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Abstract

We investigated the effects of lockdown, as implemented by retirement homes to cope with
the spread of Covid-19, on hallucinatory experiences in patients with Alzheimer’s disease
(AD). The study included 47 patients with AD living in retirement homes and who were
already experiencing hallucinations prior to the lockdown. We invited caregivers to rate
hallucinatory experiences in these patients during the lockdown, and compared this rat-
ing with that provided by the same caregivers prior to the lockdown. Results demonstrated
increased hallucinatory experiences in patients with AD during the lockdown, compared
with before the lockdown. The decrease in social and physical activities during the lock-
down, and especially, the physical separation of residents from family members, might
have led to decreased sensory stimulation and increased loneliness, and consequently, to
the hallucinatory experiences in patients with AD living in retirement homes during the
lockdown. While the restrictive measures were necessary to cope with the spread of Covid-
19, these measures have increased hallucinations in patients with AD living in retire-
ment homes, at least in those who were already experiencing hallucinations prior to the
lockdown.
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The Covid-19 crisis has radically changed our social life and entirely altered how retire-
ment homes provide care to residents, especially to those with Alzheimer’s disease (AD)
[1]. Because patients with AD have a high risk of Covid-19 infection, retirement homes
were forced to implement strict restrictive measures. While these measures have served to
limit the spread of Covid-19, these measures involved reduced physical contact between
residents and their families. These restrictive measures also involved the cancelation of
several internal and external activities, not only those considered as nonessential such as
leisure activities (e.g., hairdressing), but also those involving access to health services
resources (e.g., access to external memory clinics, diurnal centers, physiotherapy centers).
While these measures were intended to protect the residents against Covid-19, these meas-
ures have increased isolation and loneliness in the residents and, probably, have decreased
their overall wellbeing and mental health. Critically, as will be discussed in the next para-
graphs, these restrictive measures might have increased the occurrence of hallucinations
in patients with AD, especially in those already suffering from hallucinations prior to the
lockdown.

Before discussing how the lockdown might have increased hallucinations in patients
with AD, it would be of interest to provide an introduction on the literature on hal-
lucinations in AD. Although AD is mainly characterized by cognitive decline [2], the
disease is also characterized by psychiatric symptoms such as hallucinations [3, 4]. The
prevalence of hallucinations in AD can range from 4 to 76% (median 23%) [5] with
increased occurrence in patients with moderate or advanced AD [6]. Although hallu-
cinations in AD mainly contain visual and auditory elements (e.g., faces or voices),
other sensory (e.g., olfactory, somatic, or tactile) elements can sometimes be evoked by
patients during hallucinations [3, 4, 7]. At the cognitive level, hallucinations in AD can
be associated with declines in source monitoring, i.e., the ability of patients to deter-
mine whether an experience originated within the self or came from an external source
[8]. Hallucinations in AD can also be attributed to inhibitory dysfunction which leads
to the emergence of redundant or irrelevant information into awareness, leading to hal-
lucinations [9, 10]. Besides cognitive factors, hallucinations in AD can also be associ-
ated with neurological factors such as reduced thickness in the lateral parietal cortex
[11], an increased occipital periventricular hyperintensities [12], as well as with low
regional perfusion of the right and left dorsolateral frontal, left ventral striatal, left ante-
rior cingulate, left pulvinar and dorsolateral parietal cortex regions [13]. Regardless of
their cognitive or neurological underlying processes, hallucinations in AD can lead to
aggressive behavior [14], verbal outbursts [15], and functional decline [16—18]. In turn,
aggressive behavior and functional decline, due to hallucinations, often lead to stress,
depression, and a high level of burden of care in caregivers [19, 20].

Hallucinations in patients with AD, especially in those living in retirement homes,
might have increased during the lockdown. This assumption can be supported be research
demonstrating how the lockdown has resulted in decreased mental health of patients with
AD. For instance, research has demonstrated increased neuropsychiatric symptomatol-
ogy in patients with AD living in their own homes during the lockdown [21]. Regarding
patients with AD who live in retirement homes, research has demonstrated increased lone-
liness [22-24] and depression in these patients during the lockdown [25]. Research has
also reported case studies involving hallucinations in three patients with AD who live in
retirement homes during the Covid-19 crisis [26, 27]. These case studies have included
patients who presented hallucinations prior to the lockdown and compared the patients’
hallucination scores before and during the lockdown. These case studies have reported
increased hallucinations during the lockdown and these increased hallucinations were
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attributed to the social distancing, lack of physical contact with family members and loneli-
ness of patients during the lockdown.

While the above-mentioned case studies have reported how the lockdown has increased
hallucinations in patients with AD living in retirement homes, these reports are preliminary
and should be tested in a more representative sample. We thus investigated hallucinations
in a large sample of patients with AD living in retirement homes during the lockdown. We
were also inspired by a study by Cagnin et al. [28] who assessed hallucinations in a large
sample of patients with AD who were living in their own homes during the lockdown.
In their study, Cagnin et al. [28] invited family members of patients with AD to describe
changes in neuropsychiatric symptoms of the patients during the lockdown. Results dem-
onstrated increased hallucinations in some patients with AD during the lockdown. While
the study by Cagnin et al. [28] has the merit to assess hallucinations in a very large sample
of patients with AD (n=3372), this study lacked a baseline, i.e., an assessment of hal-
lucinations in patients prior to lockdown. Critically, this study was also concerned with
patients living in their own homes and not those living in retirement homes. Targeting
patients living in retirement homes is important because, unlike patients living in their own
homes with their family members, patients living in retirement homes have suffered lim-
ited physical contact with their family members during the lockdown. Also, compared with
patients living in their own homes, those living in retirement homes are typically in the
advanced stages of the disease and suffer more cognitive and functional decline, thus exac-
erbating their neuropsychiatric symptomatology. We therefore assessed hallucinations in
patients with AD living in retirement homes during the lockdown.

To summarize, the restrictive measures during the lockdown have decreased wellbeing
and mental health in patients with AD living in their own homes [21, 28] as well as in
patients living in retirement homes [22-25]. These restrictive measures have also increased
hallucinations as suggested by research reporting how the lockdown has increased hallu-
cinations in patients with AD living in retirement homes [26, 27], however, these find-
ings were based on case studies and should be tested in a more representative sample. We
thus investigated hallucinations in a large sample of patients with AD living in retirement
homes during the lockdown. We used a follow-up design in which we compared halluci-
nations scores in patients with AD living in retirement homes and presenting hallucina-
tions prior to the lockdown. More specifically, we compared hallucination scores of these
patients during the lockdown and before the lockdown. We expected a higher occurrence
of hallucination during the lockdown that before the lockdown in these patients.

Method
Participants

The study included forty-seven participants with a clinical diagnosis of probable AD as
defined by the National Institute on Aging and the Alzheimer’s Association criteria for
probable Alzheimer’s disease [2] (27 women and 20 men; M age="71.91 years, SD=5.33;
M years of formal education=7.81, SD=2.28). We recruited participants from a pool
of patients who already participated in our previous studies on hallucinations before the
lockdown [4, 7-9]. Participants were living in different retirement homes in France and
their mean score on the Mini Mental Stat Examination [29] was 14.30 (SD=2.06). We
determined the sample size with G*Power [30], we calculated sample size for Wilcoxin
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tests (see the results section where we explain why we used Wilcoxin tests) based on 95%
power, an estimated probability of making Type I error of 0.05, and a medium effect size of
0.50 [31]. Analysis suggested that 47 participants would be necessary to obtain sufficient
statistical power. This study was designed and conducted in accordance with the Decla-
ration of Helsinki and participants provided their consent to participate and were able to
withdraw whenever they wished.

Procedures

Generally speaking, we invited caregivers to rate hallucinations of patients during the con-
finement, and we compared this rating with that already provided by the same caregivers
prior to the lockdown. The caregivers were either psychologists or nurses who provided
care for the patients both before and during the lockdown. During the lockdown, we invited
the caregivers to rate hallucinations of patients using the three items, the same as those
used by the caregivers to rate hallucinations before the lockdown in our studies [4, 7-9].
The three items were 1) “The patient sees objects or animals even though there is nothing
there”, 2) “The patient is troubled by hearing voices in her/his head”, and 3) “The patient
declares that she/he hears a voice speaking aloud”. The three items were assessed, during a
phone interview, by the caregiver with the help of a five-point Likert scale: zero=certainly
does not apply to the patient, one =possibly does not apply to the patient, two=unsure,
three =possibly applies to the patient, four =certainly applies to the patient. The assess-
ment during the lockdown occurred from March 26th 2020 to November 27th 2020. Note
that during this period the lockdown was implemented in France with some eased restric-
tions from July to September 2020, although these eased restrictions mainly concerned the
general population and not residents of retirement homes.

Results

To test our hypothesis, we compared scores of hallucinations before and during lock-
down using Wilcoxon signed rank tests. We used non-parametric tests since Shapiro—Wilk
tests showed non-normal distributions of data [for data related to hallucinations before
lockdown: W(47)=0.85, p < 0.001, for data related to hallucinations during lockdown:
W(47)=0.71, p < 0.001]. We provided effect sizes [d=0.2 can be considered a small effect
size, d=0.5 represents a medium effect size and d=0.8 refers to a large effect size [32]].
The effect size was calculated for non-parametric tests following recommendations by
Rosenthal and DiMatteo [33], and Ellis [34]. For all tests, level of significance was set as
p<0.05.

Increased Hallucinations During Lockdown
As illustrated in Fig. 1, analyses demonstrated a significantly higher hallucinations score

during the lockdown (Mean=3.49, Median=4.00, SD=0.58) compared to before the
lockdown (Mean =2.96, Median=3.00, SD=0.81), Z=3.76, p < 0.001, Cohen’s d=1.31.
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Fig. 1 Mean scores of hallucinations in AD patients before and during the lockdown

Complementary Analysis

For convenience, we assessed potential relationships between hallucination scores and
scores on the Mini Mental Stat Examination using Pearson’s correlations. We found no sig-
nificant correlations neither between hallucination scores before the lockdown and scores
on the Mini Mental Stat Examination (r=-0.18, p=0.23), nor between hallucination scores
during the lockdown and scores on the Mini Mental Stat Examination (r=-0.14, p=0.36).
Significant correlations were observed between hallucinations before and during the lock-
down (r=0.45, p=0.001).

Discussion

We assessed hallucinations in patients with AD who lived in retirement homes during the
lockdown. More specifically, we targeted patients with AD presenting hallucinations before
the lockdown and compared their scores of hallucinations during the lockdown with their
scores before the lockdown. The results demonstrated significantly higher hallucination
scores during the lockdown when compared with before the lockdown.

The increased hallucinations in patients with AD who lived in retirement homes dur-
ing the lockdown, as observed in our study, can be attributed to the restrictive measures
as implemented to cope with the spread of Covid-19. In retirement homes, non-essential
internal activities and even external activities involving access to health services resources
(e.g., access to external memory clinics) were canceled. Basic internal social activities
such as communal dining were also restricted and residents were invited not to leave their
wards, and in some cases, their rooms, in order to avoid contracting the virus. In addition to
these restrictions, there was also the reduced physical contact with family members. While
family members were able to visit the residents after the first weeks of the lockdown, visits
occurred under strict conditions. For instance, visits were generally short and only one (or
very few, in case of an emergency) member of the family was allowed. During these visits,
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contact was distant (e.g., at least 1.5-m distance) and, in many cases, occurred behind plex-
iglass or even behind windows. During the visits, family members had to wear a protec-
tive mouth mask, decreasing the ability to communicate, even with facial expressions, with
residents. Although some patients were able to communicate with family members using
technology (e.g., video calls), this communication is hindered by cognitive and sensory
impairments in patients with AD, especially in those in moderate to advanced stages of the
disease as was the case of many of our participants (see mean scores on the MMSE). Also,
this technology can be considered as a modest substitute for physical contact as needed by
patients with AD [35]. Taken together, the social distancing measures implemented during
the lockdown in France to contain the spread of Covid-19 might have increased loneliness
and sensory deprivation, increasing hallucinations in patients with AD living in retirement
homes, especially in those suffering hallucinations prior to the lockdown.

As we tend to suggest, the restrictive measures, as implemented by retirement homes
during the lockdown, might have increased social isolation, sensory deprivation, and feel-
ings of loneliness, and consequently, hallucinatory experiences in patients with AD. More
specifically, we suggest that the reduced social contacts, cognitive stimulation, and physi-
cal activity during the lockdown are conditions that contribute to sensory deprivation and
feelings of loneliness in patients with AD, increasing their hallucinations. Our assump-
tion can be supported by research demonstrating how social distancing during lockdown
has increased levels of loneliness in patients with AD [22-24]. Critically, our assumption
can be supported by research demonstrating a relationship between loneliness and halluci-
nations in patients with AD [36]. According to this research, emptiness and boredom, as
experienced by patients with AD suffering loneliness, may be compensated for by creat-
ing imagined stimuli, i.e., by generating hallucinatory experiences [36]. Thus, it is likely
that the reduced number of social contacts, and reduced levels of cognitive stimulation and
physical activity during the lockdown might have led to emptiness, boredom and increased
sensory deprivation in patients with AD living in retirement homes, leading to creating
imagined stimuli and generating hallucinatory experiences in these patients.

The increased occurrence of hallucinations, as observed in our study, is likely to result
from the social distancing measures rather than from the cognitive decline in patients.
As demonstrated by our correlational analysis, no significant differences were observed
between scores of patients in the Mini Mental Stat Examination and hallucinations.
Thus, cognitive decline does not seem to be involved in the hallucinatory experiences in
our study. Regardless of the cognitive account, it is important to situate our study within
the current knowledge on the effects of lockdown on hallucinations in AD. Our findings
extend those by Cagnin et al. [28] who investigated hallucinations in patients with AD
living in their own homes, and who observed the increased occurrence of hallucinations
in some of the patients. This is not surprising, as patients in the Cagnin et al. [28] study
were living in their own homes with their family members. Compared with the Cagnin
et al. [28] study, patients in the present study had little physical contact with family mem-
bers, and thus, little affective and social interactions, which may explain the increased
occurrence of hallucinatory experiences in our participants. It is also worth noting that
our study involved patients with AD who presented hallucinations prior the lockdown.
In other words, our results demonstrate increased hallucinations during the lockdown in
patients living in retirement homes and presenting hallucinations prior the lockdown. It
would be of interest to compare our findings with a sample including patients with AD
living in retirement homes without any hallucinatory symptomatology prior to the lock-
down in order to examine whether the lockdown may also elicit an occurrence of halluci-
natory in these patients as well.
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To summarize, because patients with AD have a significantly higher risk of Covid-19
infection, retirement homes were forced to implement strict restrictive measures. However,
these restrictive measures have negatively impacted mental health in patients with AD. More
specifically, and as demonstrated in our study, these restrictive measures have increased
the occurrence of hallucinations in patients with AD living in retirement homes, at least in
those who were already experiencing hallucinations prior to the lockdown. The decrease in
social and physical activities during the lockdown, and especially the physical separation
of residents from family members, may have led to decreased levels of sensory stimulation
and increased levels of loneliness, leading to an increase in the occurrence of hallucinatory
experiences in patients with AD living in retirement homes during the lockdown.
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