to either caregiver or patient sex; however, burden groups differed 
significantly with respect to age (χ2[2, n = 77] = 10.33, p = 0.006). On average, those with none 
to little burden were younger than those with mild to moderate or with moderate to severe 
burden. Age, however, did not appear to influence perfusion imaging group status (normal 
versus abnormal).

Associations between Caregiver Burden Group and Patient Regional Abnormality
When comparing ZBI burden groups against controls on a voxel by voxel basis using 

SPM8 (Fig. 1), burden score was shown to be strongly associated with global brain dysfunc- 
tion, with patient global perfusion decreasing with increasing caregiver burden (Table 2). In 

Table 1. Participant demographics grouped by the ZBI

Little to 
no burden

Mild to 
moderate burden

Moderate to 
severe burden

p value

Total number 31 32 14 –
Patients, male/female ratio 16/15 24/8 10/4 ns
Companions, male/female ratio 12/19 7/25 3/11 ns
Patient handedness, right/left/unknown 29/1/1 28/4/0 12/0/2 ns
Patient age, years (mean ± SD) 65.6±8.36 72.2±8.25 69.8±5.54 0.006
Patient global CDR score, median (range)1 0.5 (0–1) 0.5 (0.5–3) 1.0 (0.5–2) 0.006
Patient FAQ score (mean ± SD)1 7.27±1.23 12.0±1.09 13.9±2.55 0.005

CDR, Clinical Dementia Rating; FAQ, Functional Activities Questionnaire; ns, not significant; SD, standard deviation; ZBI, Zarit 
Burden Interview. 1 Total FAQ score: n = 71; CDR score: n = 61.

Table 2. Imaging region of interest Z scores for each burden group when compared to perfusion SPECT controls

Global Frontal Parietal Temporal

left right left right left right

Little to no burden –0.92 –0.85 –0.92 –1.10 –1.02 –0.92 –0.74
Mild to moderate burden –1.82 –1.42 –1.53 –1.96 –1.88 –1.78 –1.73
Moderate to severe burden –2.10 –2.18 –2.42 –1.98 –2.20 –1.55 –1.84

Burden grouping was completed using the Zarit Burden Interview. SPECT, single-photon emission computed tomography.
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addition, burden was also associated with specific regional brain dysfunction. The moderate 
to severe burden group showed a predominantly frontal and right hemisphere reduction in 
patient perfusion when compared to controls. Those with mild to moderate burden showed 
a main area of reduced patient function in the left temporoparietal region around the angular 
gyrus, with generalised reduced function across the rest of the brain.

A Mann-Whitney test comparing regions and burden indicated that the ZBI total score 
was higher for individuals with abnormal frontal lobe perfusion (left frontal: U = 408.5, p < 
0.05; right frontal: U = 491.0, p < 0.05) than those with normal perfusion in these regions. The 
total ZBI score was worse in those with right parietal (U = 500.5, p < 0.05) and right temporal 
(U = 431.5, p < 0.01) abnormal perfusion. No difference was seen in total ZBI scores between 
the abnormal and normal left hemisphere parietal and left hemisphere temporal region 
groups.

Correlations between Burden Score and Perfusion Values
Spearman rho correlations between ZBI total score and cortical regions showed negative 

correlations indicative of higher caregiver burden associated with lower patient perfusion 
scores. The ZBI total score correlated negatively and significantly with both left (rs = –0.337, 
p = 0.003) and right (rs = –0.369, p < 0.001) frontal regions, left (rs = –0.304, p = 0.007) and 
right (rs = –0.313, p = 0.006) parietal regions, and right temporal (rs = –0.336, p = 0.003) 
region. The left temporal region was not significantly correlated (rs = –0.217, p = 0.058).

Exploratory correlation analysis between individual item-region correlations revealed 
both item generalisation and specificity (all p < 0.01; see online suppl. Table 1, www. 
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Fig. 1. SPM8 t-maps showing areas of reduced perfusion (heat scale) in individuals with little to none, mild 
to moderate, and moderate to severe burden as measured by the Zarit Burden Interview when compared to 
controls (p < 0.05, family-wise error corrected). Ant, anterior; Post, posterior; SPM, Statistical Parametric 
Mapping.
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karger.com/doi/10.1159/000486479). Items that significantly correlated with perfusion 
scores across all regions included those measuring stress and impact on health. In contrast, 
items measuring patient demands, personal time constraints, privacy, and social life were 
specific to the frontal regions, with right-sided dominance. The frontal and right temporal 
regions also correlated significantly with embarrassment and dependency.

Influencing Covariates
The CDR global score, indicating dementia symptom severity, was significantly different 

between burden groups (H[2] = 10.3, p = 0.006), and CDR showed a moderate positive corre-
lation to burden score (rs = 0.355, p < 0.005). Partial rank correlations correcting for CDR in 
the relationship between burden and regional perfusion showed that significance remained 
for the right frontal (rs = –0.273, p = 0.035), left parietal (rs = –0.283, p = 0.028), right parietal 
(rs = –0.317, p = 0.014), and right temporal (rs = –0.376, p = 0.003) regions. Burden groups 
also differed on FAQ performance, a specific measure of a patient’s dependence and social 
function (instrumental activities of daily living). As burden increased, FAQ worsened (H[2] = 
10.0, p = 0.007), with FAQ showing a moderate positive correlation to burden score (rs = 
0.434, p < 0.001). This appeared to be driven by the right frontal region only, with a higher 
FAQ seen in those with reduced perfusion in this region (p = 0.037). Partial rank correlations 
between burden and regions correcting for FAQ showed that weak significant correlations 
remained between burden and right frontal (rs = –0.250, p = 0.037), right parietal (rs = –0.248, 
p = 0.039), and right temporal (rs = –0.251, p = 0.036) regions.

Comparison of behavioural scores as measured by the CBI showed a significant rela-
tionship between total score and burden (χ2[6, n = 76] = 24.70, p < 0.001), with a higher 
behavioural severity score associated with a worse caregiver burden. When individual 
domain impairment groups were compared to burden groups, the motivation (χ2[6, n = 76] = 
26.16, p < 0.001), skills (χ2[6, n = 77] = 17.09, p < 0.01), as well as mood and stereotypic and 
motor behaviour domains (χ2[6, n = 77] = 16.721, p < 0.01) showed strong associations with 
burden.

Discussion

In this study we demonstrated that regional perfusion values on patient HMPAO-SPECT 
scans were strongly predictive of caregiver burden, irrespective of diagnosis. We found that 
burden is not only associated with the global pathological load but also with the pattern of 
regional pathology seen on imaging (Fig. 1).

Caregiver burden was largely driven by patient frontal lobe dysfunction. Those with 
reduced left or right frontal perfusion had a significantly higher burden score than those 
with normal frontal perfusion. This is likely due to patient behavioural or personality 
changes (neuropsychiatric symptoms), with higher caregiver burden associated with worse 
patient behavioural scores. Such neuropsychiatric features are well documented for behav-
ioural-variant FTD, with patients frequently showing disinhibition, selfishness, lack of 
insightfulness, loss of embarrassment, irritability, and aggression [30]. Of note, however, is 
that we did not stratify the analysis by diagnosis but analysed burden simply in relation  
to regional pathology. A relationship between frontal pathology and neuropsychiatric 
symptoms is also present in other dementia subtypes, including Alzheimer disease [31–33]. 
Behavioural symptoms are frequently identified as a significant contributor to caregiver 
burden [34, 35].

Greater caregiver burden was also predicted by dysfunction of the right parietal and 
temporal regions. The right hemisphere has been previously demonstrated to be involved in 
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mediating social and emotional behaviour in a mixed clinical sample in both structural [36–
38] and functional imaging studies [39–41], with right-sided changes associated with delu-
sions, disinhibition, irritability, elation, and sleep disorder [42].

Although any reduction in cortical function correlated with an increase in caregiver 
burden, post hoc ZBI item analysis suggested that frontal type perfusion abnormality, predom-
inantly right-sided, may place burden on caregivers through high patient demands as well as 
reduced privacy and social life for the caregiver, in addition to increased caregiver time 
constraints. Those with either frontal or right temporal regional functional reduction may be 
predisposed to higher levels of stress by exhibiting embarrassing behaviour and engendering 
higher levels of dependency. This information could be used to better target caregiver inter-
ventions in order to prevent or reduce caregiver burden at the time of diagnosis, and not 
simply when problematic behaviours contribute to crisis.

It has previously been noted that the CDR score correlates strongly with caregiver burden, 
with increased dementia severity associated with higher caregiver burden scores [5]. Similar 
correlations between caregiver burden and patient functional activities of daily living have 
also been found [43]. Our results agree with these findings, with overall CDR and FAQ higher 
in those with greater caregiver burden. Patient dementia severity and function, however, had 
little influence on the relationship between caregiver burden and patient regional perfusion 
deficits, suggesting that the location of reduced function affects burden independently of 
patient disease stage.

Previous studies highlight the importance of distinguishing the diagnostic subtypes of 
dementia when investigating caregiver burden and reactions to problems [44]. Although 
clearly interrelated, our results suggest that caregiver burden is predicted by patient regional 
abnormality, independent of a confirmed dementia subtype diagnosis. While regional abnor-
mality largely defines the subsequent dementia syndrome, symptoms in dementia reflect the 
location of the underlying pathology. Frontal features are typical of FTD but are largely under-
appreciated in Alzheimer disease, despite their potential to impact caregiver burden. Although 
caregivers of FTD patients generally experience more burden than those of Alzheimer disease 
patients [44], simply grouping patients by subtype to identify caregivers at risk of high burden 
might fail to identify individuals with Alzheimer disease who have frontal or right predom-
inant imaging deficits that may potentially present with challenging or complicated behav-
iours. Neuropsychiatric symptoms are common in Alzheimer disease patients [45–47] as well 
as mild cognitive impairment groups [48–50] and also frequently seen in mixed type and 
vascular dementia [51–53].

There are potential limitations to this study. Caregiver burden is multifactorial, and we 
did not control for the full range of potential confounding variables. In particular, we did not 
have measures of caregiver depression, which has been shown to be a strong influencer of 
burden, particularly in adult children caregivers [54]. Other factors such as hours providing 
care and level of support provided by health services can also affect burden, but were not 
measured in this study. These factors can however be measured directly in individual cases, 
and our findings suggest an influence of region-specific changes that are independent of care-
giver characteristics.

The use of perfusion SPECT imaging for diagnosis is well established, but there is further 
information available from scans that is scarcely used and which may be valuable for assessing 
care needs. Regional abnormality on perfusion SPECT imaging at the time of diagnosis can be 
used to identify individuals likely to place the highest burden on their caregivers. Our study 
contributes further to understanding by identifying a component of caregiver burden that is 
independent of caregiver characteristics, and emphasises those features of burden that are 
most influenced by underlying pathology. Burden is most affected by frontal or right predom-
inant parietal or temporal lobe dysfunction, irrespective of dementia subtype. With multidi-
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mensional caregiver interventions being effective in delaying patient institutionalisation and 
improving caregiver quality of life, this knowledge can be used to intervene with targeted 
support for caregivers with the highest risk.
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