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Abstract

Background: Dementia is a group of symptoms that largely affects older people. The majority
of patients face behavioural and psychological symptoms (BPSD) during the course of their
illness. Alzheimer’s disease (AD) and vascular dementia (VaD) are two of the most prevalent
types of dementia. Available medications provide symptomatic benefits and provide relief from
BPSD and associated health issues. However, it is unclear how specific dementia,
antidepressant, antipsychotic, antianxiety, and mood stabiliser drugs, used in the treatment of
depression and dementia subtypes are prescribed in hospital admission, during hospital stay,
and at the time of discharge. To address this, we apply multi-dimensional data analytical

approaches to understand drug prescribing practices within hospitals in England and Wales.

Methods: We made use of the UK National Audit of Dementia (NAD) dataset and pre-
processed the dataset. We evaluated the pairwise Pearson correlation of the dataset and
selected key data features which are highly correlated with dementia subtypes. After that, we
selected drug prescribing behaviours (e.g. specific medications at the time of admission,
during the hospital stay, and upon discharge), drugs and disorders. Then to shed light on the
relations across multiple features or dimensions, we carried out multiple regression analyses,
considering the number of dementia, antidepressant, antipsychotic, antianxiety, mood

stabiliser, and antiepileptic/anticonvulsant drug prescriptions as dependent variables, and the
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prescription of other drugs, number of patients with dementia subtypes (AD/VaD), and

depression as independent variables.

Results: In terms of antidepressant drugs prescribed in hospital admission, during stay and
discharge, the number of sertraline and venlafaxine prescriptions were associated with the
number of VaD patients whilst the number of mirtazapine prescriptions was associated with
frontotemporal dementia patients. During admission, the number of lamotrigine prescriptions
was associated with frontotemporal dementia patients, and with the number of valproate and
dosulepin prescriptions. During discharge, the number of mirtazapine prescriptions was
associated with the number of donepezil prescriptions in conjunction with frontotemporal
dementia patients. Finally, the number of prescriptions of donepezil/memantine at admission,

during hospital stay and at discharge exhibited positive association with AD patients.

Conclusion: Our analyses reveal a complex, multifaceted set of interactions among

prescribed drug types, dementia subtypes, and depression.

Keywords: Dementia; Alzheimer’'s disease; vascular dementia; depression; antidepressant;

antipsychotic; antianxiety; drug prescription; hospital admission, stay and discharge.

Background

Dementia is considered as an age-related syndrome. Alzheimer’s disease (AD) is the most
prevalent type of dementia that impairs cognitive abilities and interferes with an individual’s
day-to-day life [1, 2]. Besides cognitive impairment, 90% of dementia patients also experience
behavioural and psychological symptoms (BPSD), widely known as neuropsychiatric
symptoms, at some stage of their illness. Typically, BPSD comprises symptoms such as
anxiety, aggression, agitation, hallucinations, delusions, irritability, poor appetite, and
abnormal sleep and motor behaviour [3]. Additionally, patients living with dementia often have
other comorbidities which, at times are undiagnosed and difficult to manage [4]. In particular,
dementia patients often live with multiple health conditions including psychosis which can arise
from underlying psychiatric disorders (e.g. depression, schizophrenia, and bipolar disorders)
or respiratory, urinary, cardiovascular and gastrointestinal conditions [5, 6, 7, 8, 9, 10]. Thus,
many patients, family members and caregivers require increased medical services that results

in considerable healthcare costs [11].

There is currently no known cure for dementia, though available dementia treatment strategies
aim to either alleviate certain symptoms or offer some relief of cognitive dysfunction associated

with AD [12]. Acetylcholinesterase inhibitors (AChEIl) (e.g. donepezil, rivastigmine and
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galantamine) belong to one such group of drugs [13, 14]. These drugs are the first-line therapy
for mild to moderate AD, and work by increasing the brain’s acetylcholine level, which is known
to be impaired in dementia [12, 15]. Memantine, a N-methyl-D-aspartate (NMDA) receptor
antagonist that reduces glutamate signalling, is indicated in the treatment of moderate to
severe AD [16].

Antidepressants, along with a range of mood stabilisers (lithium, anticonvulsant and
antipsychotic medicines), are commonly used to treat psychiatric conditions [17, 18, 19].
Additionally, anticholinergic drugs are used to address a range of other conditions which are
common in dementia (e.g. overactive bladder) [20]. However, particular care should be given
while prescribing these drugs, as anticholinergic and sedative drugs are linked to cognitive
dysfunction and higher mortality rates [21], especially in older individuals [22]. Additionally,
there is evidence that long-term usage of some drugs (e.g. tolterodine, used in the treatment
of overactive bladder) can increase the risk of dementia [23]. Selective serotonin reuptake
inhibitors (SSRIs) belong to another class of drugs used in treating depression, including in
elderly patients. However, there are differences in opinion on whether SSRIs are safe for
dementia patients. For instance, some believe that these drugs (e.g. fluoxetine) provide
neuroprotective effects and help in improving cognitive function [24]. Indeed, serotonin
receptor targeted drugs have been suggested for the treatment of AD [25]. However, other

studies suggest that long-term usage of SSRIs increases the risk of dementia [26].

Until now, various studies have been conducted to understand the associations among
dementia, age, ethnicity, dementia, antipsychotic, and antidepressant medications but they
are mainly limited to descriptive analyses with very few of them exploring their combinations
[27]. For example, a regression study by Barnes and colleagues showed that patients with
age of 70 or less, patient’'s care settings (e.g. Private continuing care, residential home,
nursing home), dementia subtypes (e.g. vascular dementia (VaD), AD, frontotemporal
dementia (FtD)), and severity of the disease are closely associated with antipsychotic

medications [28].

Generally, antipsychotic medications are known to show modest efficacy in the treatment of
dementia patients who experience psychotic symptoms [29]. However, usage of
antipsychotics is associated with numerous harmful side effects such as pneumonia, stroke,
somnolence, urinary tract infection and extrapyramidal symptoms, with increased mortality
risk [30]. Despite the knowledge of recognised harms of prescribing antipsychotics with limited
benefits, clinicians often continue their previous behaviours and write these prescriptions, as
non-pharmacological interventions are harder (more time-consuming, staff intensive, etc.).

Indeed, there are expected associations therefore between what is already prescribed by the
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clinician at admission and what is added during admission or on discharge. Thus, the UK’s
National Institute for Health and Care Excellence (NICE) guidelines state that individuals with
dementia should only be prescribed antipsychotics when they cannot cope with psychotic
symptoms and are at significant risk of harming themselves or others [12, 28]. Following the
earlier NICE guidelines, a longitudinal retrospective cohort study by Donegan et al. (2017)
showed that in a ten-year period, prescription of dementia drugs had doubled while the
prescription of antipsychotics was reduced significantly in patients diagnosed with dementia
[31].

Overall, these studies although valuable, generally provide descriptive statistical analyses of
specific features (e.g. age, ethnicity, dementia subtypes, or antipsychotic medications), and
are limited in providing more holistic, multi-dimensional insights or relationships among
specific antipsychotic, antidepressant, dementia drugs, dementia subtypes and
neuropsychiatric disorders. Moreover, there is a lack of such investigation within the context

of hospital admission, stay and discharge.

In this work, we address this by applying multi-dimensional data analytical methods to provide
insights into drug prescribing practices. We will particularly focus on the association among
antidepressant, antipsychotic, antianxiety, antiepileptic/anticonvulsant and dementia drugs
with dementia subtypes and neuropsychiatric disorders (particularly depression), given their
potential co-prescriptions and interactions. The study will focus on hospitals in England and

Wales.

Methods

NAD data

In this work, we made use of the National Audit of Dementia (NAD) dataset [32]. The NAD
data describes psychotropic medication prescribed for the treatment of BPSD in patients
admitted, between Feb and April 2019, to 50 (anonymised) hospitals in England and Wales.
This data has about 530 features that are related to age, gender, ethnicity, first language,
speciality team with whom patients spent the longest time (e.g., general medical, cardiac,
cancer), primary diagnosis, delirium as a part of admitting condition, number of patients with
dementia subtypes (AD, VaD, and FtD), with psychiatric diagnosis (most patients indicated
depression or delirium during hospital admission), who died in hospital, or details about
patients who discharged from hospital (Fig. 1). Additionally, the data contains details

associated with patient’s later life care, length of stay in the hospital, place of residence before
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admission, place after discharge, and prescribed drugs (on admission, in hospital and on

discharge).

Further, the dataset includes details of the total number of prescriptions, and number of
antidepressants, antipsychotics, mood stabilisers, anxiolytics, anticonvulsant, and dementia-
related drug prescriptions on admission, whilst in hospitals, and on discharge (see
Supplementary Materials for further details). Hence, this is considered a “wide” dataset (Fig.

1), and dimensional reduction of the data is needed.

For each hospital, each feature is described in terms of numerical discrete values; these
values are either zeros or discretized. We will focus our analysis only on AD, VaD, and FtD
patients, given the lack of data for other dementia subtypes. In particular, within the context of
hospital admission, stay and discharge, our work aims to elucidate the relationships among
the number of patients with dementia, the number of patients with psychiatric disorders, and
the number of prescriptions of antidepressants, antipsychotics, antianxiety, anticonvulsant

drugs, mood stabilisers, and dementia treatment drugs.
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Fig. 1. NAD dataset: The dataset consisted of 530 features (denoted by columns Ft1to Fts3o) and 50
hospitals across England and Wales (denoted by rows Hi1 to Hso) (see Supplementary Materials for
details of each feature). Note the “wideness” of the dataset.

Data pre-processing and feature reduction

First, we pre-processed the dataset and removed those features that were assigned with zero
values for all the hospitals. This reduced the number of features from 530 to 486. After that,
we applied a prescribed Pearson pairwise correlation coefficient threshold with absolute value
of above 0.4 to identify the more significant relationships between features [33]. Then, we
selected the features (e.g. age, ethnicity, disorders, dementia subtypes, number of

antidepressants, antipsychotics, mood stabilisers, anxiolytics, anticonvulsant, and dementia-



165
166
167
168

169
170
171
172
173
174
175
176
177
178
179
180

181

182

183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198

related drug prescriptions) which are highly correlated with dementia subtypes (AD, VaD, and
FtD). After that, we focused on these specific drug prescriptions and explored how they are
correlated with the other features at various stages in the hospital (e.g. admission, stay, and

discharge).

Following that, we selected from the first 289 features which were related to the patient’s age,
ethnicity, longest stay in hospital, and medications at the time of admission, during hospital
and discharge (see Figure 2 caption for details), and manually omitted the remaining features
which were related to status (prescription continued or stopped), type (same or new
prescription), time (during admission, hospitalisation or discharge) and reasons for
prescriptions recorded, prescribed by person/team, reviewed at different times, as these were
outside the scope of the study (for details see Ft290-Ft486, Fig 3 caption, also see labels in
dataset file: spotlight-data.csv). Additionally, we ignored features corresponding to the
prescriptions where target symptoms were recorded during admission or while in hospital or
at the time of discharge, and review of prescriptions to be held during the discharge, as these
features are not drug-specific (e.g. related to antidepressant or dementia drugs) (see

Supplementary Materials for the list of selected features).

Multiple regression analysis

After data pre-processing and reduction, we standardised all the features by calculating the z-
score for each value and performed multiple regression analysis [34] on specific dementia or
antidepressant drugs as a dependent variable and the other drugs (e.g. antidepressants,
antipsychotics, antianxiety, anticonvulsant drugs, mood stabilisers, and dementia treatment
drugs) and neurological/neuropsychiatric disorders (AD, VaD, FtD, and depression) as
independent variables. This allowed a more holistic estimation of the value of our dependent
variable based on the value of other multiple independent variables. We initially considered all
the independent variables and evaluated their associated p-values so that the estimated value
calculated via a regression function was close to the known values. In cases where the p-
values were greater than 0.05, we ignored those independent variables and repeated the
process with the rest of the variables until all the p-values were less than 0.05, which we
considered to be statistically significant. In this process, we removed the variable which had
the highest p-values, and repeated this step until all remaining variables had a p-values of
less than 0.05. However, we also noticed some other combinations of independent variables
also contain p-values within the statistically significant regime, we also considered those

subsets as associated features.
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Software

We computed the correlation coefficients using MATLAB [35] and performed regression

analysis using Bioinfokit package written in Python 3 [36].

Results

Correlation between sertraline and citalopram, and VaD, mirtazapine, venlafaxine,

diazepam and valproate.

The openly available National Audit of Dementia (NAD) dataset was used in our analysis. Prior
to any analysis, we first pre-processed by removing data features (variables) that were not
present for all the hospitals. This reduced the number of data features from 530 to 486. Then,
to elucidate the association between any two of the selected features, we computed their
pairwise Pearson correlation coefficient [37]. The resultant correlation matrix for these features
is summarised in Fig. 2. In Fig. 2, we can also see that despite the large number of features
in the data, only a subset had strong pairwise relationships (redder coloured regions). Then,
we selected the prescription of drug-related features (number of prescriptions of
antidepressants, antipsychotics, antianxiety, anticonvulsant, mood stabilisers, and dementia
drugs) one at a time and compared the correlation coefficients using a coefficient threshold

with absolute value above 0.4 (Methods).
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Fig. 2. Correlation matrix for any pair of data features within 486 features. Colour bar: pairwise Pearson
correlation values. These features (Ft) are: Ft1: total number of patient participated in the audit; Ft2 to
Ft9: age related features; Ft10 to Ft14: gender specific features; Ft15 to Ft21: Ethnicity features; Ft22
to Ft25: language features; Ft26 to Ft34: patients with specific ward/team; Ft35 to Ft60: patients with
primary diagnosis; Ft61 to Ft66: patients with delirium as a part of admitting condition; Ft67 to Ft77:
patients with recorded dementia subtypes; Ft78 to Ft88: patients with psychiatric diagnosis; Ft89 to
Ft91: patients died in the hospitals; Ft92 to Ft97: patients details related to discharge from the hospital;
Ft98 to Ft99: patients receiving end of life care or care plan; Ft100 to Ft113: patients with length of stay
recorded; Ft114 to Ft125: place of residence recorded before admission; Ft126 to Ft137: place of
residence recorded after discharge; Ft138 to Ft187: total number of prescriptions of specific drugs at
the time of admission; Ft188 to Ft239: total number of prescriptions of specific drugs in the hospital;
Ft240 to Ft289: total number of prescriptions of specific drugs at the time of discharge; Ft290 to Ft298:
number of prescriptions under different scenarios; Ft299 to Ft324: total number of prescriptions related
to antipsychotic, hypnotics, antidepressant, dementia and anticonvulsants, same resumed/stopped at
different time; Ft325 to Ft359: total number of new prescriptions related to antipsychotic, hypnotics,
antidepressant, dementia and anticonvulsants during different time in hospital; Ft360 to Ft367: regular
prescriptions related to antipsychotic, hypnotics, antidepressant, dementia and anticonvulsants; Ft368
to Ft385: total number of prescriptions related to antipsychotic, hypnotics, antidepressant, dementia
and anticonvulsants; Ft386 to Ft421: prescriptions when reasons for prescription are recorded; Ft422
to Ft447: New prescription target symptoms recorded; Ft448 to Ft466: new prescriptions of
antipsychotic, hypnotics, antidepressant, dementia and anticonvulsants are recorded by person/team;
Ft467 to Ft486: prescriptions recommended for review or reviewed at different times.

In terms of antidepressant drugs, we considered the number of sertraline and citalopram drug
prescriptions (Fig. 2, features Ft167, Ft219, Ft269 and Ft157, Ft208, Ft259 at hospital
admission, during hospital stay, and discharge respectively). For their correlations with other
drugs (antidepressants, mood stabilisers, antipsychotics, antianxiety, anticonvulsant, and anti-

dementia) and disorders (depression and dementia subtypes), we first considered the number
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of sertraline prescriptions at the time of admission, acting as the dependent feature, and
observed that this was positively correlated with 53 other features related to age, gender,
ethnicity, language, ward, primary diagnosis, and delirium condition (see Supplementary
section for details). Particularly, sertraline prescriptions were positively correlated with VaD
(correlation coefficient: 0.435), number of patients with depression indicated in admitting
information (0.4535). Additionally, sertraline prescriptions were also positively correlated with
the number of prescriptions of diazepam during admission. This pattern of drug prescription
was also found during hospital stay. However, at the time of discharge, in terms of drug
prescriptions, sertraline prescription was positively correlated with the number of diazepam
prescriptions (0.4387), and mirtazapine prescriptions at the time of admission. After that, we
investigated citalopram prescriptions; they were found to be positively correlated with the
number of VaD (0.4107), bipolar patients (0.4028) at the time of admission. Additionally, they
were positively related to valproate (0.4337) and diazepam (0.4168) prescriptions. However,
during stay, citalopram prescriptions were related to VaD patients (0.4607) and venlafaxine
(0.4388, at admission) and diazepam prescriptions (0.4778, 0.4198, at admission, and during

stay respectively). This trend of prescription was similar at hospital discharge.

Correlation between donepezil, memantine, sertraline, citalopram, risperidone and AD

We next investigated dementia drugs, particularly the number of donepezil prescriptions at the
time of admission (Fig. 2, feature Ft184) and we observed that it was strongly correlated with
53 other features. Most of these features were similar to those for sertraline prescription, with
some exceptions. For example, donepezil prescription number was not correlated with patient
age (e.g. age group 66-80) nor the number of patients who spent the longest period with the
surgery team. Further, donepezil prescription was weakly correlated with the number of VaD
patients (0.0179) and other dementia subtypes except for AD (0.6643). Donepezil prescription
was not highly correlated with co-prescription of antidepressants (e.g. citalopram 0.1469,
0.1750, 0.1874; sertraline 0.1571, 0.0948, 0.1086 at admission, during hospital stay and at
discharge respectively). The number of donepezil prescription was more strongly correlated
with AD patients during hospitalisation (0.6746) (Fig. 2, feature Ft68) and with the number of
mirtazapine prescriptions at the time of hospital admission and during hospital stay (Fig. 2,
feature Ft164 and 216, with value 0.4310 and 0.4248 respectively). Upon hospital discharge
(Fig. 2, feature Ft286), we observed that donepezil prescription was correlated with 50 other
features which were largely the same as those during hospital admission and stay (see
Supplementary section for details). Finally, we showed that memantine prescription numbers

during admission, stay and discharge were (Ft 186, Ft238, and Ft288) positively correlated to
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number of AD patients (0.5782, 0.6049, and 0.6235). Additionally, its prescriptions during
hospital stay and at discharge (Ft238, Ft288) were positively correlated with risperidone

prescription number during hospital stay (Ft 198) (0.4857, 0.4069 respectively).

In summary, sertraline and citalopram prescriptions were positively correlated with VaD
patients. Compared to citalopram, sertraline prescriptions were highly correlated with
depressed patients whereas citalopram prescriptions were more correlated with bipolar
patients only at the time of admission. Additionally, both these drugs were highly correlated
with diazepam prescriptions except when citalopram was prescribed during discharge. In
terms of dementia drugs, donepezil was highly correlated with mirtazapine prescriptions
during hospital stay and discharge, whereas memantine prescriptions were more correlated

with risperidone prescriptions during hospital stay.

Although the results based on correlation coefficients were substantial, they were limited to
pairwise relationships. Hence, we next investigated simultaneous relationships among several

of these features.

Relationships among AD with prescribed dementia, antidepressant, and antipsychotic

drugs

Building on our above correlation analysis of dementia subtypes with other features, we
selected from the first 289 features which were related to the patient’s age, ethnicity, longest
stay in the hospital, and medications at the time of admission, during hospital and discharge
(see Figure 2 caption for details). Then, we used multiple (linear) regression (Aiken et al.,
2012) on the standardised dataset to investigate the relationships among antidepressant,
antipsychotic, antianxiety, anticonvulsant, dementia drugs, depression and dementia subtypes
(vaD, AD, FtD, and Parkinson's disease) (Methods), particularly on the prescribed drugs in

each of these dementia subtypes.

We first considered the number of donepezil prescriptions during hospital admission, stay and
at discharge, and we found it was linked to the number of AD patients (R% 0.4413, p-value:
1.4398E-07, R% 0.4551, p-value: 7.7876E-08, and R? 0.4018, p-value: 7.7583E-07
respectively) (for details, see Supplementary Materials, Tables S1). This was an expected
result, validating the approach. During hospital stay, these prescriptions were significantly
linked to mirtazapine prescriptions (R? 0.9237, p-value: 1.0575E-25) (Supplementary
Materials, Tables S2).
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Similar to donepezil, the number of memantine prescriptions was (albeit weaker) positively
dependent on AD patient number during hospital admission, stay and upon discharge (R
0.3344, p-value: 1.0933E-05, R% 0.3659, p-value: 3.2715E-06, and R? 0.3887, p-value:
1.3213E-06 respectively) (Supplementary Materials, Table S3) but showed no association
with the number of donepezil prescriptions. Again, this was expected as they were not
prescribed together. However, in the case of hospitalisation, the number of memantine
prescriptions was very positively associated with risperidone prescriptions during stay and
memantine prescriptions during admission (R?: 0.9469, p-value: 1.1136E-30) (Supplementary
Materials, Table S4). Interestingly, such a memantine-risperidone association was missing at

the time of discharge (Supplementary Materials, Table S4).

Relationships among dementia subtypes (AD, VaD, and FtD), depressed patients with
prescribed dementia, antidepressant, antipsychotic, mood stabiliser and antianxiety

drugs

In terms of antidepressants, we first considered the number of sertraline prescriptions at
admission, during hospital stay, and upon discharge, and observed that they were related to
the number of VaD and depressed patients (R?: 0.2844, p-value: 3.8438E-04, R* 0.291, p-
value: 3.0947E-04, and R% 0.2971, p-value: 2.5274E-04 respectively) (Fig. 3A).
(Supplementary Materials, Table S5). Additionally, sertraline prescription was also associated
with the number of VaD patients and prescription of the anxiolytic drug diazepam at admission,
during hospital stay, and at discharge (R?: 0.2834, p-value: 3.9686E-04, R%: 0.2972, p-value:
2.5142E-04, and R?: 0.2913, p-value: 3.0650E-04 respectively) (Fig. 3B). (Supplementary
Materials, Table S6). Also, sertraline prescriptions were associated with depression and
diazepam prescriptions during discharge (R 0.3067, p-value: 1.8257E-04) (Supplementary

Materials, Table S7). This was expected given the co-morbidity of depression and anxiety.

Compared to the number of prescriptions of sertraline, the number of citalopram prescriptions
on admission are related to diazepam and valproate prescriptions (R%- 3167, p-value-
1.2987E-04) (Supplementary Materials, Table S8) (Fig. 3C). We further noticed that
citalopram prescriptions during hospital stay were strongly associated with diazepam and
citalopram prescriptions (R?- 0.9378, p-value- 4.5418E-29) (Supplementary Materials, Table
S9), but such trend was missing upon discharge. Hence, it was unclear whether the co-

morbidity between depression and anxiety had been reduced upon discharge.
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We next investigated the antidepressant Venlafaxine. We first observed that on admission,
during hospital stay and upon discharge, venlafaxine is associated with the number of VaD
and FtD patients but not AD patients (R% 0.3184, p-value: 1.2245E-04, R% 0.3396, p-value:
5.8312E-05, and R? 0.3292, p-value: 8.4114E-05 respectively) (Supplementary Materials,
Table S10) (Fig 3D). However, venlafaxine prescriptions during hospitalisation were strongly
related to that during admission and citalopram prescriptions during hospital stay (r-squared-
0.9263, p-value- 2.4024E-27) (Supplementary Materials, Table S11). Thus, both

antidepressants were used during hospital stay.

We next looked at another antidepressant, mirtazapine. We noticed that on admission, during
hospital stay and on discharge, the number of prescriptions of mirtazapine was associated
with FtD patients (R?: 0.2299, p-value: 4.2607E-04, R% 0.2449, p-value: 2.5921E-04, and R
0.2493, p-value: 2.2299E-04 respectively) (Supplementary Materials, Table S12).

We then investigated the effects of the antiepileptic/anticonvulsant drug Lamotrigine. During
hospital admission lamotrigine prescriptions was related to FtD patients, and number of
valproate (mood stabiliser), and dosulepin (antidepressant) prescriptions (R?- 0.4684, p-value-
1.8808E-06) (Supplementary Materials, Table S13). During hospitalisation, lamotrigine
prescription was linked to FtD patients, but also to lamotrigine prescriptions on admission (R
0.5568, p-value- 4.9519E-09) (Supplementary Materials, Table S14). On discharge,
lamotrigine prescription relates to its hospitalisation prescriptions (R®- 0.7964, p-value-
3.3073E-18) (Supplementary Material, Table S15). Thus, lamotrigine had been prescribed on

FtD patients throughout the hospitalisation journey.

Finally, we investigated the atypical antipsychotic, particularly quetiapine. Unlike the
antidepressant mirtazapine, the number of quetiapine prescriptions during admission was
associated with AD and not FtD patients (R%- 0.162, p-value- 3.7537E-03) (Supplementary
Material, Table S16). During hospitalisation, quetiapine was only linked to its prescriptions on
admission (R?- 0.8476, p-value- 3.0343E-21) (Supplementary Material, Table S17). However,
on discharge, quetiapine was associated with the number of AD patients and previous
quetiapine prescriptions (during admission and hospitalisations) (R 0.95, p-value- 6.4821E-
30) (Supplementary Materials, Table S18). This indicated the prescription of quetiapine
prescriptions was associated with AD patients only during the hospital admission and during

the discharge.
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Fig. 3. Associations among number of AD, VaD, FtD, and patients with depression, and prescribed
drugs: A) Relationship among number of sertraline prescriptions, VaD and depressed patients; B)
Number of sertraline prescriptions, number of VaD patients, and diazepam prescriptions; C) Number of
citalopram prescriptions, valproate, and diazepam prescriptions; D) Number of venlafaxine
prescriptions, number of FtD, and VaD patients, all are for hospital admission. Colour bar denotes data
from the 50 different hospitals.

In summary, we had investigated the associations among antidepressant, mood stabilising,
antipsychotic, antianxiety and dementia drugs, depression, and dementia subtypes, and how
these were dependent on hospitalisation stage. In particular, we observed that the number of
prescriptions of specific antidepressants (e.g. sertraline) was associated with the number of
VaD patients, patients with depression and diazepam prescriptions. Further, citalopram was
associated with diazepam prescriptions and venlafaxine was associated with VaD patients. In
contrast, the antidepressant mirtazapine, was associated with other dementia subtypes (e.g.
FtD patients) as well number of donepezil prescriptions. Further, some of these drugs showed
multiple associations. For example, the number of lamotrigine (anticonvulsant) prescriptions

was associated with FtD patients, valproate and dosulepin prescriptions. Additionally, the



397 dementia drug memantine demonstrated multiple association with atypical antipsychotic drug
398 risperidone and previous memantine prescriptions. A summary of the main results is illustrated
399 in Fig. 4.
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403  Fig. 4. Association of drugs with Alzheimer’s disease (AD), vascular dementia (VaD), and depression
404  (Dep). Six classes of drugs: antidepressants (blue), antipsychotic (violet), antianxiety (magenta), mood
405  stabiliser (bluish grey), antiepileptic/ anticonvulsant (bright green) and dementia (red). Solid line
406 indicates association during admission, stay and discharge, round dotted line denotes association
407  during admission only, dashed line denotes association during hospital stay only, dash dotted line
408 represents association between admission and stay, and dash double dotted line indicates association
409  of number of prescriptions during admission and discharge. Note: Association among prescriptions of
410  specific drugs during discharge with stay and admission, and association between drug prescription
411  during hospital stay with admission are not shown in this figure, for details see (Supplementary
412  Materials, Table S1-S18).

Diazepam Donepezil

413

414 Discussion

415  Dementia patients often live with BPSD and many comorbidities. Conventionally, antipsychotic
416  drugs are used to treat BPSD related symptoms [38]. On the one hand, these drugs provide
417  symptomatic relief to patients. On the other hand, they are often accompanied by undesirable
418 side effects. Thus, many clinicians prefer to use antidepressants and mood stabilisers as a
419  substitute for the treatment of BPSD [39]. Additionally, acetylcholinesterase inhibitors
420 (donepezil) and memantine have been shown to positively influence the management of
421  BPSD [40, 41, 42].



422
423
424
425
426
427
428
429
430
431
432

433
434
435
436
437
438
439
440
441
442
443
444
445
446

447
443
449
450
451
452
453
454
455
456

Multi-drug regimens are also a common strategy used in dementia patients to manage BPSD
and treat co-morbid conditions [43, 44, 45, 46, 47]. Generally, a combination of drugs, widely
known as polypharmacy, are prescribed to provide symptomatic relief, but a cocktail of these
drugs often possesses a risk of adverse side-effects that may arise due to complex
pharmacokinetics/pharmacodynamics and drug-drug interactions [48, 49]. The combination of
drugs is prescribed after careful clinical assessment of medical history, longitudinal changes
in behavioural and psychological symptoms, along with pathological imaging results [50, 51].
Therefore, prescription of drugs depends upon multiple factors. However, there is lack of a
holistic understanding regarding prescription behaviours in actual clinical practice, especially
in relation to patients’ hospital admission, during hospital in-patient stays, and upon discharge

from hospital.

In this work, we aimed to identify multi-dimensional patterns in the prescription practice for
antidepressant, antipsychotic, mood stabilising, anticonvulsant, and dementia treatment drugs
by analysing the NAD data for hospitals in England and Wales. We were specifically interested
in understanding the association among two or more data features involving drugs used in the
treatment of dementia and BPSD including antidepressants, antipsychotics and anxiolytics
and how these were associated with different subtypes of dementia and depression on
hospital admission, during in-patient hospital stays and upon discharge. First, we applied
correlation analysis to elucidate pairwise relationships between any two features. We then
selected the features which are highly correlated with dementia subtypes (AD, VaD, and FtD).
After that, we identified the drugs which are highly correlated with the above dementia
subtypes, and then identified the features that are highly correlated with those drugs. We then
manually selected (289) relevant features from the dataset. Finally, we conducted multiple
linear regression analysis on the selected standardised features, and examined the

relationships among polypharmacy, dementia subtypes, and depression.

Our analytical results on the NAD data identified several associations among drug
prescriptions, admission, stay and discharge from hospitals, dementia subtypes and
depression. For example, we identified a positive association between the number of sertraline
prescriptions (during admission, stay and discharge) with the number of VaD patients and
patients with depression. In practice, sertraline is a commonly prescribed drug for the
treatment of depression in AD, although there are mixed results in the literature. For example,
one study suggests that sertraline prescription can increase the likelihood of adverse effects
in AD patients having depressive symptoms [52]. We also observed that the number of
prescriptions of sertraline did not show any association with the number of prescriptions of the

dementia treatment drug, donepezil. However, a study by Kumar and colleague suggests their
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co-administration to be safe in elderly patients [53]. In addition, on hospital admission, during
hospital stay and on discharge, sertraline prescriptions were associated with the number of
VaD patients and diazepam prescriptions. This is in contrast with earlier studies [54, 55] that
suggest that sertraline administration can decrease the clearance of diazepam in plasma [54],
suggesting that when the two drugs are prescribed together, the efficacy of diazepam can
decrease. Nevertheless, in the absence of patient level detall, it is difficult to conclude their

co-prescription is common, and more confirmatory studies are needed.

We also found that the number of citalopram prescriptions during admission was positively
associated with diazepam and valproate prescriptions. Diazepam use is common in patients
having BPSD symptoms [56], but usage of diazepam together with citalopram can increase
the risk of side effects and may contribute to fatal poisoning [57]. In comparison, valproate can
be effective in treating aggression and behavioural activation related symptoms [58], and its
combination with citalopram has proven to be effective, especially in depressed patients with

dysphoric mood [58]

Additionally, during hospitalisation, we observed that the prescription of antidepressant
venlafaxine was highly associated with citalopram prescriptions. Both these drugs are
primarily used to reduce anxiety in dementia patients [59]. In depressed patients, their
efficacies are the same when there is insufficient response to other antidepressants [60].
However, for a group of depressed patients, venlafaxine is found to be therapeutically more
effective than other SSRIs, as it enhances baseline brain levels of both serotonin and
norepinephrine [60]. Further, co-prescription of both these drugs can result in adverse side
effects (e.g. dizziness or agitation) and increase healthcare prescription cost [61]. However, it
is difficult to conclude, at the coarse-grained hospital level as in this study, whether the same
patients were co-prescribed citalopram and venlafaxine. Future work will analyse at patient-

level detail.

In terms of atypical antipsychotics, we found that the number of prescriptions of quetiapine
was associated with the number of AD patients during admission. Another commonly
prescribed atypical antipsychotic drug, risperidone, is also suggested to be an effective
medication for BPSD [62]. However, due to its adverse effects including on the
cerebrovascular system, its usage in elderly patients is still debatable in clinical practice in
many countries [62]. Generally, low dosage of quetiapine is as equally effective as risperidone

and is tolerated well by elderly patients with BPSD [63].

Finally, we demonstrated that the number of prescriptions of donepezil was positively

associated with the number of AD patients and mirtazapine prescriptions. However, donepezil
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prescriptions did not show any association with the number of memantine prescriptions which
is not consistent with other works that suggest that co-administration of memantine
considerably improves the mental health in moderate AD patients who are already on
donepezil [64, 65]. This discrepancy in prescriptive behaviour and empirical research points
towards the need for further empirical evidence and also the analysis of more granular data
(e.g. at the patient level). These results could be useful in understanding clinicians’
prescribing behaviour, for instance, in understanding whether specific drug prescribed
during admission is discontinued during hospitalisation or discharge.

Conclusion

Our results demonstrate the complex, multi-dimensional relationship between polypharmacy,
dementia subtypes and neuropsychiatric disorders. We found that the prescription of drugs is
influenced by dementia subtype, the presence of depression, the prescription of other
(antidepressant, antipsychotic, mood stabilising, anticonvulsant, and dementia) drugs on
admission to hospital, prescription during in-patient hospital stays or on discharge. Most
importantly, our work captures the relationship among commonly prescribed drugs, and could
be useful in unfolding drug co-prescription patterns. We believe such approaches will assist
in decision making and allow clinicians and healthcare planners to better evaluate the costs

and benefits of polypharmacy.

Declarations

Ethics approval and consent to participate
Not required in this analytical work.

Consent for publication

Not applicable.

Availability of data and materials

This study did not require ethical approval as analysis was performed on the open National

Audit of Dementia (NAD) available at [https://www.rcpsych.ac.uk/improving-




518
519

520
521

522

523

524

525
526
527
528
529
530

531

532
533
534

535

536
537

538

539

540
541
542

543

care/ccgi/national-clinical-audits/national-audit-of-dementia/nad-reports-and-resources/data-
tables#fag-accoridon-collapse2563078b-adf0-4aa7-83ae-b771666af179].

All data generated or analysed during this study are included in this published article [and its

supplementary information files].

Competing interests

The authors declare that they have no competing interests.
Funding

This work was supported by the European Union’s INTERREG VA Programme, managed by
the Special EU Programmes Body (SEUPB (Centre for Personalised Medicine, IVA 5036)),
Alzheimer's Research UK (ARUK) NI Pump Priming (A.J.,P.L.M., KW.-L.), and Ulster
University Research Challenge Fund (A.J.,S.T.,P.L.M., KW.-L.). The views and opinions
expressed in this paper do not necessarily reflect those of the European Commission or the
SEUPB.

Authors' contributions

AJ and KW-L conceptualized and designed the study. KW-L supervised the study. AJ
conducted analyses and wrote the first draft. AJ, ST, DPF, PLM, and KW-L interpreted the

data and revised the manuscript.
Acknowledgements

We would like to acknowledge HQIP (Healthcare Quality Improvement Partnership) who is the

intellectual property owner of the audit of the dementia dataset.

References

[11 Bouwens, S.F.M., van Heugten, C.M., Verhey, F.R.J., 2009. Association between
cognition and daily life functioning in dementia subtypes. Int. J. Geriatr. Psychiatry 24,
764—769. https://doi.org/10.1002/gps.2193

[2] Laurin, D., Verreault, R., Lindsay, J., MacPherson, K., Rockwood, K., 2001. Physical



544
545

546
547
548

549
550
551

552
553
554

555
556
557

558
559
560
561

562
563
564

565
566
567

568
569
570

571
572
573
574

575

activity and risk of cognitive impairment and dementia in elderly persons. Arch. Neurol.
58, 498-504. https://doi.org/10.1001/archneur.58.3.498

[3] Cerejeira, J., Lagarto, L., Mukaetova-Ladinska, E.B., 2012. Behavioral and psychological
symptoms of dementia. Front. Neurol. MAY, 73.
https://doi.org/10.3389/fneur.2012.00073

[4] Bunn, F., Burn, A.M., Goodman, C., Rait, G., Norton, S., Robinson, L., Schoeman, J.,
Brayne, C., 2014. Comorbidity and dementia: A scoping review of the literature. BMC
Med. 12, 192. https://doi.org/10.1186/s12916-014-0192-4

[5] Daiello, L.A., Gardner, R., Epstein-Lubow, G., Butterfield, K., Gravenstein, S., 2014.
Association of dementia with early rehospitalization among Medicare beneficiaries. Arch.
Gerontol. Geriatr. 59, 162—168. https://doi.org/10.1016/j.archger.2014.02.010

[6] Diniz, B.S., Teixeira, A.L., Cao, F., Gildengers, A., Soares, J.C., Butters, M.A., Reynolds,
C.F., 2017. History of Bipolar Disorder and the Risk of Dementia: A Systematic Review
and Meta-Analysis. Am. J. Geriatr. Psychiatry. https://doi.org/10.1016/j.jagp.2016.11.014

[7] Draper, B., Karmel, R., Gibson, D., Peut, A., Anderson, P., 2011. The Hospital Dementia
Services Project: Age differences in hospital stays for older people with and without
dementia. Int. Psychogeriatrics 23, 1649-1658.
https://doi.org/10.1017/S1041610211001694

[8] Fillit, H., Nash, D.T., Rundek, T., Zuckerman, A., 2008. Cardiovascular risk factors and
dementia. Am. J. Geriatr. Pharmacother. 0, 100-118.
https://doi.org/10.1016/j.amjopharm.2008.06.004

[9] Kverno, K.S., Velez, R., 2018. Comorbid Dementia and Depression: The Case for
Integrated Care. J. Nurse Pract. 14, 196-201.
https://doi.org/10.1016/j.nurpra.2017.12.032

[10] van der Steen, J.T., Mehr, D.R., Kruse, R.L., Ribbe, M\W., van der Wal, G., 2007.
Dementia, Lower Respiratory Tract Infection, and Long-Term Mortality. J. Am. Med. Dir.
Assoc. 8, 396—403. https://doi.org/10.1016/j.jamda.2007.03.005

[11] Zhu, C.W., Scarmeas, N., Ornstein, K., Albert, M., Brandt, J., Blacker, D., Sano, M., Stern,
Y., 2015. Health-care use and cost in dementia caregivers: Longitudinal results from the
Predictors Caregiver Study. Alzheimer’s Dement. 11, 444-454.
https://doi.org/10.1016/j.jalz.2013.12.018

[12] NICE, 2018. National Institute for Health and Clinical Excellence.Dementia. Guideline on



576
577

578
579
580
581

582
583
584
585
586

587
588

589
590
591

592
593
594
595

596
597

598
599

600
601
602

603
604
605
606

607

Supporting People With Dementia and Their Carers in Health and Social Care. URL

https://www.nice.org.uk/quidance/ng97

[13] Di Santo, S.G., Prinelli, F., Adorni, F., Caltagirone, C., Musicco, M., 2013. A meta-analysis
of the efficacy of donepezil, rivastigmine, galantamine, and memantine in relation to
severity of Alzheimer's disease. J. Alzheimer's Dis. 35, 349-361.
https://doi.org/10.3233/JAD-122140

[14] Rodda, J., Morgan, S., Walker, Z., 2009. Are cholinesterase inhibitors effective in the
management of the behavioral and psychological symptoms of dementia in Alzheimer’s
disease? A systematic review of randomized, placebo-controlled trials of donepezil,
rivastigmine and galantamine. Int. Psychogeriatrics.
https://doi.org/10.1017/S1041610209990354

[15] Bryson, H.M., Benfield, P., 1997. Donepezil. Drugs and Aging.
https://doi.org/10.2165/00002512-199710030-00007

[16] Parsons, C.G., Danysz, W., Quack, G., 1999. Memantine is a clinically well tolerated N-
methyl-D-aspartate (NMDA) receptor antagonist - A review of preclinical data.
Neuropharmacology. https://doi.org/10.1016/S0028-3908(99)00019-2

[17] Correll, C.U., Detraux, J., De Lepeleire, J., De Hert, M., 2015. Effects of antipsychotics,
antidepressants and mood stabilizers on risk for physical diseases in people with
schizophrenia, depression and bipolar disorder. World Psychiatry 14, 119-136.
https://doi.org/10.1002/wps.20204

[18] Draaisma, D., 2019. Lithium: the gripping history of a psychiatric success story. Nature.
https://doi.org/10.1038/d41586-019-02480-0

[19] Grunze, H.C.R., 2008. The effectiveness of anticonvulsants in psychiatric disorders.

Dialogues Clin. Neurosci.

[20] Munijuluri, N., Wong, W., Yoong, W., 2007. Anticholinergic drugs for overactive bladder:
a review of the literature and practical guide. Obstet. Gynaecol. 9, 9-14.
https://doi.org/10.1576/t0ag.9.1.009.27290

[21] McMichael, A.J., Zafeiridi, E., Ryan, M., Cunningham, E.L., Passmore, A.P., McGuinness,
B., 2020. Anticholinergic drug use and risk of mortality for people with dementia in
Northern Ireland. Aging Ment. Health 1-8.
https://doi.org/10.1080/13607863.2020.1830028

[22] Ruxton, K., Woodman, R.J., Mangoni, A.A., 2015. Drugs with anticholinergic effects and



608
609
610

611
612
613
614

615
616
617

618
619
620
621

622
623
624
625

626
627
628

629
630
631
632

633
634
635

636
637
638
639

640

cognitive impairment, falls and all-cause mortality in older adults: A systematic review
and meta-analysis. Br. J. Clin. Pharmacol. 80, 209-220.
https://doi.org/10.1111/bcp.12617

[23] Kachru, N., Carnahan, R.M., Johnson, M.L., Aparasu, R.R., 2015. Potentially
inappropriate anticholinergic medication use in older adults with dementia, in: Journal of
the American Pharmacists Association. American Pharmacists Association, pp. 603—
612. https://doi.org/10.1331/JAPhA.2015.14288

[24] Zhang, J., Liu, X., Sun, D., Fan, Y., Zhou, H., Fu, B., 2014. Effects of fluoxetine on brain-
derived neurotrophic factor serum concentration and cognition in patients with vascular
dementia. Clin. Interv. Aging 9, 411. https://doi.org/10.2147/CIA.S58830

[25] Joshi, A., Wang, D.H., Watterson, S., McClean, P.L., Behera, C.K., Sharp, T., Wong-Lin,
K.F., 2020. Opportunities for multiscale computational modelling of serotonergic drug
effects in Alzheimer’s disease. Neuropharmacology.
https://doi.org/10.1016/j.neuropharm.2020.108118

[26] Wang, C., Gao, S., Hendrie, H.C., Kesterson, J., Campbell, N.L., Shekhar, A., Callahan,
C.M., 2016. Antidepressant Use in the Elderly Is Associated with an Increased Risk of
Dementia. Alzheimer Dis. Assoc. Disord. 30, 99-104.
https://doi.org/10.1097/WAD.0000000000000103

[27] Drummond, N., McCleary, L., Freiheit, E., Molnar, F., Dalziel, W., Cohen, C., Turner, D.,
Miyagishima, R., Silvius, J., 2018. Antidepressant and antipsychotic prescribing in
primary care for people with dementia. Can. Fam. Physician 64, E488-E497.

[28] Barnes, T.R.E., Banerjee, S., Collins, N., Treloar, A., Mcintyre, S.M., Paton, C., 2012.
Antipsychotics in dementia: Prevalence and quality of antipsychotic drug prescribing in
UK mental health services. Br. J. Psychiatry 201, 221-226.
https://doi.org/10.1192/bjp.bp.111.107631

[29] Tampi, R.R., Tampi, D.J., Balachandran, S., Srinivasan, S., 2016. Antipsychotic use in
dementia: a systematic review of benefits and risks from meta-analyses. Ther. Adv.
Chronic Dis. https://doi.org/10.1177/2040622316658463

[30] Schneider, L.S., Dagerman, K., Insel, P.S., 2006. Efficacy and adverse effects of atypical
antipsychotics for dementia: Meta-analysis of randomized, placebo-controlled trials. Am.
J. Geriatr. Psychiatry 14, 191-210.
https://doi.org/10.1097/01.JGP.0000200589.01396.6d

[31] Donegan, K., Fox, N., Black, N., Livingston, G., Banerjee, S., Burns, A., 2017. Trends in



641
642
643

644
645
646
647

648
649

650
651
652

653

654
655

656
657

658
659
660
661

662
663
664

665
666
667
668

669
670
671
672

diagnosis and treatment for people with dementia in the UK from 2005 to 2015: a
longitudinal retrospective cohort study. Lancet Public Heal. 2, e149-e156.
https://doi.org/10.1016/S2468-2667(17)30031-2

[32] Data table (England and Wales) [WWW Document], 2020. . rcpsych.ac.uk. URL
https://www.rcpsych.ac.uk/improving-care/ccqgi/national-clinical-audits/national-audit-of-
dementia/nad-reports-and-resources/data-tables#fag-accoridon-collapse2563078b-
adf0-4aa7-83ae-b771666af179 (accessed 10.29.20).

[33] Benesty, J., Chen, J., Huang, Y., Cohen, |., 2009. Pearson Correlation Coefficient.
Springer, Berlin, Heidelberg, pp. 1-4. https://doi.org/10.1007/978-3-642-00296-0_5

[34] Aiken, L.S., West, S.G., Pitts, S.C., Baraldi, A.N., Wurpts, I.C., 2012. Multiple Linear
Regression, in: Handbook of Psychology, Second Edition. John Wiley & Sons, Inc.,
Hoboken, NJ, USA. https://doi.org/10.1002/9781118133880.hop202018

[35] MATLAB, 2020. (R2020a), Natick, Massachusetts: The MathWorks Inc.

[36] Bedre, 2020. reneshbedre/bioinfokit: Bioinformatics data analysis and visualization toolkit
(Version v0.9) [WWW Document]. https://doi.org/http://doi.org/10.5281/zenod0.3965241

[37] Schober, P., Boer, C., Schwarte, L.A., 2018. Correlation Coefficients. Anesth. Analg. 126,
1763-1768. https://doi.org/10.1213/ANE.0000000000002864

[38] Masopust, J., Protopopova, D., Vali§, M., Pavelek, Z., Klimova, B., 2018. Treatment of
behavioral and psychological symptoms of dementias with psychopharmaceuticals: a
review. Neuropsychiatr. Dis. Treat. Volume 14, 1211-1220.
https://doi.org/10.2147/NDT.S163842

[39] Buterbaugh, W.M., Jamrose, T., Lazzara, J., Honaker, L., Thomas, C.J., 2014. Review of
antidepressants in the treatment of behavioral and psychiatric symptoms in dementia
(BPSD). Ment. Heal. Clin. 4, 183—188. https://doi.org/10.9740/mhc.n204508

[40] Kanaya, K., Hanyu, H., 2019. EFFECT OF MEMANTINE ON BEHAVIORAL AND
PSYCHOLOGICAL SYMPTOMS OF DEMENTIA (BPSD) OF ALZHEIMER’S DISEASE
- STUDY OF CHANGES IN CEREBRAL BLOOD FLOW BY SPECT IMAGING-. Am. J.
Geriatr. Psychiatry 27, S183—-S184. https://doi.org/10.1016/j.jagp.2019.01.097

[41] Maidment, I.D., Fox, C.G., Boustani, M., Rodriguez, J., Brown, R.C., Katona, C.L., 2008.
Efficacy of memantine on behavioral and psychological symptoms related to dementia:
A systematic meta-analysis. Ann. Pharmacother. 42, 32-38.
https://doi.org/10.1345/aph.1K372




673
674
675

676
677

678
679
680

681
682
683

684
685
686

687
688
689

690
691
692

693
694

695

696
697
698
699

700
701
702
703

704

[42] Paleacu, D., Mazeh, D., Mirecki, |., Even, M., Barak, Y., 2002. Donepezil for the treatment
of behavioral symptoms in patients with Alzheimer’s disease. Clin. Neuropharmacol. 25,
313-317. https://doi.org/10.1097/00002826-200211000-00007

[43] Hersch, E., 2008. Management of the behavioral and psychological symptoms of
dementia. Clin. Interv. Aging Volume 2, 611-621. https://doi.org/10.2147/cia.s1698

[44] Magierski, R., Sobow, T., Schwertner, E., Religa, D., 2020. Pharmacotherapy of
Behavioral and Psychological Symptoms of Dementia: State of the Art and Future
Progress. Front. Pharmacol. https://doi.org/10.3389/fphar.2020.01168

[45] McDermott, C.L., Gruenewald, D.A., 2019. Pharmacologic Management of Agitation in
Patients with Dementia. Curr. Geriatr. Reports. https://doi.org/10.1007/s13670-019-
0269-1

[46] Page, A., Etherton-Beer, C., Seubert, L.J., Clark, V., Hill, X., King, S., Clifford, R.M., 2018.
Medication use to manage comorbidities for people with dementia: a systematic review.
J. Pharm. Pract. Res. 48, 356-367. https://doi.org/10.1002/jppr.1403

[471Wang, F., Feng, T.-Y., Yang, S., Preter, M., Zhou, J.-N., Wang, X.-P., 2016. Drug Therapy
for Behavioral and Psychological Symptoms of Dementia. Curr. Neuropharmacol. 14,
307-313. https://doi.org/10.2174/1570159x14666151208114232

[48] Anastasio, T.J., 2015. Computational identification of potential multi-drug combinations
for reduction of microglial inflammation in Alzheimer disease. Front. Pharmacol. 6, 116.
https://doi.org/10.3389/fphar.2015.00116

[49] Guijjarlamudi, H., 2016. Polytherapy and drug interactions in elderly. J. Midlife. Health.
https://doi.org/10.4103/0976-7800.191021

[50] Cloak, N., Khalili, Y. Al, 2020. Behavioral And Psychological Symptoms In Dementia.

[51] Wong-Lin, K., McClean, P.L., McCombe, N., Kaur, D., Sanchez-Bornot, J.M., Gillespie,
P., Todd, S., Finn, D.P., Joshi, A., Kane, J., McGuinness, B., 2020. Shaping a data-driven
era in dementia care pathway through computational neurology approaches. BMC Med.
18, 398. https://doi.org/10.1186/s12916-020-01841-1

[52] Rosenberg, P.B., Drye, L.T., Martin, B.K., Frangakis, C., Mintzer, J.E., Weintraub, D.,
Porsteinsson, A.P., Schneider, L.S., Rabins, P. V., Munro, C.A., Meinert, C.L., Lyketsos,
C.G., 2010. Sertraline for the treatment of depression in alzheimer disease. Am. J.
Geriatr. Psychiatry 18, 136—145. https://doi.org/10.1097/JGP.0b013e3181c796eb

[53] Nagy, C.F., Kumar, D., Perdomo, C.A., Wason, S., Cullen, E.l., Pratt, R.D., 2004.



705
706
707
708

709
710
711
712

713
714
715

716
717
718
719

720
721

722
723
724
725

726
727
728

729
730
731
732

733
734
735

736
737

Concurrent administration of donepezil HCI and sertraline HCI in healthy volunteers:
Assessment of pharmacokinetic changes and safety following single and multipe oral
doses. Br. J. Clin. Pharmacol. Suppl. 58, 25-33. https://doi.org/10.1111/j.1365-
2125.2004.01801.x

[54] Gardner MJ, Baris BA, Wilner KD, Preskorn SH. Effect of sertraline on the
pharmacokinetics and protein binding of diazepam in healthy volunteers. Clin
Pharmacokinet. 1997;32 Suppl 1:43-9. doi: 10.2165/00003088-199700321-00007.
PMID: 9068935

[55] Muijsers RB, Plosker GL, Noble S. Sertraline: a review of its use in the management of
major depressive disorder in elderly patients. Drugs Aging. 2002;19(5):377-92. doi:
10.2165/00002512-200219050-00006. PMID: 12093324.

[56] Defrancesco, M., Marksteiner, J., Fleischhacker, W. W., & Blasko, |. (2015). Use of
Benzodiazepines in Alzheimer's Disease: A Systematic Review of Literature. The
international journal of neuropsychopharmacology, 18(10), pyv055.
https://doi.org/10.1093/ijnp/pyv055

[57] Jonasson B, Saldeen T. Citalopram in fatal poisoning cases. Forensic Sci Int. 2002 Mar
28;126(1):1-6. doi: 10.1016/s0379-0738(01)00632-6. PMID: 11955823.

[58] Pasquini, M., Picardi, A., Speca, A., Orlandi, V., Tarsitani, L., Morosini, P., Cascavilla, I.,
& Biondi, M. (2007). Combining an SSRI with an anticonvulsant in depressed patients
with dysphoric mood: an open study. Clinical practice and epidemiology in mental health
: CP & EMH, 3, 3. https://doi.org/10.1186/1745-0179-3-3

[59] Crocco, E. A., Jaramillo, S., Cruz-Ortiz, C., & Camfield, K. (2017). Pharmacological
Management of Anxiety Disorders in the Elderly. Current treatment options in psychiatry,
4(1), 33—46. https://doi.org/10.1007/s40501-017-0102-4

[60] Lenox-Smith AJ, Jiang Q. Venlafaxine extended release versus citalopram in patients with
depression unresponsive to a selective serotonin reuptake inhibitor. Int Clin
Psychopharmacol. 2008 May;23(3):113-9. doi: 10.1097/Y1C.0b013e3282f424c2. PMID:
18408525.

[61] Zhang, J., Xu, H., & Chen, Z. (2013). Pharmacoeconomic evaluation of venlafaxine
compared with citalopram in generalized anxiety disorder. Experimental and therapeutic
medicine, 5(3), 840-844. https://doi.org/10.3892/etm.2012.869

[62] Yunusa, I., El Helou, M.L., 2020. The Use of Risperidone in Behavioral and Psychological

Symptoms of Dementia: A Review of Pharmacology, Clinical Evidence, Regulatory



738
739

740
741
742
743

744
745
746
747

748
749
750

751

752

Approvals, and Off-Label Use. Front. Pharmacol.
https://doi.org/10.3389/fphar.2020.00596

[63] Rainer M, Haushofer M, Pfolz H, Struhal C, Wick W. Quetiapine versus risperidone in
elderly patients with behavioural and psychological symptoms of dementia: efficacy,
safety and cognitive function. Eur Psychiatry. 2007 Sep;22(6):395-403. doi:
10.1016/j.eurpsy.2007.03.001. Epub 2007 May 4. PMID: 17482432.

[64] Chen, R., Chan, P.-T., Chu, H., Lin, Y.-C., Chang, P.-C., Chen, C.-Y., Chou, K.-R., 2017.
Treatment effects between monotherapy of donepezil versus combination with
memantine for Alzheimer disease: A meta-analysis. PLoS One 12, e0183586.
https://doi.org/10.1371/journal.pone.0183586

[65] McShane, R.H., 2004. Memantine plus donepezil improves physical and mental health in
people with Alzheimer's disease: Commentary. Evid. Based. Ment. Health.
https://doi.org/10.1136/ebmh.7.3.76




