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ABSTRACT

Objectives: To examine the costs and cost-effectiveness ofmirtazapine compared to placebo over 12-week follow-up.

Design: Economic evaluation in a double-blind randomized controlled trial of mirtazapine vs. placebo.

Setting: Community settings and care homes in 26 UK centers.

Participants: People with probable or possible Alzheimer’s disease and agitation.

Measurements: Primary outcome included incremental cost of participants’ health and social care per 6-point
difference in CMAI score at 12 weeks. Secondary cost-utility analyses examined participants’ and unpaid
carers’ gain in quality-adjusted life years (derived from EQ-5D-5L, DEMQOL-Proxy-U, and DEMQOL-U)
from the health and social care and societal perspectives.

Results: Onehundred and twoparticipantswere allocated to each group; 81mirtazapine and90placeboparticipants
completed a 12-week assessment (87 and 95, respectively, completed a 6-week assessment). Mirtazapine and
placebo groups did not differ on mean CMAI scores or health and social care costs over the study period, before or
after adjustment for center and living arrangement (independent living/care home). On the primary outcome,
neithermirtazapine nor placebo could be considered a cost-effective strategywith a high level of confidence.Groups
did not differ in terms of participant self- or proxy-rated or carer self-rated quality of life scores, health and social care
or societal costs, before or after adjustment.

Conclusions: On cost-effectiveness grounds, the use of mirtazapine cannot be recommended for agitated behaviors
in people living with dementia. Effective and cost-effective medications for agitation in dementia remain to be
identified in cases where non-pharmacological strategies for managing agitation have been unsuccessful.
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Introduction

Dementia is increasing in prevalence, driven
by global population aging (Prince et al., 2015).
The condition is characterized by progressive
decline in cognition and functional ability. Behav-
ioral and psychological symptoms (also known as
neuropsychiatric symptoms) are also common
and include depressed or anxious mood, psycho-
sis, and agitation (Finkel et al., 1996). Agitation is
defined as inappropriate verbal, vocal, or motor
activity that is not thought to be caused by unmet
need; it encompasses physical and verbal aggres-
sion. It is associated with deteriorating relation-
ships with family and professional carers, care
home admission, increased care costs, carer bur-
den and burnout, and decreased quality of life
(Cummings et al., 2015). Prevalence of agitation
in those with dementia is approximately 30% in
community-dwelling populations and 40% in care
homes (Livingston et al., 2017).

Agitation in dementia has substantial economic
consequences, accounting for between 12% and
44% of dementia care costs (Morris et al., 2015;
Panca et al., 2019) and imposing significant costs on
unpaid carers (Buylova Gola et al., 2020). Costs rise
as severity of agitation increases (Burley et al., 2020;
Jones et al., 2021; Panca et al., 2019). Annual excess
health and social care cost of agitation in Alzhei-
mer’s Disease (AD) in the UK is estimated at £2bn
(Morris et al., 2015).

Evidence from randomized controlled trials
(RCTs) of pharmacological interventions for agita-
tion in dementia is mixed. Antipsychotics have
limited efficacy but their use is limited by high levels
of adverse events, including increased risk of mor-
tality (Langballe et al., 2014). Their use is discour-
aged by regulators, except for very short periods in
critical situations. Anti-dementia medications do
not seem to help, and there are no data to support
the use of anticonvulsants or herbal remedies (Fox
et al., 2012; Howard et al., 2007; Magierski et al.,
2020). The antidepressant citalopram, while show-
ing a small positive effect on agitation in dementia in
less agitated and less cognitively impaired indivi-
duals, is associated with adverse cardiac and cogni-
tive effects which limit its use (Porsteinsson et al.,
2014). Anti-depressants have been increasingly pre-
scribed in place of antipsychotics over recent years
without an evidence base. Economic evaluations
have not featured in pharmacological trials for agi-
tation in dementia. We carried out an RCT of
clinical and cost-effectiveness of mirtazapine, one
of the most commonly used anti-depressants (Bane-
rjee et al., 2021). Data from the RCT suggest no
clinical benefits in terms of reducing agitation from
use of mirtazapine compared with placebo. Here we

examine the costs and cost-effectiveness of mirtaza-
pine compared to placebo.

Methods

Data collection
Participants with probable or possible AD and agi-
tation living in the community or care homes were
recruited from 26 UK centers. Full details of the
sample, measures, and methods have been pub-
lished elsewhere (Banerjee et al., 2021). To summa-
rize, eligibility criteria included agitated behaviors
that had not responded to non-drug assessment and
management (Alzheimer’s Society, 2011); Cohen
Mansfield Agitation Inventory (CMAI) score of
45 or more; informed consent; and availability of
an informant, either key worker (“paid carer”) or
family member (“unpaid carer”) who consented to
participate. Participants were randomized to inter-
vention (mirtazapine) or control (identically encap-
sulated placebo), stratifying by center and living
arrangement (independently in the community or
care homes). The study had ethical approval from
the Hampshire A South Central Research Ethics
Committee (15/SC/0606) and the Medicines and
Healthcare products Regulatory Agency.

Data for the economic evaluation were collected
alongside other measures by trained researchers
(blinded to allocation) from participants and infor-
mants at baseline, 6 and 12 weeks. A prospective
activity log [adapted from Noble (2012), see also
(Marques et al., 2013)] was distributed to unpaid
carers at baseline and 6-week visit for optional use as
an aide-memoire during completion of resource use
and cost questions at 6- and 12-week interviews. As
part of the clinical effectiveness study, data were
collected on concomitant medications and trial
medication dose modifications. Dosing schedule
details are given elsewhere (Banerjee et al., 2021).

Perspective and horizon
The cost-effectiveness analyses took two perspec-
tives: first that of costs to the health and social care
system, and second, since health and care costs are
also included, costs to people with dementia and
their family carers (societal perspective). As the time
horizon within the trial period was 12 weeks, no
discounting of outcomes or costs was applied.

Resource use and costs

HEALTH AND SOCIAL CARE AND UNPAID CARE

Comprehensive costs of care for participants with
dementia were calculated (including costs of formal/
paid care such as that provided by health and social
services and also costs associated with unpaid care)
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using data gathered using the Client Service Receipt
Inventory (CSRI) (Beecham and Knapp, 2001) at
baseline, 6 and 12 weeks.

Items of resource use were grouped into catego-
ries for costing purposes: hospital services, primary
and community health, mental health, accommoda-
tion (domestic/communal), overnight respite care
(in communal settings), community social care, day
services, equipment and adaptations (including
memory aids), medications, and unpaid care pro-
vided to participants. Unpaid care included lost
working time (work cut down/given up) and hours
of help and support provided by the main carer and
family/friends. An abbreviated set of health and
social care use questions were asked of unpaid
carers; carers were then asked to estimate the pro-
portion of their overall service use attributable to
caring for the participant. Carers of participants
living at home were also asked to report the number
of hours the participant could be left alone in a day
and hours of lost sleep due to caring (including
assisting the person at night or because of agitation).
A yes/no question on carers’ use of prescription and
over-the-countermedications was included to assess
extent of use but not costed.

The Sussex Partnership Trust Lived Experience
Advisory Panel group gave advice on adapting the
CSRI for the study. They provided input into ques-
tion wording and categories of service use for carers;
for instance, the group suggested adding counseling
services to the list of service questions.

INTERVENTION-SPECIFIC INPUTS

Participants could take up to 45mg of mirtazapine
daily. Mirtazapine dosages and frequencies were
recorded in the trial database. Safety tests (blood
tests and ECG) were excluded from intervention
costs as these measures were protocol-driven and
not part of routine practice.

Valuation
The base year for prices was 2016/2017. Unit costs
(Table S1.1) were taken where available from
nationally representative published sources (Curtis
and Burns, 2017; NHS Digital, 2018; NHS
Improvement, 2017). The price of generic mirtaza-
pine was taken fromNHSPrescription costs analysis
(NHS Digital, 2018). Unpaid carer time was valued
at opportunity cost in the main analyses [following
the lost productivity approach described in Gustavs-
son et al. (2011) and Wimo et al. (2013)]. Costs of
unpaid care were estimated as either cost of time
spent in caring or of time taken off fromwork to care,
whichever was the greater. In estimating the cost of
unpaid carer time in caring, those in work were
considered to have given up work time (lost

production), valued at national average wage (Office
for National Statistics, 2017); those not working
were considered to have given up leisure time,
valued at 35% of national average wage. The
CSRI, which was used to estimate carers’ caring
hours, covered time spent over the previous week in
all caring tasks (including supervision and care
home visiting). Unpaid carers chose a time band
for hours of care provided per week (ranging from
zero hours to 100+ hours per week). A continuous
variable for total hours of care was calculated by
taking themid-point of each band. Themaximumof
the top band was first adjusted to account for nightly
sleep time (assumed to be 8 hours if carers reported
no lost sleep in caring or the hours remaining once
hours of lost sleep were deducted). All time spent in
caring tasks received the same valuation rather than
(as done in Gustavsson et al. (2011) andWimo et al.
(2013) attributing a lower value to supervision than
hands-on care tasks.

Outcomes
Primary outcome for the economic evaluation was
incremental cost per 6-point difference in CMAI
score at 12 weeks, from a health and social care
system perspective. A 6-point difference represents a
clinically significant minimum difference or 30%
decrease on the measure from placebo to mirtaza-
pine (Banerjee et al., 2021). In addition, we con-
ducted a secondary cost-effectiveness analysis on
this outcome measure from the societal perspective.
We also conducted secondary cost-utility analyses of
participants’ and unpaid carers’ quality-adjusted life
years (QALYs) from both health and social care and
societal perspectives (encompassing health and
social care, unpaid care, and out-of-pocket costs
of adaptive equipment). Three measures of
health-related quality of life were used to derive
participant utilities: informant-rated EQ-5D-5L
(Dolan et al., 1995; van Hout et al., 2012),
informant-rated DEMQOL-Proxy-U and
participant-rated DEMQOL-U (Rowen et al.,
2012; Smith et al., 2005). Unpaid carers’ utilities
were derived from carer self-rated EQ-5D-5L.
QALYs were calculated using the area under the
curve method, assuming linear change between
assessment points (Manca et al., 2005).

Cost-effectiveness
Cost per unit of effect of the intervention is known as
the incremental cost-effectiveness ratio (ICER). It is
calculated as mean difference in costs between mir-
tazapine and placebo groups (ΔC) divided by the
mean difference in outcome (ΔE) between groups.

Mirtazapine would be considered cost-effective if
it was significantly more effective and less expensive
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than placebo (factoring in all relevant costs, not just
medication price). The treatment would also be
cost-effective if significantly more effective and more
expensive than placebo, but where the decision-maker
was willing to pay the additional cost (up to a thresh-
old, denoted λ) to achieve the additional effect; or, put
another way, if the ICERwas below some threshold of
willingness to pay for a unit of additional effectiveness,
λ (Gray et al., 2011). The cost-effectiveness decision
rule in this case can be expressed as:

�C=�E<� (1)

Mirtazapine might also be considered cost-
effective if significantly less effective and less expen-
sive and the decision-maker considered the sacrifice
of some effectiveness worth making to achieve the
savings.Mirtazapine would be considered unambig-
uously not cost-effective if it is both significantly less
effective and more expensive.

Incremental net monetary benefit (NMB) is the
monetary value of gains in effects associated with the
treatment at an assumed value of λ, once the addi-
tional cost associated with treatment has been
deducted (Drummond et al., 2015; Gray et al.,
2011). Rearranging the decision rule in (1), NMB
is as follows:

���E��C>0 (2)

Descriptive and cost-effectiveness statistical
analyses
Baseline characteristics of participants and carers,
service use and costs in the sample with data avail-
able at each time-point (“available cases”) were
summarized by allocation group. Continuous data
were described in terms of means (standard errors)
and categorical data as numbers (percentages).
Numbers completing each item of service use (valid
observations) were presented to quantify extent of
missing data per item. Group mean costs and out-
comes (standard errors) of available cases were
compared and mean differences (95% confidence
intervals, hereafter known as “confidence intervals”)
presented. Costs and outcomes of the sample with
both data available at baseline and both follow-up
points (“complete cases”) were summarized by
group in terms of means (confidence intervals)
alongside their unadjusted differences and model-
derived adjusted differences (confidence intervals
and p-values).

Multilevel bivariate regressions were estimated
for costs and outcomes with fixed effects for baseline
cost/outcome and living arrangement at randomiza-
tion (stratifying variable) and a random effect for
center. Multilevel models (MLM) were conducted
in Stata 16 (StataCorp, 2019) and estimated by

restricted maximum likelihood. Where the sample
providing data consisted of 50 or fewer observations,
models applied small sample inference for fixed
effects and residual denominator degrees of freedom
in tests of fixed effects (StataCorp, 2017). NMB
over a range of willingness-to-pay values was derived
from model estimates, and their 95% confidence
intervals were calculated following Fieller’s theorem
(Glick, 2007; Willan and O’Brien, 1996).

There is no societal consensus on what should be
paid for a minimum clinically significant difference
on the CMAI. A NMB plot and a cost-effectiveness
acceptability curve (CEAC) were produced to show
the extent to which the primary outcome might be
judged cost-effective. The plot of NMB and its
confidence limits over a range of willingness-to-
pay thresholds illustrates not only the size of any
positive values of NMB but also whether the ICER
has confidence limits. The point ICER is found
where the NMB curve intersects the x-axis (the
net benefit for a unit of effect is zero), that is the
point where the decision-maker is prepared to pay
just the cost of achieving a benefit (Gray et al., 2011).
The confidence limits of the ICER are found where
the confidence limits of the NMB curve intersect the
x-axis (Drummond et al., 2015). An unbounded
ICER (when the NMB confidence limit lines never
intersect the x-axis) indicates that neither the inter-
vention nor the control strategy can be considered to
be themore cost-effective (Glick, 2007). TheCEAC
depicts the probability that NMB at a given level of
willingness to pay (λ) is greater than zero (Löthgren
and Zethraeus, 2000). This approach is useful for
demonstrating the level of uncertainty associated
with deciding whether mirtazapine is cost-effective
at different willingness-to-pay values.

For secondary analyses of QALY and health and
social care costs outcomes, the ICER and the NMB
at £20,000 and £30,000 [the lower and upper limits
respectively of the NICE threshold for a QALY gain
(National Institute for Health and Care Excellence,
2013)] were calculated and presented alongside
descriptive and cost-effectiveness results. Probabil-
ity of cost-effectiveness over a range of willingness-
to-pay thresholds was calculated for narrative com-
mentary in the text.

Sensitivity analyses
Sensitivity analyses (Supplementary file S2) explored
impacts on results of varying key assumptions made
in the base case for primary and secondary analyses,
including accommodation of participants in domestic
as well as residential care in total health and social
care costs, examining aggregated (EQ-5D-5L)
QALYs and costs for the dyad (person with dementia
and unpaid carer together), and using an alternative
valuation and definition of unpaid carer time.
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Missing data
Where possible, efforts to reduce missing data were
made. For instance, where information on residen-
tial and nursing home stay duration was available
but provider sector information was missing, we
assumed, in order to assign a unit cost, that residen-
tial care and nursing home providers were from the
independent sector [almost all such homes in the
UK are operated by independent providers (Com-
petition & Markets Authority, 2017)]. However,
where a service was reported as having been used
but frequency of use was missing, no assumptions
were made about the frequency, nor imputation
attempted. In this case, the cost of the service would
not be calculated, resulting in missing cost informa-
tion. The extent of missing resource use data was
described narratively, comparing valid observations
contributing service use data to the expected num-
ber of observations at the time-point.

Results

In total, 204 valid trial participants were assessed at
baseline and randomized to mirtazapine (N= 102)
or placebo (N= 102). At 12-week (6-week) follow-
up, 81 (87) people with dementia in the mirtazapine
group and 90 (95) in the placebo group continued to
participate in the trial. Demographic characteristics
were similar across groups at baseline and 12-week
follow-up (Table 1), except for the proportion of
women. More mirtazapine than placebo participants
were female at baseline (74.5% vs 57.8%) and 12
weeks (75.3% vs. 57.8%). At baseline, relatives and
friends accounted for the majority of carers (N= 63,
61.2% mirtazapine group; N= 71, 68.9% placebo
group); these proportions were similar at 12-week
follow-up. Most participants were in care home
accommodation at baseline and 12-week follow-up.

Data were reasonably complete for most service
use items (Table S3.1) (96%–100% at baseline,
94%–100% at 6 weeks, 94%–100% at 12 weeks).
Data on carers’ care time and service use were
similarly complete at baseline (94%–99%) but
slightly less so at 6 weeks (87%–90%) and 12 weeks
(91%–94%). A filter question in the database clas-
sified informants as paid or unpaid carers to deter-
mine which carer measures should be completed. A
few cases reported to be family/friend carers in the
demographics question were classified as paid carers
on this question, resulting in loss of unpaid carer
resource use data from placebo participants (three
cases at baseline; 4 at 6 and 12 weeks).

Table S3.1 sets out paid and unpaid care services
used by participants at baseline and follow-ups.
Fewer than half of participants used a mental health
service in the 12 weeks prior to baseline. Participant

use of community and mental health services
between 6-week and 12-week follow-up was similar
to use between baseline and 6-week assessment.
Relatively few participants (15% mirtazapine; 14%
placebo) had home care in the pre-baseline period,
with means of 2.5 hours and 3.8 hours per week of
home care in mirtazapine and placebo groups. In the
sample participating at 12 weeks, proportions using
home care were similar (11% mirtazapine; 10%
placebo) although mirtazapine participants used
less than an hour (0.86) while placebo participants
used almost 3 hours (2.92) per week in the prior 6
weeks. At baseline, hours provided by unpaid carers
greatly exceeded paid home care hours (71 and
60 hours per week in mirtazapine and placebo,
respectively). At 12-week follow-up, mirtazapine
participants received approximately 80 hours per
week of unpaid care, while placebo participants
received 56 hours per week.

Looking at carers’ own use of health and support
services (Table S3.2), data were fairly complete
from carers classified as unpaid (95%–99% at base-
line, 90%–94% at 6 weeks, 91%–94% at 12 weeks).
More than half used at least one service over the 12
weeks prior to baseline, and approximately half used
a service over each follow-up. Carers were asked to
estimate the proportion of all services related to their
caring role, judging this to be 22% and 23% in
mirtazapine and placebo groups respectively at base-
line. Estimated proportions were similar at 6 weeks;
however, the sample completing 12-week assess-
ments reported divergent estimates (mean 50.8%
mirtazapine group, 19.2% placebo group). Carers
were also asked whether their care situation had
improved since they had used these services and
whether their health had been affected as a result of
caring (Table S3.3). While groups did not differ on
the status of their care situation at baseline or 6
weeks, by 12 weeks, more mirtazapine than placebo
carers in receipt of at least one service agreed
their situation had improved (12/24 (50%) vs.
4/24 (16.7%), respectively). The proportion of
carers reporting that their health was affected by
their caring role was at least 50% at each time-point,
and proportions were similar between groups. At
baseline, carers of people with dementia living at
home reported substantial numbers of hours of sleep
lost per week as a result of assisting the person or
because of the person’s agitation (approximately 8
and 7 hours weekly in mirtazapine and placebo,
respectively) (Table S3.4). Hours of lost sleep
were similar at 6- and 12-week follow-ups. At base-
line, approximately half of the carers in each group
reported that the person could be left alone at home.
Participants could be left alone for an average of less
than 3 hours a day. These estimates were similar at 6
and 12-week follow-ups.
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Costs
At baseline, of cases with economic data available,
there were no differences between groups in any
subcategory of cost, in total health and social care
costs or in societal costs of participants with demen-
tia (Table S3.5). Apart from the costs of trial
medication, there were no between-group cost dif-
ferences in the sample participating at 6 weeks. Of
those participating in the 12-week follow-up, costs
of unpaid care by the dyadic carer over the prior 6
weeks were significantly higher in the mirtazapine
than placebo group [difference: £1,120 (95% CI
£56, £2,184)]. There were no between-group
differences in carers’ health and social care costs
(Table S3.6).

Outcome measures
Raw CMAI scores in both groups summarized from
available cases’ data were similar at baseline and
both follow-ups (Table S3.7). Mean CMAI scores
in the sample participating at 6 and 12 weeks
(regardless of allocation) were approximately 10

points lower than those in the baseline sample.
Raw index scores (utilities) derived from informant-
reported quality of life measures were similar between
groups. EQ-5D-5L-derived utilities were much lower
than those derived fromDEMQOL-Proxy-U.Utilities
derived from participant-reported DEMQOL-U
(completed by less than half the people with
dementia participating at each time-point) were
somewhat higher than scores on the proxy-
completed version in both groups. At each assess-
ment point, carers’ EQ-5D-5L scores were similar
between groups (Table S3.8).

Cost-effectiveness analyses

PRIMARY ANALYSIS

Mean raw outcome scores and costs of the complete
case samples showed no differences between groups
(Table 2). Adjusting for baseline measure and living
arrangement, the estimate for the difference
between groups in both CMAI and costs had
wide confidence intervals crossing zero. The point
estimate for the ICER on CMAI was negative

Table 1. Baseline characteristics

CHARACTERISTIC

SAMPLE AT

BASELINE

MIRTAZAPINE,
N = 102

PLACEBO,
N = 102

SAMPLE AT 12-WEEK

FOLLOW-UP

MIRTAZAPINE,
N = 81

PLACEBO,
N = 90

...................................................................................................................................................................................................................................................................................................................................

Participant
Age Mean (SD) 82.2 (7.8) 82.8 (7.7) 81.5 (8.2) 82.5 (8.0)
Age Median (interquartile range) 83.0 (77.0–87.0) 84.5 (78.0–88.0) 83.0 (76.0–87.0) 84.0 (76.0–88.0)
sMMSE Meana 13.4 (8.1) 16.1 (6.7) 18.0 (6.0) 15.6 (7.5)
sMMSE Median (interquartile range)a 14 (8–18.5) 16 (11–21) 18 (14–22) 15 (10–22)
Female N (%) 76 (74.5%) 59 (57.8%) 61 (75.3%) 52 (57.8%)
CMAI score, Mean (SD) 71.1 (16.4) 69.8 (17.1) 72.1 (16.7) 69.5 (17.0)
CMAI score, Median (interquartile

range)
70.0 (59.0–79.0) 65.5 (55.0–82.0) 70.0 (61.0–80.0) 64.5 (55.0–82.0)

Marital status, N (%)
Married/cohabiting 45 (44.6%) 51 (50.0%) 36 (45.0%) 47 (52.2%)
Single 5 (5.0%) 6 (5.9%) 4 (5.0%) 5 (5.6%)
Divorced/separated 9 (8.9%) 7 (6.9%) 8 (10.0%) 6 (6.7%)
Widowed 42 (41.6%) 38 (37.3%) 32 (40.0%) 32 (35.6%)

Living situation, N (%)
Independent 55 (53.9%) 57 (55.9%) 44 (54.3%) 49 (54.4%)
Communal 47 (46.1%) 45 (44.1%) 37 (45.7%) 41 (45.6%)

Carer
Relationship to participant, N (%)

Partner/spouse 34 (33.3%) 35 (34.3%) 28 (34.6%) 34 (37.8%)
Mother/Father 21 (20.6%) 31 (30.4%) 13 (16.0%) 21 (23.3%)
Brother/Sister 1 (1.0%) 0 (0.0%) 1 (1.2%) 0 (0.0%)
Other Relative 5 (4.9%) 3 (2.9%) 5 (6.2%) 3 (3.3%)
Friend 1 (1.0%) 2 (2.0%) 1 (1.2%) 2 (2.2%)
Other 1 (1.0%) 0 (0.0%) 1 (1.2%) 0 (0.0%)
Paid carer 39 (38.2%) 31 (30.4%) 32 (39.5%) 30 (33.3%)

aBaseline: N= 52, Mirtazapine; N= 50, Placebo. At 12-week follow-up: N= 23, Mirtazapine; N= 27, Placebo.
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because costs were slightly lower and outcome
slightly better in the mirtazapine compared to pla-
cebo group. The NMB curve (Figure 1) shows that
net benefit is positive at all willingness-to-pay
thresholds from £0 to £30,000: there is monetary
benefit once the cost of the intervention has been
subtracted. However, the confidence intervals of the
NMB curve do not cross zero, illustrating that 95%
confidence limits of the ICER could not be defined
(see Descriptive and cost-effectiveness statistical
analyses), and therefore, neither mirtazapine nor
placebo can be judged to be the more cost-effective
strategy with a high level of confidence. The CEAC
(Figure S3.1) illustrates that probability of cost-

effectiveness was 81% at a willingness to pay of
£3,000 and 80% at £20,000; also that a 10% confi-
dence interval for the ICER can be defined between
willingness to pay of approximately £0 and £3,000
per QALY, giving a low degree of certainty that
mirtazapine is cost-effective (see Glick, 2007;
Gray et al., 2011).

SECONDARY ANALYSES

Rawmean outcomes and costs from the health and
social care and societal perspectives are presented
alongside their raw and adjusted between-group
differences, ICER and NMB at £20,000 in
Table 3.

Table 2. Primary outcome/costs: CMAI score and health and social care costs over 12-week study follow-up, raw
and adjusted difference between groups and incremental cost-effectiveness ratio

OUTCOMES AND

COSTS

MIRTAZAPINE PLACEBO
MIRTAZAPINE–PLACEBO DIFFERENCE ICER

MEAN (SE) MEAN (SE) MEAN (95% CI)
ADJUSTED

(95% CI) Pa

COST PER

6-POINT

DIFFERENCEb

...................................................................................................................................................................................................................................................................................................................................

Health and social care
Observations N= 72 N= 79
CMAI score 61.847 (2.659) 60.848 (2.49) 0.999

(− 6.193, 8.191)
− 2.446

(− 8.243, 3.352)
0.408 − 273/0.408=

− 670
Total costs 5,752 (513) 5,877 (591) − 125 (− 1,686,

1,435)
− 273 (− 1,754,

1,208)
0.718

ap-value of the adjusted difference.
bReversed so that a higher score indicates less agitation and a lower score indicates more agitation.

Figure 1. Primary outcome: net monetary benefit plot.
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Table 3. Secondary participant outcomes and costs over 12-week study follow-up, raw and adjusted difference between groups and incremental cost-effectiveness
ratios

OUTCOMES AND

COSTS

MIRTAZAPINE PLACEBO
MIRTAZAPINE–PLACEBO DIFFERENCE ICER NMB AT £20,000 NMB AT £30,000

MEAN (SE) MEAN (SE) MEAN (95% CI) ADJUSTED (95% CI) Pa C/Eb MEAN (95% CI) MEAN (95% CI)
............................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

QALY
Health and social care
Observations N= 70 N= 77
QALY-EQ-5D-5L 0.107 (0.008) 0.128 (0.007) − 0.021 (− 0.043, 0.001) − 0.007 (− 0.021, 0.007) 0.314 60,976 289 (− 1,347, 1,925) 218 (− 1,502, 1,939)
Total costs 5,689 (526) 5,844 (596) − 155 (− 1,740, 1,429) − 430 (− 1,920, 1,061) 0.572
Observations N= 67 N= 76
QALY-DEMQOL-
Proxy-U

0.162 (0.003) 0.163 (0.003) − 0.002 (− 0.010, 0.007) 0.002 (− 0.004, 0.008) 0.540 − 227,589 449 (− 1,102, 1,999) 467 (− 1,098, 2,031)

Total costs 5,604 (535) 5,816 (604) − 211 (− 1,824, 1,402) − 412 (− 1,942, 1,117) 0.597
Observations N= 18 N= 20
QALY-DEMQOL-U 0.203 (0.004) 0.205 (0.004) − 0.002 (− 0.014, 0.009) 0.001 (− 0.006, 0.007) 0.832 692,101 − 406 (− 2,521, 1,710) − 399 (− 2,517, 1,718)
Total costs 2,858 (800) 2,512 (735) 346 (− 1,853, 2,545) 458 (− 1,677, 2,592) 0.674
Societal
Observations N= 37 N= 43
QALY-EQ-5D-5L 0.124 (0.009) 0.145 (0.007) − 0.021 (− 0.044, 0.003) − 0.003 (− 0.017, 0.011) 0.708 − 848,348 − 2,320 (− 5,382, 742) − 2,347 (− 5,401, 708)
Total costs 13,235 (1,219) 10,940 (1,026) 2,295 (− 853, 5,444) 2,266 (− 855, 5,388) 0.153
Observations N= 36 N= 43
QALY-DEMQOL-
Proxy-U

0.157 (0.005) 0.158 (0.003) − 0.001 (− 0.012, 0.01) 0.004 (− 0.005, 0.012) 0.395 638,829 − 2,239 (− 5,405, 928) − 2,203 (− 5,378, 973)

Total costs 13,252 (1,254) 10,940 (1,026) 2,313 (− 880, 5,506) 2,311 (− 869, 5,491) 0.153
Observations N= 14 N= 18
QALY-DEMQOL-U 0.204 (0.004) 0.206 (0.005) − 0.002 (− 0.015, 0.011) − 0.001 (− 0.015, 0.014) 0.923 − 775,304 − 550 (− 5,372, 4,272) − 557 (− 5,462, 4,348)
Total costs 10,325 (1,705) 9,790 (1,963) 536 (− 4,955, 6,026) 536 (− 4,226, 5,299) 0.822

ICER
Cost per 6-point differencec

CMAI and societal
Observations N= 38 N= 45
CMAI score 61.895 (2.829) 59.778 (3.139) 2.117 (− 6.425, 10.659) − 3.028 (− 9.702, 3.646) 0.374 1,944/0.505 = 3,851
Total costs 13,169 (1,189) 11,204 (1,001) 1,965 (− 1,104, 5,034) 1,944 (− 1,076, 4,964) 0.207

ap-value of the adjusted difference.
bC = mean adjusted cost difference, E = mean adjusted outcome difference.
cReversed so that a higher score indicates less agitation and a lower score indicates more agitation.
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Participant outcomes

HEALTH AND SOCIAL CARE PERSPECTIVE

On raw participant QALY derived from EQ-5D-5L,
DEMQOL-U, and DEMQOL-U-Proxy and costs
from a health and social care perspective, there were
no differences between groups. Similarly, on
adjusted mean differences between groups from
the multilevel analyses, there were no differences
between groups. Cost-effectiveness results on the
DEMQOL-U are not discussed further because of
the small numbers involved.

The ICER of EQ-5D-5L-derived QALYs and
costs from the health and social care perspective
was positive as the sign of the cost difference was
negative, and there was a small QALY loss. Results
are not discussed further given the latter result.

The ICER from the DEMQOL-U-Proxy was
negative as there was a small QALY gain and the
sign of the cost difference was negative. Probability
of cost-effectiveness ranged from 70% to 72% across
a willingness-to-pay range of £0 to £50,000. NMB
at the lowerNICE threshold (£20,000) was positive,
but the 95% confidence intervals crossed zero. The
ICER was unbounded, indicating that neither mir-
tazapine nor placebo could be considered a cost-
effective strategy at any willingness to pay to gain
a QALY.

SOCIETAL PERSPECTIVE

Groups did not differ on costs or CMAI outcomes
from the societal perspective. The societal cost
per 6-point difference was £3,851, the ICER being
unbounded. The NMB at a willingness to pay of £0
was −£1,944 (95% CI −£4,964, £1,076) and at a
willingness to pay of £20,000 was £8,150 (95% CI
−£14,195, £30,494). Probability of cost-effectiveness
ranged between 10% and 77% over this range.

There were no between-group differences in
QALYs derived from EQ-5D-5L, DEMQOL-U,
or DEMQOL-U-Proxy and costs from the societal
perspective, before or after adjustment. Given low
numbers on the DEMQOL-U, cost-effectiveness
results are not discussed.

The ICER of EQ-5D-5L-derived QALYs and
costs from the societal perspective was negative as
the sign of the cost difference was positive and there
was a small QALY loss. Results are not discussed
further for this reason. The ICER from the DEM-
QOL-U-Proxy was positive and very large; probability
of cost-effectiveness ranged from 8% to 10% across
willingness-to-pay values from £0 to £50,000.

Carer outcomes
In cases with complete health and support and
QALY data, unadjusted and adjusted between-
group differences in QALYs were not significant

(Table 4). NMB of mirtazapine at £20,000 was
negative but the confidence interval crossed zero.
The ICER on this measure was unbounded. Results
for carers’ societal costs and QALY were similar.
Probability of cost-effectiveness from the health and
social care perspective did not exceed 45% over
willingness-to-pay thresholds ranging between £0
and £50,000 per QALY; probability of cost-
effectiveness from the societal perspective did not
exceed 19% over the same range.

Sensitivity analyses
Sensitivity analyses of the primary outcome were in
line with the base case (Supplementary file S2). On
the secondary outcome of participant EQ-5D-5L
QALY and societal costs, costs were significantly
greater in the mirtazapine group when valuing
unpaid carer time at replacement cost. The corre-
sponding NMB of mirtazapine at £20,000 was neg-
ative, with negative upper and lower confidence
limits, so that costs outweighed the benefit of the
intervention. Other sensitivity analyses of secondary
outcomes were similar to the base case.

Discussion

On the basis of cost-effectiveness, there is no evi-
dence to support the use of mirtazapine for agitation
in dementia. Just as our clinical effectiveness data
concluded there was no clinical benefit over pla-
cebo, these data are unequivocal in there being no
economic reason for mirtazapine being used for
treatment of agitation in dementia. The data pre-
sented here are novel. While there is economic
literature on psychosocial interventions for agita-
tion, to our knowledge no other formal economic
analyses have been published of an RCT of an
Investigational Medicinal Product (IMP) for agita-
tion in dementia. Consequently, this study provides
data that may be of use in subsequent analyses of
cost-effectiveness of other IMPs for agitation on
dementia.

The mirtazapine group had a marginally lower
mean CMAI score than the placebo group at 12-
week follow-up. This difference was not statistically
significant and much smaller than the pre-specified
effectiveness criterion of a 6-point difference in favor
of mirtazapine. Groups had similar costs from both
health and social care and societal perspectives. On
the secondary analyses, groups were similar in both
costs and health-related quality of life outcomes.
Sensitivity analyses of the primary outcome yielded
similar results to the base case. Results of sensitivity
analyses ofmost secondary outcomes were also similar
to base-case findings. Between-group differences in
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societal costs were sensitive to assumptions about
valuing unpaid care time. Valuing carer time at
replacement cost resulted in mirtazapine being defi-
nitely less cost-effective than placebo at willingness to
pay per QALY of £20,000.

The clinical effectiveness study (Banerjee et al.,
2021) found no differences between groups in terms
of participant neuropsychiatric or cognitive out-
comes; however, carers of mirtazapine group parti-
cipants had worse scores on the Zarit Carer Burden
Index at 12 weeks. In the cost-effectiveness study,
we found that carers in the mirtazapine group attrib-
uted more of their own service use to their caring
role andmore improvement in their care situation to
services used than did carers in the placebo group;
also, carers in the mirtazapine group reported more
hours of unpaid care at 12 weeks than in the placebo
group. Taking these findings together, it is possible
that receipt of mirtazapine resulted in increased
carer burden and related help-seeking and help-
giving.

The substantial costs of caring reported by
unpaid carers should be of concern. Carers from
both groups lost approximately an hour of sleep each
night to care for the agitated person; the mean
number of hours they felt able to leave the person
alone at home was less than 3 hours. Agitation is a
distressing state for people experiencing it and for
those around them. Effective strategies for manag-
ing agitation and supporting carers are required,
tailored to the needs of the person with dementia
and their families.

Limitations and strengths
There are limitations to this study, some of which we
have discussed elsewhere (Banerjee et al, 2021).
Recruitment beyond February 2020 was con-
strained by COVID-19, so that only 207 (93%) of
the target of 222 were recruited. Importantly for this
study, there are potential limits in generalizability
resulting from recruitment through mental health
services for older people and care homes. Outcomes
and costs might have been different for people living
in the community treated by primary care services
alone. The three main strengths of our study were
high follow-up and compliance rates, large sample
size, and the broad nature of the study group (in
terms of severity of agitation and severity and type of
dementia).

This study has reported results based on com-
plete data, as data from participants who withdrew
were lost to follow-up or who had died were not
available for analysis. In the clinical effectiveness
study (Banerjee et al., 2021), a weak trend to
increased mortality was seen in the mirtazapine
group, with seven deaths versus one death in theTa
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placebo group, although this outcome may have
been the result of chance, given the low numbers
involved. No differences in other adverse events
were detected. We were unable to locate previous
trial-based economic evaluations of pharmacologi-
cal interventions specifically focused on agita-
tion in dementia. The cost-effectiveness of non-
pharmacological interventions to manage agitation
in care home residents with dementia has been
evaluated in trials (Livingston et al., 2019; Romeo
et al., 2019) and model-based studies (Livingston
et al., 2014). Non-pharmacological management
approaches included person-centered care, commu-
nication, care mapping and care planning, and
combinations of interventions in multicomponent
programs, in care home settings (Livingston et al.,
2014). A trial of a person-centered care intervention
in English care homes was found to be cost-effective
in terms of agitation and quality of life, and the
intervention was no more costly than usual care
from the health and social care perspective (Romeo
et al., 2019). Little is known on the effectiveness of
any interventions for people with dementia and
agitation living in the community (Livingston
et al., 2014). There is a need for further research
to address this evidence gap. Future trials should
include economic evaluations, given the high costs
of agitation in dementia (Burley et al., 2020). Eva-
luators should ensure they collect data on costs to
unpaid carers in terms of hours of care, sleep loss,
and carer burden.

Conclusion

There is no reason to recommend the use of mirta-
zapine for people living with dementia who experi-
ence agitation on grounds of cost-effectiveness.
Effective and cost-effective medicinal management
strategies for agitation in dementia are needed,
particularly where non-pharmacological approaches
have been unsuccessful, and for people with demen-
tia living in community settings.
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