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Abstract 

Background Nursing home (NH) residents with severe dementia use many medications, sometimes inappropriately 
within a comfort care approach. Medications should be regularly reviewed and eventually deprescribed. This prag‑
matic, controlled trial assessed the effect of an interprofessional knowledge exchange (KE) intervention to decrease 
medication load and the use of medications of questionable benefit among these residents.

Methods A 6‑month intervention was performed in 4 NHs in the Quebec City area, while 3 NHs, with comparable 
admissions criteria, served as controls. Published lists of “mostly”, “sometimes” or “exceptionally” appropriate medica‑
tions, tailored for NH residents with severe dementia, were used. The intervention included 1) information for partici‑
pants’ families about medication use in severe dementia; 2) a 90‑min KE session for NH nurses, pharmacists, and physi‑
cians; 3) medication reviews by NH pharmacists using the lists; 4) discussions on recommended changes with nurses 
and physicians. Participants’ levels of agitation and pain were evaluated using validated scales at baseline and the end 
of follow‑up.

Results Seven (7) NHs and 123 participants were included for study. The mean number of regular medications 
per participant decreased from 7.1 to 6.6 in the intervention, and from 7.7 to 5.9 in the control NHs (p‑value for the dif‑
ference in differences test: < 0.05). Levels of agitation decreased by 8.3% in the intervention, and by 1.4% in the control 
NHs (p = 0.026); pain levels decreased by 12.6% in the intervention and increased by 7% in the control NHs (p = 0.049). 
Proportions of participants receiving regular medications deemed only exceptionally appropriate decreased from 19 
to 17% (p = 0.43) in the intervention and from 28 to 21% (p = 0.007) in the control NHs (p = 0.22). The mean num‑
bers of regular daily antipsychotics per participant fell from 0.64 to 0.58 in the intervention and from 0.39 to 0.30 
in the control NHs (p = 0.27).

Conclusions This interprofessional intervention to reduce inappropriate medication use in NH residents with severe 
dementia decreased medication load in both intervention and control NHs, without important concomitant increase 
in agitation, but mixed effects on pain levels. Practice changes and heterogeneity within these 7 NHs, and a ceiling 
effect in medication optimization likely interfered with the intervention.
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Trial registration The study is registered at ClinicalTrials.gov: # NCT05155748 (first registration 03–10‑2017).
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Background
Worldwide, the prevalence of dementia among older 
adults is high, and the prevalence of persons living 
with severe dementia is on the rise [1–4]. With acceler-
ated population aging [5], the number of Canadians liv-
ing with dementia is also increasing: the Public Health 
Agency of Canada (PHAC) estimated that in 2017 there 
were nearly 452 000 older adults, i.e. aged 65  years or 
above, living with dementia, or 6.7% of this age group 
[6]. A large proportion of these older adults may eventu-
ally need nursing home (NH) placement to compensate 
for the functional decline associated with neurocognitive 
disorders. As NH residents advance to the severe stage 
of dementia, they are close to the end of their lives und 
should benefit from a comfort care approach [7].

These residents also take a large number of medica-
tions: on average, in Canada in 2016, they were pre-
scribed 9.9 medication classes, compared with 6.7 among 
seniors living in the community [8]. In the same year, 
nearly 70% of NH residents had at least one potentially 
inappropriate medication according to the Beers criteria, 
compared to 49.4% of seniors overall. About half to two-
thirds of NH residents will experience an adverse medi-
cation reaction within a year [8].

Optimal medication use in NH residents living with 
severe dementia, i.e. the use of well-tolerated medica-
tions for evidence-based indications, is a challenge [9, 
10]. First, residents with dementia may be unable to 
express the discomfort related to an adverse reaction 
[11], tolerability is frequently reduced in this population 
because of polypharmacy [12], and finally, age-related 
physiologic and illness-related [13] changes may alto-
gether lead to altered pharmacokinetic and pharmaco-
dynamical responses [14]. Also, in the face of limited life 
expectancy, these residents may not benefit from preven-
tive medications [15]. Moreover, the under recognition 
of severe dementia as a terminal disease by health pro-
fessionals [15–17] may favour the maintenance of some 
curative or purely preventive treatments that would be 
stopped in other persons with the same life expectancy.  
In addition, dementia may lead to the increased use  
of some medications considered less appropriate in 
older adults. The Collaborative Approach to Optimize 
Medication Use for Older People in Nursing Homes 
(COME-ON) study examined factors associated with 
the use of benzodiazepine receptor agonists and con-
cluded that dementia was a factor associated with their 
use [18]. Furthermore, practical concerns related to 

medication use may have burdensome consequences, such 
as dysphagia [19] or required repeated tests [20, 21]. As 
such, frequent reviewing of the medication regimens of 
NH residents with severe dementia is required, to adjust 
for evolving medical conditions, to avoid overtreatment 
and adverse medication events, and ultimately to improve 
well-being [22].

Several recently published studies have focused on the 
deprescribing of medications for the general NH resi-
dent population. A systematic review of 41 randomized 
controlled trials showed a 59% reduction in potentially 
inappropriate medications (PIMs) and a 24% reduction in 
hospitalizations for this population, when deprescribing 
interventions were used [23]. Two studies that focused 
on the impact of a pharmacist-led intervention showed 
favorable findings: a significant reduction in PIMs was 
shown by Hashimoto et al. [24] and Balsom et al., found 
that residents in the intervention group took an average 
of 2.88 fewer medications than those in the control group 
after 6 months of implementation [25].

The Beers criteria [26] and STOPP/START [27] con-
sensus offer guidance related to medication prescrib-
ing for the general older adult population. While a small 
body of research suggested guidance specifically targeted 
for patients with severe dementia [7, 28], there remained 
a knowledge gap regarding implementation, which led 
to the OptimaMed approach. OptimaMed began with a 
scoping review to identify medication appropriateness 
criteria and successful interventions aimed at reducing 
medication load in seniors with severe dementia, and a 
15-member Delphi panel of clinical experts that provided 
consensus regarding lists of medications deemed “gener-
ally”, “occasionally” or “exceptionally” appropriate were 
created for the context of Canadian NH settings [29]. A 
pilot study [30] then tested these lists (Additional files 1 
and 2, in French) and in a 4-months pre-post feasibility 
study in three Quebec NHs; the intervention proved fea-
sible and resulted in a reduction in the mean number of 
medications from 9.43 to 8.41 per resident without any 
concomitant clinically significant change in agitation or 
pain measurements. A mixed methods literature review 
then identified barriers for older adults and their families 
regarding polypharmacy and deprescribing, the results 
of which led to improvements in the information leaflet 
provided to families of NH residents (Additional file  3, 
in French) invited to the present study [31]. The aims of 
this present study were to assess the effectiveness of pro-
viding NH staff with knowledge exchange (KE) sessions 
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and tools for reviewing, adjusting or discontinuing medi-
cations for NH residents with severe dementia on: 1) 
Reducing overall medication burden; and 2) the number 
of “exceptionally appropriate” medications, in the hopes 
that this would translate in improved, or, at least, no 
deterioration in agitation or pain/discomfort.

Methods
Study design
We performed a pragmatic, controlled study, follow-
ing TREND guidance [32, 33], in seven, not randomly 
selected, publicly financed NHs located in the greater 
Quebec City region between July 2017 and August 2018. 
The participating nursing homes were selected in col-
laboration with administrators from the greater Quebec 
City Health Network, avoiding NHs which had 1) partici-
pated in the pilot study [30], 2) participated in the PEPS 
study [34], or 3) underwent some form of transformation. 
A random selection of intervention and control NHs was 
not feasible because the collaboration of the NH admin-
istration was needed for study participation and could 
not be facilitated for these NHs.

Setting
In Canada, publicly funded NHs are under the govern-
ance of the Ministry of Health of each province, meaning 
there are differences in their management and organiza-
tion across the country. In the province of Quebec, NH 
clinical care is provided by general practitioners (GPs) 
and pharmacists, both on a part-time basis, and with 
24/7 coverage by registered nurses. Also, consistent with 
their mission to care for people with complex needs, NH 
admission requires an important loss of autonomy as 
measured by the iso-SMAF score (usually above 11 on 
a scale of 1 to 14). The scores of this assessment algo-
rithm provide a numerical autonomy profile classification 
based on the SMAF tool [35], which itself is based on the 
WHO’s classification of impairments, disabilities and 
handicaps [36]. It measures 29 functions of 5 domains: 
basic activities of daily living, instrumental activities 
of daily living, mobility, communication, and mental 
functions.

Ethical considerations
Because of the severity of their dementia, written and 
informed consent was obtained from the family or legal 
representative of each resident included in the study. The 
study was approved by the Quebec City Integrated Health 
and Social Services University Network (CIUSSSCN) 
Ethics review board (Ethics Certificate: SSPL-2016–2017-
14). All collected information was kept confidential to 
preserve the anonymity of participants throughout the 
study and beyond.

Study sample
To be eligible, participants had to have resided in the par-
ticipating NH for a minimum of 2 months at the time of 
study inclusion, be 60 years of age or older, have a diag-
nosis of dementia of any etiology in their medical chart, 
graded as being severe as defined by the Reisberg scale 
[37], have an iso-SMAF score of 13 or 14, which is indic-
ative of severe functional impairment, and to not be in 
end-of-life palliative care at the time of inclusion. No 
other exclusion criteria were applied. Letters of invita-
tion to participate, and an information leaflet (Additional 
file 3, in French), detailing facts about medication use in 
this group, as informed by our scoping review on patients 
and their families, were sent to eligible residents’ fami-
lies or legal guardians [31]. Participants in control NHs 
consented in the same fashion and received usual care, 
with care teams also including a pharmacist, a physician 
and registered nurses. It is of note that pharmacists, phy-
sicians, and nurses working in the control NHs were all 
employed by the same larger Quebec City Health Net-
work as the staff in the intervention NHs.

Intervention
This study implemented an enhanced OptimaMed 
approach as compared to the pilot study [30], which was 
primarily aimed at interprofessional teams and patients’ 
families. The first enhancement concerned the 90-min 
knowledge exchange (KE) session which presented the 
medication review guidance (MRG) tool , which was 
based on the published medication appropriateness list 
[29] used in the pilot study [30], and to which an algo-
rithm was added to taper antipsychotics. The tapering 
algorithm is available at: https:// depre scrib ing. org/ wp- 
conte nt/ uploa ds/ 2018/ 08/ AP- depre scrib ing- algor ithm- 
2018- Engli sh. pdf ).

The documents for the MRG tool (Additional file  1), 
developed in French, specifically for the NHs of the 
health network, can also be found at:

https:// www. ciusss- capit alena tiona le. gouv. qc. ca/ sites/ 
d8/ files/ docs/ ProfS ante/ Missi onUni versi taire/ CEVQ/ 
cevq_ medic ation_ demen ce_ severe_ oct20 15. pdf 

and there is a list of specific medications used in NHs 
in the healthcare network at:

https:// www. ciusss- capit alena tiona le. gouv. qc. ca/ sites/ 
d8/ files/ docs/ ProfS ante/ Missi onUni versi taire/ CEVQ/ 
cevq_ medic ation_ en_ demen ce_ severe_ index. pdf 

The second enhancement concerned the auditory for 
the KE session, that took place within 6 weeks after the 
study start date at each intervention NH. It now also 
addressed auxiliary nurses and orderlies, in addition 
to GPs, pharmacists and nurses who were present in 
the pilot study, given that these staff can be influential 

https://deprescribing.org/wp-content/uploads/2018/08/AP-deprescribing-algorithm-2018-English.pdf
https://deprescribing.org/wp-content/uploads/2018/08/AP-deprescribing-algorithm-2018-English.pdf
https://deprescribing.org/wp-content/uploads/2018/08/AP-deprescribing-algorithm-2018-English.pdf
https://www.ciusss-capitalenationale.gouv.qc.ca/sites/d8/files/docs/ProfSante/MissionUniversitaire/CEVQ/cevq_medication_demence_severe_oct2015.pdf
https://www.ciusss-capitalenationale.gouv.qc.ca/sites/d8/files/docs/ProfSante/MissionUniversitaire/CEVQ/cevq_medication_demence_severe_oct2015.pdf
https://www.ciusss-capitalenationale.gouv.qc.ca/sites/d8/files/docs/ProfSante/MissionUniversitaire/CEVQ/cevq_medication_demence_severe_oct2015.pdf
https://www.ciusss-capitalenationale.gouv.qc.ca/sites/d8/files/docs/ProfSante/MissionUniversitaire/CEVQ/cevq_medication_en_demence_severe_index.pdf
https://www.ciusss-capitalenationale.gouv.qc.ca/sites/d8/files/docs/ProfSante/MissionUniversitaire/CEVQ/cevq_medication_en_demence_severe_index.pdf
https://www.ciusss-capitalenationale.gouv.qc.ca/sites/d8/files/docs/ProfSante/MissionUniversitaire/CEVQ/cevq_medication_en_demence_severe_index.pdf
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in the decision to initiate, increase or maintain certain 
medications, such as antipsychotics. Staff were invited 
to the training session by the NH management during 
their regular work shift, but participation remained vol-
untary. The KE session was animated by the research 
team, which presented a short introduction on study 
background, followed by a case vignette, presenting the 
MRG tool, the medication list, the tapering algorithm, 
and other published tools. This part was presented by a 
geriatrician (M Morin) with extensive experience in Con-
tinuous Education. During and after the case vignette, 
questions, answers, and comments were encouraged 
and an exchange took place. The session informed staff 
of the study rationale, the complexity of prescribing for 
seniors with severe dementia (e.g. metabolic changes, 
polypharmacy, frailty, etc.) and provided strategies aimed 
at optimizing specific medication regimens, such as less 
stringent targets for blood pressure or glycaemia [38, 
39], alternatives to benzodiazepines as sleeping aides 
[40], and specific strategies for medication discontinua-
tion (e.g. statins) [41]. Categories of appropriateness were 
discussed, and possible medication changes relating to a 
fictional case were presented by the geriatrician. Empha-
sis was placed on deprescribing antipsychotics [42–44] 
and additional coaching sessions to support changes [45] 
were provided by the study nurse, who was experienced 
in the implementation of practice change in NHs (L Mis-
son). She also presented the study to a regular meeting 
of the residents’ committee of each intervention NH and 
participated in informal exchanges on medication appro-
priateness with the NH nurses and orderlies.

A primary medication regimen review was conducted 
shortly after the study start date by each NH pharmacist 
for each participating resident in the intervention NHs. 
Other reviews could be performed, on an as-needed 
basis, following changes in the resident’s clinical status. 
The pharmacotherapy-related suggested modifications 
were discussed with the resident’s nurse and GP. The 
decision to adjust medications was ultimately left to the 
clinical judgement of each GP, be it to increase doses or 
to deprescribe (i.e., tapering or stopping), with no inter-
ference from the research team. Meetings with family 
members were also conducted, in person, or as over the 
telephone meetings, for both intervention and control 
group participants, mostly related to the family care-giv-
er’s consent for his/her family members’s participation. 
These meetings allowed to explore their thoughts about 
the appropriate use of medications.

Measurements
Medication regimen information was collected from 
electronic pharmacy records specific to each NH, for 
each included resident, at study beginning and at the 

end of the six-months follow-up period. All active pre-
scriptions at those points in time (i.e. those prescribed 
both regularly and pro re nata (PRN)) were included. 
For patients who died during follow-up, follow-up data 
on prescription medication use were collected at two 
weeks before death. This period was chosen as in prior 
research [30, 34], because it corresponds to the end-of-
life care period in which specific care protocols apply in 
the included NHs, so that medication use is governed 
by purely end-of life care objectives, for which the Opti-
maMed criteria were not validated. Thus, medication 
changes happening during the end-of life care period had 
to be excluded from analyses. All prescriptions were cat-
egorized as per the Optimamed MRG tool.

The study nurse was responsible for all measurements 
in included resident participants. Pain and agitation were 
measured in all participants, twice for the aim of this 
study, at study beginning and at the end of follow-up. Pain 
and discomfort was assessed using the French version of 
the Pain Assessment Checklist for Seniors with Limited 
Ability to Communicate (PACSLAC-F) [46, 47], which is 
also routinely used in Quebec’s NHs and based on obser-
vations of the psychomotor activity or change of habits/
behavior by the resident, and results in a score between 
0 and 60. Agitation was assessed using the Cohen-Mans-
field Agitation Inventory (CMAI), a 29-item scale with 
each item being rated for a frequency from never (“0)” to 
several times per hour (“7”), for a scale from 29 to 203, 
with a mean above “45” being considered as serious [48]. 
Also, to increase the safety monitoring of patients, the 
study nurse had an active role seeking information from 
the care team on whether included residents manifested 
adverse effects. Data pertaining to age, sex, and medical 
comorbidities were collected by the study nurse at study 
beginning from residents’ medical records.

Data analyses
Descriptive statistics were computed for all variables col-
lected at study beginning and for all resident outcomes 
for both study beginning and end of follow-up. The main 
comparison was the difference in medication regimens 
between the intervention and control groups at these 
points in time. Mean numbers of medications were mod-
eled using repeated measures mixed Poisson regression 
accounting for intra-subject correlated residual errors 
and random NH effects. Models included group, time, 
and group by time interaction effects. Difference in dif-
ferences tests were computed to compare the difference 
of results between study beginning (at 0 month) and the 
last date of assessment (at 6 months) between exposed 
and control groups. Analyses used an intention-to-treat 
approach [49], meaning that all participants in the inter-
vention sites were analysed as having benefitted from the 



Page 5 of 12Kröger et al. BMC Geriatrics          (2023) 23:520  

OptimaMed medication review as recommended by the 
KE activities, and all participants in the control sites were 
analysed as not having received this specific review. Such 
an approach has been priorly used in educational inter-
vention studies [50].

The proportion of patients exposed to each of the three 
OptimaMed appropriateness of use categories were 
analyzed independently using repeated measure mixed 
logistic regression. Again, the statistical model included 
group, time, and group by time interaction effects as well 
as intra-subject correlated residual errors and random 
NH effects. CMAI and PACSLAC scores were modelled 
using linear repeated measures mixed regression models 
with group, time, and group by time interaction effects as 
well as intra-subject correlation residual errors and ran-
dom NH effects. There were no data missing for medi-
cations, as electronic pharmaceutical records contain 
complete data of residents’ medications, including daily 
dosages. As per current practice in these NHs, all regular 
prescribed medications are reliably given to the residents. 
Cases of forgotten or lost medications must be reported 
as incidents. There were also little missing clinical data, 
therefore no imputation method was deemed necessary 
for our analyses. As a sensitivity analysis, all models were 
also adjusted for age, Charlson comorbidity index and 
time since NH admission. A significance level alpha of 
0.05 was used. Data analyses were performed using SAS® 
software (SAS Institute, version 9.4, Cary, NC).

Results
The study included four intervention and three control 
NHs. Globally, 28 NH health professionals participated 
in the baseline KE sessions that took place during day 
shift: 6 GPs, 5 clinical pharmacists, 6 heads of NH care 
units (RNs or administrators), and 11 staff nurses (RNs or 
auxiliary nurses). A total of 722 residents were assessed 
for eligibility and 298 met the inclusion criteria. Among 
these, 161 (54%) declined, meaning that the family car-
egiver or guardian did not return a signed consent form. 
In many telephone-conversations between family mem-
bers and the study nurse regarding study consent, fam-
ily caregivers expressed hopelessness about their family 
member’s situation and could not imagine study partici-
pation could help significantly to improve this situation. 
Another 14 residents could not be included for other 
reasons, leaving 123 participants, of whom 59 lived in 
the intervention NH and 64 in the control sites. For the 
resident recruitment, please also refer to the flow-chart 
(Fig. 1, Consort Flow Diagram). In total, 37 residents rep-
resenting 30% of the sample died during follow-up. All 
participants were included in final analyses on medica-
tion use, as explained above, but only surviving residents 
participated in the follow-up assessment of agitation and 

pain levels. The mean duration of follow-up for all par-
ticipants, including the deceased, was 166 days or nearly 
24  weeks in the intervention, and 188  days or nearly 
27 weeks in the control group.

Baseline characteristics of participating residents are 
presented in Table  1. Mean age, percentage of women 
and Charlson comorbidity scores of participating resi-
dents were 83.2 vs. 86.6  years, 72.9% vs 81.3% women, 
and 6.88 vs 7.31 comparing intervention to controls, 
respectively. Overall, the intervention group NHs had a 
lower proportion of women, participating residents were 
a mean of 3.4 years younger, had a 5.9% lower Charlson 
comorbidity score, a higher mean score for discomfort 
and on the Cohen-Mansfield agitation inventory.

Intervention outcomes are presented in Table 2.
Regarding objective 1, medication regimens of partici-

pating residents, in both control and intervention sites, 
included 171 different medications (ATC codes) at the 
beginning of the study and 149 such codes at the end of 
it. Mean numbers of regular daily medications fell from 
7.69 to 5.90 in the control NHs (p < 0.05) and from 7.1 to 
6.6 (p = 0.21) in the intervention NHs (Table 2).

At study beginning, the proportions of residents in the 
intervention and control sites, respectively, who received 
at least one regular medication considered “generally” 
appropriate, according to the MRG tool, were 86% and 
81%; they were 98% and 98% for those considered “some-
times” and 19% and 28% for those considered “excep-
tionally” appropriate. While the proportions of residents 
receiving the “sometimes” appropriate medications 
stayed the same during the study period, the propor-
tion of those receiving “generally” appropriate medica-
tions decreased from 86 to 81% in the intervention and 
from 88 to 76% in the control sites (all differences had a 
p-value > 0.05).

Regarding objective 2, the proportion with “exception-
ally” appropriate medications decreased from 19 to 17% 
(ns) and from 28 to 21% (p = 0.007) in the intervention 
and control sites, respectively.

Finally, concerning objective 3, mean pain levels 
increased slightly (from 4.06 to 4.34 on a scale from 0 to 
60, or by 6.9%, p = 0.3783) among residents in the control 
sites, but decreased a bit among the intervention site res-
idents (from 4.9 to 4.3 or by 12.6%, p = 0.058) (Table 2). 
We assessed the use of opioids in both the control and 
intervention sites, at study beginning and at the end of 
follow-up. The mean number of regular opioid prescrip-
tions per resident was 0.78 at study beginning and 0.41 
at the end of follow-up, in the control sites, while these 
numbers were 0.78 and 0.80 at study beginning and the 
end of follow-up, respectively, in the intervention sites. 
The decrease in mean opioids in the control sites was 
significant (p < 0.001), as well as the difference in the 
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differences between the control and intervention sites 
(p < 0.001). Overall, mean pain levels were below those 
observed in the pilot study and not clinically alarming; 
pain levels may have changed differentially among resi-
dents in the 7 study sites during the study period, explain-
ing the differences in opioid use. Mean levels of agitation 
stayed similar in the control groups but decreased by 
3.2 points (on a scale from 29 to 203) in the intervention 
group (p = 0.0002).

Regarding the use of antipsychotics as regular prescrip-
tions (Table  2), there were some differences between 
control and intervention sites, with residents in the 
intervention NHs receiving roughly twice the mean daily 
number of regular antipsychotics (0.64) as compared to 
residents in the control NHs (0.39), with a significant 
(p = 0.02) decrease at the end of follow-up to 0.30 in the 
control sites, but without significant change (mean of 
0.58) in the intervention site (p = 0.27 for the difference 
in differences). Very few problems with medication tak-
ing were observed (5 in 63 participants in the control 

NH and 4 in 59 participants in the intervention NH) as 
part of the assessments at study beginning [51]. However, 
procedures to administer crushed tablets mixed with 
yogurt or fruit purees had already been implemented for 
residents with dysphagia or severe dementia, at both the 
intervention and the control sites. The performed sensi-
tivity analyses did not change any of these conclusions.

Discussion
This pragmatic, controlled trial focussed on improving 
the appropriateness of regular medication use among NH 
residents affected by severe dementia and aimed at show-
ing whether knowledge exchange based on a continuous 
education session and specific medication revision guid-
ance would contribute to such an improvement. Optima-
med was derived from a pilot pre-post feasibility study 
that included 44 residents, where a similar intervention 
produced a 12% reduction in the mean number of regu-
lar medications per resident in 2014, in NHs of the same 
Health Network in greater Quebec City, Canada [30]. The 

Fig. 1 CONSORT 2010 Flow Diagram
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results of the present study show that during follow-up, 
the mean number of regular medications declined by 
23.3%, from 7.7 to 5.9 in the control and by 6.5%, from 7.1 
to 6.6, in the intervention site. They also show that both 
overall medication load and the proportions of residents 
receiving medications only “exceptionally appropriate” 
were reduced during the 6-months follow-up, among the 
intervention residents, but as much or more in the con-
trol sites. While this shows that the reduction of medica-
tion load in NH residents affected by severe dementia is 
possible, without a noticeable increase in discomfort or 
agitation, several limitations of the study may explain the 
greater reductions in the control sites.

First, the NHs that participated in both the pilot and 
the present study are, since April 2015, part of a large, 
publicly funded Quebec Integrated Health and Social 
Services University Network covering health and social 
services for mental health, rehabilitation, and geriatric 
services, both ambulatory and institutional, for a popu-
lation of over 755  000 citizens within a geographic ter-
ritory of 18 643  km2 (https:// www. ciusss- capit alena tiona 
le. gouv. qc. ca/ en/ portr ait), or nearly half the size of Swit-
zerland, that includes 29 NHs. Given the recent crea-
tion of this vast healthcare network at the time of study 
beginning, and the fact that the Centre of Excellence in 
Aging in Quebec, which greatly facilitated the study, was 
part of this network, close administrative cooperation 
was essential for the intervention study to take place. NH 
managers needed to liberate staff to take part in the KE 

sessions during their shifts and the study necessitated 
observation and measurement of residents’ discomfort or 
agitation by a study nurse in all participating NHs, which 
are both sensitive topics for NH administrators and man-
agers. Thus, when the authors presented the study to the 
network’s administration, certain NHs were designated 
for participation, in accordance with criteria set by the 
study team and listed above, but randomization of NHs 
could not be facilitated. Moreover, the NHs of the net-
work are distributed over the vast territory of the net-
work and the financial resources for this study limited 
our ability to deploy study staff to NHs far away from the 
research centre.

This health board’s department of pharmacy employs 
91 pharmacists of whom each may provide (part time) 
clinical pharmacy services in several NHs, including 
some forms of staff rotation. In other words, practice 
improvement measures experienced in a specific facil-
ity may affect practice in a different facility through 
contact between pharmacists and changing deployment 
schedules. This holds, to a lesser extent, for nurses and 
physicians employed by the health network and work-
ing in NHs.

Second, in the time between the pilot and the present 
study, medication optimization in NHs became a prior-
ity in several countries, including Canada. In Quebec, two 
important initiatives took place between 2016 and 2019, 
which were both financed and endorsed by the Ministry 
of Health and Social Services and aimed at 1) the use of 

Table 1 Descriptive baseline characteristics, n = 123 participating residents

SD Standard deviation

Note: Total number of problematic behaviors observed during medication administration n at baseline: 5 in the control and 4 in the intervention NHs

Mean or % (± SD and/or range)

Intervention group
(n = 59)

Control group
(n = 64)

Age (years, mean)
(range)

83.2 ± 9.5
(59.8 – 102.7)

86.6 ± 8.3
(70.1 – 105.4)

Female (%) 72.9 81.3

Follow‑up (days, mean) 165.9 188.4

isoSMAF score (%) 10 3.39 1.56

11 1.69 3.13

12 11.86 10.94

13 33.90 39.06

14 49.15 45.31

Charlson Comorbidity Score (mean)
(range)

6.88 ± 1.69
(3 – 10)

7.31 ± 1.83
(4 – 14)

CMAI (mean)
(range)

39.1 ± 9.6
(30 – 80)

36.0 ± 8.1
(30 – 62)

PACSLAC‑F short version (mean)
(range)

4.93 ± 3.15
(1 – 17)

4.05 ± 3.01
(1 – 15)

Died during follow‑up (n (%)) 17 (29%) 20 (31%)

https://www.ciusss-capitalenationale.gouv.qc.ca/en/portrait
https://www.ciusss-capitalenationale.gouv.qc.ca/en/portrait
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inappropriate antipsychotics in NHs, [52] and 2) reduc-
ing polypharmacy [34]. While the first initiative was per-
formed in several NHs all over the province of Quebec, 
the latter one took place in the same health network as 
the present study. Although care was taken that this prac-
tice improvement intervention took place in neither the 
control nor the intervention sites of the present study, 
pharmacists, and to a lesser extent, physicians and nurses 
employed by the health network, may have worked in all 
the NHs included in the present study, while the Optima-
Med intervention took place. Also, province-wide pro-
fessional Continuous Education activities, particularly 
for pharmacists, frequently focussed on polypharmacy, 
deprescribing and medication optimization in NHs at the 

time of these studies. For example, Canadian guidelines 
for the deprescribing of antipsychotics in dementia [53] 
were published and largely circulated in 2015, after the 
pilot study. Thus, the present study took place in a period 
of overall emphasis on deprescribing of inappropriate 
medication in NHs, which likely contributed to improved 
overall care, at least up to the Covid-19 pandemic [54, 55].

Third, only 56.7% (161 of 284) of eligible residents 
could be included in the study. This rather low propor-
tion of eligible residents whose families gave informed 
consent for study participation is certainly of concern. 
Reasons expressed during the conversations with the 
study nurse were most prominently distress about the 
family member’s disease state and hopelessness regarding 

Table 2 Modelled intervention  outcomesa

SD Standard deviation
a Repeated measures, adjusted for random NH effect (difference in difference test)
** p-values for pre-post comparison
*** p-values for change in time group comparison

Intervention NHs (n = 59) Control NHs (n = 64)

Medication use Study beginning End of follow-up p-vvalue** Study beginning End of follow-up p-vvalue** p-vvalue***

Total number of regular 
medications (n)

416 389 492 369

Number of all medications 
per participant (mean ± SE)

8.15 ± 0.76 7.76 ± 0.73 0.28 10.73 ± 1.04 9.17 ± 0.91 0.0001 0.0806

Number of regular 
medications per participant 
(mean ± SE)

7.06 ± 0.45 6.60 ± 0.43 0.2126 7.69 ± 0.45 5.90 ± 0.40  < 0.0001 0.0092

Total number of regular “gen‑
erally appropriate” medica‑
tions (n)

140 127 156 121

Total number of regular 
“sometimes appropriate” 
medications (n)

284 265 313 241

Total number of regular 
“exceptionally appropriate” 
medications (n)

13 13 24 19

Proportion of participants 
using regular “generally 
appropriate” medications (%)

86 81 0.4438 88 76 0.4583 0.9464

Proportion of participants 
using regular “sometimes 
appropriate” medications (%)

98 100 0.0917 98 98 0.1201 0.2770

Proportion of participants 
using regular “exceptionally 
appropriate” medications (%)

19 17 0.4331 28 21 0.0069 0.2168

Total number of residents 
with regular antipsychotics 
(n)a

38 34 25 19

Number of regular antip‑
sychotics per participant 
(mean ± SE)a

0.64 ± 0.09 0.58 ± 0.09 0.2141 0.39 ± 0.07 0.30 ± 0.06 0.0199 0.2687

CMAI (mean ± SE) 38.8 ± 1.4 35.6 ± 1.5 0.0002 36.0 ± 1.5 35.5 ± 1.5 0.5267 0.0262
PACSLAC‑F short version 
(mean ± SE, range)

4.91 ± 0.41 4.29 ± 0.44 0.0577 4.06 ± 0.40 4.34 ± 0.44 0.3783 0.0487
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disease evolution. In addition, there was apprehension 
regarding possible changes in the medication regimen. 
There remain important challenges to better inform 
families of NH residents affected by severe dementia on 
medication use for these persons, and to include them in 
shared decision making. Our leaflet for families (Addi-
tional file 3, in French) tried to address this need.

Fourth, while all residents in Quebec NHs are very 
frail, since a minimal SMAF score of 11 is needed for 
admission, related to high frailty, and all study partici-
pants were affected by severe dementia, residents in the 
intervention group were a mean of 3.4  years younger. 
Still, within a follow-up of over six months in the control 
sites, and of nearly 24 weeks in the intervention sites, 17 
out of 59 residents died in the intervention sites and 20 
out of 64 in the control sites, for a total of 37, or 29% in 
the intervention and 31% in the control sites, illustrating 
both the high level of frailty and the limited life expec-
tancy of these residents. Despite the observation of simi-
lar mortality, there may have been clinical differences 
among residents in the different intervention and control 
sites, as visible in the differences in other resident char-
acteristics in the intervention NHs, i.e. a lower propor-
tion of women, lower comorbidity and somewhat higher 
mean scores for discomfort and agitation in the interven-
tion NHs. Such differences may have affected decisions 
on medication prescribing, on adjustment and discontin-
uation differentially. Only a much larger multi-site cluster 
randomized trial may be able to avoid such mean base-
line differences between intervention and control sites.

Another specific point to note is that in one of the 
control sites, a quality improvement project regarding 
end-of-life care had been realized in 2014. This project 
included training for all care team members, including 
physicians and pharmacist, while one of the NH nurses 
acted as an agent of change and was trained by the study 
nurse (L Misson) of the present study [56]. It is possible 
that this prior study had motivated the staff team to opti-
mise medication use among vulnerable residents nearing 
the end of their life within the present study, although 
they acted as a control site.

There may also exist a “ceiling effect”, meaning that it 
might be unlikely that mean numbers of regular medica-
tions for frail NH residents with advanced dementia, in 
the age group well above 80 years, can stay significantly 
and consistently below 6 or 7 regular daily medications. 
Thus, a French study from 2021 among 800 NH resi-
dents with a mean age of 86  years found a mean num-
ber of daily medications of 8.5 [57]. A 2019 study of 
103 NH residents in Norway concluded on some recent 
improvements regarding medication appropriateness 
in NH, while the mean number of regular daily medi-
cations stayed at 7.2, for a population of NH residents 

comparable to the present study [58]. Also the PEPS 
study [34] which took place in the same health board as 
this study, but included all NH residents regardless of 
diagnosis at admission, arrived at a mean number of 6.9 
regular medications by the end of follow-up.

Finally, we did assess the numbers of daily “as needed” 
medications in the participants’ files (but not the dis-
pensed “as needed” doses, since this information is not 
on the computer files), which were and stayed lower in 
the intervention sites (daily mean of 8.2 medications if 
“as needed” ones are included, before, and of 7.8 after the 
intervention) than in the control sites (daily mean num-
ber of 10.7 before and 9.2 after the intervention). It is 
of note that during the process of deprescribing a phase 
of “as needed use” may facilitate this process for certain 
medications, by allowing to consider day-to-day varia-
tions in the residents’ health. The practice of including 
“as needed” medications in the NH resident’s files varies 
among NHs and depends largely on physician and nurse 
practices. Thus, if the “as needed” medications were given 
frequently in the control sites, the mean of 5.9 daily med-
ications at the end of the follow-up might be an underes-
timation of the actual medication use. Unfortunately, it is 
very difficult to analyse which medications were given on 
a “as needed” basis in a multi-site study.

It is important to stress that medication revision for 
NH residents suffering from severe dementia and aimed 
at reducing less appropriate medications stems from the 
desire to provide comfort care in the presence of severe 
dementia [7, 59–61]. This approach is the main moti-
vation for the present study; it is however not merely 
based on remaining life expectancy, but on the convic-
tion that residents with severe dementia benefit more 
from increased comfort than from increased life expec-
tancy [7]. In this context, medication appropriateness 
categories serve as a guidance and should never replace 
clinical judgement by the resident’s physician and care 
team. Instead care decisions should consider all clinical, 
psychological, and social characteristics of the resident 
and their family. These considerations are reflected by 
the term “exceptionally appropriate” medications, which 
was chosen during the Delphi panel approach which had 
served to validate these categories and in which members 
expressed the necessity to always make individualized 
therapeutic decisions [29].

Mean daily antipsychotics were well below 1 medica-
tion of this class per resident, in both intervention and 
control sites, at study beginning and the end of follow-
up, but the intervention did not result in any decrease 
in the intervention site, whereas usage did decrease in 
the control NH of the same health board: among the 64 
residents in the control NH there were 25 who had at 
least one regular prescription for antipsychotics, which 
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are also part of the “sometimes appropriate” medica-
tions, and this number fell to 19 residents at the end of 
follow-up, while in the intervention NH these numbers 
were 38 out of 59 at the beginning and 34 at the end 
of follow-up. Against expectations, there was one con-
trol NH, where the number of residents who used at 
least one regular antipsychotic decreased from 11 resi-
dents (40%) among 27 who participated, to 3 residents 
(11%) at the end of follow-up. Although we were not 
able to include dispensed “as needed” doses and day-
to-day dose variations, the intervention did not seem to 
have the intended overall impact on a decreased use of 
antipsychotic agents, despite their considerable risk of 
serious adverse effects [62–65].

Our intervention built upon earlier work by Garfin-
kel et  al. who incorporated evidence for medication 
indication, effectiveness, and adverse effects, as well 
as patient circumstances and continuation prefer-
ences into their approach [66, 67]. In Quebec public 
NHs clinical pharmacists are part of the regular care 
team, physically present and increasingly involved in 
medication adjustment, revision and, in specific cir-
cumstances, prescribing [34]. In 2019, the systematic 
review and meta-analysis by Kua et  al. analyzed data 
from 41 randomized controlled trials on the reduction 
of overall medication burden or potentially inappropri-
ate medications among NH residents, and concluded 
that different deprescribing intervention strategies led 
to an overall 59% reduction in PIMs [23]. Nine of these 
41 studies were about interventions led by pharmacists, 
alone or together with nurses, and six relied on medi-
cation review, while pharmacists were involved in 16 
trials.

In a Dutch cluster randomized trial to discontinue 
inappropriate medications [68], physicians in collabora-
tion with pharmacists performed one multidisciplinary, 
multistep medication review (3MR) for NH residents. 
After a mean follow-up of 144  days, at least one inap-
propriate medication was discontinued according to the 
STOPP criteria [69] for 39% of participants, as compared 
to 29.5% in the control group, for an adjusted relative risk 
of 1.23 (95% CI 1.02; 1.75), while there was no deteriora-
tion of clinical outcomes. A significant reduction in PIMs 
was shown by Hashimoto et  al. [24] in a deprescribing-
focused medication review by a pharmacist among 45 
NH residents. In Newfoundland, Canada, 78 deprescrib-
ing recommendations were made, 85.1% were imple-
mented and residents in the intervention group took an 
average of 2.9 fewer medications than those in the con-
trol group after 6 months of implementation, although in 
14.9% of cases medications had to be restarted because of 
recurring symptoms [25].

Conclusions
This pragmatic, controlled study tested the effects of an 
interdisciplinary intervention comprising KE and medi-
cation review guidance for NH residents with severe 
dementia. While overall reduction of medication load 
was observed in both the control and the intervention 
NH, general practice improvement strategies aimed at 
all pharmacists and physicians working in the greater 
health network, and possibly a ceiling effect on the 
reduction of mean daily medications, likely contributed 
to this result. However, the interactions with pharma-
cists, nurses, and physicians during the KE sessions in 
this study confirmed that there is an ongoing need for 
education of clinicians on the considerations regarding 
medication appropriateness among NH residents with 
severe dementia. Guidance specific to these NH resi-
dents may still contribute to improved medication use 
among this particularly vulnerable population.

To counter the limitations of this pragmatic con-
trolled study, a large, multi-site, cluster randomized 
trial is planned to evaluate the effects of the Optima-
Med-LTC intervention, i.e. a KE session on medication 
appropriateness, medication adjustment and depre-
scribing in NH residents with severe dementia, based 
on validated and updated criteria on appropriateness 
in these particularly vulnerable residents. Moreover, 
the expanded roles of pharmacists already observed in 
several countries, including Canada, increasingly allow 
pharmacists to adjust medication dosage, including 
reduction to zero. Pharmacists may also prescribe some 
medications, i.e. use restricted prescribing privileges. 
Future studies should assess the effects of NH pharma-
cists’ medication review, adjustment and deprescribing 
on residents’ quality of life, agitation, and discomfort, 
particularly among those who are very frail or have 
severe dementia.
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