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Abstract
Background: There is limited knowledge regarding the process of deprescribing psychotropic drugs to people with
dementia (PwD) conducted by general practitioners (GP). We investigated the impact of a multicomponent intervention, emphasizing medication reviews, on psychotropic drugs and behavioral and psychological symptoms (BPSD) in
home-dwelling PwD and quantified change in patient-GP communication evaluated by their informal caregivers.
Methods: LIVE@Home.Path is a stepped-wedge closed-cohort cluster randomized controlled trial for people with
mild to moderate dementia aged ≥65 and their informal caregivers (dyads) in Norway. Complementary to health care
as usual (control condition), municipal coordinators implemented the multicomponent LIVE intervention: Learning,
Innovation, Volunteer support, and Empowerment (including medication review by the PwD’s regular GPs). Block-randomization was used to allocate dyads in three groups receiving the intervention sequentially in periods of 6 months
duration. Prepandemic data from the first period is reported, resulting in a 1:2 intervention-to-control ratio. Primary
outcome was change in psychotropic drug use. Secondary outcomes were changes in BPSD by Neuropsychiatric
Inventory and Cornell Scale of Depression in Dementia and patient-GP communication by an adaption of the Clinical
Global Impression of Change.
Results: Four hundred thirty-eight dyads were screened, 280 included, and 237 participated at 6 months (intervention group n=67; control condition n=170). At baseline, 63% used psychotropic medication regularly: antidementia
drugs (47%), antidepressants (13%), hypnotics/sedatives (13%), antipsychotics (5%), and anxiolytics (2%). At 6 months,
medication reviews were more frequently conducted in the intervention group compared to control (66% vs 42%,
P=0.001). We found no differences regarding a change in drug use and BPSD. Patient-GP communication enhanced
in the intervention group (mean score 0.95 [standard deviation 1.68] vs 0.41 [1.34], P=0.022). In the intervention
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group, control group, and overall sample, the informal caregivers of those who had their medications reviewed
reported improved patient-GP communication compared to those who did not.
Conclusions: Change in psychotropic drug use and BPSD did not differ, even though patient-GP communication
improved with medication reviews. Restricted psychotropic drug use among PwD likely reflects more judicious prescribing practices in recent years. Nevertheless, medication reviews could be cultivated to optimize pharmacologic
treatment for this complex population.
Trial registration: ClinicalTrials.gov: NCT04043364; registered 15/03/2019.
Keywords: Medication review, Deprescribing, Multicomponent intervention, Psychotropic drugs, Behavioral and
psychological symptoms of dementia, Neuropsychiatric symptoms, Dementia, Home-dwelling, LIVE@Home.Path

Background
The number of people with dementia (PwD) is growing
dramatically, and the increased disease burden is impacting health care services and societies worldwide [1].
Dementia is a chronic syndrome characterized by progressive cognitive impairments that interfere with daily
living, usually accompanied by behavioral and psychological symptoms (BPSD) [1, 2]. BPSD consist of changes
in behavior, mood, thoughts, and perception that can be
very stressful for the individual and their informal caregivers (family members) [2]. Furthermore, BPSD are
associated with poorer cognitive and everyday functioning, which can increase the risk of early transfer from
home to permanent nursing home care and reduce life
expectancy [3, 4].
Non-pharmacological interventions are recommended
as the first-line approach to target BPSD [5, 6]. Although
the effects of antipsychotics, anxiolytics, hypnotics and
sedatives, antidepressants, and antidementia drugs are
modest, these medications may be relegated as a second-line treatment when severe symptoms persist [5, 6].
Moreover, psychotropic drugs may increase the risk of
functional decline, strokes, falls, and even early death in
this population [7, 8].
The combination and long-term use of these drugs
warrant special attention. In a population-based sample from England (n=27,090), Richardson et al. (2020)
documented that PwD prescribed with Z-hypnotics
were more likely to also receive antipsychotics and
antidepressants [9]. Similarly, an Italian registry study
(n=24,735) demonstrated that community-dwelling PwD
using antidepressants or antidementia drugs had higher
odds of being prescribed antipsychotic medication [10].
Even more, 44% of those receiving antipsychotics were
treated longer than was recommended by guidelines [10].
Another registry study from Norway (n=22,119) found
that indications for use and in-home medication routines
for elderly were seldom revised as large-quantum packages of sedatives and hypnotics were frequently issued by
general practitioners (GPs) during indirect patient contacts (e.g., office-visit without consultation with the GP

or contact by telephone) [11]. However, this study did not
specify if the participants were diagnosed with dementia
[11]. Data from the REDIC-NH study, collected in Norway between 2012 and 2014, revealed that 68% of PwD
(n=696) used at least one psychotropic drug at nursing
home admission [12]. These consisted of antipsychotics
14%, anxiolytics 17%, hypnotics and sedatives 22%, antidepressants 31%, and antidementia drugs 31% [12]. The
frequent use at nursing home admission underlines the
need to evaluate the ongoing use of psychotropic drugs
in PwD while still residing at home [12]. This is particularly important as approximately 70% of the PwD in Norway are home-dwelling [13].
A recent expert opinion concludes that the next step
in the deprescribing field should tailor interventions for
home-dwelling PwD while also involving their informal
caregivers to identify preferences for medication use and
overall health [14]. Such interventions might be considered complex due to the permitted degree of tailoring
or inherent properties of the intervention (e.g., multiple
and interacting components) [15]. Even though complex
interventions are essential for changing clinical practices [15], the best evidence to support deprescribing
is for high-risk medications among PwD living in longterm care facilities [14]. For instance, the WHELD trial
demonstrated that antipsychotic drug withdrawal was
most beneficial for BPSD and mortality for PwD living in
nursing homes when social interactions were promoted
in parallel [16]. Similarly, physician-led medication
reviews embedded in the multicomponent COSMOS
trial reduced psychotropic drug use without compromising BPSD, and additionally improved communication
between health personnel, nursing home patients, and
their relatives [17, 18]. Additionally, communication is an
integral part of the work of all Norwegian general practitioners (GPs) in providing continuity in medical care
to their enlisted home-dwelling patients. On indication,
GPs are obliged to conduct medication reviews among
PwD every 6–12 months [6]. Still, we lack knowledge
on to which extent they consistently review their medications, as well as the impact of medication reviews on
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psychotropic drug use. In this substudy, we investigate
the impact of a multicomponent intervention emphasizing medication review on changes in psychotropic drug
use and BPSD in home-dwelling PwD and their communication with their GPs.
We hypothesize that:
1) The multicomponent intervention emphasizing GP
conducted medication reviews will reduce psychotropic drug use.
2) This deprescribing process will not change BPSD but
improve patient-GP communication.

Methods
Design

This is a substudy of LIVE@Home.Path: a multicenter,
stepped-wedge cluster randomized controlled trial
investigating if a multicomponent intervention for
dyads of home-dwelling PwD and informal caregivers (family members) improves resource utilization
and caregiver burden in dementia care [19]. With 80%
power and 5% significance level allowing for 20% loss to
follow-up, a sample of 315 dyads was required to detect
a difference of 7 care hours per week for the primary
outcome care time assessed with Resource Utilization in
Dementia [20], based on the assumption that the informal caregivers provided 46 care hours weekly [21]. This
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stepped-wedge trial used a closed-cohort design, implying that all dyads were recruited before randomization
[22]. We used block randomization to allocate dyads in
three intervention groups (Group 1, Group 2, Group 3),
which were scheduled to receive the multicomponent
intervention sequentially in periods of 6 months duration during the 24-month trial (Fig. 1). While the intervention groups were waiting to receive the intervention,
they served as controls receiving health care as usual.
Dyads were blinded to allocation until their designated
coordinator contacted them to receive the intervention, while the nature of the intervention prevented
blinding of care providers and dyads. The trial was conducted in Bergen, Bærum, and Kristiansand municipality, Norway, 2019–2021. The first 6-month period was
completed in March 2020 as the COVID-19 pandemic
temporarily halted the trial protocol (Fig. 1) [23]. Therefore, this substudy includes all dyads completing the
first 6-month period, the dyads randomized to Group 1
constitute the intervention group and the dyads randomized to Groups 2 and 3 constitute the control group
(Fig. 2).
Intervention

LIVE is an acronym for the multicomponent intervention in which a coordinator facilitated Learning,
Innovation, Volunteer support, and Empowerment
emphasizing medication reviews. Table 1 outlines the

Fig. 1 The stepped-wedge closed-cohort randomized controlled LIVE@Home.Path trial during the COVID-19 pandemic. The COVID-19 pandemic
temporarily halted the trial protocol at 6 months. This substudy includes all dyads (people with dementia and informal caregivers) who completed
the first 6-month period, solely analyzing prepandemic data. In this first 6-month period, dyads randomized to Group 1 received the LIVE (Learning,
Innovation, Volunteer support, and Empowerment) intervention while dyads randomized to Group 2 and Group 3 served as controls receiving
health care as usual
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Fig. 2 Flow diagram. Dyad (people with dementia and informal caregivers, n) flow during the first 6-month period of the LIVE@Home.Path trial

Table 1 The multicomponent LIVE intervention implemented during the 6-month intervention period of the LIVE@Home.Path trial

Content

Learning

Innovation

Volunteer support

Empowerment

Learning programs
on dementia
-Etiology, symptoms
and disease course
-Legal rights
-Safety
-Economy
-Coping

Assess the need for, evaluate the usefulness of, and inform about relevant
assistive technology and telecare
-Passive sensors
-Active sensors and tracking devices
-Everyday technology
-Video communication

Explore attitudes towards volunteer
services and initiate contact with nonprofit organizations
-The Red Cross
-Norwegian Association of Public
Health

Establish contact with the regular
general practitioner to initiate:
-Advanced Care Planning
-Medication review

-PwD
-Informal caregiver
-Coordinator

-PwD
-Informal caregiver
-Coordinator
-Volunteers from nonprofit organizations matched by volunteer managers

-PwD
-Informal caregiver
-Coordinator
-PwD’s regular general practitioner

Participants -PwD
-Informal caregiver
-Coordinator

Each component of the intervention was implemented by a municipal coordinator
PwD people with dementia

intervention components, while we refer to the trial
protocol for a full description that also covers the
implementation process in detail [19]. The multicomponent intervention was developed using the theoretical framework by the UK Medical Research Council

on complex interventions [15]. The intervention was
designed to meet the requirements of the Dementia
Plan 2020 by the Royal Norwegian Ministry of Health
and Care Services, combining and adapting already
existing evidence on how to support PwD [24, 25].
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The coordinators were nurses, learning disability nurses, and occupational therapists experienced in
dementia care already working in the home-based services of the designated municipalities. In the intervention
period, each coordinator served approximately 5–7 dyads
in addition to other municipal tasks not affiliated with
the trial. The research group held two-day implementation seminars at the start of the intervention period to
qualify the coordinators to adapt the intervention to the
dyad’s needs through lectures, role-plays, and discussions. Pocket manuals describing core features of the
intervention guided coordinators in addressing all the
intervention components. The coordinators used checklists to document to which extent they had introduced
the dyads to the intervention components. To further
standardize and secure implementation, we arranged
one-day midway seminars halfway through the 6-month
intervention period allowing for discussion of obstacles
and pitfalls, and telephone follow-up for the coordinators
every 14 days.
The coordinators paid the dyads at least two home visits and made monthly telephone calls during the 6-month
intervention period. They provided the dyads with verbal
and written information on the intervention components
in the context of their municipality (Table 1) and established contact with the PwD’s regular GP to inform on
participation. If welcomed by the dyads, the coordinators
requested a medication review directly from the PwD’s
regular GP using the electronic medical record and provided a report on BPSD, cognition, blood pressure, pulse,
body mass index, pain, and caregiver burden (Relative
Stress Scale) prior to the in-person consultation [19, 26].
The GPs evaluated the indication for medication reviews
based on the report, medical history, and relevant laboratory tests. The informal caregivers and coordinators were
encouraged to partake in the medication review in addition to the PwD to acquire a better understanding of the
current symptoms and complaints, and to empower the
PwD in discussing the use of medications and any wishes
for treatment. The GPs were responsible for and made all
final decisions regarding the PwD’s medical treatment.
Additional file 1 outlines the role of health care professionals involved in the conduction of LIVE@Home.Path
trial.
Participants

We applied convenience sampling to recruit dyads from
geriatric and gerontopsychiatric out-patient clinics,
municipal memory teams, and general media with no
financial incentives. Dyads were eligible if the PwD was
≥65 years, home-dwelling, and in face-to-face contact
with the informal caregiver at least 1 h a week. Dementia, as diagnosed by the health care services, qualified
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individuals for participation regardless of etiology as long
as their Mini-Mental Status Examination (MMSE) score
was 15–26 or Functional Assessment Staging (FAST)
score was 3–7 [19, 23, 27, 28]. A dyad was lost at followup if consents were withdrawn or if the PwD was permanently admitted to a nursing home or deceased.
Assessments and outcomes

The data collectors at municipal sites (nurses, learning
disability nurses, occupational therapists) completed a
one-day training program arranged by the research team
to safeguard blinded and standardized data collection.
Instructions were given both verbally and in writing. The
researchers were available for answering any questions
regarding the assessments and provided technical support, as well as assistance, during data collection. Data
were immediately transferred to a secure server using
tablets.
Primary outcomes

Changes in the numbers of prescribed psychotropic
drugs, both in total and regular use, were calculated
from baseline to month 6. The dyads reported all the
prescription and over-the-counter medicines and supplements the PwD was currently using. The information was confirmed from prescriptions, drug packages,
multi-dose drug dispensing, and/or medical records. All
substances listed in the Anatomical Therapeutic Chemical Index (ATC) were classified as drugs [29]. The identity
of the drugs was split, with those drugs set in a schedule
regarded as “regular” and all others “on-demand.” Psychotropic drugs were categorized according to ATC in
antipsychotic (N05A), anxiolytic (N05B), hypnotic and
sedative (N05C), antidepressant (N06A), and antidementia drugs (N06D).
Secondary outcomes

The Neuropsychiatric Inventory (NPI-12) was used to
evaluate delusions, hallucinations, agitation, depression,
anxiety, euphoria, apathy, disinhibitions, irritability, aberrant motor behavior, sleep disturbances, and appetite
changes over the four preceding weeks at baseline and
6 months [30]. Multiplying frequency (1–4) and severity
(1–3) generated a score for each of the twelve domains,
with domain scores ≥4 indicating symptoms of clinical relevance [2]. Domain scores were added to yield the
NPI-12 total score (0–144). According to a previous principal component analysis, subsyndrome scores for psychosis comprised delusions and hallucinations (0–24),
hyperactive behavior included agitation, euphoria, irritation, disinhibition, and aberrant motor behavior (0–60),
while depression, apathy, sleep disturbances, and appetite
changes constituted the mood subsyndrome (0–48) [31].
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The Cornell Scale for Depression in Dementia (CSDD)
assessed the depressive symptoms of the past week at
baseline and 6 months [32]. The nineteen items were
rated “absent” (0), “mild or intermittent” (1) or “severe”
(2), or “not possible to evaluate” (missing); these were
then added to generate the CSDD total score (0–38). The
CSDD total score ≥8 indicated depressive symptoms of
clinical relevance [33]. NPI-12 and CSDD were selected
due to robust psychometric properties [30, 32–34].
The Clinical Global Impression of Change (CGIC) [35]
was adapted to measure meaningful change in communication with the PwD’s regular GP as perceived by the
informal caregivers. At six months, change compared
to baseline was rated on a 11-point scale from − 5
“Very much worse” via 0 “No change” to 5 “Very much
improved.” A similar formulation has been applied in
nursing homes [36].
Characteristics

At baseline, dementia etiology was classified following
the International Classification of Diseases (ICD-10) [37],
while MMSE (range: 0–30, a lower score indicates greater
cognitive impairment) and FAST (range: 1–7, a higher
score indicates lesser functioning) covered dementia
severity [27, 28]. Dependency of daily living was assessed
by Physical Self-Maintenance Scale (PSMS, range: 6–30)
and Instrumental Activities of Daily Living Scale (IADL,
range: 8–31), in which higher scores indicate higher
dependency [38, 39]. Medical comorbidity was evaluated
by the one-item General Medical Health Rating Scale
(GMHR) as poor, fair, good, or excellent health [40]. Data
on kinship, age, gender, and residency within the dyads
were also registered. At 6 months, the dyads reported
whether the GP had reviewed the PwD’s medications in
the preceding 6 months.
Statistical methods

The unequal variances t-test was used to compare the
intervention to the control group by changes in 1.) psychotropic drug use and BPSD between time points and
2.) patient-GP communication. Pearson’s chi-squared test
was used to evaluate to what extent medication reviews
were conducted (reach) as well as determine the attrition
rates between groups. Subgroup analyses comparing 1.)
characteristics across the intervention and control group,
2.) those who had their medications reviewed to those
who did not within (a) the intervention and (b) control
groups, and 3.) completers and non-completers were
made at baseline using Pearson’s chi-square test for categorical data, the unequal variances t-test for normally
distributed data, and the Wilcoxon-Mann-Whitney test
for non-normal data. Characteristics are presented by
number (n) and percent; mean and standard deviation
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(SD); and median and interquartile range (IQR), respectively. Two-tailed P values <0.05 were regarded as significant. NPI-12 and CSDD total scores were generated
without substitution when >80% of the instruments were
answered by the informal caregivers. Otherwise, they
were regarded as missing. For all data, missing ranged
from 0 to 6% (CSDD total score at baseline). We performed all analyses with Stata/IC, release 17 (StataCorp
LP, College Station, TX).

Results
Of the 438 dyads screened for participation in LIVE@
Home.Path, 280 dyads were included from May to
November 2019 (Fig. 2). Table 2 presents baseline characteristics for the 237 dyads still in study at 6 months, 67 of
which received the intervention. Alzheimer’s disease was
the dementia etiology most frequently specified (n=86,
36%). Antidementia drugs were the most frequently used
psychotropic drug class, being regularly prescribed to
112 (47%) PwD. Psychotropic drugs, apart from antidementia drugs, were regularly prescribed to 69 (29%) PwD,
and 12 (5%) used two or more. The median NPI-12 total
score was 12 (IQR 4 to 24), and 159 PwD (67%) displayed
one domain or more of clinical relevance. Mood was the
NPI-12 subsyndrome with the highest median score,
namely 4.5 (IQR 0 to 11). The median CSDD total score
was 5 (IQR 1 to 9), and 73 (31%) of the overall sample suffered from depressive symptoms of clinical relevance.
During the 6-month intervention period, GPs reviewed
the medications of 44 (66%) PwD in the intervention
group and 72 (42%) of the controls (P=0.001) (Fig. 3).
Within the intervention group, PwD who had their medications reviewed used psychotropic drugs more widely
had higher levels of hallucinations and agitation and a
lower level of functioning at baseline than their counterparts not receiving medication reviews (Additional
file 2). In the control group, the GPs conducted medication reviews more often for women, those with greater
cognitive impairments, and those using hypnotics/sedatives (data not shown).
From baseline to six months, changes in the use of psychotropic drugs and individual drug classes did not differ between the intervention and control groups using
the unequal variances t-test (Table 3). Similarly, Table 3
shows that no differences in NPI-12 or CSDD were
detected.
We found significant intervention effects regarding
patient-GP communication (Table 3). The informal caregivers of PwD who had their medications reviewed
reported improved patient-GP communication compared to those who did not have a medication review
conducted. This was true for the intervention group
(1.33 vs. 0.20, P=0.001) and control group (0.73 vs. 0.17,
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Table 2 Baseline characteristics for people with dementia and informal caregivers in the LIVE@Home.Path trial
Overall sample
(n=237)

Intervention group
(Group 1) (n=67)

Controls (Group 2 and
3) (n=170)

n (%)

n (%)

n (%)

Mean (SD)/
median
[IQR]

Mean (SD)/
median
[IQR]

P value*

Mean (SD)/
median
[IQR]

Person with dementia
Age
Gender, female

82 (7)

83 (7)

81 (7)

149 (63)

46 (69)

103 (61)

  Living alone

102 (43)

32 (48)

70 (41)

   Co-residing with the reporting caregiver

111 (47)

29 (43)

82 (48)

5 (7)

15 (9)

0.013*
0.268

Residency

0.657

   Co-residing with someone else than the reporting caregiver 20 (8)
Dementia etiology

0.207

  Alzheimer’s disease

86 (36)

22 (33)

64 (38)

   Vascular dementia

7 (3)

0 (0)

7 (4)

   Dementia in other diseases classified elsewhere

11 (5)

2 (3)

9 (5)

  Unspecified dementia

131 (55)

42 (63)

89 (52)

MMSE

21 [18, 23]

21 [19, 24]

21 [17, 23]

0.295

FAST

4 [4, 4]

4 [4, 4.5]

4 [4, 4]

0.064

GMHR

0.026*

  Poor health

5 (2)

0 (0)

5 (3)

  Fair health

74 (31)

30 (45)

44 (26)

  Good health

110 (48)

26 (39)

84 (49)

  Excellent health

40 (17)

9 (13)

31 (18)

PSMS

10 [8, 12]

10 [8, 13]

10 [8, 11]

0.146

IADL

20 [15, 25]

20 [15, 25]

20 [15, 24]

0.566

Drugs in general
   Total number

221 (93) 5 [3, 7]

63 (94) 5 [4, 7]

158 (93)

5 [3, 7]

0.633#

  Regularly

219 (92) 5 [3, 7]

62 (93) 5 [3, 7]

157 (92)

5 [3, 7]

0.810#

   Total number

159 (67) 1 [0, 1]

49 (73) 1 [1, 1]

110 (65)

1 [0, 1]

0.379#

  Regularly

150 (63) 1 [0, 1]

44 (66) 1 [0, 1]

106 (62)

1 [0, 1]

0.870#

   Antipsychotic drugs

11 (5)

4 (6)

7 (4)

   Anxiolytic drugs

5 (2)

2 (3)

3 (2)

   Hypnotic/sedative drugs

31 (13)

8 (12)

23 (14)

   Antidepressant drugs

31 (13)

8 (12)

23 (14)

   Antidementia drugs

112 (47)

32 (48)

80 (47)
0 [0, 1]

0.970#

Psychotropic drugs

   Regularly psychotropic drugs except for antidementia drugs 69 (29)

0 [0, 1]

20 (30) 0 [0, 1]

49 (29)

2 (3)

10 (6)

    Concomitant use of psychotropic drugs except for
antidementia drugs

12 (5)

  On-demand

17 (7)

   Antipsychotic drugs

1 (0)

0 (0)

1 (1)

   Anxiolytic drugs

8 (3)

2 (3)

6 (4)

   Hypnotic/sedative drugs

9 (4)

6 (9)

3 (2)

   Antidepressant drugs

0 (0)

0 (0)

0 (0)

   Antidementia drugs

0 (0)

0 (0)

NPI-12 total score

0 [0, 1]

12 [4, 24]

7 (10)

0 [0, 1]

10 (6)

0 [0, 1]

0.221#

0 (0)
15 [5, 26]

12 [3.5, 20]

0.166

NPI-12 subsyndromes
  Psychosis

0 [0, 2]

0 [0, 2]

0 [0, 2]

0.745

  Hyperactive behavior

2 [0, 5]

2 [0, 8]

2 [0, 5]

0.579

  Mood

6 [1, 12]

7 [1, 14]

4.5 [0, 11]

0.134
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Table 2 (continued)
Overall sample
(n=237)

Intervention group
(Group 1) (n=67)

Controls (Group 2 and
3) (n=170)

n (%)

n (%)

n (%)

Mean (SD)/
median
[IQR]

Mean (SD)/
median
[IQR]

P value*

Mean (SD)/
median
[IQR]

NPI-12 domain scores
  Delusions

37 (16)

0 [0, 2]

8 (12)

0 [0, 1]

29 (17)

0 [0, 2]

0.631#

  Hallucinations

16 (7)

0 [0, 0]

4 (6)

0 [0, 0]

12 (7)

0 [0, 0]

0.346#

  Agitation

18 (8)

0 [0, 1]

4 (6)

0 [0, 1]

14 (8)

0 [0, 1]

0.530#

  Depression

58 (24)

0 [0, 2]

20 (30) 1 [0, 6]

38 (22)

0 [0, 2]

0.169#

  Anxiety

42 (18)

0 [0, 2]

16 (24) 0 [0, 2]

26 (15)

0 [0, 1]

0.451#

  Euphoria

4 (2)

0 [0, 0]

0 (0)

4 (2)

0 [0, 0]

0.718#

  Apathy

65 (27)

0 [0, 4]

23 (34) 1 [0, 6]

42 (25)

0 [0, 4]

0.133#

  Disinhibitions

19 (8)

0 [0, 1]

5 (7)

14 (8)

0 [0, 1]

0.991#

  Irritability

47 (20)

0 [0, 2]

16 (24) 0 [0, 3]

31 (18)

0 [0, 2]

0.574#

   Aberrant motor behavior

28 (12)

0 [0, 0]

9 (13)

0 [0, 0]

19 (11)

0 [0, 0]

0.542#

  Sleep disturbances

48 (20)

0 [0, 2]

12 (18) 0 [0, 1]

36 (21)

0 [0, 2]

0.745#

  Appetite changes

65 (24)

0 [0, 3]

21 (31) 0 [0, 5]

44 (26)

0 [0, 3]

0.989#

49 (67)

110 (65)

22 (35) 6 [2, 9]

51 (30)

≥ 1 NPI-12 domain of clinical relevance
CSDD total score

159 (67)
73 (31)

5 [1, 9]

0 [0, 0]
0 [0, 1]

0.252
4.5 [1, 9]

0.573#

66 (12)

0.749

Informal caregiver
Age
Gender, Female

66 (12)

67 (13)

152 (64)

44 (66)

108 (64)

  Spouse

103 (43)

27 (40)

76 (45)

  Child

116 (49)

36 (54)

80 (47)

  Other

13 (5)

3 (4)

10 (6)

Kinship to the person with dementia

0.816
0.765

n number of participants completing the first 6-month period, SD standard deviation, IQR interquartile range, P two-tailed P value, generated by Pearson’s chi-square,
unequal variances t-test, or Wilcoxon-Mann-Whitney test, regarded significant if <0.05 and marked *, #P value of comparison of non-normal or normal data when
categorical data also is reported. MMSE Mini-Mental Status Examination, range 0–30, a lower score indicates greater impairment; FAST Functional Assessment Staging,
range 1–7, a higher score indicates lesser functioning; GMHR General Medical Health Rating Scale; PSMS Physical Self-Maintenance Scale, range 6–30, a higher score
indicates higher dependency; IADL Instrumental Activities of Daily Living Scale, range 8–31, higher score indicates higher dependency. Drugs were classified by the
Anatomical Therapeutic Chemical Index; psychotropic drugs included antipsychotics, anxiolytics, hypnotics/sedatives, antidepressants, and antidementia drugs.
NPI-12 Neuropsychiatric Inventory, total score ranges 0–144, psychosis subsyndrome (delusions and hallucinations) ranges 0–24, hyperactive behavior (agitation,
euphoria, irritation, disinhibition, aberrant motor behavior) ranges 0–60, mood (depression, apathy, sleep disturbances, and appetite changes) ranges 0–48, each
domain ranges 0–12 with domain scores ≥4 indicating symptoms of clinical relevance; CSDD Cornell Scale for Depression in Dementia, total score ranges 0–38 and ≥8
indicate depressive symptoms of clinical relevance

Fig. 3 Reach of medication reviews. Conduction of medication reviews for people with dementia (n (%)) during the first 6-month period of the
LIVE@Home.Path trial
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Table 3 Changes from baseline to 6 months for people with dementia in the LIVE@Home.Path trial
Number of observations
(overall sample)

Intervention group (Group 1)
(n=67)

Controls (Group 2 and 3)
(n=170)

n

Mean

Mean

SD

P value*

SD

Drugs in general
Total number

213

0.32

2.17

0.29

1.94

0.944

Regularly

213

0.02

1.80

− 0.06

1.63

0.778

Psychotropic drugs
Total number

213

0.02

0.81

0.06

0.62

0.718

Regularly

213

0.00

0.64

0.61

0.946

138

− 0.18

0.60

− 0.01

0.66

0.620

  ≥ 1 regularly
Classes regularly prescribed
  Antipsychotic drugs

213

  Anxiolytic drugs

213

− 0.02

0.00

− 0.12

0.13

0.00

0.00

0.321

0.00

0.01

0.18

0.656

  Hypnotic/sedative drugs

213

0.02

0.34

0.31

0.337

  Antidepressant drugs

213

0.03

0.26

0.02

0.29

0.737

  Antidementia drugs

213

− 0.03

0.45

0.00

0.43

0.623

2.57

18.60

2.64

16.60

0.982

Behavioral and psychological symptoms of dementia
NPI-12 total score

220

− 0.03

NPI-12 subsyndromes
  Psychosis

237

0.54

3.73

0.79

4.23

0.647

  Hyperactive behavior

237

2.66

7.96

1.34

7.98

0.252

  Mood

237

− 0.46

11.15

0.51

9.23

0.527

NPI-12 domain scores
  Delusions

219

0.67

2.47

0.43

2.99

0.599

  Hallucinations

219

0.03

2.27

0.35

2.29

0.353

  Agitation

218

0.73

2.94

0.45

2.35

0.509

  Depression

220

− 0.07

3.76

0.31

2.95

0.479

  Anxiety

218

  Euphoria

216

− 0.08

0.52

3.02

0.06

3.47

0.761

1.81

0.19

1.74

0.227

  Apathy

218

0.03

4.47

0.30

4.01

0.685

  Disinhibitions

216

0.32

2.68

− 0.17

2.28

0.219

  Irritability

220

0.08

3.72

0.50

3.02

0.431

   Aberrant motor behavior

218

1.13

3.57

0.14

3.08

0.059

  Sleep disturbances

217

0.42

4.22

0.40

4.23

0.981

  Appetite changes

219

− 1.23

4.62

0.35

3.59

0.183

CSDD total score
Patient-general practitioner communication by CGIC

218

2.12

5.09

0.90

7.69

0.178

230

0.95

1.68

0.41

1.34

0.022*

n number of participants completing the first 6-month period; SD standard deviation, P two-tailed P value, generated by unequal variance t-test, regarded
significant if <0.05 and marked *. Drugs were classified by the Anatomical Therapeutic Chemical Index; psychotropic drugs included antipsychotics, anxiolytics,
hypnotics/sedatives, antidepressants, and antidementia drugs. NPI-12 Neuropsychiatric Inventory, total score ranges 0–144, psychosis subsyndrome (delusions and
hallucinations) ranges 0–24, hyperactive behavior (agitation, euphoria, irritation, disinhibition, aberrant motor behavior) ranges 0–60, mood (depression, apathy,
sleep disturbances, and appetite changes) ranges 0–48, each domain ranges 0–12. CSDD Cornell Scale for Depression in Dementia, total score ranges 0–38. Negative
values indicate reductions in drugs and improvement on NPI and CSDD, while positive scores indicate drug increase and symptom deterioration. CGIC Clinical Global
Impression of Change, range −5–5, negative scores indicate worsening, positive scores indicate improvement

P=0.011), as well as the overall sample (0.96 vs. 0.17,
P<0.001) (Fig. 4).
The attrition rates from baseline to 6 months were similar in both groups: 16% in the intervention group and
15% in the control group (P=0.793). In most cases, dyads
were lost at follow-up because the PwD was permanently

admitted to a nursing home or deceased (Fig. 2). The
non-completers (n=43) were older, had a lower level of
functioning by FAST, a higher dependency in daily living activities by PSMS and IADL, and used antidementia
drugs less often than the completers (n=237) (Additional
file 3). We found the same differences when comparing
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Fig. 4 Change in patient-general practitioner (GP) communication by medication reviews. Patient-GP communication as perceived by the informal
caregivers stratified on whether medication reviews were conducted for people with dementia (n) during the first 6-month period of the LIVE@
Home.Path trial. CGIC: Clinical Global Impression of Change, range −5–5, negative value: worsening, positive value: improvement. P values for
difference in mean, marked * if <0.05, and 95% confidential interval by the unequal variances t-test

completers (n=237) to people lost at follow-up due to
permanent nursing home care (n=24), the exceptions
being higher NPI-12 total score (17.5, IQR 8 to 28.5, vs
12, IQR 4 to 24, P=0.036) and the number of NPI-12
domains of clinical relevance (2, IQR 1 to 3.5, vs 1, IQR 0
to 3, P=0.027).

Discussion
The multicomponent intervention of LIVE@Home.Path
successfully increased the reach of medication reviews
conducted by GPs, yet the process led to no change
in psychotropic drug use or BPSD for home-dwelling
PwD. Nevertheless, their informal caregivers perceived
an improvement in communication with the GP. We
argue that our control group serves as an example of an
existing practice among Norwegian GPs for optimizing
pharmacological BPSD management through medication reviews. Moreover, these established procedures
can be even more cultivated, because our study shows
that when GPs are encouraged, they increase the reach
of revisions for home-dwelling PwD, leading to better
communication.
This is the first study to evaluate the impact of GP
conducted medication reviews on psychotropic drugs
in home-dwelling PwD. Contrary to our primary

hypothesis, we detected no impact on prescribing practices, although it was demonstrated that medication
reviews reduce the number of psychotropic drugs prescribed in nursing homes [18, 41]. The pre-revision
levels of psychotropic drugs used both regularly and
on-demand were lower in our study than in the nursing home setting, which might make further reductions
uncalled for. This is also illustrated by the German Delphi-MV trial enrolling persons living at home with mild
cognitive impairment and dementia (n=407), in which
interdisciplinary case conferences failed to reduce the
number of potentially inappropriate drugs (24%) yet
increased the use of antidementia drugs [42]. In a Finnish population-based sample of older adults (n=700), in
which close to 40% used antipsychotics, benzodiazepines,
and antidepressants, geriatricians outside the health care
system were not able to reduce psychotropic drug use by
structural medication assessments [43]. This reflects that
deprescribing is challenging even for highly specialized
physicians in populations with prevalent use. Nevertheless, the authors emphasized the potential of medication
reviews in preventing psychotropic polypharmacy, above
all in continuous patient-physician relationships allowing for careful considerations also before initiating new
drugs [43]. In Norway, the cluster randomized controlled
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COOP trial confirmed this view, concluding that even
though regular GPs were less experienced than geriatricians in performing structured evaluations of complex
pharmacotherapy, they contributed to collaborative medication reviews with valuable input as they knew their
patients well [44]. A recent retrospective cohort study
with a 1-year follow-up on 9324 patients with dementia
in England concluded that higher continuity of GP care
was associated with safer prescribing and lower rates of
major adverse events [45]. Another retrospective study
including 2250 new residents with dementia found that
psychotropic drugs were dispensed at higher rates for
those who changed GP when entering Australian residential care compared to those who continued seeing their
regular GP [46]. This illustrates the importance of maintaining a continuous patient-GP relationship in preventing potentially inappropriate initiation of psychotropic
medicines [45, 46]. The prescribing practices in our study
likely reflect the considerable focus placed on limiting
excessive psychotropic drugs among PwD in recent years,
underscoring that the continuous deprescribing process
is more than simply drug withdrawal [47].
Our data imply that the GPs conducted medication
reviews based on their discretion concerning whether
an evaluation would benefit the patient. Better interaction within primary care has been warranted for
home-dwelling PwD, as an 18-month-long prospective study (n=599) showed that PwD consulted their
GPs less often than other elderly persons receiving
municipal health and social care services in Norway
between 2009 and 2012 [48]. The national guideline for
dementia strongly advises GPs to invite patients with
dementia for routine checkups once or twice yearly to
evaluate the need for medication reviews [6], and the
GPs are reimbursed accordingly. We now demonstrate
that GPs conduct medication reviews frequently (42%)
and even more so when encouraged by the coordinators in LIVE@Home.Path (66%). This is in contrast to
the 3.4% of consultations with patients over the age of
67 at GP level, coded as ‘medication review’ in the Norwegian Registry for Primary Health Care (NRPHC) of
2020 [49]. Of note, NRPHC does probably not catch
all medication reviews in routine ambulatory GP care
due to restrictions on use of reimbursement code combinations, nor contain complementary information
on reasons, diagnoses, or outcomes. Additionally, the
medication review reimbursement code accommodates
specific formal requirements, unlike the reporting in
our trial and direct comparisons can therefore not be
made. Nonetheless, our findings align with a recent
pragmatic prospective non-randomized intervention
study confirming GPs’ preparedness to conduct medication reviews, as three peer group meetings increased
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the frequency of revisions and improved prescription practice, both according to the GPs themselves
and the process measures in NRPHC and the Norwegian Prescription Database [50]. In our trial, the electronic medical record infrastructure was crucial to
enabling collaboration and engagement between PwD
and formal and informal caregivers. Our findings are
uplifting in that they show that GPs now readily optimize their patients’ medications resulting in enhanced
communication.
Even though we report BPSD levels close to what is
reported at admission to nursing homes [12], earlier
work shows that prescription rates of antidepressants,
antipsychotics, anxiolytics, sedatives, and hypnotics persistently increase during the first 6 months stay [12, 46,
51]. In our study, the use of these medications was not
associated with dropout due to nursing home admission,
while on the contrary, impaired functioning, dependency in activities of daily living, and BPSD were associated with nursing home admission. The prospective
DemVest study highlighted the pertinence of detecting
and treating BPSD, as the 5-year course of these symptoms predicted functional deterioration independent of
cognition in patients diagnosed with Alzheimer’s disease
and Lewy body dementia [4]. Further, benzodiazepines
and Z-hypnotics exacerbated functional deterioration in
this cohort of 196 patients, especially when combined
with antidepressants [8]. In the multicomponent cluster randomized controlled COSMOS trial (n=428), we
documented an improvement in activities of daily living in nursing home residents after careful withdrawal
of psychotropic drugs, as decided by the physician in
discussion with colleagues [17, 18]. Within the intervention group of our current study, the GPs prioritized
their patients for revisions according to symptoms likely
to compromise safety, higher numbers of psychotropic
drugs prescribed, and lower level of functioning. Our
interpretation is that the GPs acknowledge the need for
revisions but that a limited facility to monitor clinical
change makes them more conservative when adjusting
prescriptions in the home-dwelling setting compared
to institutions. Another point is that inherent prescribing procedures within the multidose dispensing system,
which provides machine-dispensed tablets and capsules
in disposable plastic bags to patients experiencing difficulties handling and administering drugs, may increase
practical challenges with changing drug regimes. Further,
the fragmented organizational structure of health care
services may hamper collaboration between providers,
health care professionals, and PwD and their informal
caregivers. As our informal caregivers to home-dwelling
PwD verified the experiences from nursing homes that
medication reviews improved communication between
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health personnel, patients, and their relatives [17], we
advocate that it should be encouraged for PwD, regardless of the level of functioning and accommodation.
As this substudy concentrates on psychotropic prescribing practices, we considered medication reviews the most
active ingredient within the intervention because the
GPs can effectuate drug changes immediately. However,
we acknowledge that it may be challenging to tease out
the effects of single elements in multicomponent interventions and cannot exclude that the other components
may exert more delayed effects on deprescribing [15, 16,
18, 22]. For example, increasing the dyads’ knowledge of
dementia management (i.e., the Learning component)
could improve symptom awareness and strategies for
non-pharmacological treatment of BPSD, thereby reducing the need for psychotropic drugs over time. However,
we argue that with the regular GP scheme, the dyads are
at higher readiness for medication reviews than for adopting the other and less familiar components of the intervention. Effective implementation in trials and real-world
settings is highly dependent on contextual factors [15].
In the above example, the intention, initial decision, and
commitment to attend the learning activity represent barriers [15, 52]. To evaluate implementation in our trial, we
compared the reach of medication reviews across groups.
Yet, applying measures of implementation outcomes
could have aided us in answering questions around fidelity and quality of implementation, mechanisms of change,
and context [15, 22, 52]. Notably, due to COVID-19, the
process evaluation is not completed for the trial at the
time of writing [19], as the final conference where we will
inquire about the coordinators and other stakeholders’
experiences is postponed. Nevertheless, a strong stakeholder incentive exists to promote the LIVE components
in routine dementia care practice at present [24].
The primary strength of this study is that the participants completed assessments compiling validated, wellestablished and complementary instruments that were
blindly and electronically administered by trained and
supervised data collectors, securing data quality [19]. A
considerable number of dyads were included from multiple sites and levels of health care services in Norway,
thereby increasing the generalizability of our findings.
The stepped-wedge design of LIVE@Home.Path was chosen in compliance with patient and public involvement,
as it respects the randomization principle yet allows all
participants to receive the intervention. This likely also
led to low dropout rates due to withdrawal of consent.
We met COVID-19 related limitations in conducting
this study. Due to the dramatically worsening care situation resulting in exacerbating BPSD and impinged trial
protocol [23, 53, 54], we found it appropriate to solely
analyze the prepandemic data from the first 6-month
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period despite compromising power and misbalancing
group sizes (Fig. 1). Additionally, 19 dyads were assessed
by phone rather than in person due to the outbreak, possibly lessening data quality regarding drugs and BPSD in
these dyads.
This study additionally has non-COVID-19-related
limitations. Firstly, our study sample was a convenience
sample, and the non-random recruitment of dyads from
health care services may limit the generalizability of our
findings to people living with dementia somehow attended
to and supported by formal and informal caregivers. Secondly, self-reports on medication may limit direct comparisons to other studies relying on data from medical
records and registries. Our access was only sufficient to
verify current drug consumption, and consequently, we
did not inquire for prescriber details, indications, and
duration of therapy. Thirdly, we did not explore the GPs’
strategies for conducting medication reviews or evaluating drug therapy, or whether they involved other health
care professionals. However, the risk that the GPs to PwD
allocated to the control conditions altered their behavior (i.e., increase the frequency of revisions) when being
studied is minuscule as they were not yet informed on
participation. Fourthly, we did not provide the GPs with
formalized collegial support, or integrations for decision
support other than the reports and coordinators’ involvement, and we cannot exclude the possibility that a more
formalized and rigorous medication review would have
yielded a greater reduction in psychotropic drug use. This
pragmatic approach likely increases the variability, yet
increases the external validity, of our study. Finally, the
chance of false-positive findings in the subgroup analyses
increases due to multiple testing.

Conclusions
Even though psychotropic drug use and BPSD were not
affected by the multicomponent intervention, our study
shows that patient-GP communication improved with
medication review. Implementing medication reviews in
routine care could achieve long-term benefits by increasing the continuity of care for this complex patient population. We advise GPs to conduct medication reviews
regularly for patients with dementia, even when prescription and follow-up are within current standards; and suggest that they, if possible, should exercise collegial support
in their local networks. We recommend that future studies explore medication reviews from the GP perspective to
develop integrations for decision support in dementia care.
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