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Abstract

Objective: In Alzheimer's disease (AD), the burden on caregivers is influenced by

various factors, including the stage of disease progression and neuropsychiatric

symptoms (NPS). To date, there has been limited research examining how patient's

premorbid personality could affect this burden. The objective of this study was to

investigate the impact of both premorbid personality and NPS in individuals with

prodromal to mild AD on their caregivers' burden.

Method: One hundred eighty participants with prodromal or mild AD drown from

the PACO (in French: Personnalité Alzheimer COmportement) cohort were

included. Personality was assessed by the Revised NEO Personality Inventory

(NEO‐PI‐R). Neuropsychiatric symptoms were measured with the short version of

the Neuropsychiatric Inventory (NPI‐Q), and caregiver burden was evaluated with

the Zarit burden scale. Relationships between personality, Neuro‐Psychiatric In-

ventory (NPI) scores, and caregiver burden were determined using multivariate

linear regressions controlled for age, sex, educational level, and Mini Mental State

Examination.

Results: The total NPI score was related to increased burden (beta = 0.45;

p < 0.001). High level of neuroticism (beta = 0.254; p = 0.003) et low level of

conscientiousness (beta = ‐ 0.233; p = 0.005) were associated higher burden. Ex-

traversion (beta = −0.185; p = 0.027) and conscientiousness (beta = −0.35;

p = 0.006) were negatively associated with burden. In contrast, neuroticism,

openness and agreeableness were not correlated with burden. When adjusted on

total NPI score, the relationship between extraversion and conscientiousness didn't

persist.

Conclusion: Our results suggest that premorbid personality of patients with pro-

dromal to mild Alzheimer influence caregivers's burden, with a protective effect of a

high level of extraversion and conscientiousness.
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K E YWORD S
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Key points

The premorbid personality of AD patients could have a direct and indirect impact on caregiver

burden

Personality assessment could

� help identify patients at increased risk of neuropsychiatric symptoms

� enable the implementation of preventive support measures for patients and their

caregivers.

1 | INTRODUCTION

Alzheimer's disease (AD) is a progressive neurodegenerative disorder

characterized by a cognitive decline affecting episodic memory in a

predominant way and leading to a loss of independence and behav-

ioral changes.

The occurrence of AD affect the organization and balance of the

family, and have a major impact on the quality of life and well‐being
of caregivers.1 Caregiver's burden refers to the objective and sub-

jective difficulties that this latter may experience in caring for the

patient.2 It is a multidimensional concept including emotional and

medical domains as well as economic and social ones. High burden

increases the risk of psychological and physical exhaustion, and is

known to be strongly correlated with caregiver poor mental health,

and to increase the risk of developing or exacerbating somatic dis-

eases3,4. Moreover, it contribute to alter the quality of the relation-

ship with the patient, resulting in certain situations in dysfunctional

attitudes worsening existing difficulties.5 In practice, it is therefore

crucial to identify caregivers in vulnerable situations in order to

implement preventive or supportive measures.

The burden relies on multiple factors specific to the patient, the

disease, the caregiver and the environment. Severity of cognitive

decline, rate of progression of the disease, loss of autonomy and

behavioral disorders are strongly correlated with the level of distress

of the relatives.6,7 The psychological profile of caregivers, their sensi-

tivity to stress (high level of neuroticism) and their coping skills influ-

ence their subjective experience and may contribute to major their

burden.8,9 The level of isolation, accessibility of professional support,

the quality of the social network and family communication, and eco-

nomic conditions are also to be considered..10–12 It has been demon-

strated that the onset of AD is accompanied by changes in personality,

including an increase in the level of neuroticism, and a decrease in the

levels of extraversion and conscientiousness.13–15 If personality

changes occurring during the course of the disease can adversely

impact caregiver's experience, little is knownabout the influenceof the

patient's premorbid personality.13,16 Personality characteristics shape

coping skills and the quality of the relationship with others. Therefore,

based on the organization of their premorbid personality, patientsmay

exhibit varying levels of capability in adjusting to their illness,

maintaining a positive outlook, or accepting their diminished inde-

pendence and the support needed. As a result, this can influence the

extent of burden encountered by their family caregivers.

In this perspective, the main objective of this study was to

evaluate the impact of the premorbid personality of patients with

prodromal to mild AD on caregivers' burden. Knowing that person-

ality influence the behavioral expression of AD and that neuropsy-

chiatric symptoms (NPS) favor caregiver burden the secondary

objectives were to assess the modulating role of NPS on the rela-

tionship between personality and burden.17,18

2 | METHODS

2.1 | Study design

This research was based on data from the Personality Alzheimer's

Behavior (PACO) study (in French: Personnalité Alzheimer Com-

portement). The PACO study is a prospective study whose objective

was to measure the effect of personality on the emergence of NPS in

AD. The methodology has been published in a previous paper.19

Participants were recruited in France from 10 memory consultations.

At baseline, a comprehensive neuropsychological assessment and a

personality assessment were performed. The duration of the study

was 18 months with a 6‐monthly reassessment of several parame-

ters, including NPS and caregiver burden. All the scales used in this

research were translated and validated in French.

The analysis of this present study focuses on the cross‐sectional
data collected at the third 18‐month follow‐up. From the initial

baseline recruitment of 237 participants, 180 remained present and

constitute the studied sample.

2.2 | Inclusion criteria

The inclusion criteria for the PACO study were as follows:

� AD diagnosis based on neuropsychological evaluation and Mag-

netic Resonance Imaging biomarkers according to Dubois et al.
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criteria.20 The distinction between AD stages relied on Clinical

Dementia Rating score measured as 0.5 for prodromal stage and 1

for mild stage21:

� Mini Mental State Examination (MMSE) score >19/3022;
� Age >50 years;

� Presence of a caregiver close enough to describe the behavioral

changes;

� No significant behavioral problems at inclusion except from mild

depression, anxiety, or apathy on the Neuro‐Psychiatric Inventory
(NPI) scale23;

2.3 | Patient consent and ethical considerations

Written consent was obtained from participants and their caregivers

prior to inclusion in the protocol. The PACO study was approved

by the Lyon Southeast Personal Protection Committee and regis-

tered in the Clinical Trials Database (Current Controlled Trials

NCT01297140, http://clinicaltrials.gov/show/NCT01297140).

2.4 | Variables collected

2.4.1 | Assessment of personality at baseline

At baseline, participants were asked to describe their premorbid

personality as it was up to 5 years prior to cognitive impairment.

Personality was measured with Revised NEO Personality In-

ventory (NEO‐PI‐R).24 This scale is derived from the Big Five model,

which proposes to summarize personality across five dimensions:

neuroticism, extraversion, openness, conscientiousness and agree-

ableness. This personality questionnaire is composed of 240 items

rated on a 5‐points Likert scale with a score between 0 and 4. The

participant is asked to give his level of approval for each of the

statements making up the items (e.g., I am the kind of person who

worries easily; level of approval: completely agree, somewhat agree,

neutral, somewhat disagree, completely disagree). The total score for

each of the personality dimensions is based on 48 items, and ranges

from 0 to 192.

2.4.2 | Assessment of neuropsychiatric symptoms at
18‐month follow‐up

Neuropsychiatric symptoms were assessed with the reduced version

of the NPI (NPI‐Q).25 The NPI scale is one of the main tools for

measuring NPS in neurodegenerative diseases. It is a caregiver‐
completed hetero‐questionnaire that captures the presence and

severity of 12 different types of NPS: delusions, hallucinations,

agitation, anxiety, euphoria, apathy, behavioral impulsivity, mood

lability, aberrant motor behaviors, eating disorders, and sleep disor-

ders. The intensity score for each symptom ranged from 0 to 3 (ab-

sent, mild, moderate, severe); the addition of each of these scores

allows calculation of a global behavioral burden ranging from 0 to 36

(Total NPI Score).

2.4.3 | Assessment of caregiver burden at 18‐ month
follow‐up

The participants in this study consisted solely of family caregivers,

with no involvement of paid caregivers. The assessment of care-

giver burden, which includes both psychological and physical

challenges, was carried out using the Mini‐Zarit scale.26,27 This is a
scale used routinely in clinical practice. It assesses the burden on

the based on seven items exploring the impact of the assistance on

the physical, mental and social situation of the caregiver by also

including dimensions such as the feeling of effectiveness, fear of

the future, or the ability to ask for help. A score between 0 and 1

is assigned to each item according to the level of difficulty

perceived (e.g.: do you feel a burden when caring for your relative?

Never: 0 point; sometimes: 0.5 point, often: 1 point). The global

burden score, obtained by adding the score of each item, ranges

between 0 and 7.

2.4.4 | Collection of co‐variables at 18 months

Age, gender, educational level, and MMSE were collected as co‐
variables for data adjustment of statistical analyses.

3 | STATISTICAL ANALYSES

3.1 | Descriptive analyses

A descriptive analysis was performed on all study variables, including

personality dimension scores at baseline, NPI and Mini‐Zarit score at
18‐month visit, using tendency and dispersion measures for quanti-

tative variables and relative and absolute frequencies for qualitative

variables. Quantitative variables were presented as means with their

standard deviation, and qualitative variables were presented as

percentage frequency.

3.2 | Associations between personality, NPI scores,
caregiver burden

Relationships between personality, NPI scores, and caregiver burden

were determined using multivariate linear regressions controlled for

age, sex, educational level, and MMSE with beta weight denoting

standardized slope estimates.

Assuming that NPS are related to both caregiver burden and

personality, the relationship between personality and burden was

then analyzed by controlling on the NPI.

A p value < 0.05 was considered statistically significant.
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Analyses were performed with SPSS software version 21 (SPSS

Software).

4 | RESULTS

4.1 | Description of the sample

At baseline, 237 participants with early‐stage AD were included, of

whom 65% (n = 155) were at CDR stage 0.5% and 35% (n = 82) were

at CDR stage 1. One hundred and eighty patients were still present in

the study at 18‐month follow‐up. Table 1, which summarizes the

characteristics of the sample, also mentions the scores in each of the

personality dimensions. The mean MMSE score was 22/30 (þ/−
4.09), which corresponds to the early stage of AD.

Table 2 displays the frequency of NPS at 18 months. Apathy,

irritability and anxiety were the three most frequent symptoms.

4.2 | Relationships between personality,
neuropsychiatric symptoms and caregiver burden

Linear regression models adjusted for age, gender, educational level,

and MMSE were performed to measure the relationship between

personality dimension, NPS, and caregiver burden. Table 3 presents

the relationship between personality and NPS. A higher level of

neuroticism was associated with a higher behavioral load, whereas a

higher level of conscientiousness appeared to be related to a weaker

behavioral load.

Table 4 shows the relationship between behavioral symptoms

and caregiver burden. The total NPI score was highly related to

increased burden. Detailed analysis of behavioral symptoms of

behavioral symptoms indicates that hallucinations, agitation,

depression, anxiety, apathy, irritability, and aberrant motor behaviors

are most specifically related to burden. Apathy was the behavioral

manifestation most strongly related to burden.

4.3 | Relationships between neuropsychiatric
symptoms and caregiver burden

The relationship between patient personality profile and caregiver

burden is presented in Table 5. Extraversion and conscientiousness

were negatively associated with burden. In contrast, there was no

relationship between the level of neuroticism, openness and agree-

ableness and burden. When adjusting for the total NPI score, the

relationship between extraversion and conscientiousness did not

persist, but the relationship between total NPI score and burden

remained significant (p < 0.001).

5 | DISCUSSION

The objective of this study was to assess the impact of NPS and

personality on caregiver burden of patients with early AD. Our re-

sults show a positive correlation between NPS intensity and burden,

as well as a protective effect of high levels of extraversion and

conscientiousness on caregiver distress, which had never been

demonstrated before.

TAB L E 1 Characteristics of the population.

N %

Gender

Male 78 43.3

Woman 102 56.7

Level of education

<5 years 10 5.7

5–8 years old 58 33.1

9–11 years old 71 40.6

>11 years old 36 20.6

Mean SD

Age in years 79.22 6.4

MMSE 22.5 4.09

Mini‐zarit 2 1.7

Total NPI 3.78 3.5

NEO‐PI‐R score

Neuroticism (0–192) 80.37 19.07

Extraversion (0–192) 95.28 14.87

Opening (0–192) 89.86 15.07

Agreeableness (0–192) 134.93 15.41

Conscientiousness (0–192) 115.63 15.85

TAB L E 2 Frequency of neuropsychiatric symptoms in the
study sample.

N %

Delusional ideas 8 5.1

Hallucinations 6 3.4

Agitation 32 18.2

Depression 47 27.1

Anxiety 68 39.3

Euphoria 17 9.7

Apathy 85 48.9

Disinhibition 12 7.9

Irritability 75 43.3

Aberrant motor behaviors 14 9

Sleep disorders 23 13.1

Appetite disorders 26 16
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5.1 | Frequency of neuropsychiatric symptoms

Our study involved a sample of patients with prodromal or mild AD

with an average MMSE of around 22/30. We found a high prevalence

of behavioral disorders, especially apathy, present in almost half of

the patients, but also irritability (42%), anxiety (37%) and depression

(27%). Other publications have found higher prevalence, in particular

of apathy, which may concern up to 90% of people with AD.8,28,29

This lower frequency of NPS in our study may be explained by our

inclusion criteria, limited to prodromal or mild stage of the disease.

5.2 | Relationship between neuropsychiatric
symptoms and caregiver burden

We found a highly significant association between global behavioral

load (reflected by the NPI total score) and caregiver burden. The

association between global behavioral load and burden has been

investigated previously, and our results were expected.8,9 Regardless

of the neurodegenerative process (AD or other), behavioral disorders

are known to strongly influence burden,30,31 even more than cogni-

tive decline or loss of autonomy.

In detail, it appears NPS have different consequences on care-

givers. Thus, we observe a negative impact of disruptive behavioral

disorders such as agitation or irritability. Affective symptoms, anxiety

and depression, also appear being difficult to manage for caregivers,

as do psychotic symptoms. According to the International Psycho-

geriatric Association, delusions, hallucinations, depression and anxi-

ety are among the most problematic NPS for family members.32

In our study, disinhibition does not appear to be related to

burden, unlike what has been shown in other publications.33 This lack

of correlation is possibly due to the low prevalence of this symptom

in our sample and a lack of statistical power.

Surprisingly, apathy, considered a silent symptom, is the behav-

ioral manifestation most strongly correlated with burden with a beta

coefficient >0.4 (p < 0.0001). This high association between apathy

TAB L E 3 Relationships between personality dimensions and
total NPI score.

Bêta R 2 t p
Confidence

interval

Neuroticism 0.254 0.197 3042 0.003 0.016 0.076

Extraversion −0.088 0.149 −1094 0.276 −0.058 0.017

Opening −0.134 0.157 −1552 0.123 −0.070 0.008

Agreeableness −0.082 0.147 −0.904 0.368 −0.060 0.022

Conscientiousness −0.233 0.191 −2863 0.005 −0.088 −0.016

Note: Linear regressions adjusted for age0. gender0. educational level

and MMSE.

TAB L E 4 Relationships between
behavioral symptoms and caregiver

burden.
Bêta R 2 t p

Confidence
interval

NPIRG 0.450 0.223 5896 0.000 0.144 0.290

Delusional ideas 0.011 0.041 0.134 0.894 −0.759 0.869

Hallucinations 0.219 0.085 2802 0.006 0.707 4083

Agitation 0.290 0.120 3722 0.000 0.334 1089

Depression 0.217 0.087 2760 0.006 0.136 0.818

Anxiety 0.284 0.119 3771 0.000 0.261 0.834

Euphoria −0.074 0.051 −0.949 0.344 −0.752 0.264

Apathy 0.394 0.188 5394 0.000 0.427 0.920

Disinhibition 0.147 0.064 1916 0.057 −0.018 1181

Irritability 0.297 0.128 4007 0.000 0.306 0.902

Aberrant motor behaviors 0.246 0.096 3102 0.002 0.323 1454

Sleep disorders 0.048 0.049 0.614 0.540 −0.339 0.645

Appetite disorders 0.064 0.048 0.820 0.413 −0.280 0.679

Note: Linear regressions adjusted for age, gender, socio‐cultural level and MMSE.

TAB L E 5 Relationships between personality dimensions and
caregiver burden as measured by the mini‐ZARIT.

Bêta R2 t p
Confidence

interval

Neuroticism 0.094 0.043 1066 0.288 −0.007 0.025

Extraversion −0.185 0.068 −2240 0.027 −0.040 −0.003

Opening 0.025 0.035 0.275 0.784 −0.018 0.024

Agreeableness −0.091 0.041 −0.974 0.332 −0.031 0.011

Conscientiousness −0.235 0.086 −2802 0.006 −0.044 −0.008

Note: Linear regressions adjusted for age, gender, socio‐cultural level
and MMSE.
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and burden has been observed in previous studies.8,34 Apathy is

clinically characterized by a lack of verbal and motor initiative, an

emotional blunting as well as a void of thought.35 Patients with severe

apathetic symptomatology require repetitive stimulation for everyday

activities, which can lead to physical fatigue and disengagement of the

caregiver. Furthermore, the emotional indifference that accompanies

emotional blunting may also have negative psychological re-

percussions for the family members who will feel difficulties to

interact with the patient. Pathophysiologically, apathy is considered a

frontal dysfunction, which results in an inability to initiate motivated

behaviors and inhibit automatic behaviors. Apathetic patients may

therefore exhibit paradoxical reactions of aggression and irritability,

particularly in response to over‐stimulation. This unpredictability of
behavior may contribute to management issues.

5.3 | Influence of patient's premorbid personality

5.3.1 | Premorbid personality and SNP

The main objective of our study was to investigate the relationship

between premorbid personality dimensions and caregiver burden. It

has already been shown that caregivers' personality and coping style

influence their subjective experience of caring for their ill relative.9

To our knowledge, no previous research had been conducted on the

personality of the patient himself. The impact of the patient's pre-

morbid personality on burden may be direct or indirect via the

modulating effect of personality on NPS. We therefore performed

analyses in several steps by first assessing the link between per-

sonality and NPS, then between personality and burden, and finally

by controlling for the link between personality and burden on NPS.

In the PACO study, previous longitudinal analyses have already

shown a link between personality dimensions and the progression of

NPS. High levels of neuroticism appeared to be a risk factor, whereas

high levels of conscientiousness or openness were protective for NPS

evolution.36,37 This differential impact of personality dimensions on

NPS has been confirmed in other research.17 In the present study,

our statistical analyses are based solely on cross‐sectional data from
the PACO study collected after 18 months of follow‐up. They confirm
a negative impact of neuroticism and a positive impact of conscien-

tiousness on overall behavioral load. These results suggest an indirect

impact of personality on burden through its influence on behavioral

disorders.

5.3.2 | Premorbid personality and caregivers's
burden

Personality may also have a direct impact on caregivers not mediated

by NPS. After adjustment for age, sex, and educational level, our

analyses revealed a significant negative relationship between the

level of extraversion or conscientiousness and burden. These findings

suggest that a lower extraversion and conscientiousness would be

related to a greater burden. On the other hand, the burden appeared

to be independent of the patient's level of neuroticism and

agreeableness.

A high level of extraversion is reflected in dynamism, ease in

establishing relationships, great sociability, and a cheerful and

enthusiastic disposition. Extraverted patients may have better coping

and adaptive abilities with respect to their disease, and more

adjusted interpersonal skills with their loved ones, which would

contribute to limit the burden. Furthermore, the difficulties experi-

enced by caregivers at home often depend on the acceptance of

professional support.38 The refusal of aids is regularly linked to the

patient's lack of perception of their usefulness. In subjects with a high

level of extraversion, the implementation of support could be facili-

tated, as well as participation in group activities such as day care

centers, because of less psychological resistance.

A high conscientiousness is manifested by a higher degree of rigor,

a greater sense of morality and better projection and anticipation

abilities. This personality dimension is associatedwith better executive

abilities and cognitive reserve.39,40 In case of AD, individuals with a

high level of conscientiousness could maintain better abilities of

adaptation and judgment, especially in the early stage of the disease,

facilitating their integration and their interaction with their environ-

ment. Moreover, an indirect role of conscientiousness is also possible,

knowing its association with less behavioral disorders.36

5.4 | Strengths of the study

This study has several strengths. Unlike many other publications, the

study sample is homogeneous in terms of cognitive status and the

diagnosis of clinically probable AD is based on well‐established
criteria. Personality was comprehensively assessed with the NEO

PI‐R scale, considered the gold standard. In addition, the number of

patients recruited (N = 180) is large.

5.5 | Limitations of the study

Some limitations should be taken into consideration. Personality

assessment in neurodegenerative diseases may be compromised

because of lack of awareness and recall bias. To improve the reli-

ability of these assessments, it would have been interesting to

combine a self‐report measure with hetero‐report by the caregiver.41

It is worthy to note that the evaluation by close relatives is supposed

to be more objective, but can also be biased by the quality of the

relationship with the patient and by the perceived burden.16 Some

studies have shown that when patients suffering from mild AD are

asked to describe their current personality, they tend to describe

themselves as they were before the onset of the disease. This

discrepancy that appears to be more pronounced for certain aspects

of personality such as submissiveness and extraversion, can be

interpreted as a difficulty in updating their self‐image once affected
by the disease. Our study focusing on the personality 5 years before
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the onset of the disease suggests that the self‐assessment of the
patient can therefore be considered reliable.14,42

Our results highlight a link between personality and NPS, NPS

and burden, and personality and burden. In this context, the associ-

ation between personality and burden may be direct or indirect,

mediated by the behavioral troubles. The relationship between per-

sonality and burden didn't persist after controlling on behavioral

troubles (total NPI), suggesting that behavioral disorders are more

relevant that personality. Another limitation of this study is the

absence of detailed information about the caregivers. Including more

data on caregivers' age, gender, relationship to the care recipient,

work activity, marital status, duration and frequency of caregiving,

and any additional support they received would have enhanced the

comprehensiveness of the study.

5.6 | Conclusion

Our findings highlight the influence of patient premorbid personality

on caregiver burden in AD. Individuals with high levels of extraver-

sion or conscientiousness appear to exhibit relational dispositions

that facilitate caregiving, reduce family tension, and alleviate care-

giver difficulties. Surprisingly, we found that neuroticism does not

directly contribute to burden but rather indirectly through its

negative impact on NPS. Understanding the influence of premorbid

personality on SNP and caregiver burden is crucial for healthcare

professionals. It enables them to identify caregivers be at higher risk

of experiencing heightened stress. This understanding also aids in the

development of targeted interventions tailored to the specific needs

of caregivers. Tailored caregiver support programs, such as psycho-

education, respite care, and counseling, can be designed to address

the challenges associated with different premorbid personality pro-

files. Assessing personality traits can help identify patients at risk of

developing certain behavioral symptoms. This could contribute to

anticipate these symptoms and assist relatives in developing effective

management and coping strategies. Moreover, targeted interventions

can also be developed to address the psychological and emotional

needs of both the patient and the caregiver, thereby improving both

the overall quality of life and the quality of care provided.
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