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Abstract: Background: Nursing home residents often have several conditions that necessitate the
use of multiple medicines. This study investigates the prevalence of potentially inappropriate
medications (PIMs) and its associations with sex, age, number of medicines, and study location
(rural/urban). Methods: A cross-sectional study of long-term care residents from six nursing homes.
Data was collected from medical records. We identified PIMs by applying the NORGEP-NH criteria.
We conducted a Poisson regression analysis to investigate the association between the number of
PIMs and sex, age, number of medicines, and study location. Results: We included 103 (18.4%) of 559
residents (68.0% women; mean age 83.2 years, mean number of daily used medicines 7.2 (SD = 3.6)).
We identified PIMs in 56% of the residents (mean number = 1.10, SD = 1.26). In adjusted analyses,
residents ≥80 years had 0.43 fewer PIMs compared to residents <80 years (p < 0.05). Residents using
4–6, 7–9, and 10+ medicines had on average 0.73, 1.06, and 2.11 more PIMs compared to residents
using 0–3 medicines (p < 0.001), respectively. Conclusion: PIM use is prevalent among nursing
home residents and is significantly associated with age and number of medicines. Our findings
suggest a modest decrease in residents using PIMs compared to previous studies. Nevertheless,
prescribing quality in nursing home residents in both urban and rural areas is still of great concern.

Keywords: nursing home residents; potentially inappropriate medications; quality of health;
pharmacoepidemiology; drug therapy; explicit criteria lists

1. Introduction

Nursing homes in Norway provide long-term care to more than 35,000 residents, and more
than 80% of the residents suffer from cognitive impairment and have many comorbidities [1].
Multiple comorbidities often necessitate the use of multiple medicines [2], but providing optimal
medicine therapy is challenging due to age-related physiological changes [3]. Complex medication
regimens and polypharmacy expose patients to drug-related problems like drug–drug interactions
and adverse drug reactions [4]. In addition, the risk of medicine-induced cognitive impairment, e.g.,
due to additive anticholinergic properties, is essential to take into consideration [5]. Due to health
deterioration among these residents during their later years, the use of medicines increases substantially,
which again raises the risk of prescribing potentially inappropriate medications (PIMs) [6].

PIMs are defined as “medications that have more potential risk than potential benefit or
prescribing that does not agree with accepted medical standards” [7]. Different strategies exist to
identify PIMs among older patients. The application of criteria-based screening tools is a broadly
applied strategy. The use of such tools helps clinicians to identify specific medicines or drug classes,
combinations of different medicines, or dosages that may cause harmful effects among older patients.
The first such tool for assessing PIMs in older patients was the Beers list published in the USA in 1991
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and has later been updated several times [8,9]. National differences in drug markets and prescribing
traditions have led to the development of several country-specific tools, e.g., the French consensus
panel list of PIMs in older persons [10] and the Irish Screening Tool of Older Persons’ Potentially
Inappropriate Prescriptions (STOPP) [11]. In Norway, the Norwegian General Practice Nursing Home
(NORGEP-NH) criteria was published in 2015 [12,13].

Recent studies applying screening tools suggest that PIMs are frequent among nursing home
residents [3,14–16]. A systematic review investigating the point prevalence of PIM use in 227,534
nursing home residents ≥60 years based on 26 studies found a considerably higher PIM use after
2005 compared to 1990–1999 (49.8% vs. 30.3%). The review also reported that PIM use was higher
among nursing home residents in Europe compared to those in North America (49.0% vs. 26.8%) [17].
Similarly, the use of PIMs among Norwegian nursing home residents has also increased from 1993
to 2011, for single substances to avoid (36.8 vs. 39.5%), for combinations to avoid (16.3 vs. 27.0%),
and for deprescribing items (46.0 vs. 55.3%) [6]. The majority of studies report that the total number
of prescribed medications is the most important factor associated with use of PIMs [17]. Due to an
increased focus on the quality of prescribing in nursing homes during the last decade and a lack of
recently published data on PIMs, we aimed to investigate the prevalence of PIMs among nursing home
residents applying the most recently published Norwegian screening tool for PIMs. We also aimed
to explore whether the factors sex, age, number of medicines and study location (rural/urban) were
associated with the use of PIMs.

2. Materials and Methods

2.1. Study Setting and Population

This cross-sectional study recruited nursing home residents from an urban and a rural area in
North Norway. In the urban area, we recruited from four out of five nursing homes (total long-term
beds = 320), i.e., those nursing homes that accepted our request to perform the study. In the rural area,
we recruited from two out of six nursing homes (total long-term beds = 239). These two nursing homes
were chosen based on the number of residents, located in two different municipalities, and within
acceptable travel distance for the data collector.

2.2. Inclusion and Exclusion

We included only long-term nursing home residents, which are persons with no expectations of
returning to assisted living at their homes. Written consent from the resident or the resident’s next
of kin was necessary in order to collect data. Nurses at the respective nursing homes facilitated the
patient recruitment and collection of consents. There were no exclusion criteria.

2.3. Data Collection

Three pharmacists (BPharm) collected data from electronic medical records and medicine charts
at the nursing homes from November 2015 to January 2016. For each resident, the following variables
were obtained: sex, age, medical diagnoses, prescribed medicines (drug name, strength, formulation,
dosage, and whether used regularly or as needed). All data was recorded anonymously on an
Excel® spreadsheet (Microsoft Windows, Redmond, WA, USA), i.e., patient identity was replaced by
consecutive running numbers. All medicines were coded according to the Anatomical Therapeutic
Chemical (ATC) Classification System [18]. The ATC classification system classifies the active
substances in a hierarchy with five different levels. In this study, we report data on the third level
which describe chemical, pharmacological, or therapeutic subgroups level, and the 5th level which
denotes the chemical substance or the generic name, e.g., oxazepam.
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2.4. Identification of PIMs

To identify PIMS, we applied the NORGEP-NH criteria tool comprising 34 criteria divided into
three sub-domains: 11 single-drug criteria, 15 drug–drug combination criteria, and 8 criteria where
regular consideration of deprescribing or dose adjustments should be considered [13]. We excluded
criterion 31 and 34, both deprescribing criteria, concerning medicines lowering blood pressure and
preventive medicines, as the criteria are unspecific with regard to which medicine to assess.

2.5. Statistical Analysis

Results are presented as numbers (n), proportions (%), and means with standard deviation (SD).
We performed the analysis using STATA statistical program version 13.1 by importing data from
the Excel® spreadsheet [19]. Student’s t-test was applied to compare means (continuous data; age,
number of medicines used). Fisher´s exact test was used to compare proportions (categorical data; sec,
study location). We considered p-values <0.05 statistically significant.

We conducted a multiple Poisson regression analysis to study the association between number
of PIMs and sex (dichotomous; female/male), age (dichotomous; under 80 years/80+ years),
location (dichotomous; urban/rural), and the number of medicines used on a regular basis (categorical;
0–3 medicines, 4–6 medicines, 7–9, 10+ medicines). Results presented as marginal effects represent the
average change in the number of PIMs that is explicitly associated with one unit or category change in
the value of the independent variables.

2.6. Ethics and Approvals

The Regional Committee for Medical and Health Research Ethics had no objections to the study.
The Norwegian Center for Research Data approved the study.

3. Results

During the study period, we approached 125 (22.3%) of 559 nursing home residents. A total of 103
(18.4%) residents provided informed consent (68.0% women; mean age 83.2 years). Table 1 summarizes
resident characteristics.

Table 1. Characteristics of the nursing home residents (n = 103).

Characteristics Total Urban Rural p-Value

Patients, n (%) 103 (100) 70 (68.0) 33 (32.0)

Women 70 (68.0) 46 (66.0) 24 (72.7)

Men 33 (32.0) 24 (34.0) 9 (27.3) 0.477

Age in years, mean (SD) 83.2 (9.5) 83.0 (9.9) 83.4 (8.6) 0.820

<80 32 (31.1) 20 (29) 12 (36.4)

80+ 71 (68.9) 50 (71) 21 (63.6) 0.425

Medicine use, mean (SD)

Total 10.9 (4.3) 9.9 (4.1) 13.3 (3.6) <0.001

Regular 7.2 (3.6) 6.1 (3.4) 9.6 (3.0) <0.001

As needed 3.7 (1.9) 3.8 (1.9) 3.7 (2.0) 0.830

Medical diagnoses, mean (SD) 5.8 (2.2) 5.2 (2.3) 6.7 (1.7) <0.001

3.1. Diagnoses and Medicine Use

The five most commonly registered diagnoses were dementia (41%), hypertension (31%),
atrial fibrillation (15%), diabetes (15%), and osteoporosis (14%). The mean number of medicines used
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on a regular basis and as needed was 7.2 (SD = 3.6) and 3.7 (SD = 1.9), respectively, differing significantly
between the urban and rural nursing homes (p < 0.001), as shown in Table 1.

Six drug classes (ATC third level) were used by more than 40% of the residents and included
analgesics and antipyretics (89.3% of the residents), medicines for constipation (72.8%), antithrombotic
agents (49.5%), opioids (47.6%), hypnotics and sedatives (45.6%), and anxiolytics (40.8%), as shown in
Table 2.

Table 2. The ten most frequently used medicine groups (ATC third level) among the nursing home
residents (n = 103).

ATC–Third Level n %

N02B Other analgesics and antipyretics 92 89.3
A06A Medicines for constipation 75 72.8
B01A Antithrombotic agents 51 49.5
N02A Opioids * 49 47.6
N05C Hypnotics and sedatives * 47 45.6
N05B Anxiolytics * 42 40.8
C03C High-ceiling diuretics * 29 28.2
C07A Beta blocking agents * 27 26.2
N06A Antidepressants * 27 26.2

A02B Medicines for peptic ulcer and
gastro-esophageal reflux disease 25 24.3

ATC = Anatomical Therapeutical and Chemical Classification System, n = number. * Considered to increase fall risk
directly or may cause or worsen orthostatic blood pressure (22).

3.2. PIMs Identified

We identified 113 PIMs related to regular medication use in 103 residents, a mean number of 1.10
(SD = 1.26) PIM per resident. We identified at least one PIM in 57% (n = 5), at least two PIMs in 30%
(n = 31), and at least three PIMs in 16% (n = 16) of the residents (Poisson distribution). We identified
no difference between women and men or between study locations.

For nine of the 32 applied criteria, we identified no PIMs. The identified PIMs concerned 29 single
medicines, 16 medicine combinations, and 46 deprescribing or dose-adjustment medicines (Table 3).
Use of chlomethiazole (5.8% of residents) and regular use of hypnotics (23.3%) were the two most
common single medicine criteria. Among combinations to avoid, concomitant use of three or more
psychotropic medicines was identified in 7.8% of the residents, with no significant differences between
study locations (p = 0.265). Apart from warfarin in combination with SSRI/SNRI, most other criteria
within this domain were barely detectable. Concerning the deprescribing criteria, 26.2% of the residents
used antidepressants, while 15.5% used antipsychotics. Significant differences between study location
related only to the use of bisphosphonates (p = 0.009).

Table 3. Use of potentially inappropriate medications according to the NORGEP-NH criteria in the
nursing home residents (n = 103) in the urban and rural study locations.

Total Urban 1 Rural 2 p between
LocationsNH-NORGEP Items n = 103 n = 70 n = 33

A: Single substance criteria; Regular use should be
avoided n % n % n %

1. Combination analgesic codeine/paracetamol 1 1 0.9 0 0.0 1 3.0 0.320
2. Tricyclic antidepressants (TCAs) 1 0.9 0 0.0 1 3.0 0.320

3. Non-steroidal anti-inflammatory drugs (NSAIDs) 1 0.9 0 0.0 1 3.0 0.320
4. First-generation antihistamines 2 1.9 0 0.0 2 6.1 0.101

5. Diazepam 1 0.9 1 1.4 0 0.0 1.000
6. Oxazepam (>30 mg/24 h) 1 0.9 0 0.0 1 3.0 0.320
7. Zopiclone (>5 mg/24 h) 2 4 3.9 1 1.4 3 9.1 0.096

8. Nitrazepam 2 1.9 0 0.0 2 6.1 0.101
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Table 3. Cont.

Total Urban 1 Rural 2 p between
LocationsNH-NORGEP Items n = 103 n = 70 n = 33

A: Single substance criteria; Regular use should be
avoided n % n % n %

9. Flunitrazepam 0 - 0 - 0 - -
10. Chlometiazole 6 5.8 6 8.6 0 0.0 0.173

11. Regular use of hypnotics 24 23.3 16 22.9 8 24.2 0.877

Any single substances 29 28.2 18 25.7 11 33.3 0.484

B: Combination criteria; Combinations to avoid

12. Warfarin + NSAIDs 0 - 0 - 0 - -
13. Warfarin + SSRIs/SNRIs 3 2.9 0 0.0 3 9.1 0.031

14. Warfarin +
ciprofloxacin/ofloxacin/erythromycin/clarithromycin 0 - 0 - 0 - -

15. NSAIDs/coxibs + ACE inhibitors/AT2 antagonists 1 0.9 0 0.0 1 3.0 0.320
16. NSAIDs/coxibs + diuretics 0 - 0 - 0 - -

17. NSAIDs/coxibs + glucocorticoids 0 - 0 - 0 - -
18. NSAIDs/coxibs + SSRI/SNRIs 0 - 0 - 0 - -

19. ACE inhibitors/AT2 antagonists + potassium or
potassium-sparing diuretics 2 1.9 2 2.9 0 0.0 1.000

20. β-blocker agents + cardioselective calcium
antagonists 0 - 0 - 0 - -

21. Erythromycin or clarithromycin + statin 0 - 0 - 0 - -
22. Bisphosphonate + proton pump inhibitors 1 0.9 0 0.0 1 3.0 0.320

23. Concomitant use of three or more psychotropics 8 7.8 4 5.7 4 12.1 0.265
24. Tramadol + SSRIs 0 - 0 - 0 - -

25. Metoprolol + paroxetine/fluoxetine/bupropion 0 - 0 - 0 - -
26. Metformin + ACE inhibitor/AT2 antagonists +

diuretics 2 1.9 2 2.9 0 0.0 1.000

Any combinations to avoid 16 15.5 7 10.0 9 18.2 0.039

C: Deprescribing criteria; Need for continued use
should be reassessed

27. Antipsychotics (incl. “atypical” substances) 12 15.5 9 18.6 3 9.1 0.747
28. Antidepressants 27 26.2 16 22.9 11 33.3 0.259

29. Urologic spasmolytics 1 0.9 1 1.4 0 0.0 1.000
30. Anticholinesterase inhibitors 1 0.9 1 1.4 0 0.0 1.000

31. Medicines lowering blood pressure * - - - - - - -
32. Bisphosphonates 4 3.9 0 0.0 4 12.1 0.009

33. Statins 5 4.8 1 1.4 4 12.1 0.035
34. Any preventive medicine * - - - - - - -

Any deprescribing item 46 44.7 26 37.1 20 60.6 0.034

Any NORGEP-NH criteria 58 56.3 35 50.0 23 69.7 0.088

* Not applicable. 1 four nursing homes, 2 two nursing homes.

3.3. Factors Associated with the Use of PIMs

Table 4 presents the results of the Poisson regression analysis. The analysis revealed that residents
≥80 years had 0.43 fewer PIMs compared to residents <80 years (p < 0.05, pseudo R2 = 0.16.).
The number of PIMs identified was significantly associated with the number of medicines used in the
following way; in residents using 4–6, 7–9, and 10+ medicines, we identified on average 0.73, 1.06,
and 2.11 more PIMs compared to residents using 0–3 medicines, respectively (p < 0.001). Neither sex
nor study location (urban vs. rural) were associated with the number of PIMs identified.
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Table 4. Factors associated with identification of potentially inappropriate medications (PIMs) among
the nursing home residents presented as marginal effects; multivariate Poisson regression.

Poisson Regression

Marginal effect 95% CI p-value
Sex

Female Ref
Men 0.37 −0.12, 0.87 0.14

Study location
Urban Ref
Rural 0.02 −0.44, 0.48 0.94

Age
<80 years Ref
80+ years −0.43 −1.22, −0.04 <0.05 *

Number of medicines used regularly
0–3 Ref
4–6 0.73 0.40, 1.06 <0.001 *
7–9 1.06 0.64, 1.48 <0.001 *
10+ 2.11 1.42, 2.80 <0.001 *

* Indicates significant influence (p < 0.05). CI; confidence interval. Pseudo R2 = 0.16.

4. Discussion

This study confirmed that medication use and PIM use among nursing home residents is extensive.
However, we did not identify any significant associations between PIM use and sex or study location
(urban/rural). As expected, we found a significant association between PIMs and the number of
medications. We also identified a significantly lower number of PIMs in residents 80 years or older.

PIMs were identified among 57% of the 103 included nursing home residents. This is lower
compared to findings by Nyborg et al. reporting that 70% of Norwegian nursing home residents in
Vestfold used PIMs between 2009–2011 [20], but higher than numbers from Canada (48%) [21] and in
line with results from Ireland (60%) [15]. As patient characteristics are comparable to former Norwegian
studies, a patient selection bias cannot entirely explain the difference in our findings. Also, the mean
number of medicines used on a regular basis in the present study seems to be slightly higher compared
to previous studies: 6.9 medicines in 2011 [5] compared to 7.2 in our study, which normally would lead
to a higher proportion of PIMs [16]. However, this was not observed in this study. Our findings based
on more recent data may reflect a real shift in prescribing behavior among nursing home physicians.
This may be due to the increased focus on reducing inappropriate prescribing in Norwegian nursing
homes during recent years [6,20,22], but needs to be confirmed by other and larger studies.

4.1. Use of Medicines Related to the Central Nervous System and Risk of Falls

Of the ten medicine groups most frequently used by the nursing home residents, five were used to
treat diseases and symptoms related to the central nervous system, i.e., pain, anxiety, sleeping disorders,
and episodes of depression (Table 2). The significant proportion of psychotropic medicines and the
complex medication regimes in these residents call for special attention when it comes to preventing
adverse drug events. In particular, the risk of falls may be increased in this population as six of the
medicine groups (denoted * in Table 2) are considered to increase fall risk directly or may cause or
worsen orthostatic blood pressure [23]. Milos et al. reported that fallers among nursing home residents
used on average a higher number of these medicines compared to non-fallers [24]. Furthermore,
other studies report that patients taking four or more regular medications have a significant increased
risk of falling [25].
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4.2. PIMs Related to the Use of Psychotropics

The four most frequently identified PIM criteria in this study were related to medications with
effect on the central nervous system, i.e., “regular use of hypnotics” (criterion 11), “concomitant
use of three or more psychotropics” (criterion 23), “antipsychotics (deprescribing)” (criterion 27),
and “antidepressants (deprescribing)” (criterion 28), as shown in Table 3. This may reflect the nature
of the NORGEP-NH criteria, focusing mostly on these medications [13]. Compared to previous
Norwegian studies from nursing homes, the prevalence rates of the four abovementioned criteria
have changed from 2011 to 2016, from 30.4 to 23.3%, 19.9 to 7.8%, 15.7 to 15.5%, and 35.8 to 26.2%,
respectively [6]. The reduction observed for three of the criteria may indicate that physicians have
become more aware of the PIM medicines included in the NORGEP list and the potential problems
associated with these. In addition, other health care professionals like nurses and pharmacists may
have contributed to the increased focus on optimizing medicine use among nursing home residents
through the Norwegian Patient Safety Program: In Safe Hands [26]. We found an unexpected reduction
of PIMs related to the criterion ”concomitant use of three or more psychotropics”. There are reports of
an increasing use of opioids, pregabalin, and gabapentin in the treatment of pain among nursing home
residents, as these medicines are believed to more efficiently reduce behavioral disturbances [27].

4.3. Factors Associated with the Number of PIMs Identified

We identified no significant difference between sex or study location, but the number of PIMs
identified was significantly associated with the number of medicines used (Table 4). This finding is
consistent with previous studies [15,28]. Interestingly, we identified significantly fewer PIMs among
residents aged 80+ compared to those below 80, which is opposite to what most other nursing home
studies have found [17,29]. An Irish study (n = 133) by Parson et al., evaluating PIMs using STOPP
criteria in older patients with dementia in care homes, did not report any association between PIMs
and age [29], neither did a Norwegian study assessing PIMs in nursing home residents (n = 881)
using NORGEP-NH [17]. Our findings may be prone to selection bias because of a small study
population or by our decision to not include medicines taken as needed in the analyses. On the other
side, our findings may reflect a real shift in prescribing behavior among nursing home physicians as
described above.

4.4. Strategies to Combat Use of PIMs

This study confirms the necessity to develop a strategy that can reduce PIMs among nursing
home residents. Most likely, such a strategy needs to be multifaceted and include multicomponent
interventions. The knowledge translation strategy for hospitalized elderly adults comprising
the distribution of educational materials, presentations by geriatricians, pharmacist–physician
interventions based on alerts from a computerized alert system, and comprehensive geriatric
assessments have been found to be effective in reducing PIMs in other settings and might serve as a
template to develop such a strategy also in the nursing home setting [30]. In addition, the significant
correlation between the total number of medicines used and PIMs identified [31], and the fact that
three out of four nursing home residents still are prescribed curative or preventive medicines on the
day they die [32], indicate that clinicians and clinical pharmacists should to a wider extent focus on
deprescribing in these residents.

All deprescribing efforts, i.e., to taper and then discontinue medicines must be carefully planned
and monitored. Tapering and discontinuation of medicines may be considered in different scenarios,
for instance, when the condition is no longer present, when the medicine is considered inappropriate,
if the medicine causes more harm than benefit, when there is uncertainty about the actual effect of the
medicine, or in situations where the residents themselves are unwilling to continue drug treatment.
In any of these situations, it is essential to monitor the process of tapering and/or discontinuation
and be aware of potential withdrawal symptoms. A better understanding of possible symptoms
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can both prevent re-prescribing and consequent prescribing cascades. To avoid such episodes it
is important to know if the medication can be abruptly discontinued or whether a reversed “start
low–go slow” strategy should be followed. Fortunately, the number of ongoing research projects
concerning the topic will definitely provide future guidance, as well as the establishment of national
and regional deprescribing networks [33]. In addition, health care educators need to address the topic
more specifically in the curricula and training of pharmacists, nurses, and physicians.

4.5. Strengths and Limitations

Direct comparison between studies investigating PIMs is challenging due to use of different
criteria, criteria applicability, and study settings. Consequently, the prevalence of PIMs among nursing
home residents varies extremely between studies. One example illustrating the variance in PIM
identification is when Chen et al. assessed PIMs in 211 Malaysian nursing home residents not suffering
from dementia. They identified PIMs in 23.7% of the residents applying the STOPP criteria and in 32.7%
applying the Beers criteria. Adding to the huge variance in PIM identification, considerably higher
prevalence rates of PIMs have been reported among residents suffering from dementia [5]. Although
this may imply that residents with dementia are at higher risk of receiving PIMs, evidence is conflicting
as others have reported that dementia might also be associated with a lower likelihood of using
PIMs [34].

This study made exclusive use of medical records and medicine charts without exploring
prescribers’ views or intentions to treat with PIMs. Neither did we elicit patients’ perceptions about the
use of the medications appearing on the NORGEP-NH list. These are important aspects to remember
for physicians, pharmacists, and nurses conducting medication reviews and assessing the use of
inappropriate medications in older nursing home residents.

The recruitment of the study population, i.e., not including residents from all the nursing
homes, and the collection of point-prevalence data over two months might have introduced bias
and influenced our findings. Another limitation concerns the quality of the diagnostic data in the
medical journal. In the current study, only 41% of the residents had a registered dementia diagnosis,
while in a longitudinal cohort study (n = 696), from nursing homes in the southeastern part of Norway,
data collection revealed that 84% of the population had dementia. However, only 56% had the
diagnosis registered in their medical journal [35]. The lack of concordance between residents’ actual
conditions and their patient records needs to be kept in mind when trying to address the quality of
medication use in this population.

5. Conclusions

This study shows that the prevalence of PIMs in nursing home residents remains high, but that
the regular use of hypnotics and concomitant use of three or more psychotropics and antidepressants
seems to be reduced compared to previous studies. We identified no reduction in the use of
antipsychotics compared to previous studies and no associations between PIMs and sex or study
location (urban/rural). However, we observed a significant association between PIMs and number of
medications used and a significantly lower number of PIMs in residents 80 years or older. Even if our
findings suggest a modest decrease in PIM use, prescribing quality in nursing home residents remains
a great concern.

Author Contributions: Conceptualization, K.H.H., B.H.G., and K.S.; Methodology, K.H.H., S.K., and K.S.;
Formal Analysis, S.K., K.H.H., and K.S.; Investigation, S.K.; Writing—Original Draft Preparation, K.H.H. and S.K.;
Writing—Review & Editing, K.H.H., S.K., B.H.G., and K.S.; Supervision, K.H.H. and K.S.; Project Administration,
K.H.H. and K.S.

Funding: This research received no external funding. The publication charges for this article have been funded by
a grant from the publication fund of UiT The Arctic University of Norway.

Acknowledgments: The authors would like to thank the staff at the nursing homes for all help related to collecting
data for this study. We also like to acknowledge the work from Yasin Ahmed and Gunn Akselsen.



Pharmacy 2019, 7, 26 9 of 10

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Selbaek, G.; Kirkevold, O.; Engedal, K. The prevalence of psychiatric symptoms and behavioural disturbances
and the use of psychotropic drugs in Norwegian nursing homes. Int. J. Geriatr. Psychiatry 2007, 22, 843–849.
[CrossRef] [PubMed]

2. Beloosesky, Y.; Nenaydenko, O.; Gross Nevo, R.F.; Adunsky, A.; Weiss, A. Rates, variability, and associated
factors of polypharmacy in nursing home patients. Clin. Interv. Aging 2013, 8, 1585–1590. [CrossRef]

3. Hosia-Randell, H.M.; Muurinen, S.M.; Pitkala, K.H. Exposure to potentially inappropriate drugs and
drug-drug interactions in elderly nursing home residents in Helsinki, Finland: a cross-sectional study.
Drugs Aging 2008, 25, 683–692. [CrossRef] [PubMed]

4. Onder, G.; Liperoti, R.; Fialova, D.; Topinkova, E.; Tosato, M.; Danese, P.; Gallo, P.F.; Carpenter, I.;
Finne-Soveri, H.; Gindin, J.; et al. Polypharmacy in nursing home in Europe: results from the SHELTER
study. J. Gerontology. Ser. Abiological Sci. Med Sci. 2012, 67, 698–704. [CrossRef] [PubMed]

5. Moore, A.R.; O’Keeffe, S.T. Drug-induced cognitive impairment in the elderly. Drugs Aging 1999, 15, 15–28.
[CrossRef]

6. Halvorsen, K.H.; Selbaek, G.; Ruths, S. Trends in potentially inappropriate medication prescribing to nursing
home patients: comparison of three cross-sectional studies. Pharmacoepidemiol. Drug Saf. 2017, 26, 192–200.
[CrossRef] [PubMed]

7. Hanlon, J.T.; Schmader, K.E.; Ruby, C.M.; Weinberger, M. Suboptimal prescribing in older inpatients and
outpatients. J. Am. Geriatr. Soc. 2001, 49, 200–209. [CrossRef] [PubMed]

8. Beers, M.H.; Ouslander, J.G.; Rollingher, I.; Reuben, D.B.; Brooks, J.; Beck, J.C. Explicit criteria for
determining inappropriate medication use in nursing home residents. UCLA Division of Geriatric Medicine.
Arch. Intern. Med. 1991, 151, 1825–1832. [CrossRef] [PubMed]

9. Campanelli, C.M. American Geriatrics Society updated Beers Criteria for potentially inappropriate
medication use in older adults. J. Am. Geriatr. Soc. 2012, 60, 616–631.

10. Laroche, M.L.; Charmes, J.P.; Merle, L. Potentially inappropriate medications in the elderly: A French
consensus panel list. Eur. J. Clin. Pharmacol. 2007, 63, 725–731. [CrossRef]

11. Gallagher, P.; Ryan, C.; Byrne, S.; Kennedy, J.; O’Mahony, D. STOPP (Screening Tool of Older Person’s
Prescriptions) and START (Screening Tool to Alert doctors to Right Treatment). Int. J. Clin. Pharmacol. Ther.
2008, 46, 72–83. [CrossRef] [PubMed]

12. Rognstad, S.; Brekke, M.; Fetveit, A.; Spigset, O.; Wyller, T.B.; Straand, J. The Norwegian General Practice
(NORGEP) criteria for assessing potentially inappropriate prescriptions to elderly patients. Scand. J. Prim.
Health Care 2009, 27, 153–159. [CrossRef] [PubMed]

13. 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, 134–141. [CrossRef] [PubMed]

14. Halvorsen, K.H.; Granas, A.G.; Engeland, A.; Ruths, S. Prescribing quality for older people in Norwegian
nursing homes and home nursing services using multidose dispensed drugs. Pharmacoepidemiol. Drug Saf.
2012, 21, 929–936. [CrossRef] [PubMed]

15. Ryan, C.; O’Mahony, D.; Kennedy, J.; Weedle, P.; Cottrell, E. Potentially inappropriate prescribing in older
residents in Irish nursing homes. Age Ageing 2013, 42, 116–120. [CrossRef] [PubMed]

16. Garcia-Gollarte, F.; Baleriola-Julvez, J.; Ferrero-Lopez, I.; Cruz-Jentoft, A.J. Inappropriate drug prescription
at nursing home admission. J. Am. Med Dir. Assoc. 2012, 13, 83. [CrossRef] [PubMed]

17. Morin, L.; Laroche, M.L.; Texier, G.; Johnell, K. Prevalence of Potentially Inappropriate Medication Use
in Older Adults Living in Nursing Homes: A Systematic Review. J. Am. Med Dir. Assoc. 2016, 17, 862.
[CrossRef] [PubMed]

18. W. H. O. Collaborating Centre for Drug Statistics Methodology. Guidelines for ATC Classification and DDD
Assignment; Norwegian Institute of Public Health: Oslo, Norway, 2015.

19. StataCorp LLC Stata, 13.1. 2013. Available online: https://www.stata.com/ (accessed on 20 November 2018).
20. Nyborg, G.; Brekke, M.; Straand, J.; Gjelstad, S.; Romoren, M. Potentially inappropriate medication use in

nursing homes: an observational study using the NORGEP-NH criteria. Bmc Geriatr. 2017, 17, 220. [CrossRef]

http://dx.doi.org/10.1002/gps.1749
http://www.ncbi.nlm.nih.gov/pubmed/17193341
http://dx.doi.org/10.2147/CIA.S52698
http://dx.doi.org/10.2165/00002512-200825080-00005
http://www.ncbi.nlm.nih.gov/pubmed/18665660
http://dx.doi.org/10.1093/gerona/glr233
http://www.ncbi.nlm.nih.gov/pubmed/22219520
http://dx.doi.org/10.2165/00002512-199915010-00002
http://dx.doi.org/10.1002/pds.4142
http://www.ncbi.nlm.nih.gov/pubmed/27935150
http://dx.doi.org/10.1046/j.1532-5415.2001.49042.x
http://www.ncbi.nlm.nih.gov/pubmed/11207875
http://dx.doi.org/10.1001/archinte.1991.00400090107019
http://www.ncbi.nlm.nih.gov/pubmed/1888249
http://dx.doi.org/10.1007/s00228-007-0324-2
http://dx.doi.org/10.5414/CPP46072
http://www.ncbi.nlm.nih.gov/pubmed/18218287
http://dx.doi.org/10.1080/02813430902992215
http://www.ncbi.nlm.nih.gov/pubmed/19462339
http://dx.doi.org/10.3109/02813432.2015.1041833
http://www.ncbi.nlm.nih.gov/pubmed/26100966
http://dx.doi.org/10.1002/pds.2232
http://www.ncbi.nlm.nih.gov/pubmed/21913280
http://dx.doi.org/10.1093/ageing/afs068
http://www.ncbi.nlm.nih.gov/pubmed/22832380
http://dx.doi.org/10.1016/j.jamda.2011.02.009
http://www.ncbi.nlm.nih.gov/pubmed/22208763
http://dx.doi.org/10.1016/j.jamda.2016.06.011
http://www.ncbi.nlm.nih.gov/pubmed/27473899
https://www.stata.com/
http://dx.doi.org/10.1186/s12877-017-0608-z


Pharmacy 2019, 7, 26 10 of 10

21. Maclagan, L.C.; Maxwell, C.J.; Gandhi, S.; Guan, J.; Bell, C.M.; Hogan, D.B.; Daneman, N.; Gill, S.S.;
Morris, A.M.; Jeffs, L.; et al. Frailty and Potentially Inappropriate Medication Use at Nursing Home
Transition. J. Am. Geriatr. Soc. 2017, 65, 2205–2212. [CrossRef] [PubMed]

22. Selbaek, G.; Janus, S.I.M.; Bergh, S.; Engedal, K.; Ruths, S.; Helvik, A.S.; Saltyte Benth, J.; Zuidema, S.U.
Change in psychotropic drug use in Norwegian nursing homes between 2004 and 2011. Int. Psychogeriatr.
2018, 30, 385–394. [CrossRef] [PubMed]

23. The Swedish National Board on Health and Welfare, Indikatorer För God läkemedelsterapi hos äldre
[Indicators for Good Drug Therapy in the Elderly]. 2010. Available online: https://www.socialstyrelsen.se/
Lists/Artikelkatalog/Attachments/18085/2010-6-29.pdf24 (accessed on 28 February 2018).

24. Milos, V.; Bondesson, A.; Magnusson, M.; Jakobsson, U.; Westerlund, T.; Midlov, P. Fall risk-increasing drugs
and falls: a cross-sectional study among elderly patients in primary care. Bmc Geriatr. 2014, 14, 40. [CrossRef]
[PubMed]

25. Bor, A.; Matuz, M.; Csatordai, M.; Szalai, G.; Balint, A.; Benko, R.; Soos, G.; Doro, P. Medication use and risk
of falls among nursing home residents: a retrospective cohort study. Int. J. Clin. Pharm. 2017, 39, 408–415.
[CrossRef] [PubMed]

26. The Norwegian Directorate of Health. The Norwegian Patient Safety Programme: In Safe Hands. 2011.
Available online: http://www.pasientsikkerhetsprogrammet.no/om-oss/english/the-norwegian-patient-
safety-programme-in-safe-hands (accessed on 20 November 2018).

27. Husebo, B.S.; Ballard, C.; Sandvik, R.; Nilsen, O.B.; Aarsland, D. Efficacy of treating pain to reduce
behavioural disturbances in residents of nursing homes with dementia: Cluster randomised clinical trial.
BMJ 2011, 343, d4065. [CrossRef] [PubMed]

28. Cojutti, P.; Arnoldo, L.; Cattani, G.; Brusaferro, S.; Pea, F. Polytherapy and the risk of potentially inappropriate
prescriptions (PIPs) among elderly and very elderly patients in three different settings (hospital, community,
long-term care facilities) of the Friuli Venezia Giulia region, Italy: are the very elderly at higher risk of PIPs?
Pharmacoepidemiol. Drug Saf. 2016, 25, 1070–1078. [PubMed]

29. Parsons, C.; Johnston, S.; Mathie, E.; Baron, N.; Machen, I.; Amador, S.; Goodman, C.
Potentially inappropriate prescribing in older people with dementia in care homes: a retrospective analysis.
Drugs Aging 2012, 29, 143–155. [CrossRef] [PubMed]

30. Cossette, B.; Bergeron, J.; Ricard, G.; Ethier, J.F.; Joly-Mischlich, T.; Levine, M.; Sene, M.; Mallet, L.; Lanthier, L.;
Payette, H.; et al. Knowledge Translation Strategy to Reduce the Use of Potentially Inappropriate Medications
in Hospitalized Elderly Adults. J. Am. Geriatr. Soc. 2016, 64, 2487–2494. [CrossRef] [PubMed]

31. Chen, L.L.; Tangiisuran, B.; Shafie, A.A.; Hassali, M.A. Evaluation of potentially inappropriate medications
among older residents of Malaysian nursing homes. Int. J. Clin. Pharm. 2012, 34, 596–603. [CrossRef]
[PubMed]

32. Jansen, K.; Schaufel, M.A.; Ruths, S. Drug treatment at the end of life: an epidemiologic study in nursing
homes. Scand. J. Prim. Health Care 2014, 32, 187–192. [CrossRef] [PubMed]

33. Sadowski, C.A. Deprescribing—A Few Steps Further. Pharmacy 2018, 6, 112. [CrossRef]
34. Cool, C.; Cestac, P.; Laborde, C.; Lebaudy, C.; Rouch, L.; Lepage, B.; Vellas, B.; Barreto Pde, S.; Rolland, Y.;

Lapeyre-Mestre, M. Potentially inappropriate drug prescribing and associated factors in nursing homes.
J. Am. Med Dir. Assoc. 2014, 15, 850. [CrossRef] [PubMed]

35. Roen, I.; Selbaek, G.; Kirkevold, O.; Engedal, K.; Testad, I.; Bergh, S. Resourse Use and Disease Couse in
dementia - Nursing Home (REDIC-NH), a longitudinal cohort study; design and patient characteristics at
admission to Norwegian nursing homes. BMC Health Serv. Res. 2017, 17, 365. [CrossRef] [PubMed]

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1111/jgs.15016
http://www.ncbi.nlm.nih.gov/pubmed/28752589
http://dx.doi.org/10.1017/S1041610217001788
http://www.ncbi.nlm.nih.gov/pubmed/28988552
https://www.socialstyrelsen.se/Lists/Artikelkatalog/Attachments/18085/2010-6-29.pdf24
https://www.socialstyrelsen.se/Lists/Artikelkatalog/Attachments/18085/2010-6-29.pdf24
http://dx.doi.org/10.1186/1471-2318-14-40
http://www.ncbi.nlm.nih.gov/pubmed/24674152
http://dx.doi.org/10.1007/s11096-017-0426-6
http://www.ncbi.nlm.nih.gov/pubmed/28188510
http://www.pasientsikkerhetsprogrammet.no/om-oss/english/the-norwegian-patient-safety-programme-in-safe-hands
http://www.pasientsikkerhetsprogrammet.no/om-oss/english/the-norwegian-patient-safety-programme-in-safe-hands
http://dx.doi.org/10.1136/bmj.d4065
http://www.ncbi.nlm.nih.gov/pubmed/21765198
http://www.ncbi.nlm.nih.gov/pubmed/27184012
http://dx.doi.org/10.2165/11598560-000000000-00000
http://www.ncbi.nlm.nih.gov/pubmed/22204669
http://dx.doi.org/10.1111/jgs.14322
http://www.ncbi.nlm.nih.gov/pubmed/27590168
http://dx.doi.org/10.1007/s11096-012-9651-1
http://www.ncbi.nlm.nih.gov/pubmed/22622593
http://dx.doi.org/10.3109/02813432.2014.972068
http://www.ncbi.nlm.nih.gov/pubmed/25363144
http://dx.doi.org/10.3390/pharmacy6040112
http://dx.doi.org/10.1016/j.jamda.2014.08.003
http://www.ncbi.nlm.nih.gov/pubmed/25284165
http://dx.doi.org/10.1186/s12913-017-2289-x
http://www.ncbi.nlm.nih.gov/pubmed/28532443
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Study Setting and Population 
	Inclusion and Exclusion 
	Data Collection 
	Identification of PIMs 
	Statistical Analysis 
	Ethics and Approvals 

	Results 
	Diagnoses and Medicine Use 
	PIMs Identified 
	Factors Associated with the Use of PIMs 

	Discussion 
	Use of Medicines Related to the Central Nervous System and Risk of Falls 
	PIMs Related to the Use of Psychotropics 
	Factors Associated with the Number of PIMs Identified 
	Strategies to Combat Use of PIMs 
	Strengths and Limitations 

	Conclusions 
	References

