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Background. Informant-based rating scales are widely used in dementia but patients’ and caregivers’ features influence the final
scoring.We aimed to evaluate the role of patient- and caregiver-related factors in a caregiver ratedGlobal Deterioration Scale (GDS)
score in a sample of Greek patients with dementia. Methods. We included 194 patients with dementia and 194 caregivers/family
relatives; Mini-Mental State Examination (MMSE); Neuropsychiatric Inventory (NPI); Katz Index of Activities of Daily Living
(K-IADL) were administered to (a) patients and Center for Epidemiologic Studies-Depression (CES-D) Scale; Zarit Burden
Interview (ZBI) to (b) caregivers. Participants’ demographics and patients’ and caregivers’ characteristics were entered into a 3-
block regression analysis. Results. The final model explained 55% of the total variance of the caregiver assessed GDS score. The
following variables significantly contributed to the final model: MMSE (𝛽=-0.524); K-IADL (𝛽=-0.264); ZBI (𝛽=0.145). Conclusion.
We herein confirm the contribution of patients’ cognitive and functional status and caregivers’ burden in caregiver rated GDS
scoring irrespective of demographic-related characteristics.

1. Introduction

Global severity measures, including Global Deterioration
Scale (GDS) [1], are commonly used in neurodegenerative
research to categorize subjects in clinical trials and further
evaluate the therapeutic efficacy of both pharmacological
and nonpharmacological interventions in relation to the
progression of dementia process [2]. It has been suggested
that global severity scales are potentially “less influenced
by factors such as education, occupation, practice effects,
personal background, cultural factors and linguistic factors”
that affect mental status and psychometric measures. How-
ever, these scales are based on “information about subjective
complaints ofmemory deficit, objective observation of deficit
on careful clinical interview, and on assessment of functional

ability of the subject” [3] based in part on information
from a knowledgeable informant. Herein, we investigated
an informant-based version of the GDS, which does not
use the direct patient interview procedures conventionally
applied for this assessment, for example, in the worldwide
approvals of currently used medications for the treatment of
Alzheimer’s disease (AD) (e.g., rivastigmine andmemantine)
and in worldwide clinical practice. In general, informant’s
based rating scales can be influenced by both patients’
mental and neuropsychiatric status [4], as well as informant-
/caregiver-related factors, including but not limited to depres-
sion and burden [5].

In the case of Greece, approximately 200.000 patients
have been diagnosed with dementia of the AD type and
50.000 patients still remain undiagnosed [6] while the
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Figure 1: Flow chart with the participants of the present study.

majority of patients have a low educational level [7]. Apart
from patients’ neuropsychiatric status and caregivers’ mood
status and burden, it is still understudied whether patients’
and informants’ demographic factors including educational
level influence GDS score and whether family relationships
between patients’ and their family caregivers are another
influential factor. The latter could be of major importance
considering family bonds and structure related to sociocul-
tural values.

The aim of the present study was to evaluate patient-
and caregiver-related features in order to identify the pre-
dictors that explain the variability of an informant-based
GDS score in a large sample of Greek patients with demen-
tia.

2. Materials and Methods

2.1. Participants. The study included 194 outpatients who had
been referred to our memory clinic (“Nestor” Greek Psy-
chogeriatric Association) during the previous 12 months, as
well as their 194 responsible caregivers. Inclusion criteriawere
a diagnosis of AD, or vascular dementia [DSM-IV] [8], or
Dementia with Lewy Bodies [9], or frontotemporal demen-
tia [10]. Exclusion criteria were as follows: permanent or
transient severely impaired consciousness or delirium during
the previous month; newly started antipsychotic medication
during the last week before test administration; absence of
available data in psychometric scales (Figure 1). All patients
if possible and their caregivers were fully informed about the
purpose of the study and provided written informed consent.
The study was approved by the Local Ethical Committee
of the Psychogeriatric Association and was conducted in
accordance with the Declaration of Helsinki, as revised in
1983.

2.2. Testing Materials. The Mini-Mental State Examination
(MMSE) was administered to patients [11, 12] and had a
MMSE score≤ 24.Dementia stagingwas defined based on the
GDS [1] (translated and validated in Greek after permission
by authors of the original scale) that assesses dementia sever-
ity over seven levels, i.e., GDS 1: absence of cognitive changes
toGDS 7: very severe cognitive deficits.The score was derived
from the caregiver interview [1]. Patients’ neuropsychiatric
symptoms and activities of daily living were evaluated using
the Neuropsychiatric Inventory (NPI) [13, 14] and the Katz
Index of Independence inActivities ofDaily Living (K-IADL)
[15], respectively, completed by their caregivers. All care-
givers were given the following self-administered scales: (a)
the Center for Epidemiological Studies-Depression (CES-D)
Scale [16, 17] for the evaluation of depressive symptoms; (b)
the Zarit Burden Inventory (ZBI) [18, 19] for the assessment
of the subjective burden experienced by dementia patients’
caregivers. The following demographic characteristics for all
patients were also included for the purposes of the present
study: age, gender, years of education, and dementia type.
Furthermore, the following characteristics were recorded
with regard to caregiver/caregiving: age, gender, years of
education, weekly caregiving time, caregivers being a spouse,
and caregiver living with the patient.

2.3. Statistical Analysis. Psychometric variables of inter-
est were examined for normality (skewness, Q-Q plots,
and Kolmogorov-Smirnov test) and assumptions for nor-
mality were not violated. A 3-block hierarchical regres-
sion analysis was conducted to identify the contribution
of patients’ and caregivers characteristics to GDS scor-
ing. Multicollinearity was checked for regression analy-
sis and assumptions (tolerance; VIF) were not violated.
Patients’ and caregivers’ demographic features (age, gender,
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Table 1: Demographic, clinical, and psychometric characteristics for the samples of patients with caregivers.

Variables Patients Caregivers
Mean ± SD Min-Max Mean ± SD Min-Max

Age (yrs) 79.06 ± 7.16 56-97 59.40 ± 12.96 24-87
Gender (M / F) 65 / 129 - 60 / 134 -
Education (yrs) 7.57 ± 4.02 0-16 11.58 ± 3.82 2-20
Dementia type (AD / non-AD) 131 / 63 - - -
MMSE 11.07 ± 6.64 0-23 - -
NPI 33.06 ± 19.02 0-88 - -
K-IADL 3.50 ± 2.00 0-6 - -
GDS 5.23 ± 0.99 3-7 - -
CES-D - - 19.64 ± 10.05 1-51
ZBI - - 43.42 ± 46.42 8-74
Weekly caregiving (hrs) - - 101.08 ± 69.70 0-168
Professional caregiver (Y / N) - - 54 / 140 -
Caregiver being a spouse (Y / N) - - 77 / 117 -
Caregiver living with the patient (Y / N) - - 124 / 70 -
Note. AD = Alzheimer’s dementia; MMSE = Mini-Mental State Examination; NPI = Neuropsychiatric Inventory; K-IADL = Katz Index of Activities of Daily
Living; GDS = Global Deterioration Scale; CES-D = Center for Epidemiological Studies-Depression; ZBI = Zarit Burden Inventory; M / F = male / female; Y /
N = yes / no; Yrs = years; hrs = hours.

years of education, and caregiver being a spouse) were
entered in block 1, followed by patients’ disease and clini-
cal/psychometric characteristics (diagnosis of AD, MMSE,
NPI, and K-IADL) in block 2, and caregiving characteris-
tics (CES-D, ZBI, weekly hours of caregiving, presence of
professional caregiver, and caregiver living with the patient)
in block 3. All statistical analyses were conducted using
IBM SPSS v. 22.0 and the level of significance was set at
p<0.05.

3. Results

3.1. Descriptive Characteristics of the Patients’ and Caregivers’
Samples. Table 1 presents demographic, disease-related, and
psychometric characteristics for the sample. The total sam-
ple of patients represented a typical community dementia
sample visiting an outpatient clinic offering services towards
dementia patients’ need. Patients were elderly, mainly female
with a relatively low level of education. Most patients were
diagnosed with AD (N = 131; 67.53%) whereas non-AD
diagnosis in the present sample included vascular dementia
(N = 24; 12.37%) or not otherwise specified dementia (N =
39; 20.10%). Most patients had moderate to severe dementia,
according to the MMSE score (MMSE 0-9, N = 76, 39.2%;
MMSE 10-19, N = 97, 50.0%; MMSE 20-23, N = 21, 10.8%).
Caregivers were younger andmore educated than the patients
(p < 0.001); most of them were living in the same house or
building with the patients and were involved in caregiving on
a daily basis. Professional caregiving as a support to the family
caregiving was also reported in 54 / 194 patients (27.8%).
General cognitive status was impaired (meanMMSE = 11.07);
only 2 patients did not have any behavioral problem on
the NPI. Furthermore, 60 caregivers (30.9%) had depression
based on the CES-D (cut-off ≥24) while more than half (N =
99, 51.0%) were highly burdened based on ZBI (cut-off >44).

3.2. Contribution of Patients’ and Caregivers’ Characteristics
to GDS Scoring: Regression Analysis. Figure 2 shows the dis-
tribution of GDS based on caregivers scoring. The following
frequencies were observed for each scoring stage: GDS 3: N
= 10 (5.2%); GDS 4: N = 33 (17.0%); GDS 5: N = 67 (34.5%);
GDS 6: N = 70 (36.1%); GDS 7: N = 14 (7.2%).

Table 2 summarizes regression analysis findings regard-
ing the contribution of patient- and caregiver-related char-
acteristics on the GDS scoring. Demographics (block 1) did
not significantly contribute to GDS scoring (adjusted 𝑅2 =
0.005; F = 1.133; p= 0.344, ns).The inclusion of patient-related
disease and clinical/psychometric characteristics resulted in
a significant increase in R2 (ΔR = 0.520; ΔF = 53.920; p <
0.001), with the model significantly explaining 53.5% of the
GDS variance (adjusted R2 = 0.535; F = 21.149; p < 0.001).
MMSE (𝛽 = -0.528; p < 0.001) and K-IADL (𝛽 = -0.310; p <
0.001) significantly contributed to the model. Finally (Model
3), the inclusion of caregiving features resulted in a marginal
increase in the 𝑅2 (ΔR = 0.026; ΔF = 2.249; p = 0.052), with
the final model being significant (F = 15.742; p < 0.001) and
explaining 55.0% of the GDS variance (adjusted 𝑅2 = 0.550).
The following variables emerged as significant predictors in
the final model: MMSE (𝛽 = -0.524; p < 0.001), K-IADL (𝛽 =
-0.264; p < 0.001), and ZBI (𝛽 = 0.145; p < 0.05).

4. Discussion

In this study, we investigated the contribution of demo-
graphic factors, patients’ cognitive and behavioral character-
istics, and caregivers’ depression and burden status, as well
as general caregiving features related to family relationships
in the scoring of a global assessment scale such as the GDS.
To the best of our knowledge, this is the first study that
addresses the issue of caregiver scoring of the GDS as well
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Table 2: Summary of hierarchical regression analysis to identify the contribution of patients’ and caregivers’ characteristics on GDS scoring.

Variables Model 1 Model 2 Model 3
𝛽 𝛽 𝛽

Demographic characteristics
Patient’s Age -0.084 -0.005 -0.007
Patient’s Gender 0.138 0.115 0.120
Patient’s Education 0.007 0.019 0.027
Caregiver’s Age -0.115 -0.043 -0.033
Caregiver’s Gender 0.086 0.080 0.078
Caregiver’s Education -0.104 -0.076 -0.086
Caregiver being a spouse -0.125 -0.078 -0.056
Patients’ disease and clinical/psychometric features
Diagnosis of AD -0.055 -0.064
MMSE -0.528∗∗∗ -0.524∗∗∗
NPI -0.041 -0.108
K-IADL -0.310∗∗∗ -0.264∗∗∗
Caregivers’ psychometric features and caregiving characteristics
CES-D 0.013
ZBI 0.145∗
Weekly hours of caring -0.059
Caregiver living with the patient 0.083
Presence of professional caregiver -0.108
F-model 1.133 21.149∗∗∗ 15.742∗∗∗
R2 0.041 0.561 0.587
Adjusted R2 0.005 0.535 0.550
ΔR2 0.041 0.520 0.026
ΔF 1.133 53.920∗∗∗ 2.249
Note. AD = Alzheimer’s dementia; MMSE = Mini-Mental State Examination; NPI = Neuropsychiatric Inventory; K-IADL = Katz Index of Activities of
Daily Living; GDS = Global Deterioration Scale; CES-D = Center for Epidemiological Studies-Depression; ZBI = Zarit Burden Inventory. 𝛽 corresponds to
standardized beta coefficients. Bold adjusted 𝑅2 correspond to models significantly explaining the variance of the dependent variable (i.e., GDS scoring). ∗p <
0.05; ∗∗p < 0.01; ∗∗∗p < 0.001.

Figure 2: Distribution of GDS in the total sample of dementia patients based on their caregivers’ scoring.
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as associated factors. We found that patients’ MMSE and
K-IADL and caregivers’ ZBI scores were significant factors
in the final model when demographics and patients’ and
caregivers’ features were all included as prior variables which
were accounted for.

The GDS is one of the most commonly used global
assessment scales for measuring patients’ severity. It has been
found to be advantageous to overall subject assessment in
terms of utility in incipient and severe AD, reliability, sensi-
tivity to AD course [2], and response to cognitive enhancers
(e.g., rivastigmine [20]). Furthermore, as with other global
assessment scales, it has been considered to be less influenced
by demographic, cultural, and linguistic factors, patients’
occupation, and personal background and practice effects
[2]. These properties constitute a clear advantage when
examining patients with low educational background, as it is
the case in Greek patients with dementia [7]. In the present
study, neither patients’ nor caregivers’ demographic charac-
teristics (i.e., age, gender, and years of education) significantly
explained the variance of GDS scoring, in accordance with
previous studies using other informant-based rating scales
for patients’ functional abilities [21]. Others have found
that caregivers’ higher educational and sociocultural level is
associatedwithmore accurate reports of patients’ functioning
[22] or that gender may influence functional assessment of
patients’ basic and instrumental activities of daily living,
behavioral and psychological symptoms, anosognosia, and
quality of life [23].

Patients’ clinical and psychometric data explained 53.5%
of the variance on the GDS score in our study, with MMSE
and K-IADL significantly contributing to the model. Higher
MMSE and K-IADL scores were predictive of lower GDS
scores. The significant contributions of MMSE and K-IADL
are in accordance with other studies in patients with mild
deficits; caregivers often overestimate functional abilities of
patients whose cognitive impairment is mild [24]. Negative
findings have also been detected [25].

Caregivers’ information should always be complementary
to patients’ medical history and clinical/psychometric exam-
ination [26, 27].Thus, factors that could potentially influence
caregivers’ rating of patients’ severity and functional status
cannot be ignored in clinical practice or in research. In the
present study, we found that caregivers’/caregiving features
marginally increase the percent of GDS variance in the final
regression analysis (Model 3) with the final model explaining
55% of the total variance. Caregiver burden [23, 28, 29],
depression [23, 30], and poor quality of life [31, 32] have
been often considered as confounders in the estimation of
patients’ clinical profile, including neuropsychiatric symp-
toms, cognitive severity, daily living functional activities,
and quality of life. Even though we found a significant
contribution of the caregivers’ burden, we failed to identify a
significant contribution with respect to caregiver depression
in contrast with previous studies [28, 33] but in accor-
dance with others which did not report significant effects
[21]. In contrast to other studies that report a relationship
between the patient and the caregiver and the potential
bias in rating of informant-based scales for patients [34,
35], our findings did not support previous studies. None

of the related factors (caregiver being as spouse, caregiver
living with the patient) significantly contributed to regression
models.

Limitations of the present study are the inclusion of a
sample of patients/caregivers from a specialized outpatient
memory clinic which might result in bias regarding higher
awareness of cognitive and functional decline, as well as the
inclusion of consecutive patients with the majority having
a diagnosis of AD which did not permit the evaluation
of the contribution of patients’ and caregivers’ characteris-
tics to GDS scoring in other dementias with pronounced
behavioral symptoms (e.g., frontotemporal dementia). We
also acknowledge some methodological issues regarding
the evaluation of caregivers’ characteristics, including hours
of caregiving. Hours of daily care may considerably vary
within a week and this variability (which was out of the
main aim of the present study) may affect caregiver bur-
den and depression. Furthermore, we assume that several
other factors that were not included in the current study
might further contribute to the GDS score. For instance,
we did not include psychometric questionnaires to assess
caregivers’ temperament and character features that might
further contribute to their attitude towards patients’ cog-
nitive and functional status and their judgement regard-
ing severity of patient’s deterioration and the final GDS
scoring. However, patients and caregivers characteristics as
the ones examined in the current analysis are some of
the most commonly recorded data in outpatient geriatric
clinics. The fact that 55% of the GDS variance is explained
by these factors and that caregivers’ burden significantly
contributes to the final model apart from patients’ cognitive
and functional status has significant clinical implications
when considering GDS score based on caregivers’ inter-
view. Further endeavors to expand our understanding of
the different factors contributing to informants’ rating in
different global assessment scales and how these factors
influence or are associated with different outcomes at the
time of diagnosis and after pharmacological and nonphar-
macological interventions are warranted. Additionally, con-
sidering that in the past few years the enduring reces-
sion of Greece has been found to impinge on the mental
health of the general population [36] and that one of the
critical concerns of dementia caregivers is the financial
strain they experience [37], future directions should include
socioeconomic data regarding both patients’ and their care-
givers’.

5. Conclusions

In conclusion, we herein confirm the contribution of patients’
cognitive and functional status and caregivers’ burden to
caregiver rated GDS scoring independent of demographic-
related characteristics. Considering that increased caregivers’
psychological burden has been associated with a faster time
to institutionalization and death in dementia patients [38,
39], clinicians and researchers should consider caregivers’
burden when interpreting dementia severity scales scored by
caregivers.
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