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Abstract
Background The STOPPFrail criteria were developed to assist physicians in deprescribing medications among frail patients 
approaching end of life. We aimed to measure the prevalence of potentially inappropriate medications (PIMs) and to describe 
changes over time, using STOPPFrail, in frail nursing home residents (NHRs) with limited life expectancy included in a 
medication review trial.
Methods We conducted a post-hoc analysis of the COME-ON study, a cluster-controlled trial that evaluated the effect of 
a complex intervention on appropriateness of prescribing in Belgian nursing homes. We identified NHRs eligible for the 
application of STOPPFrail based on functional status, comorbidities, level of care and survival. PIM use was measured at 
baseline and at 8 months. Changes over time were compared in the control group (CG) and intervention group (IG).
Results At baseline, 308 NHRs met the STOPPFrail eligibility criteria, of whom 196 (64.1%) had one or more PIM. At 
8 months, among the 218 NHRs who were alive, there was an absolute reduction in the prevalence of PIMs of 9.1% in the 
CG (p < 0.05) and 10.2% in the IG (p < 0.05). We found large reductions for some medications (e.g. proton pump inhibitors) 
but no reduction for others (e.g. calcium). The percentage of NHRs with one or more PIM discontinued without a new PIM 
initiated was higher in the IG than the CG but the difference was not significant (35.1% vs 23.6%, p = 0.127).
Conclusion Among frail NHRs with poor survival prognosis, a significant and encouraging decrease in PIM prevalence over 
time was observed, probably facilitated by medication reviews. The overall prevalence of PIMs remained high, however.
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Key Points 

A large proportion of the frail nursing home residents 
had at least one potentially inappropriate medication 
(PIM) at baseline according to STOPPFrail criteria.

A significant and encouraging decrease in PIM preva-
lence over time was observed, but the overall prevalence 
of PIMs remained high, and no improvements were seen 
for some medication classes.

It is time to further educate health care providers to the 
identification, and possibly deprescribing, of PIMs using 
criteria that are best adapted to their patients.
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1 Introduction

Most nursing home residents (NHRs) are exposed to a 
significant number of medications to treat chronic multi-
morbidity and symptoms [1, 2]. Along with polypharmacy, 
prescription of potentially inappropriate medication (PIM) 
often occurs [2]. Prescription of PIMs has been associated 
with poor outcomes such as adverse drug events (ADEs) 
[3, 4], hospitalizations [3, 5–10] and even death [5, 10], 
both in community-dwelling older adults and in NHRs.

PIMs are most often identified through the use of 
explicit criteria. The Screening Tool of Older Persons’ 
potentially inappropriate Prescriptions (STOPP) and 
Screening Tool to Alert doctors to Right Treatment 
(START) [11] and American Geriatrics Society (AGS) 
Beers criteria [12] are the most widely used explicit cri-
teria to identify PIMs. These criteria have been validated 
for use in older people aged 65 years and over in general, 
and they may not fully apply to the nursing home (NH) 
population. Indeed, NHRs are frailer patients with shorter 
life expectancy than community-dwelling older people. 
In recent years, new sets that better apply to NHRs have 
been developed [13–15]. The STOPPFrail criteria were 
developed to assist physicians in deprescribing medica-
tions among frail patients approaching end of life [15]. 
They include 27 criteria. For less than half, there is 
overlap with the STOPP or Beers criteria. For example, 
proton-pump inhibitors (PPIs), anti-platelet drugs and 
lipid-lowering drugs are part of STOPPFrail. In contrast, 
benzodiazepines are not listed in STOPPFrail, but medi-
cations for osteoporosis, multivitamins and prophylactic 
antibiotics are included. A few recent studies used STOPP-
Frail to describe the prevalence of PIMs in various settings 
[16–19]. Two observational studies were done in the NH 
setting and found a high prevalence of PIMs. However, 
the identification of PIMs in these studies was based on 
administrative dispensing data only. No clinical data were 
available, therefore limiting the applicability and validity 
of the measurements [19, 20].

The COME-ON (Collaborative approach to Optimise 
MEdication use for Older people in Nursing homes) study 
was a multicentre, cluster-controlled trial performed to 
evaluate the effect of a complex intervention on the appro-
priateness of medicines prescribed for older people in Bel-
gian NHs [21–23]. The intervention included a blended 
learning programme, local interdisciplinary meetings and 
interdisciplinary case conferences. The intervention was 
associated with significant improvements in appropriate-
ness of prescribing in the intervention group (IG) as com-
pared to the control group (CG, i.e. usual care) [23]. PIMs 
were detected based on the STOPP/START (V2) and the 
AGS 2015 Beers criteria [11, 12]. The objectives of the 

present post-hoc analysis of the COME-ON study were (i) 
to measure the prevalence of PIMs at baseline, in a subset 
of frail NHRs with limited life expectancy, using STOPP-
Frail, and (ii) among those NHRs still alive at mid-study 
follow-up, to describe changes of PIMs over time in both 
the CG and IG.

2  Methods

2.1  COME‑ON Trial

The protocol of the COME-ON study has been published 
elsewhere [21]. Residents were eligible to participate if they 
were aged 65 and older, under the care of a participating 
general practitioner (GP), not in revalidation or short stay 
and not receiving palliative care at the time of informed con-
sent. In total, 54 NHs (24 intervention; 30 control) and 1804 
NHRs participated. Data collection was performed by the 
healthcare professionals (HCPs) involved in the care of each 
resident through a web application at baseline, mid-study 
(month 8) and end of study (month 15) [21].

2.2  Study Population

According to the authors of STOPPFrail, patients eligible 
for the application of the STOPPFrail criteria must meet 
the following conditions: (i) end-stage irreversible pathol-
ogy, (ii) poor one-year survival prognosis, (iii) severe func-
tional impairment and/or severe cognitive impairment, and 
(iv) symptom control is the priority rather than prevention 
of disease progression [15]. Using the data available in the 
COME-ON database on level of care, functional status, 
comorbidities, and occurrence of death during the study, the 
research team reached the following consensus on the NHRs 
who would be eligible for the application of STOPPFrail: (a) 
palliative care at baseline data collection; or (b) Cumulative 
Illness Rating Scale for Geriatrics (CIRS-G) score ≥ 4 (i.e. 
extremely severe) for at least one of the systems [24] and 
Katz category of dependency of C (full physical depend-
ency, no dementia), Cd (full dependency and dementia) or 
D (diagnosis of dementia established by a neurologist, geri-
atrician or psychiatrist); or (c) CIRS-G score ≥ 3 (i.e. severe) 
for at least one of the systems, and a Katz category of C, Cd 
or D, and death over the study period.

For the evaluation of the prevalence of PIMs at baseline, 
we selected all NHRs who had complete baseline data (i.e. 
demographic, clinical, medical and medication data recorded 
by HCPs) and who met the STOPPFrail eligibility criteria 
listed above (referred to as ‘baseline sample’). For measur-
ing the evolution of PIM prevalence over time, we selected 
NHRs from the baseline sample who were still alive at mid-
study (month 8; referred to as the ‘follow-up sample’). This 
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timeframe (mid-study, month 8) was chosen to prevent a 
too-large proportion of missing data due to death if we had 
used end of study data (month 15).

2.3  Identification of Potentially Inappropriate 
Medications (PIMs) using STOPPFrail

From the 27 STOPPFrail criteria, six were excluded because 
of missing clinical information and ten were clarified or 
adapted based on discussions within the research team (see 
Supplementary Table S1 in the electronic supplementary 
material [ESM]). Similar to previous work [25], we devel-
oped a code in R software to identify STOPPFrail events 
from the research database. The data used included the med-
ication, dosage and duration of use (e.g. for E1 PPI at full 
therapeutic dosage for ≥ 8 weeks), laboratory values (for I1 
antidiabetic agents, stringent glycaemic control is unneces-
sary, we used HbA1c values), and clinical data (e.g. for C1 
anti-platelet agents used for primary cardiovascular preven-
tion). A pilot test was conducted on a subsample of 30 NHRs 
to check the code and edit when needed, before applying it 
to the whole database. The data used and coding rules are 
available in Supplementary Table S1 (see ESM).

The identification of PIMs was performed on the base-
line and follow-up samples. When comparing baseline and 
follow-up data in the follow-up sample, PIM discontinuation 
was defined as stopping (i.e. complete cessation) of a PIM 
between baseline and follow-up, and PIM initiation as start-
ing a new PIM that was not used at baseline.

2.4  Ethical Considerations

The COME-ON study was approved by the Ethics Commit-
tee of UZ Leuven (reference number s57145, ML11035) and 
performed in accordance with the Declaration of Helsinki 
and its later amendments. All NHRs or residents’ representa-
tives provided written informed consent.

2.5  Analysis

Descriptive methods were used to describe the character-
istics of the study population and the use and evolution 
of PIMs over time. Continuous variables were described 
by their median (and interquartile ranges). Categorical 
variables were described by their frequencies (and per-
centages). Baseline and follow-up data in NHRs were 
compared using paired tests. A Wilcoxon signed-rank test 
was used for continuous variables and a McNemar’s chi-
squared test for categorical variables. The Pearson’s chi-
squared test was used to compare rates of PIM discontinu-
ation and initiation between the control and intervention 
groups. All statistical analyses were performed using R 

software (version 3.3.3) [26]. A p value < 0.05 was con-
sidered statistically significant.

3  Results

Out of the 1804 NHRs included in the COME-ON study, 
1507 (83.5%) had complete baseline data, of which 306 
(20.3%) met STOPPFrail eligibility criteria according to 
our selection process. Their characteristics are presented in 
Table 1. Median age was 87 years, 97 (31.8%) had entered 
palliative care between informed consent and baseline data 
collection, 233 (76.1%) were fully dependent and/or had 
dementia and 192 (62.7%) died over the full study period 
(i.e. 15 months). As expected, STOPPFrail-eligible NHRs 
had more comorbidities and poorer functional status than 
the other NHRs. In contrast, both groups were similar with 
regard to age, sex, number of medications, recent fall or 
hospitalization.

At baseline, 365 (13.6%) of 2689 medications used in 
the 306 NHRs were potentially inappropriate (Table 2). 
These PIMs were identified in 196 (64.1%) of 306 NHRs. 
The median number of PIMs per NHR was 1 (IQR 0–2, 
range 0–7). The three most frequently encountered 
PIMs were (i) proton pump inhibitors (PPIs) at full dos-
age ≥ 8 weeks (E1, 18%), (ii) calcium supplementation 
(G1, 16.3%) and (iii) anti-platelet therapy for primary 
cardiovascular prevention (C1, 15.7%). Detailed data on 
PIMs at baseline are provided in Table 2.

At 8-month follow-up, 218 NHRs were still alive and 
had complete medication data available (Fig. 1). Two-
thirds (n = 146, 67.0%) had at least one PIM at baseline. 
The prevalence of PIMs significantly decreased at fol-
low-up to 57.3% (absolute reduction of 9.1% in CG and 
10.2% in IG; p < 0.05 in both groups). Among the ten most 
frequent PIMs at baseline, the use of PPIs, anti-platelet 
agents for primary CV prevention and lipid lowering drugs 
(LLDs) significantly decreased between baseline and fol-
low-up. The decrease was statistically significant for PPIs 
and LLDs in the IG only, and for anti-platelet agents in 
the CG only. The use of calcium supplementation did not 
decrease over time in either group. Detailed data are pre-
sented in Table 3.

Overall, PIM discontinuation among NHRs with at least 
one PIM at baseline occurred more frequently in the IG com-
pared with the CG (45.9% vs 25.0%; p = 0.008) but PIM 
initiation also occurred more frequently in the IG (17.6% vs 
7.3%; p = 0.021). The percentage of NHRs with at least one 
PIM discontinued without PIM initiated was higher in the 
IG but the difference was not statistically significant (35.1% 
vs 23.6%, p = 0.127).
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Table 1  Characteristics of the study population at baseline

CIRS-G Cumulative Illness Rating Scale for Geriatrics, COPD chronic obstructive pulmonary disease, GP general practitioner, IQR interquartile 
range
a Most common diagnoses from the diagnoses considered in the STOPPFrail criteria
b Category O (cognitively fit and physically independent); category A (minor physical dependency, not dementia OR dementia and physically 
independent); category B (major physical dependency, not dementia OR dementia and minor physical dependency); category C (full physical 
dependency, not dementia); category Cd (full dependency and dementia); category D (diagnosis of dementia established by a neurologist, geri-
atrician or psychiatrist)

Study population Included (i.e. eligible for application of 
STOPPFrail at baseline)

Excluded (i.e. not eligible for 
application of STOPPFrail at 
baseline)

Patients, n (%) 306 (20.3) 1201 (79.7)
Age in years, median [IQR] 87 [83;92] 87 [82;91]
 Age, in years, n (%)
  < 80 56 (18.5) 233 (19.5)
  80–90 150 (49.5) 604 (50.6)
  > 90 97 (32.0) 356 (29.8)

 Female gender, n (%) 214 (69.9) 865 (72.0)
Number of medications, median [IQR] 9 [6;12] 9 [6;12]
 Number of medications, n (%)
  < 5 31 (14.8) 141 (11.7)
  5–9 68 (32.5) 396 (33.0)
  ≥ 10 110 (52.6) 664 (55.3)

CIRS-G score, median [IQR] 12 [9; 16.75] 9 [5;13]
 Common  diagnosesa, n (%)
  Dementia 238 (78.5) 643 (52.2)
  Chronic kidney disease 82 (27.9) 337 (27.9)
  Heart failure 89 (29.5) 259 (21.1)
  Chronic lung disease (COPD) 39 (12.9) 139 (11.8)

Mobility data, n (%)
 Bedridden 41 (13.4) 11 (0.9)
 Wheelchair 183 (59.8) 394 (32.8)
 Mobile with help 48 (15.7) 482 (40.1)
 Mobile, no support needed 34 (11.1) 314 (26.1)
 Katz score, median [IQR] 21 [19; 23] 16 [12;19]

Dependency category (Katz scale)b, n (%)
 O 2 (0.7) 143 (11.9)
 A 2 (0.7) 198 (16.5)
 B 12 (3.9) 405 (33.7)
 C 57 (18.6) 133 (11.1)
 Cd 222 (72.5) 296 (24.6)
 D 11 (3.6) 26 (2.2)

Palliative care at baseline, n (%) 97 (31.8) 0 (0)
Life expectancy < 5 years, estimated by GP, n (%) 192 (71.9) 288 (29.9)
Fall(s) in the previous 3 months, n (%) 73 (24.2) 277 (23.1)
Hospitalization in the previous 3 months, n (%) 35 (11.4) 115 (9.6)
Death during the study period (15 months), n (%) 192 (62.7) 166 (13.8)
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4  Discussion

The present study shows that, in a subgroup of frail NHRs, 
PIM use identified using the STOPPFrail criteria is highly 
prevalent. Almost two-thirds of NHRs received at least one 
PIM, and one out of seven medications was identified as a 
PIM. Interestingly, PIM prevalence significantly decreased 
over time, and the data suggest the medication review pro-
cess implemented in the COME-ON trial enables more 
PIM discontinuation. This is, to the best of our knowledge, 
one of the first experimental studies to describe PIMs in a 
multicentric sample of NHRs with an explicit set of criteria 

specifically designed for such a frail older population with a 
poor 1-year survival prognosis.

A few recent observational studies evaluated the preva-
lence of PIMs using STOPPFrail, and two were conducted in 
the NH setting [16–20]. The most prevalent classes of PIMs 
involved were similar to the classes found in the present 
study. Yet, overall prevalence of PIMs was higher than in 
the present study (> 80% compared with 64% in the present 
study), and prevalence of PIMs for specific classes of drugs 
such as PPIs, multivitamins, neuroleptic drugs and statins 
was twice as high in other studies compared with the present 
study. There are several possible explanations. First, we may 
have been more specific in our PIM detection, as we con-
sidered in our evaluations data on diagnoses, dosages and 
duration of treatment, while three studies only used admin-
istrative data with ATC codes [17, 19, 20]. Second, NHs and 
GPs included in the COME-ON study voluntarily applied 
to participate. They had some interest in medication review. 
Deprescribing may have occurred before the study started. 
Third, the study populations in the respective papers differed 
and our process for selecting NHRs was more restrictive 
than in other studies.

Very recently, Curtin et al. [27] performed a randomized 
controlled trial in two acute hospitals in Ireland. Although 
the setting differed, they were able to demonstrate that 
STOPPFrail-guided deprescribing significantly reduced 
polypharmacy and even medication costs. A direct com-
parison with the results from the present study is not pos-
sible, however, as the authors did not report prevalence of 
STOPPFrail medication before and after the intervention.

An overall 10% absolute decrease in prevalence of PIMs 
was observed over an 8-month period. This result is encour-
aging as it indicates that deprescribing is considered and 
partially implemented in practice. This contrasts with data 
from a population study in Belgian older adults showing that 
the prevalence of PIM increased toward death, even though 
deprescribing occurred more frequently in NHRs [17]. 
Similarly, deprescribing rates achieved in the present study 
were higher than in other studies. Deprescribing (i.e. cessa-
tion) of at least one PIM without PIM initiation occurred in 
one-fourth to one-third of NHRs. In another study on 296 
NHRs from Flanders (Belgium), deprescribing (defined as 
cessation or decrease in dosage) was observed in 31% of 
NHRs but new PIMs were initiated in 30% of NHRs [19]. 
The higher prevalence of PIM discontinuation in the inter-
vention group suggests that the medication review process 
implemented in the COME-ON study contributed to this 
favourable effect, even though this would require confirma-
tion in a new prospective controlled trial.

Deprescribing occurred mainly for those medications 
also considered as PIMs by the STOPP or Beers criteria 
(i.e. PPIs, aspirin, and LLDs). In contrast, deprescribing of 
calcium, multivitamins and antidiabetic agents was (almost) 

Table 2  Potentially inappropriate medications at baseline according 
to STOPPFrail (baseline sample, N = 306)

ACE angiotensin converting enzyme, BPSD behavioural and psycho-
logical symptoms of dementia, COPD chronic obstructive pulmonary 
disease, CV cardiovascular, GI gastrointestinal, NHR nursing home 
resident, NSAID non-steroidal anti-inflammatory drug, PIM poten-
tially inappropriate medication, PPI proton pump inhibitor, SORM 
selective oestrogen receptor modulator

Overall prevalence (306 NHRs, 2689 prescriptions)
 Medications identified as PIM, n (%) 365 (13.6)
 PIM per NHR, median [IQR; range] 1 [0–2; 0–7]
 NHR with ≥ 1 PIM, n (%) 196 (64.1)
 NHR with 1 PIM, n (%) 102 (33.3)
 NHR with 2 PIMs, n (%) 47 (15.4)
 NHR with ≥ 3 PIMs, n (%) 47 (15.4)

Prevalence per STOPPFrail criterion, n (%)
 E1. PPI, long-term high dose 55 (18.0)
 G1. Calcium supplementation 50 (16.3)
 C1. Anti-platelet agent for primary CV prevention 48 (15.7)
 J1. Multi-vitamin combination supplements 39 (12.7)
 I1. Antidiabetic agent and stringent glycaemic control 27 (8.8)
 B1. Lipid lowering therapy 35 (11.4)
 D1. Neuroleptic antipsychotic for > 12 weeks without 

BPSD
23 (7.5)

 J3. Prophylactic antibiotic 16 (5.2)
 E3. Regular daily prescription of GI antispasmodic 13 (4.2)
 G5. Long-term oral steroid 11 (3.6)
 E2. H2 receptor antagonist, long-term high dose 8 (2.6)
 G4. Long-term NSAID 7 (2.3)
 G2. Anti-resorptive/bone anabolic drug for osteopo-

rosis
7 (2.3)

 I2. ACE inhibitor for diabetes 3 (1.0)
 I4. Systemic oestrogens for menopausal symptoms 1 (0.3)
 I3. Angiotensin receptor blocker for diabetes 1 (0.3)
 G3. SORM for osteoporosis 0 (0.0)
 F2. Leukotriene antagonist for COPD 0 (0.0)
 F1. Theophylline 0 (0.0)
 D2. Memantine for moderate/severe dementia 0 (0.0)
 B2. α-blocker for hypertension 0 (0.0)
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not observed. More than half of the STOPPFrail criteria are 
not listed as PIMs by the STOPP and Beers criteria (e.g. cal-
cium, multivitamins, antidiabetic agents, prophylactic anti-
biotics). Calcium or bisphosphonates, listed in STOPPFrail, 
are even part of the START criteria. Over the last decade, 
there have been a lot of efforts worldwide to educate physi-
cians and pharmacists towards appropriate prescribing in 
older people, and the STOPP/START or Beers criteria were 
widely used to support this education. In the COME-ON 
study, the HCPs from the intervention group were trained 
in an implicit medication review approach. They were also 
trained in using an explicit list of PIMs to facilitate the 
identification of PIMs, and this list came from the STOPP-
START/Beers but not from the STOPPFrail criteria, the lat-
ter being published after the COME-ON study started. One 
set of explicit criteria does not fit all older patients. Our 
data suggest that it is now time to educate HCPs on the use 
of other tools that are more specific or better adapted to the 
NH setting. This would contribute to better individualized 
approaches to identifying and deprescribing of PIMs.

Our study has several limitations. First, the identification 
of STOPPFrail-eligible patients was performed retrospec-
tively using a combination of clinical and functional data. 
The selection may have been too restrictive. A prospective 
identification would have been preferred, but was not fore-
seen. Second, we did not ask a senior clinician to review 
each case and assess whether PIMs were actually appropriate 
for each individual patient. Even in this case, the clinician 
may have missed contextual information to confirm PIMs. 

Moreover, our identification of PIMs went beyond identifica-
tion of ATC codes, as it also considered dosages, duration 
and clinical data. This makes our evaluations more specific 
than in previous studies [17, 19, 20]. Third, the analysis was 
made on a subsample of NHRs and statistical analysis did 
not account for missing data and multi-level effects. Definite 
conclusions on the effect of the intervention on STOPPFrail 
events can therefore not be drawn. Finally, we used a meas-
ure to detect PIM (i.e. STOPPFrail) that was published after 
the COME-ON trial started. These criteria were therefore 
unknown to prescribers, but the implicit nature of the medi-
cation review process enabled the identification of inappro-
priate medications beyond an existing explicit list.

5  Conclusion

A large proportion of the frail NHRs with poor survival 
prognosis had at least one PIM at baseline according to 
STOPPFrail. A significant decrease in PIM prevalence was 
observed over time, even though the overall prevalence of 
PIMs remained high, above 50%. It is time to further educate 
HCPs to the identification, and possibly deprescribing, of 
PIMs using criteria that are best adapted to their patients. 
Future research should evaluate the effect of using STOPP-
Frail or other NH-specific lists of PIMs on outcomes that 
matter to patients [28].

Fig. 1  Study flow chart. NH nursing homes, NHRs nursing home residents
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Table 3  PIMs at baseline and follow-up according to STOPPFrail (follow-up sample, N = 218)

BPSD behavioural and psychological symptoms of dementia, CV cardiovascular, GI gastrointestinal, NHR nursing home resident, PPIs proton 
pump inhibitors

Total (N = 218) Control group (n = 110) Intervention group (n = 108)

Baseline (1935 
prescriptions)

follow-up (1786 
prescriptions)

p value Baseline (1014 
prescriptions)

Follow-up (928 
prescriptions)

p value Baseline (921 
prescriptions)

Follow-up (858 
prescriptions)

p value

PIM prevalence
 Prescriptions iden-

tified as PIM, 
n (%)

258 (13.3) 217 (12.2) 0.280 126 (12.4) 112 (12.1) 0.811 132 (14.3) 105 (12.2) 0.194

 PIM per NHR, 
median [IQR]

1 [0–2] 1 [0–2]  < 0.001 1 [0–2] 1 [0–2] 0.103 1 [0–2] 1 [0–2]  < 0.001

 NHR with ≥ 1 
PIM, n (%)

146 (67.0) 125 (57.3)  < 0.001 72 (65.5) 62 (56.4) 0.004 74 (68.5) 63 (58.3) 0.008

 NHR with 1 PIM, 
n (%)

76 (34.9) 65 (29.8) 39 (35.5) 33 (30.0) 37 (34.3) 32 (29.6)

 NHR with 2 PIMs, 
n (%)

39 (17.9) 34 (15.6) 19 (17.3) 13 (11.8) 20 (18.5) 21 (19.4)

 NHR with ≥ 3 
PIMs, n (%)

31 (14.2) 26 (11.9) 14 (12.7) 16 (14.5) 17 (15.7) 10 (9.3)

Prevalence per criterion (for the 10 most frequent PIMs at baseline), n (%)
 E1. PPIs, long-

term high dose
41 (18.8) 30 (13.8) 0.012 21 (19.1) 19 (17.3) 0.480 20 (18.5) 11 (10.2) 0.007

 G1. Calcium sup-
plementation

40 (18.3) 40 (18.3) 0.999 16 (14.5) 16 (14.5) 0.999 24 (22.2) 24 (22.2) 0.999

 C1. Anti-platelet 
agents for 
primary CV 
prevention

37 (17.0) 25 (11.5) 0.005 27 (24.5) 20 (18.2) 0.035 10 (9.3) 5 (4.6) 0.059

 B1. Lipid-lowering 
therapies

28 (12.8) 18 (8.3) 0.004 13 (11.8) 9 (8.2) 0.103 15 (13.9) 9 (8.3) 0.014

 J1. Multi-vitamin 
combination 
supplements

24 (11.0) 23 (10.6) 0.655 10 (9.1) 12 (10.9) 0.157 14 (13.0) 11 (10.2) 0.083

 I1. Antidiabetic 
agents and strin-
gent glycaemic 
control

19 (8.7) 23 (10.6) 0.206 8 (7.3) 7 (6.4) 0.317 11 (10.2) 16 (14.8) 0.096

 D1. Neuroleptic 
antipsychotics 
for > 12 weeks 
without BPSD

17 (7.8) 15 (6.9) 0.317 7 (6.4) 5 (4.5) 0.157 10 (9.3) 10 (9.3) 0.999

 J3. Prophylactic 
antibiotics

13 (6.0) 9 (4.1) 0.103 7 (6.4) 6 (5.5) 0.317 6 (5.6) 3 (2.8) 0.180

 E3. Regular daily 
prescription of 
GI antispasmod-
ics

9 (4.1) 7 (3.2) 0.317 4 (3.6) 4 (3.6) 0.999 5 (4.6) 3 (2.8) 0.157

 G5. Long-term oral 
steroids

8 (3.7) 8 (3.7) 0.999 4 (3.6) 4 (3.6) 0.999 4 (3.7) 4 (3.7) 0.999



924 A. Fournier et al.

References

 1. Jokanovic N, Tan EC, Dooley MJ, Kirkpatrick CM, Bell 
JS. Prevalence and factors associated with polypharmacy in 
long-term care facilities: a systematic review. J Am Med Dir 
Assoc. 2015;16(6):535 e1-12. https ://doi.org/10.1016/j.jamda 
.2015.03.003.

 2. Morin L, Laroche ML, Texier G, Johnell K. Prevalence of poten-
tially inappropriate medication use in older adults living in nursing 
homes: a systematic review. J Am Med Dir Assoc. 2016;17(9):862 
e1-9. https ://doi.org/10.1016/j.jamda .2016.06.011.

 3. Jano E, Aparasu RR. Healthcare outcomes associated with beers’ 
criteria: a systematic review. Ann Pharmacother. 2007;41(3):438–
47. https ://doi.org/10.1345/aph.1H473 .

 4. Perri M 3rd, Menon AM, Deshpande AD, Shinde SB, Jiang R, 
Cooper JW, et al. Adverse outcomes associated with inappropriate 
drug use in nursing homes. Ann Pharmacother. 2005;39(3):405–
11. https ://doi.org/10.1345/aph.1E230 .

 5. Lau DT, Kasper JD, Potter DE, Lyles A, Bennett RG. Hospitaliza-
tion and death associated with potentially inappropriate medica-
tion prescriptions among elderly nursing home residents. Arch 
Intern Med. 2005;165(1):68–74. https ://doi.org/10.1001/archi 
nte.165.1.68.

 6. Albert SM, Colombi A, Hanlon J. Potentially inappropriate medi-
cations and risk of hospitalization in retirees: analysis of a US 
retiree health claims database. Drugs Aging. 2010;27(5):407–15. 
https ://doi.org/10.2165/11315 990-00000 0000-00000 .

 7. Klarin I, Wimo A, Fastbom J. The association of inappropriate 
drug use with hospitalisation and mortality: a population-based 
study of the very old. Drugs Aging. 2005;22(1):69–82.

 8. Dalleur O, Spinewine A, Henrard S, Losseau C, Speybroeck N, 
Boland B. Inappropriate prescribing and related hospital admis-
sions in frail older persons according to the STOPP and START 
criteria. Drugs Aging. 2012;29(10):829–37.

 9. Ruggiero C, Dell’Aquila G, Gasperini B, Onder G, Lattanzio 
F, Volpato S, et al. Potentially inappropriate drug prescriptions 
and risk of hospitalization among older, Italian, nursing home 
residents: the ULISSE project. Drugs Aging. 2010;27(9):747–58. 
https ://doi.org/10.2165/11538 240-00000 0000-00000 .

 10. Bo M, Quaranta V, Fonte G, Falcone Y, Carignano G, Cappa 
G. Prevalence, predictors and clinical impact of potentially inap-
propriate prescriptions in hospital-discharged older patients: a 
prospective study. Geriatr Gerontol Int. 2018;18(4):561–8. https 
://doi.org/10.1111/ggi.13216 .

 11. O’Mahony D, O’Sullivan D, Byrne S, O’Connor MN, Ryan 
C, Gallagher P. STOPP/START criteria for potentially inap-
propriate prescribing in older people: version 2. Age Ageing. 
2015;44(2):213–8. https ://doi.org/10.1093/agein g/afu14 5.

 12. By the American Geriatrics Society Beers Criteria Update Expert 
P. American Geriatrics Society 2015 updated beers criteria for 
potentially inappropriate medication use in older adults. J Am 
Geriatr Soc. 2015;63(11):2227–46. https ://doi.org/10.1111/
jgs.13702 .

 13. Khodyakov D, Ochoa A, Olivieri-Mui BL, Bouwmeester C, 
Zarowitz BJ, Patel M, et al. Screening tool of older person’s 
prescriptions/screening tools to alert doctors to right treatment 
medication criteria modified for U.S. Nursing Home Setting. J 
Am Geriatr Soc. 2017;65(3):586–91. https ://doi.org/10.1111/
jgs.14689 .

 14. Nyborg G, Straand J, Klovning A, Brekke M. The Norwegian 
General Practice-Nursing Home criteria (NORGEP-NH) for 
potentially inappropriate medication use: a web-based Delphi 
study. Scand J Prim Health Care. 2015;33(2):134–41. https ://doi.
org/10.3109/02813 432.2015.10418 33.

 15. Lavan AH, Gallagher P, Parsons C, O’Mahony D. STOPPFrail 
(Screening Tool of Older Persons Prescriptions in Frail adults 
with limited life expectancy): consensus validation. Age Ageing. 
2017;46(4):600–7. https ://doi.org/10.1093/agein g/afx00 5.

 16. Curtin D, O’Mahony D, Gallagher P. Drug consumption and futile 
medication prescribing in the last year of life: an observational 
study. Age Ageing. 2018. https ://doi.org/10.1093/agein g/afy05 4.

 17. Paque K, De Schreye R, Elseviers M, Vander Stichele R, Pardon 
K, Dilles T, et al. Discontinuation of medications at the end of 
life: a population study in Belgium, based on linked administrative 
databases. Br J Clin Pharmacol. 2019;85(4):827–37. https ://doi.
org/10.1111/bcp.13874 .

 18. Lavan AH, O’Mahony D, Gallagher P. STOPPFrail (Screen-
ing Tool of Older Persons’ Prescriptions in Frail adults with a 
limited life expectancy) criteria: application to a representative 
population awaiting long-term nursing care. Eur J Clin Pharmacol. 
2019;75(5):723–31. https ://doi.org/10.1007/s0022 8-019-02630 -3.

 19. Paque K, Elseviers M, Vander Stichele R, Pardon K, Vinker-
oye C, Deliens L, et al. Balancing medication use in nursing 
home residents with life-limiting disease. Eur J Clin Pharmacol. 
2019;75(7):969–77. https ://doi.org/10.1007/s0022 8-019-02649 -6.

 20. Paque K, Elseviers M, Vander Stichele R, Dilles T, Pardon K, 
Deliens L, et al. Associations of potentially inappropriate medica-
tion use with four year survival of an inception cohort of nursing 
home residents. Arch Gerontol Geriatr. 2019;80:82–7. https ://doi.
org/10.1016/j.archg er.2018.10.011.

 21. Anrys P, Strauven G, Boland B, Dalleur O, Declercq A, Degryse 
JM, et al. Collaborative approach to Optimise MEdication use for 
Older people in Nursing homes (COME-ON): study protocol of 
a cluster controlled trial. Implement Sci. 2016;11:35. https ://doi.
org/10.1186/s1301 2-016-0394-6.

 22. Anrys PMS, Strauven GC, Foulon V, Degryse JM, Henrard S, 
Spinewine A. Potentially inappropriate prescribing in Belgian 
nursing homes: prevalence and associated factors. J Am Med Dir 
Assoc. 2018. https ://doi.org/10.1016/j.jamda .2018.06.010.

 23. Strauven G, Anrys P, Vandael E, Henrard S, De Lepeleire J, 
Spinewine A, et al. Cluster-controlled trial of an intervention 
to improve prescribing in nursing homes study. J Am Med Dir 
Assoc. 2019;20(11):1404–11. https ://doi.org/10.1016/j.jamda 
.2019.06.006.

 24. Miller MD, Paradis CF, Houck PR, Mazumdar S, Stack JA, Rifai 
AH, et al. Rating chronic medical illness burden in geropsychi-
atric practice and research: application of the Cumulative Illness 
Rating Scale. Psychiatry Res. 1992;41(3):237–48. https ://doi.
org/10.1016/0165-1781(92)90005 -n.

 25. Anrys P, Boland B, Degryse JM, De Lepeleire J, Petrovic M, 
Marien S, et  al. STOPP/START version 2-development of 
software applications: easier said than done? Age Ageing. 
2016;45(5):589–92. https ://doi.org/10.1093/agein g/afw11 4.

 26. R Core Team. R: a language and environnment for statistical com-
puting. Austria: R Foundation for Statistical Computing V; 2016. 
https ://www.R-proje ct.org/.

 27. Curtin D, Jennings E, Daunt R, Curtin S, Randles M, Gallagher 
P, et al. Deprescribing in older people approaching end of life: 
a randomized controlled trial using STOPPFrail criteria. J Am 
Geriatr Soc. 2020;68(4):762–9. https ://doi.org/10.1111/jgs.16278 .

 28. Beuscart JB, Knol W, Cullinan S, Schneider C, Dalleur O, Boland 
B, et al. International core outcome set for clinical trials of medi-
cation review in multi-morbid older patients with polyphar-
macy. BMC Med. 2018;16(1):21. https ://doi.org/10.1186/s1291 
6-018-1007-9.

https://doi.org/10.1016/j.jamda.2015.03.003
https://doi.org/10.1016/j.jamda.2015.03.003
https://doi.org/10.1016/j.jamda.2016.06.011
https://doi.org/10.1345/aph.1H473
https://doi.org/10.1345/aph.1E230
https://doi.org/10.1001/archinte.165.1.68
https://doi.org/10.1001/archinte.165.1.68
https://doi.org/10.2165/11315990-000000000-00000
https://doi.org/10.2165/11538240-000000000-00000
https://doi.org/10.1111/ggi.13216
https://doi.org/10.1111/ggi.13216
https://doi.org/10.1093/ageing/afu145
https://doi.org/10.1111/jgs.13702
https://doi.org/10.1111/jgs.13702
https://doi.org/10.1111/jgs.14689
https://doi.org/10.1111/jgs.14689
https://doi.org/10.3109/02813432.2015.1041833
https://doi.org/10.3109/02813432.2015.1041833
https://doi.org/10.1093/ageing/afx005
https://doi.org/10.1093/ageing/afy054
https://doi.org/10.1111/bcp.13874
https://doi.org/10.1111/bcp.13874
https://doi.org/10.1007/s00228-019-02630-3
https://doi.org/10.1007/s00228-019-02649-6
https://doi.org/10.1016/j.archger.2018.10.011
https://doi.org/10.1016/j.archger.2018.10.011
https://doi.org/10.1186/s13012-016-0394-6
https://doi.org/10.1186/s13012-016-0394-6
https://doi.org/10.1016/j.jamda.2018.06.010
https://doi.org/10.1016/j.jamda.2019.06.006
https://doi.org/10.1016/j.jamda.2019.06.006
https://doi.org/10.1016/0165-1781(92)90005-n
https://doi.org/10.1016/0165-1781(92)90005-n
https://doi.org/10.1093/ageing/afw114
https://www.R-project.org/
https://doi.org/10.1111/jgs.16278
https://doi.org/10.1186/s12916-018-1007-9
https://doi.org/10.1186/s12916-018-1007-9

	Use and Deprescribing of Potentially Inappropriate Medications in Frail Nursing Home Residents
	Abstract
	Background 
	Methods 
	Results 
	Conclusion 

	1 Introduction
	2 Methods
	2.1 COME-ON Trial
	2.2 Study Population
	2.3 Identification of Potentially Inappropriate Medications (PIMs) using STOPPFrail
	2.4 Ethical Considerations
	2.5 Analysis

	3 Results
	4 Discussion
	5 Conclusion
	References




