
Journal of Alzheimer’s Disease 89 (2022) 993–1002
DOI 10.3233/JAD-215648
IOS Press

993

Sex, Neuropsychiatric Profiles, and
Caregiver Burden in Alzheimer’s Disease
Dementia: A Latent Class Analysis
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Abstract.
Background: Neuropsychiatric symptoms (NPS) in Alzheimer’s disease (AD) can be disruptive for patients and their families.
Objective: We aimed to classify patients based on NPS and to explore the relationship of these classes with sex and with
caregiver burden.
Methods: The study cohort comprised individuals with AD dementia diagnosed at Ace Alzheimer Center in Barcelona, Spain,
between 2011–2020. NPS were ascertained by using the Neuropsychiatric Inventory-Questionnaire. Latent class analysis
was used to identify clusters of individuals sharing a similar NPS profile. We evaluated the caregiver burden using the Zarit
Burden Interview. Multivariable regression models were used to obtain adjusted estimates of the association between sex,
NPS classes, and caregiver burden.
Results: A total of 1,065 patients with AD dementia and their primary caregivers were included. We classified patients
into five different classes according to their NPS profile: “Affective”, “High-behavioral-disturbance”, “Negative-affect”,
“Affective/deliriant”, and “Apathy”. We found that age, sex, and type of AD diagnosis differed greatly across classes. We
found that patients from the “High-behavioral-disturbance” (OR = 2.56, 95%CI: 1.00–6.56), “Negative-affect” (OR = 2.72,
95%CI: 1.26–3.64), and “Affective/deliriant” (OR = 2.14, 95%CI: 1.26–3.64) classes were over two times more likely to have
a female caregiver than those in “Apathy” class. These three classes were also the ones associated to the greatest caregiver
burden in the adjusted analyses, which seems to explain the increased burden observed among female caregivers.
Conclusion: Caregiver burden is highly dependent on the patient’s NPS profiles. Female caregivers provide care to patients
that pose a greater burden, which makes them more susceptible to become overwhelmed.
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INTRODUCTION

Alzheimer’s disease (AD) is currently the most fre-
quent cause of dementia worldwide, and it is expected
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to affect more than 150 million people by 2050 [1].
Even though two thirds of clinically diagnosed cases
of AD dementia are women [2], the importance of
sex and gender related factors in this condition has
traditionally been overlooked. These ignored differ-
ences include sex interactions, such as the differential
metabolic effects of APOE �4 carriers among females
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[3, 4], the increased prevalence of common risk
factors, like the lower access to education among
women, or the existence of sex-specific risk factors
(e.g., pregnancy or menopause) [5]. This generates
knowledge gaps that may have delayed advances in
the detection, treatment, and care of AD patients [6].

This complex disease is characterized by the
presence of cognitive symptoms, such as memory,
orientation, language, or executive function impair-
ment, along with neuropsychiatric symptoms (NPS)
that can be extremely disruptive not only for the
patient, but also the family and friends.

In fact, NPS place a tremendous burden on
caregivers [7]. Consequently, caregivers frequently
become overwhelmed, which impacts upon their own
mental health and general well-being, as well as their
ability to provide an adequate care to the patient. This
has been described as bidirectional relationship, in
which patients might experience more severe or fre-
quent NPS as a direct consequence of the caregiver
being overwhelmed [8].

Interestingly, the occurrence of NPS varies
greatly between individuals with notable differences
between male and female patients. For instance,
apathy, agitation, and inappropriate social conduct
tend to be more common among male patients,
whereas depressive symptoms, emotional instabil-
ity, and delirium are more frequent among females
[9]. Recent neuroimaging studies have confirmed the
existence of NPS-specific brain lesion patterns [10],
highlighting the importance of NPS to discern dif-
ferent subtypes of AD. In a previous work, we used
prominent NPS to determine profiles in mild cogni-
tive impairment patients and confirmed the predictive
value of these profiles on conversion to specific types
of dementia [11]. NPS are always presented in a sub-
ject in a comorbid way. Two or more NPS are usually
presented at the same time in the same patient. Latent
class analysis (LCA) is an excellent tool to manage
this, offering a more clinical and ecological frame-
work. Given the importance of NPS in the caregiver
burden of patients with dementia, we hypothesized
that this burden is likely to differ depending on the
patients’ NPS profiles, and that gender could play an
important role in how this burden is perceived by care-
givers. It is important to highlight that prior evidence
shows that female caregivers experience more bur-
den than male caregivers [12, 13] and most dementia
caregivers are females [14].

We studied a cohort of AD patients and their pri-
mary caregivers from a large, specialized memory
unit based in Barcelona, Spain, and classified patients

according to their NPS profiles. We aimed to explore
how these profiles were associated with sex of both
the patient’ and the caregiver) and with the burden of
the disease perceived by the caregiver as measured
by Zarit Burden Interview scores [10].

METHODS

The study cohort comprised individuals with AD
dementia (including AD with vascular dementia)
diagnosed at Ace Alzheimer Center, Barcelona,
Spain, between 2011 and 2020. AD diagnosis was
based on NINCDS/ADRDA criteria [16] up to 2014
and on NIA-AA criteria [17] thereafter. Patients with
potential causes of dementia other than AD were
excluded (i.e., Lewy bodies, Parkinson, pure vas-
cular dementia, and frontotemporal dementia). Only
patients with a Clinical Dementia Rating (CDR) score
between 1 and 3, and those who had an identified
primary permanent caregiver (i.e., relative) were eli-
gible [18]. In order to be included in the study,
caregivers were also required to have a Zarit evalua-
tion completed within 3 months of the neurological
examination in which the patient’s neuropsychologi-
cal symptoms were evaluated.

NPS were ascertained by using the Neuropsy-
chiatric Inventory-Questionnaire (NPI-Q). This is a
simplified clinical scale used to assess dementia-
related behavioral disturbances in 12 domains [19].
In our study, NPI-Q was completed by caregivers,
under the supervision of trained physicians. For each
domain, a change during the last month was measured
as present or absent (dichotomous variable). Psycho-
metric properties of the NPI-Q have been shown to
be robust, with high test-retest correlations between
total symptom and distress scores [20].

We used LCA to identify clusters of individu-
als sharing a similar NPS profile. LCA provides a
flexible analytical approach that allows researchers
to study patterns of observations in data and to
make inferences about unobserved sources of pop-
ulation heterogeneity [21]. The main objective of
this strategy is to assign participants sharing sim-
ilar characteristics (person-centered approach) to
distinct profiles, based on their expressions on a
number of variables that are intercorrelated [22].
LCA uses patterns of responses on dichotomous vari-
ables to estimate two different parameters, called
latent class probabilities and conditional probabil-
ities. Latent class probabilities become prevalence
of each class and conditional probabilities are rates
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of each analyzed variable given membership in
each latent class. Using these parameters, it is pos-
sible to estimate the probability an individual’s
affiliation to each class, according to their pattern
of symptoms and their modal class membership.
Agitation/aggression (agitation), hallucinations, anx-
iety, apathy/indifference (apathy), aberrant motor
behavior (motor), delusions, depression/dysphoria
(depression), disinhibition, elation/euphoria (eupho-
ria), irritability/lability (irritability), appetite and
eating disorders (appetite), and sleep and night-time
behavior (sleep) were the NPS domains included in
our analysis. The final LCA model was determined
using a consensus of several fit criteria including
Akaike and Bayes Information Criterion (AIC and
BIC, respectively) [23], Entropy value [24], Vuong-
Lo-Mendell-Rubin Likelihood Ratio Test (LRT), and
Lo-Mendell-Rubin adjusted LRT in order to choose
the best fitting model with the smallest number of
parameters (NPS profiles) [25]. An optimal applica-
tion of LCA needs the consideration that variables
included in the analysis are independent between
them after conditional class membership is created.
This assumption was tested using standardized bivari-
ate residuals [26], contrasting the observed symptom
patterns with those predicted by the model. Once
LCA was performed and the most parsimonious num-
ber of classes was determined, each participant was
assigned to the class according to the highest mem-
bership probability. Subsequently, we used this latent
class solution as a study factor in all the analyses.

We evaluated the caregiver burden using the Zarit
Burden Interview (ZBI) [15]. This scale is widely
used and even though it was originally conceived
to assess the burden in caregivers of dementia
patients, it has been successfully applied also to
caregivers of other types of patients [27, 28]. This
self-administered scale is completed by the caregiver
under the supervision of the social worker. It con-
sists of 22 items addressing how the caregiver feels
about the current situation covering different top-
ics that are usually affected in the caregiver’s life
such as stress level, financial strain, emotional health,
etc. This scale has been translated to Spanish and
previously validated in Spain showing high consis-
tency and reliability [29]. In this study, we used the
total score that results from summing up the individ-
ual scores obtained in all 22 items. This approach
assumes a single dimension for the latent burden
construct. However, other authors have identified an
underlying structure with between two and five differ-
ent components within this test. Thus, in a sensitivity

analysis we also explored the use of three differ-
ent factors in an alternative analysis as proposed
by Martin-Carrasco et al: burden, competency, and
dependence [30].

Other patients’ characteristics such as age, sex,
education, Mini-Mental State Examination (MMSE)
scores [31], CDR [18], and type of AD diagnosis
(possible/probable) [32] were also obtained from Ace
Alzheimer Center Barcelona clinical database and
included in the analyses. Similarly, caregivers’ age,
sex, education, and relationship with the patient were
also obtained and considered in the analyses.

Statistical analyses included univariate test such
as ANOVA for continuous variables and chi-square
test for categorical variables. Multivariable logistic
(for likelihood of having a female caregiver) and lin-
ear (for ZBI scores) regression models were used to
obtain adjusted estimates of association between the
study variables. Bonferroni correction was used to
adjust for multiple comparisons in the main analy-
ses. Patients’ and caregivers’ sex were explored as
modifiers of the effect of NPS classes on ZBI bur-
den by introducing interaction terms in the adjusted
model. All analyses were conducted using Stata 12.1
(College Station, TX) and Mplus 8.0.

RESULTS

A total of 1,065 patients with AD dementia
and their corresponding primary caregivers were
included in the study. Mean age was 80.1 years
(SD = 7.9) among patients and 69.0 years (SD = 12.0)
among caregivers. Most patients (60.8%) and care-
givers (62.9%) were females. Caregivers were mainly
patient’s spouses (64.3%) and children (31.8%).
Mean time from caregiver’s Zarit evaluation to
the corresponding patient’s neurological examination
was 12.5 days (SD = 17.0)

The most frequent NPS reported were apathy
(63.6%) and irritability (53.1%) followed by anxiety
(49.6%) and depression (40.3%). The least common
symptoms were disinhibition (6.8%) and euphoria
(1.3%) (Supplementary Tables 1 and 2). NPS more
prevalent among female than among male patients
include eating disorders (17.7% versus 9.4; p < 0.01),
depression (45.2% versus 32.6%; p < 0.01), anxi-
ety (54.0% versus 42.7%; p < 0.01), hallucinations
(10.8% versus 6.0%; p < 0.01), and delusions (21.1%
versus 14.4%; p < 0.01). Only disinhibition was sig-
nificantly more frequent among male than among
female patients (9.1% versus 5.2%; p = 0.01). Apa-
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Table 1
Latent class analysis results for increasing number of classes

Number of latent classes
2 3 4 5 6

Akaike 11144.3 10935.5 10876.8 10842.8 10817.5
BIC 11268.6 11124.5 11130.4 11161.1 11200.4
Entropy 0.70 0.69 0.71 0.72 0.69
Vuong-Lo-Mendell-Rubin Likelihood Ratio Test (LRT) p <0.001 0.001 0.005 0.036 0.405
Lo-Mendell-Rubin Adjusted LRT p <0.001 0.001 0.006 0.037 0.409

Fig. 1. Profile plots represent estimated conditional probabilities (y-axis) observed in the latent class analysis (LCA) for the domains of the
Neuropsychiatric Inventory-Questionnaire (NPI-Q; x-axis), displaying the 5-class solution.

thy and irritability were also more frequent among
men, although the difference was not statistically
significant. The final LCA solution was determined
according to parameters included in Table 1 and its
clinical interpretation. The 5-class model was consid-
ered to fit the best. Thus, although Akaike and BIC
values of the 6-class model was the lowest, entropy
value increased with the number of classes in the
model up to the 5-class model, and then decreased

for the 6-class model, this latter not being statistically
significant in terms of the adjusted LRT.

The results revealed a structure in which each class
was determined by specific symptomatology, and the
most preeminent symptoms were used to name each
class (see Fig. 1). Thus, class 1 (“Affective”; n = 387;
36.3%) comprised patients with high prevalence of
depression, anxiety and apathy; class 2 (“High behav-
ioral disturbance”; n = 35; 3.3%) included patients
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with a high prevalence of almost all symptoms except
for depression, disinhibition, and euphoria (the latter
two, the least frequent among all patients); class 3
(“Negative affect”, n = 110, 10.3%) patients showing
mostly irritability and anxiety; class 4 (“Affec-
tive/deliriant”; n = 122; 11.5%) similar to Class 1 but
with higher prevalence of irritability and especially
delusion; and class 5 (“Apathy”; n = 411; 38.6%), the
most populous group, included patients that shared
apathy as the most frequently reported symptom. In
terms of clinical significance, to accept a 4-class solu-
tion (see Table 1) essentially means collapsing from
the 5-class output the class 2 (“High behavioral distur-
bance”) and class 3 (“Negative affect”). However, to
have a group with a preeminent irritable and anxiety
profile or a group with high neuropsychiatric burden
seems to be clinically relevant, because it means the
opportunity to have, separately, one of the most dis-
turbing groups that have to be handled in a Memory
Unit (and by its caregivers). For the 5-class solution,
classification probabilities for the most likely latent
class membership in the case of the class 1 was 85%,
for class 2 86%, 64% for class 3, 75% in the case
of class 4 and 91% for class 5. Finally, among the
264 residuals generated by the 5-class model, only
4 (1.5%) had a value >1.96, suggesting conditional
independence among latent class indicators.

We describe the frequency of patient’s characteris-
tics stratified by clusters (5-class solution) in Table 2
(and Supplementary Tables 3 and 4). In the uni-
variate analyses there were significant differences
among the five classes in most of the variables, except
for education, with the frequency of patients with
secondary education being around 60% in all five
classes. Interestingly, females represented the larger
share of patients in all classes except for class 3
(characterized as “Negative affect”) as most patients
with this NPS profile were male (50.9%; p < 0.01).
Regarding caregivers’ characteristics (Table 2) we
found that caregivers’ age differed between the five
defined classes, but again caregiver’s education did
not. Finally, large differences were observed in the
proportion of patients with female caregivers, that
ranged from 46.6% in class 1 to 81.8% among
patients from class 3. The results of the multivari-
able adjusted analysis showed that patients from
“High behavioral disturbance”, “Negative affect”,
and “Affective/deliriant” classes were over two times
more likely to have a female caregiver than those in
“Apathy” class (Supplementary Table 5).

We were able to obtain a score for the ZBI
in all caregivers and studied to what extent the

characteristics of the patient (notably the NPS
profile) or the caregiver were related with care-
giver burden as captured by this score. Thus, after
adjusting for patient and caregiver characteristics
we found that the lowest burden estimates cor-
responded to caregivers of patients from class 1
(“Affective”: ZBI = 50.6, 95%CI: 49.2–52.1) and
class 5 (“Apathy”: ZBI = 48.5, 95%CI: 48.5–51.3).
Caregivers of patients in class 2 (“High behavioral
disturbance”: ZBI = 64.9, 95%CI: 60.0–69.7) and
class 4 (“Affective/deliriant”: ZBI = 58.8, 95%CI:
56.1–61.3) experienced the greatest burden. When
individual NPS were used instead of the profiles
defined by the LCA, we found that only anxiety
and apathy were associated with a lower burden,
although far from statistical significance. In contrast,
presence of hallucinations, delusion, disinhibition,
and irritability symptoms were all associated with
an increased burden in the adjusted analysis (Sup-
plementary Tables 1 and 2).

Among other factors, female caregivers reported
slightly higher burden than males, but this difference
(beta coefficient = 2.5) did not reach statistical sig-
nificance (p = 0.06). As seen in Table 3, older age of
the caregiver was associated with a statistically sig-
nificant lower burden, but caregivers’ education, or
patient age, sex and education did not affect the care-
giver’s burden. However, increasing disease severity
was associated with greater burden, as individuals
with CDR of 2 and 3 were associated with beta coef-
ficients of 5.50 and 6.71 respectively, compared to
those with a CDR of 1 (Table 3). Finally, we found
no evidence that the observed association between
NPS classes and caregiver burden was modified by
patient’s or caregiver’s sex (Supplementary Tables 6
and 7).

In a sensitivity analysis we repeated the analyses
separately for each one of the three components iden-
tified in ZBI by Martin-Carrasco et al. [30] instead of
the total score used in the main analyses (Supplemen-
tary Tables 8–10). Qualitatively, the results of these
sensitivity analyses for these three components (bur-
den, competency, and dependence) were similar to
those from the main analysis.

DISCUSSION

Our study, performed in 1,065 patients with AD
dementia and their corresponding caregivers, shows
that classifying patients with AD dementia accord-
ing to NPS using LCA analysis is a useful tool that
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Table 2
Patient and caregiver characteristics by NPS profiles

Factors class 1 class 2 class 3 class 4 class 5 Chi2/
Affective High behavioral Negative Affective/ Apathy ANOVA

disturbance affect deliriant test
N = 387 N = 35 N = 110 N = 122 N = 411 p

Patient characteristics
Sex

male 135 (34.9%) 11 (31.4%) 56 (50.9%) 35 (28.7%) 180 (43.8%) <0.001∗
female 252 (65.1%) 24 (68.6%) 54 (49.1%) 87 (71.3%) 231 (56.2%)

Age categories
40–59 9 (2.3%) 0 (0.0%) 3 (2.7%) 3 (2.5%) 10 (2.4%) <0.001∗
60–69 35 (9.0%) 2 (5.7%) 4 (3.6%) 7 (5.7%) 32 (7.8%)
70–79 137 (35.4%) 3 (8.6%) 19 (17.3%) 40 (32.8%) 122 (29.7%)
80–89 188 (48.6%) 22 (62.9%) 71 (64.5%) 58 (47.5%) 207 (50.4%)
90+ 18 (4.7%) 8 (22.9%) 13 (11.8%) 14 (11.5%) 40 (9.7%)

Mean (SD) 79.0 (7.9) 84.7 (6.2) 82.1 (7.5) 80.6 (8.0) 80.1 (7.9) <0.001∗
Education

primary or less 156 (40.3%) 14 (40.0%) 44 (40.0%) 55 (45.1%) 155 (37.7%) 0.70
secondary or more 231 (59.7%) 21 (60.0%) 66 (60.0%) 67 (54.9%) 256 (62.3%)

CDR
1 211 (54.5%) 8 (22.9%) 42 (38.2%) 32 (26.2%) 188 (45.7%) <0.001∗
2 160 (41.3%) 21 (60.0%) 59 (53.6%) 75 (61.5%) 185 (45.0%)
3 16 (4.1%) 6 (17.1%) 9 (8.2%) 15 (12.3%) 38 (9.2%)

MMSE
Mean (SD) 18.4 (4.9) 13.9 (5.8) 16.5 (5.4) 15.6 (5.3) 17.1 (5.9) <0.001∗

Dementia diagnosis
possible 127 (32.8%) 17 (48.6%) 20 (18.2%) 41 (33.6%) 99 (24.1%) <0.001∗
probable 260 (67.2%) 18 (51.4%) 90 (81.8%) 81 (66.4%) 312 (75.9%)

Caregiver characteristics
Sex

male 168 (43.4%) 8 (22.9%) 20 (18.2%) 42 (34.4%) 157 (38.2%) <0.001∗
female 219 (56.6%) 27 (77.1%) 90 (81.8%) 80 (65.6%) 254 (61.8%)

Age categories
30–59 93 (24.0%) 9 (25.7%) 25 (22.7%) 41 (33.6%) 82 (20.0%) 0.23
60–69 86 (22.2%) 13 (37.1%) 27 (24.5%) 29 (23.8%) 91 (22.1%)
70–79 123 (31.8%) 7 (20.0%) 35 (31.8%) 33 (27.0%) 136 (33.1%)
80–89 82 (21.2%) 5 (14.3%) 22 (20.0%) 18 (14.8%) 96 (23.4%)
90+ 3 (0.8%) 1 (2.9%) 1 (0.9%) 1 (0.8%) 6 (1.5%)

Mean (SD) 68.9 (12.3) 66.3 (12.4) 69.2 (12.2) 65.4 (12.4) 70.3 (11.4) 0.001∗
Education

primary or less 226 (58.4%) 21 (60.0%) 79 (71.8%) 74 (60.7%) 254 (61.8%) 0.16
secondary or more 161 (41.6%) 14 (40.0%) 31 (28.2%) 48 (39.3%) 157 (38.2%)

Data are presented as mean (SD) for continuous variables and n (%) for categorical variables. Univariate test results are presented in the last
column. ∗Statistically significant p-values after Bonferroni correction (p < 0.004).

enables the identification of groups of individuals that
share a similar profile of symptoms. We detected
five groups or classes of NPS that we defined as
“Affective”, “High behavioral disturbance”, “Neg-
ative affect”, “Affective/deliriant”, and “Apathy”
according to the preponderant symptomatology.

Patients belonging to each NPS class differed in
almost every characteristic, except for education.
Individuals in classes 2 (“High behavioral distur-
bance”) and 3 (“Negative affect”) were the oldest.
Those in the “Negative affect” class were also the
most likely to be males and to have a diagnosis
of ‘probable AD’. We also found that this “Nega-
tive affect” class, along with the “High behavioral

disturbance”, and “Affective/deliriant” classes (all
of them with high irritability component) had with
the largest proportions of female caregivers. Interest-
ingly, these three classes remained the most likely to
have a female caregiver after adjusting for patient’s
characteristics (including age, sex, and others). This
suggests other reasons (possibly related to socio-
cultural issues, such as women’s traditional role in
family care along with lower access to education and
labor markets) to explain why patients with this irri-
tability component tend to have a female caregiver,
irrespective of their sex.

We should keep this in mind when interpreting
the results of how the caregiver burden is associated
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Table 3
Zarit Burden score as a function of patient/caregiver characteristics

Factors N Estimated Beta† 95%CI† p†
Marginal

Mean (SE)†

Patient characteristics
Sex

female∗ 648 52.1 (0.7) –
male 417 52.2 (0.9) 0.09 (–2.45 to 2.64) 0.94

Age categories
40–59∗ 25 51.0 (3.0) –
60–69 80 51.9 (1.8) 0.98 (–5.62 to 7.59) 0.77
70–79 321 52.5 (0.9) 1.54 (–4.65 to 7.72) 0.63
80–89 546 52.4 (0.7) 1.40 (–4.75 to 7.54) 0.66
90+ 93 50.5 (1.6) –0.49 (–7.29 to 6.30) 0.89

Education
primary education or less∗ 424 52.0 (0.8) –
secondary education or more 641 52.3 (0.6) 0.35 (–1.64 to 2.34) 0.73

NPI profiles
class 1 Affective 387 50.6 (0.7) 0.76 (–1.28 to 2.81) 0.46
class 2 High behavioral dist. 35 64.9 (2.5) 14.99 (9.90 to 20.09) <0.01‡
class 3 Negative affect 110 54.9 (1.4) 5.03 (1.94 to 8.11) <0.01‡
class 4 Affective/deliriant 122 58.8 (1.3) 8.89 (5.91 to 11.87) <0.01‡
class 5 Apathy∗ 411 49.9 (0.7) –

CDR
1∗ 481 49.1 (0.8) –
2 500 54.6 (0.7) 5.50 (3.12 to 7.88) <0.01‡
3 84 55.8 (2.0) 6.71 (1.92 to 11.50) 0.01

MMSE
per unit – – –0.12 (–0.36 to 0.13) 0.36

Dementia diagnosis
possible∗ 304 53.7 (0.9) –
probable 761 51.5 (0.5) –2.20 (–4.20 to –0.20) 0.03

Caregiver characteristics
Sex

male∗ 395 50.6 (0.9) –
female 670 53.1 (0.7) 2.52 (–0.07 to 5.11) 0.06

Age categories
30–59∗ 250 55.7 (1.0) –
60–69 246 55.6 (1.0) –0.03 (–2.79 to 2.72) 0.98
70–79 334 49.6 (0.9) –6.11 (–8.99 to –3.22) <0.01‡
80–89 223 48.7 (1.1) –6.94 (–10.11 to –3.77) <0.01‡
90+ 12 44.6 (4.2) –11.04 (–19.72 to –2.36) 0.01

Education
primary education or less∗ 654 51.7 (0.6) –
secondary education or more 411 52.9 (0.8) 1.15 (–0.92 to 3.22) 0.28

∗Reference category. †Estimates obtained by fitting a linear regression model with all variables in the table.
‡Statistically significant p-values after Bonferroni correction (p < 0.002).

with the NPS profile of patients. We found that the
strongest predictor of burden was in fact the NPS
profile the patients belonged to, with the previously
mentioned classes of patients with highly prevalent
irritability component (classes 2–4) being those that
consistently associate with a higher caregiver burden.
These results are compatible with those from a recent
systematic review including studies assessing indi-
vidual NPS showing that irritability was associated
with the greatest caregiver burden [33] Also, previ-
ous studies have already shown that female caregivers

experienced greater burden [34]. However, the nov-
elty of our study is that we found that once NPS
are introduced in the adjusted model, female care-
givers are no longer significantly associated with
an increased burden (borderline statistical signifi-
cance only). This finding suggests that the previously
reported greater burden among female caregivers, is
arguably explained by its relationship with patients’
NPS profiles. It is important to note that, the strong
relationship between the NPS classes has a similar
effect on caregiver burden irrespective of patient’s or
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caregiver’s sex (i.e., no evidence of effect modifica-
tion). Introducing these NPS classes in the analyses
helped us to confirm that the higher burden observed
in unadjusted estimates among female caregivers is
not due to a more negative perception of the same
burden. Thus, their increased burden is likely related
to the fact that females take care of patients with
symptoms associated to greater burden, such as those
patients in classes 2–4 in our analyses. While the ulti-
mate reasons behind this reality are likely to have
socio-cultural roots, ones that might not be easily be
changed, it is important to stress that according to
our data female caregivers do not simply “perceive”
a greater burden, but they actually carry the greatest
burden of AD dementia patients on their shoulders.

Another interesting observation is that older care-
givers seem to report less burden than younger ones.
Contrary to what we observed for female caregivers,
this result remained significant after adjustment for
all covariates. Therefore, given a patient with similar
NPS profile, age, sex, etc., older caregivers consis-
tently reported less burden. This suggest that there
could be a true divergence between “perceived” and
“experienced” burden. For instance, greater resigna-
tion in older caregivers who have been raised in a
different social context could serve as an explanation.
Alternatively, younger caregivers might have addi-
tional professional or familiar responsibilities beyond
the dementia patient or have greater expectations that
make them feel more overwhelmed. One could think
that older caregivers, who probably face health prob-
lems of their own, could experience a greater burden
from a similar patient, but the results of our study
suggest the exact opposite, they tend to perceive
less burden. To what extent adaptative mechanisms
described by other authors could also be related to
this finding is uncertain [35].

We should note that previous studies using LCA
of NPS in AD have frequently employed population-
based samples [36]. While this approach has other
advantages, it tends to include milder patients who
present with less comorbidities, and this influences
the results of these analyses. In contrast, our study
sample comprised patients from a memory clinic,
making conclusions regarding NPS classes extremely
valuable for clinicians.

This study has several limitations. Although we
were able to accrue a large sample size, these num-
bers became smaller as we classify into NPS groups
or into different strata of relevant variables. We cannot
ignore the potential reverse causation in this bidirec-
tional relationship and should not exclude that NPS

occurrence is a consequence rather than a cause of
caregiver burden, as previously reported [8]. Fur-
thermore, these tests are based on perception of
patient symptoms and caregiver burden, and these
two might not be entirely independent. For instance,
overwhelmed caregivers might tend to either overem-
phasize or to downplay existing NPS in the patients
they take care of. Perception of burden, and gen-
der issues in patient-caregiver relationships are rather
affected by the social and cultural background. Thus,
we should be cautious when interpreting the study
results and be aware that some of the conclusions
from this study might not be applicable to other
populations. Furthermore, we restricted our study to
primary caregivers, so making inference about other
type of caregivers based on these data can be prob-
lematic. Finally, some of the analyses involved a large
number of comparisons. However, applying Bonfer-
roni correction did not change our conclusions.

We should also note that the use of a cluster-
ing strategy grouping individuals according to their
symptoms, as in the case of this study, should be
interpreted carefully. LCA does not provide exclusive
groups of patients because the same symptom can be
shared in two or more latent classes. For example,
depression should be considered a preeminent symp-
tom when defining classes 1 and 4, but this symptom
is also present in other classes, although in a lower
probability. Patients are assigned to a group or class
according to a most-likely membership process. We
are assuming, as in any other clustering approach,
that any decision of the assignation of an individ-
ual to a class or about the results that emerge when
analyzing the connection of these classes with other
factors will be accompanied by some uncertainty. In
the present study, as reported previously, the anal-
ysis of residuals allows us to confirm that, at least,
conditional independence among latent class indica-
tors can be consistently assumed, that is, there is no
longer any association of one symptom with another
and the class group can be assumed as the reason of
their association

Detecting subtle behavioral changes and focus-
ing on behavioral disturbances is a key clinical
aspect in AD. This should be considered from the
very first contact, as it would help professionals
design an action plan to improve, throughout the
clinical process, the quality of life of patients and
families and to optimize treatment strategies. We
have shown that identifying profiles of AD patients
with dementia based on NPS is useful to predict
the burden they pose on caregivers and to better
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understand the role other factors play. We found
that NPS profiles that include irritability symptoms
(“High behavioral disturbance”, “Negative affect”,
and “Affective/deliriant”) are associated to increased
caregiver burden. AD dementia requires a holistic
approach in which the patient should be at the cen-
ter, but recognizing the essential role played by the
caregiver. Our study confirmed that female care-
givers provide care to patients that tend to pose a
greater burden. Therefore, they are more suscepti-
ble to becoming overwhelmed, and this should be
considered by neurologists, psychologists and social
workers involved in improving the quality of life
of patients with AD dementia. Our societies should
acknowledge the invaluable contribution of these
female caregivers and propose mechanisms to mini-
mize the disruption they might experience.
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M, Valero S (2021) Neuropsychiatric profiles and conver-
sion to dementia in mild cognitive impairment, a latent class
analysis. Sci Rep 11, 6448.

[12] D’Onofrio G, Sancarlo D, Addante F, Ciccone F, Cascav-
illa L, Paris F, Picoco M, Nuzzaci C, Elia AC, Greco A,
Chiarini R, Panza F, Pilotto A (2015) Caregiver burden char-
acterization in patients with Alzheimer’s disease or vascular
dementia. Int J Geriatr Psychiatry 30, 891-899.
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Agüera L, Martı́n MJ, Gobartt AL, Pons S, Balañá M (2010)
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