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Abstract

Background: There is no nationwide data on polypharmacy in palliative care in Japan. In this study, the research
committee of the Japanese Society for Pharmaceutical Palliative Care and Sciences conducted an online survey on
polypharmacy and inappropriate prescriptions involving its members who worked as hospital pharmacists.

Methods: The online questionnaire included questions about hospital pharmacist interventions for cancer patients
who regularly used six or more drugs during a two-month period from October to November 2017.

Results: Of 2618 hospital pharmacists, 359 responded (13.7%). With regard to cancer patients receiving opioids, 40.9
and 22.3% of the respondents replied that percentages of patients prescribed six or more regular medications were
"40-69%" and “70-99%," respectively. Regarding patients on polypharmacy, 73.0% of the respondents reported a low
or moderate rate of inappropriate prescriptions, with responses such as “long-term administration of irresponsible or
aimless medications”, “adverse drug reactions,” and “duplication of the pharmacological effect”. Furthermore, 24.2, 46.8,
and 23.4% of respondents replied that the rates of drug reduction due to pharmacist recommendations were
"0", "1-39%", and “more than 40%," respectively. Pharmacist interventions decreased the use of inappropriate
medications, including antiemetics, gastrointestinal medications, and hypnotic sedatives, and reduced or prevented
adverse drug reactions such as extrapyramidal symptoms, delirium, and sleepiness. Similar results were obtained for
cancer patients who did not use opioids. However, the rates of cancer patients on polypharmacy and with reduction
of inappropriate medications by pharmacist interventions were significantly higher in cancer patients receiving opioids.
Finally, recommendations of board-certified pharmacists in palliative pharmacy contributed to a decrease in the use of
inappropriate medications in cancer patients on polypharmacy (p = 0.06).

Conclusion: This nationwide survey clarified pharmacist interventions for polypharmacy in palliative care in Japan.
Our data showed frequent polypharmacy in cancer patients receiving opioids, and benefits of pharmacist interventions,
especially by board-certified pharmacists in palliative pharmacy, for reducing inappropriate medications and improving
adverse drug reactions.

Trial registration: The study approval numbers in the institution; 0046. Registered November 6, 2017.
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Introduction

Polypharmacy was defined 150 years ago, and it has been
cited and addressed as an important issue since the 1960s
[1]. Polypharmacy is generally defined as above a specific
number of regular use medications or as inappropriate or
unnecessary uses of multiple medications, such as lack of
indication, lack of efficacy, therapeutic duplication, long-
term administration of irresponsible or aimless medica-
tions, or overdose to the patients [2—4]. Although there is
no clear consensus on the number of medications [4],
many reports define five or more, or six or more regular
use medications as polypharmacy [5-8]. Several studies
have reported that the rate of polypharmacy to be
approximately 40% (defined as >9 medications) from a
survey of over 13,000 nursing home residents in the
United States [9], 45% (defined as >5 medications) from a
survey of patients over the age of 75years in the emer-
gency department in the United Kingdom [10], and 50 to
70% (defined as =5 medications) from a survey of inpa-
tients over the age of 65 years in internal medicine wards
in Italy [11]. Polypharmacy potentially associated with
inappropriate prescriptions, and causes various problems
such as drug interactions, adverse events, increased me-
dical expenses, and decreased medication adherence [12]
and has been considered a problem in Japan in recent
years. An observational survey conducted by a visiting
pharmacist revealed the rate of inappropriate prescription
was 48% in older patients in Japan [13]. Regular use of six
or more medications [14, 15] and five or more medi-
cations [16] was associated with the increase in adverse
drug reactions and decreased patient adherence [17, 18].
Furthermore, a dose-dependent relationship between
polypharmacy and mortality is observed, and excessive
polypharmacy (ie., regular use of ten or more medica-
tions) is associated with death [19]. On the other hand, re-
cent evidence suggests that deprescribing, a process of
identifying and discontinuing inappropriate medications,
can reduce inappropriate polypharmacy in older patients,
although it is uncertain whether it can improve clinical
outcomes [20, 21].

Hospital pharmacists conduct clinical drug evaluations
in inpatients. Interventions in polypharmacy are among
the most important tasks and an important obligation
required of pharmacists. However, management of poly-
pharmacy still remains a challenge for most hospital
pharmacists in Japan. Little evidence exists regarding the
effects of a pharmacist interventions on polypharmacy in
Japanese clinical practice settings.

As cancer patients inevitably experience many events
and need many medications, cancer-related therapies may
frequently become polypharmacy [22], and caution against
the prescription of multiple drug combinations is required
in cancer patients and the elderly [23]. Especially in pallia-
tive care for cancer patients, it is quite likely for patients
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to be on polypharmacy because of the use of a number of
drugs for symptomatic relief. In addition, the use of opi-
oids for cancer pain relief and its supportive medications
such as gastrointestinal medications and antiemetics may
increase polypharmacy [24]. However, even in cancer
patients in palliative care, polypharmacy is a high risk for
the occurrence of inappropriate prescriptions that should
be identified and reduced by pharmacists. Nevertheless, to
date, no nationwide data are available on polypharmacy
and inappropriate prescriptions in palliative care in Japan.
Therefore, the research committee of the Japanese Society
for Pharmaceutical Palliative Care and Sciences (JSPPCS)
conducted a survey on polypharmacy and inappropriate
prescriptions for its members who worked as hospital
pharmacists without obtaining patient’s personal informa-
tion. The purpose of this study was to clarify hospital
pharmacist interventions and their effects on polyphar-
macy in cancer patients who did or did not receive opioids
in their routine work in Japan. Especially, we evaluated the
benefits of the interventions of a Board-Certified Pharma-
cist in Palliative Pharmacy (BCPPP), an accreditation
offered by the JSPPCS since 2009, on polypharmacy in
cancer patients.

Materials and methods

Study design and data source

The survey subjects were 2618 hospital pharmacists across
Japan who were members of the JSPPCS. We conducted
the questionnaire survey between January and February
2018. We asked the pharmacists about polypharmacy and
their interventions for patients with cancer between Octo-
ber and November 2017. The research committee sent an
e-mail that explained the purpose of the questionnaire
study, advertised the survey on the website, and requested
all members to take the survey. Respondents answered the
survey questions by checking the medical and prescribing
records in their hospitals during the investigation period.
There were no rewards offered for responses, and thus,
taking the survey constituted voluntary work.

Definitions

Definitions of polypharmacy

In this study, we defined polypharmacy based only on the
number of medications to analyze the results uniformly
collected from various states of hospital pharmacists in
their routine work. A systematic review [19] reported that
the definition of polypharmacy used in studies can be clas-
sified as 1-4, 5, 6-9, or 10 or more medications. Polyphar-
macy is often defined as the regular use of five or more
medications. However, it is increasingly acceptable that
multiple medications can be appropriate under certain
circumstances [25], such as palliative care. In this study,
we defined “polypharmacy” as the regular use of six or
more medications (not including p.r.n. medications), as
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this number of medications is significantly associated with
an increase in adverse drug reactions in Japan [16]. It is
noted that hospital pharmacists can receive a healthcare
reimbursement fee from the national insurance when they
reduce two or more drugs for patients prescribed six or
more regular medications in the Japanese medical-service
fee system “Total drug evaluation and management
healthcare reimbursement fee”.

Definitions of inappropriate prescribing and medication use
There are several definitions for inappropriate prescribing
[26-31]. The American Geriatrics Society Beers Criteria
[29] and Screening Tool of Older People’s Prescriptions
(STOPP) [28] are well-known criteria that address mul-
tiple elements for reducing polypharmacy. However, in this
study, we defined “inappropriate prescribing and medica-
tion use” as: 1) therapeutic duplication, or the prescription
of multiple medications for the same indication or the same
class of medications; 2) the prescription of medications that
may cause clinically significant drug-drug or drug-disease
interactions; 3) wrong dosage, frequency, duration and
routes of administration of medications; 4) long-term
administration of irresponsible or aimless medications, and;
5) the prescription of medications that may increase the
risk of occurrence of adverse drug reactions. The “inappro-
priate prescribing and medication use” and its causes were
judged by the respondents. Inappropriate medications did
not include p.r.n. medications.

Definitions of regular medication

In this study, we defined “regular medication” as a pre-
scribed medication to take on schedule, except for p.r.n.
medication taken only when symptoms occur.

Questionnaire

Eight members of the research committee of the JSPPCS
first developed the draft version of questionnaires and
options for answers. Before starting the nationwide sur-
vey, we conducted a pilot investigation for the members
and 13 co-workers with over 10 years of clinical pharma-
cist experience to validate the draft questionnaire. Based
on the results and suggestions/comments from the pilot
investigation, we modified and adjusted the question-
naires and options for answers that were finalized under
the agreement and understanding of all members of the
research committee (13 members) and executive board
of the JSPPCS (20 members).

The questionnaire (Additional file 1: Table S1) was ad-
ministered using the society’s website (URL: http://jpps.
umin.jp/kenkyu/index.html). In the first section, we
investigated: 1) sex of the respondents (options); 2) years
of pharmacist experience (options); 3) receipt or not of
the “Total drug evaluation and management healthcare
reimbursement fee” in the institution (options); 4)
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pharmacy board certification (options, multiple answers
allowed); 5) confidence in palliative care (options); 6)
number of continuing education sessions related to
palliative care attended in the last year (options), and; 7)
the percentage of cancer patients in all the patients man-
aged by the pharmacist (options). The confidence score
ranged from zero (no confidence) to ten (full confi-
dence), and was self-evaluated by the respondent, as
previously described [32]. As part of the questionnaire
survey, the respondents were also asked about their
board certifications related to cancer therapy and pallia-
tive care, such as the JSPPCS certification BCPPP, the
Japanese Society of Pharmaceutical Health Care and Sci-
ences (JSPHCS) certification of Oncology Pharmacist,
the Japanese Society of Hospital Pharmacists certifi-
cation of Board Certified Pharmacist in Oncology Phar-
macy (BCPOP), the Japanese Society of Pharmaceutical
Oncology certification of Accredited Pharmacist of
Ambulatory Cancer Chemotherapy (APACC), and other
board pharmacy certifications available in Japan.

In the second and third sections, we investigated the
pharmacist interventions in polypharmacy for cancer
patients who did and did not receive opioids, respectively,
as follows: 1) number of opioid-using cancer patients
managed by the respondents in the two-month study
period; 2) percentage of opioid-using cancer patients who
were prescribed six or more regular medications (options);
3) percentage of inappropriate prescriptions in the cases
of the patients on polypharmacy (options); 4) reasons for
inappropriate prescriptions identified by pharmacists
(options, multiple answers allowed); 5) percentage of
patients on polypharmacy with drug reduction due to a
pharmacist recommendation (options); 6) reasons for in-
appropriate prescription reduction based on the pharma-
cist recommendation (options, multiple answers allowed);
7) number of concurrent regular medications reduced due
to a pharmacist recommendations (options); 8) drugs
reduced due to a pharmacist recommendations (options,
multiple answers allowed), and; 9) reduced symptoms of
adverse drug reactions because of pharmacist recommen-
dations (free description).

Exclusion criteria
When the respondents did not answer some questions,
we excluded only the blank data, but included other
available data from questions that were answered by
the respondents.

Data analysis

When compared between the opioid-using and non-
using patients, bivariate analyses were employed to
examine differences in the demographic characteristics,
using chi-square tests for categorical variables. Nonpara-
metric multiple comparison analyses followed by the
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Steel-Dwass’s test were performed to examine the corre-
lation between board certifications of pharmacists in
cancer therapy and palliative care. All data were analyzed
using JMP Pro version 13.2.0 (SAS Institute, Cary, NC,
United States). A p-value < 0.05 and a p-value < 0.10 were
considered as statistically and marginally significant,
respectively.

Results

Response rates and subjects’ backgrounds

Of 2618 hospital pharmacists, 359 responded to the sur-
vey, and the response rate was 13.7%. As shown in Table 1,
the percentage of respondents who had more than 10
years of experience as a pharmacist was 73.5% (264/359).
Forty-nine percent of respondents replied that their fa-
cilities had received the “Total drug evaluation and
management healthcare reimbursement fee”. Of the 359
respondents, 222 (61.8%) had some board pharmacy certi-
fication related to cancer therapy and palliative care and
130 (36.2%) had no board certification. The top four board
certifications were as follows: BCPPP offered by the
JSPPCS (n =123, 34.3%), BCPOP (n=82, 22.8%), the
JSPHCS certification of Oncology Pharmacist (n=52,
14.5%), and APACC (1 =32, 8.9%). The total number of
other board-certified pharmacists with certifications other
than BCPPP was 99 (27.6%). The score of confidence in
palliative care was widely distributed on a scale of zero to
10, and the median score was seven. More than 95% of
the respondents had attended at least one continuing edu-
cation event related to palliative medication in the past
one year. Many patients managed by the respondents were
patients with cancer: 44.9% of respondents replied that
more than 70% of patients were cancer patients.

Pharmacist interventions in polypharmacy for cancer
patients who used opioids

In the first section, the questionnaire asked respondents
about interventions for opioid-using cancer patients
(Tables 2 and 3). The median number of opioid-using can-
cer patients managed by the respondents was 10 (range
1-300). The percentages of opioid-using cancer patients
who were prescribed six or more regular medications were
as follows: “zero” (7.2%), “1-39%” (21.4%), “40-69%"
(40.9%), “70-99%" (22.3%), and “100%” (6.1%). In the cases
of the patients on polypharmacy, the percentages of
inappropriate prescriptions detected by pharmacists were
as follows: “zero” (24.5%), “1-39%” (64.3%), “40-69%"
(8.1%), and “70-99%” (0.6%). The top three reasons for
inappropriate prescriptions identified by pharmacists were
“long-term administration of irresponsible or aimless
medications” (63.8%), “adverse drug reactions caused by
medications” (24.0%), and “medications-mediated duplica-
tion of the pharmacological effect” (21.7%). The percent-
ages of patients on polypharmacy with drug reduction due
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to a pharmacist recommendations were “none” (24.2%),
“1-39%”" (46.8%), “40-69%” (12.0%), “70-99%” (5.0%), and
“100%” (6.4%). Thus, 70.2% of respondents reduced the
number of inappropriately prescribed drugs in opioid-using
cancer patients on polypharmacy. The reasons for inappro-
priate prescriptions reduced by pharmacist recommen-
dations were “long-term administration of irresponsible or
aimless medications” (58.8%), “adverse drug reactions
caused by medications” (38.4%), “change from oral to other
dosage form due to oral feeding difficulty” (35.1%), “medi-
cation-mediated duplication of the pharmacological effect”
(24.8%), “medication-induced drug-drug interactions”
(15.9%), and “other” (5.0%).

The average numbers of concurrent regular medications
reduced due to pharmacist recommendations were “zero”
(15.3%), “one” (42.9%), “two” (22.6%), “three” (5.0%), “four”
(0.3%), and “five or more” (1.1%). The top three pharmaco-
logical categories of the drugs reduced due to pharmacist
recommendations were “antiemetics” (44.8%), “gastrointes-
tinal medications” (39.3%), and “hypnotic sedatives” (28.7%).
The majority of the drugs reduced in each pharmacological
category were as follows: “dopamine receptor antagonists”
(33.1%) and “prokinetic agents” (22.0%) among antiemetics,
“histamine H, receptor blockers (H, blockers)” (19.2%)
among gastrointestinal medications, “benzodiazepines”
(28.7%) among hypnotic sedatives, “nonsteroidal anti-
inflammatory drugs (NSAIDs)” (16.7%) among analgesics,
“salt-based laxative” (13.6%) among laxatives, and “typical
antipsychotics” (14.2%) among antipsychotics. The top three
symptoms of adverse drug reactions reduced because of
pharmacist recommendations were “extrapyramidal symp-
toms” (27.9%), “delirium” (13.6%), and “sleepiness” (10.0%).

Pharmacist interventions in polypharmacy for cancer
patients who did not use opioids

In the second section, the questionnaire asked about the
respondents’ interventions for patients who did not re-
ceive opioids (Tables 4 and 5). The median number of
opioid non-using cancer patients managed by the re-
spondents was 20 (range, 1-300). The percentages of
opioid non-using cancer patients who were prescribed
six or more regular medications were as follows: “zero”
(10.3%), “1-39%" (39.0%), “40—-69%" (34.8%), “70-99%”
(8.1%), and “100%” (2.2%). Among the patients on poly-
pharmacy, the percentages of inappropriate prescriptions
detected by pharmacists were as follows: “zero” (25.6%),
“1-39%" (59.3%), “40—69%”" (7.2%), and “70-99%” (0.6%).
The top three reasons for inappropriate prescriptions
identified by pharmacists were “long-term administration
of irresponsible or aimless medications” (56.3%), “medi-
cations-mediated duplication of the pharmacological
effect” (29.5%), and “adverse drug reactions caused by
medications” (20.9%). Percentages of polypharmacy
patients with drug reduction due to pharmacist
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Table 1 Background characteristics of respondents Table 1 Background characteristics of respondents (Continued)
n (%) n (%)
Sex Male 200 (55.7) 1 to 39% 97 (27.0)
Female 158 (44.0) 40 to 69% 94 (26.2)
No response 1 0.3) 70 to 99% 103 (28.7)
Pharmacy experience, years 1 to 3 8 (2.2) 100% 58 (16.2)
4106 42 (11.7) 1) BCPPP: Board Certified Pharmacist in Palliative Pharmacy
2) BCPOP: Board Certified Pharmacist in Oncology Pharmacy
7t09 44 (123) 3) JSPHCS: Japanese Society of Pharmaceutical Health Care and Sciences
1010 14 % (262) 4) APACC: Accredited Pharmacist of Ambulatory Cancer Chemotherapy
15t0 19 65 (18.1) . ) N “ .
recommendations were “none” (25.9%), “1-39%” (45.4%),
more than 19 105 (292 o/ o\ « o/ o «1 00" o
40-69%" (4.2%), “70-99%” (5.8%) and “100%” was (3.3%).
No response 1 0.3)

Thus, 58.7% of respondents reduced the number of in-

Receives “Total drug evaluation and management appropriately prescribed drugs in opioid non-using cancer

healthcare reimbursement fee” . . .
patients on polypharmacy. The reasons for inappropriate

Yes 176 (490)  prescriptions reduced by a pharmacist recommendation
No 183 (510)  were “long-term administration of irresponsible or aimless
Board pharmacy Yes 222 (618  medications” (48.2%), “adverse drug reactions caused by
certification No 130 (362  medications” (29.5%), and “medications-mediated duplica-
No response 719 tion of the pharmacological effect” (28.1%), j‘chan‘ge fI"OII’l,
scppp? 13 (43 oral to other df)sage f9rm due to oral feedlr}g dlfﬁc.ulty
‘ (20.6%), “medication-induced drug-drug interactions”
BCPOP” 82 (28 (14.5%), and “other” (3.1%).
JSPHCS” certification of 52 (145) The average numbers of concurrent regular medica-
Oncolagy Pharmacist tions reduced due to a pharmacist recommendations
APACCY 32 (89 were “zero” (15.9%), “one” (42.1%), “two” (14.8%), “three”

Pharmacists with certifications 99 276)  (3.3%), “four” (0.6%), and “five or more” (1.4%). The top
other than BCPPP three pharmacological categories of the drugs reduced

Confidence score in palliative care due to a pharmacist recommendations were “gastro-
(No confidence, O; full confidence, 10) intestinal medications” (35.1%), “antiemetics” (24.5%),
Zero 5 (04  and “hypnotic sedatives” (23.1%). The majority of the
1 7 (19  drugs reduced in each pharmacological category were as
5 5 (14) follows: “prokinetic agents” (14.5%) and “dopamine re-
3 9 (5 ceptor antagonists” (13.9%) among antiemetics, “H,
blockers” (19.2%) and “proton pump inhibitors (PPIs)”
4 10 (28 . . Lo « .
(16.2%) among gastrointestinal medications, “benzodiaz-
> >4 (50 epines” (22.6%) among hypnotic sedatives, “NSAIDs”
6 76 (21.2)  (17.0%) among analgesics, “salt-based laxative” (13.1%)
7 92 (256) among laxatives, and “typical antipsychotics” (8.6%)
3 69 (1920 among antipsychotics. The top three symptoms of ad-
9 24 (67  Vverse drug reactions reduced because of a pharmacist
0 s 09 recommendations were “electrolyte abnormality” (5.6%),
' “delirium” (3.9%), and “hypotension” (3.9%).
Nationwide attendance at continuing education sessions
related to palliative care in a year . . L. . .
Differences in pharmacist interventions in polypharmacy
Zero 17 @47) . . . ..
between cancer patients using and not using opioids
113 260 (724)  The rate of cancer patients who were prescribed six or
4106 58 (162) more regular medications was significantly higher in
7t09 14 (39) opioid-using patients than that in opioid non-using
More than 9 0 (8 patients (p <0.001). However, the rate of inappropriate
. . prescriptions was not statistically different between
Percentage of cancer patients managed by pharmacists . . . .
. ;a9 opioid-using and non-using patients (p = 0.906). The top
ero B

three reasons of inappropriate prescriptions (long-term
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Table 2 Pharmacist interventions for cancer patients who used

opioids opioids (Continued)
n (%) n (%)
Number of opioid-using cancer patients Average number of medications reduced by
Median 10 pharmacist recommendations
[Range] - 0 55 (153)
300] 1 154 (42.9)
Percentage of opioid-using cancer patients 2 81 (22.6)
prescribed six or more regular medications 3 18 (50)
Zero 26 (7.2) 4 1 03)
110 3%% 7 @14) More than 4 4 (1.1
40 to 69% 147 (40.9)
70t 99% 80 (223) administration of irresponsible or aimless medications,
100% 2 C) adverse drug reactions caused by medications, and
No response 7 (1.9) medications-mediated duplication of the pharmaco-

Percentage of inappropriate prescriptions in opioid-using
cancer patients prescribed six or more regular medications

Zero 88 (24.5)
1 to 39% 231 (64.3)
40 to 69% 29 8.1)
70 to 99% 2 (0.6)
100% 0 ()
Reasons for inappropriate prescriptions (multiple answers
from options)
Long-term administration of irresponsible or aimless 229 (63.8)
medications
Adverse drug reactions caused by medications 86 (24.0)
Medications-mediated duplication of the 78 (21.7)
pharmacological effect
Medication-induced drug-drug interactions 46 (12.8)
Other 24 (6.7)
Percentage of patients on polypharmacy with drug
reduction due to pharmacist recommendations
Zero 87 (24.2)
1 to 39% 168 (46.8)
40 to 69% 43 (120
70 to 99% 18 (5.0)
100% 23 6.4)
No response 20 (5.6)
Reasons for pharmacist recommendations to reduce
medications (multiple answers from options)
Long-term administration of irresponsible or 211 (58.8)
aimless medications
Adverse drug reactions caused by medications 138 (384)
Change from oral to other dosage form due to 126 (35.0)
oral feeding difficulty
Medications-mediated duplication of the 89 (24.8)
pharmacological effect
Medication-induced drug-drug interactions 57 (15.9)
Other 18 (5.0

logical effect) were the same between the two groups.
The rate of cancer patients on polypharmacy with drug
reduction due to pharmacist recommendations was sig-
nificantly higher in opioid-using patients than that in
opioid non-using patients (p <0.01), although the ca-
tegories of medications reduced by pharmacist recom-
mendations (antiemetics, gastrointestinal medications,
and hypnotic sedatives) were the same between the
groups. The top three symptoms for adverse drug reac-
tions reduced due to pharmacist recommendations were
different: “extrapyramidal symptoms,” “delirium,” and
“sleepiness” in opioid-using cancer patients, and “elec-
trolyte abnormality,” “delirium,” and “hypotension” in
opioid non-using patients. However, the reduced num-
ber of concurrent regular medications was not different
between the two groups (p = 0.332).

Correlation between board-certified pharmacists and
pharmacist interventions in polypharmacy

We analyzed the correlation between board-certified
pharmacists related to cancer therapy and palliative care
and pharmacist interventions in polypharmacy (Fig. 1).
The respondents were divided into three groups; BCPPP
(n =123), other certification (other than BCPPP; n = 99),
and no-certification groups (n = 130). Confidence scores
in palliative care in the BCPPP and other certification
groups were significantly higher than that in the no-
certification group (p <0.0001). Furthermore, the confi-
dence score in the BCPPP group was significantly higher
than that in the other certification group (p =0.002)
(Fig. la). The numbers of attendances at nationwide
continuing education sessions related to palliative care
in a year were not different among the three groups (Fig.
1b). The percentage of cancer patients managed by the
BCPPP and other certification groups were significantly
higher than that managed by the no-certification group
(p <0.0001) (Fig. 1c).



Uchida et al. Journal of Pharmaceutical Health Care and Sciences (2019) 5:14 Page 7 of 13

Table 3 Reduced drugs and improved adverse drug reactions Table 3 Reduced drugs and improved adverse drug reactions
due to pharmacist interventions for cancer patients who used due to pharmacist interventions for cancer patients who used
opioids opioids (Continued)
n (%) n (%)
Pharmacological categories of drugs reduced by Steroids 2 (0.6)
pharmacist recommendations External medicine ) 06)
Antiemetics 161 (448) Antihyperuricemics 2 0.6)
Gastrointestinal medications 141 (39.3) Diuretics 1 03)
Hypnotic sedatives 103 (28.7) Antibiotics . 03)
Analgesics 102 (284) Antiasthmatic drugs 1 0.3)
Laxatives 72 (@00 Antiepileptic drugs 1 (0.3)
Antipsychofics o1 (142 Antidementia drugs 1 0.3)
Other 4320 Antivirals 103
;ﬁiﬁfg@ j;igje'r’; gg‘i}” gg;;”;j)co'og‘ca' category Anticancer drugs 1 (03)
Antiemetics Dopamine receptor antagonists 119 (33.) Infusion fluid ! 03)
Prokinetic agents 79  (220) Other 2 ©06)
Antihistaminic agents 20 (56 (Sgerr;prt;)urﬂispilrgggc;ﬁgrgue to pharmacist interventions
Other 2 09 Extrapyramidal symptoms 100 (27.9)
%a;;rifc)iar;itgstsinal Histamine H, receptor blockers 69 (19.2) Delirium 49 (136)
Proton pump inhibitors 48  (134) Sleepiness 36 (100)
Gastric antacids 37 (10.3) Constipation 20 (6
Prostaglandin analogs 16 (4.5 Renal dysfunction 1860
Other 30 (84) Dizziness 16 (4.5)
Hypnotic Benzodiazepines 103 (28.7) Nausea and vomiting 1469
sedatives Non-benzodiazepines 31 86 Electrolyte abnormalities 1M1 @31
Analgesics Non-steroidal anti-inflammatory drugs 60 (16.7) Sleep disorders 7 (19)
Analgesic adjuvants 40 (110) Gastrointestinal disorders 7 (1.9
Opioids 32 (89 Hypotension 6 (1.7)
Acetaminophen 2 61) Liver dysfunction 4 1n
Laxatives Salt-based laxative 49  (13.6) Hypoglycemia 3 ©8)
Peroral stimulative laxatives 25 (7.0 Bleeding 3 (08)
Enema clysters 6 17) Myasthenia gravis 2 (0.6)
Small intestine irritant laxative 3 (0.8) Edema 2 ©06)
Other 308 Tiredness 1 03)
Antipsychotics  Typical antipsychotics 51 (142 Dehydration ! 03)
Atypical antipsychotics 32 (89 Disturbance of consciousness 1 0.3)
Others Hypertensives 14 (39 Dysuria ! (03)
Vitamins 8 22) Leukopenia 1 0.3)
Antidiabetics 5 (14 Aspiration 03
Chinese herbal medicine 4 (1.1) Sedation L ©03)
Medication for intestinal disorders 4 Stomatitis ! 03)
Drugs to facilitate urination via the bladder 4 (1.1) Hyperglycemia 1 ©03)
Drugs for high cholesterol 4 (1.1) Respiratory depression 2 ©06)
Cardiovascular drugs 2 (06)
Cold medicines 2 (0.6)
Anticoagulants 2 (0.6)
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Table 4 Pharmacist interventions for cancer patients who did
not use opioids (Continued)

n (%) n (%)
Number of opioid non-using cancer patients Average number of medications reduced by pharmacist
) recommendations
Median 20
[Range] [1-300] 0 >/ (159)
. . ) 1 151 (42.1)
Percentage of opioid non-using cancer patients
prescribed with six or more regular medications 2 53 (14.8)
Zero 37 (10.3) 3 12 (33)
1 to 39% 140 (39.0) 4 2 (0.6)
40 to 69% 125 (34.8) more than 4 5 (1.4)
70 to 99% 29 8.1)
100% 3 2.2) The number of opioid-using cancer patients managed
No response 20 (56) by the BCPPP group was ‘51gr}1flcantly higher thafn‘ thf)se
percent - . otions in onioid managed by the no-certification and other certification
ercentage of inappropriate prescriptions in opioi . .
non-using cancer patients prescribed six or more groups (p=0.001 and p =0.004, respectively) (Fig. 1d).
regular medications With regard to opioid-using cancer patients, there were
Zero 9 @56)  ho differences in the rates of polypharmacy and inappro-
|t 39% 13 (593) plflatelprefscnll_)ltlons amo}ilg the three phe;rmalasi}:1 groups
ig. le, f). However, the percentage of polypharmac
40 to 69% 26 (7.2) ( & ) . p g POYP Y
cancer patients with drug reduction due to the re-
7010.9%% 2 08 commendations by the BCPPP group was marginally
No response 26 (72) higher than that by the no-certification group (p =0.06)
Reasons for inappropriate prescriptions (multiple answers (Fig. 1g), although there were no significant differences
from options) in the average number of medications reduced by
Long-term administration of irresponsible or 202 (563)  pharmacist recommendations among the three groups
aimless medications (Fig. 1h)
Medications-mediated duplication of the 106 (295) The number Of Opioid non-using cancer patients ma-
pharmacological effect e N
naged by the other certification group was significantly
Adverse drug reactions caused by medications 75 (209) higher than those managed by the no-certification and
Medication-induced drug-drug interactions 50 (1390 BCPPP groups (p=0.012 and p=0.045, respectively)
Other 13 36) (Fig. 1i). However, intergroup differences in polyphar-
Percentage of patients on polypharmacy with drug macy, inappropriate prescriptions, percentages of poly-
reduction due to pharmacist recommendations pharmacy cancer patients with drug reduction due to a
Zero 03 (2509) pharmacist recommendations, and the average number
!t 39% 163 (45.4) of med}catl.()ns reduced by pharmacists were not signifi-
cant (Fig. 1j-m).
40 to 69% 15 (4.2)
70 to 99% 21 (5.8) Discussion
100% 12 (33)  This is the first nationwide questionnaire survey-based
No response 55 (153)  study in Japan showing pharmacist interventions for
Reasons for pharmacist recommendations to reduce cancer patients on polypharmacy and inappropriate pre-
medications (multiple answers from options) scriptions. Remarkably, most of the respondents ob-
Long-term administration of irresponsible or 173 482)  served polypharmacy in cancer patients in their charge
aimless medications and 70.2 and 58.7% of respondents have reduced in-
Adverse drug reactions caused by medications 106 (295)  appropriate medications in opioid-using and non-using
Medications-mediated duplication of the 101 (281)  cancer patients, respectively, in their routine work.
pharmacological effect In this study, we showed that the rate of cancer
Change from oral to other dosage form due to oral 74 (206)  patients on polypharmacy was higher in opioid-using
feeding difficulty patients. Polypharmacy is risky even in patients with
Medication-induced drug-drug interactions 52 (1450  cancer and older people [23]. Furthermore, cancer pa-
Other 11 3.1 tients using opioids tend to be prescribed more medica-

tions than opioid non-using patients. This is not
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Table 5 Drugs reduced and improved adverse drug reactions
due to pharmacist interventions for cancer patients who did not
use opioids (Continued)

n (%) n (%)
Pharmacological categories of drugs reduced by Other 1 (0.3)
pharmacist recommendations Symptoms improved due to pharmacist
Gastrointestinal medications 126 (35.1) interventions (free multiple answers)
Antiemetics 88  (24.5) Electrolyte abnormality 20  (56)
Hypnotic sedatives 83  (23.1) Delirium 14 (3.9)
Analgesics 81  (22:6) Hypotension 14 (39
Laxatives 60 (16.7) Renal dysfunction 12 (33)
Antipsychotics 31 (86) Extrapyramidal symptoms 9 (2.5)
Other 41 (11.4) Sleepiness 9 (2.5)
Drugs reduced in each pharmacological category Liver dysfunction 9 (2.5)
(multiple answers from options) Constipation 8 2.2)
Antiemetics Prokinetic agents 52 (145) Dizziness 8 (2.2)
Dopamine receptor antagonists 50  (13.9) Hypoglycemia 4 (1)
Antihistaminic agents 15 (4.2 Nausea and vomiting 3 08)
Other > (14 Sleep disorder 3 (0.8)
%a;;rig:itssgnal Histamine H, r‘ecr%p‘tor blockers 69 (19.2) Gastrointestinal disorder 3 08)
Proton pump inhibitors 58  (16.2) Bleeding 5 06)
Gastric antacids 33 (92 Dysuria 5 06)
Prostaglandin analogs 0 (29 Myasthenia gravis 1 03)
Other % U2 Edema 1 0.3)
Hypnotic sedatives Benzodiazepines 81 (226) Tiredness 1 03)
Non-benzodiazepines 26 (7.2) Dehydration 1 03)
Analgesics Non-steroidal anti-inflammatory drugs 61  (17.0) Hyperglycemia 1 03)
Analgesic adjuvants 23 (64) Fover 1 03)
Acetaminophen 21 (58 Bradycardia 1 03)
Laxatives Salt-based laxative 47 - (13.1) Thrombosis 1 03)
Peroral stimulative laxatives 21 (58 Digoxin intoxication 1 03)
Small intestine irritant laxative 3 (0.8)
Other 2 (08  gurprising since the prescription of opioids is itself an
Antipsychotics Typical antipsychotics 31 (86) increase in one concurrent medication, and most of
Atypical antipsychotics 2 1) opioid-using cancer patients are prescribed non-opioid
Others Hypertensives 15 @2 analgesics, such as acetaminophen and NSAIDs, for the
Vitarmins s 09 tljeatment of cancer ‘pain.‘In additi.on,‘supportive m§di-
cines such as gastrointestinal medications and laxatives
Antibiotics > 04 are prescribed for prevention of NSAID-induced gastro-
Drugs for high cholesterol 5 (04  intestinal injury and opioid-induced constipation. Thus,
Medications for intestinal disorders 4 (1.1)  the present findings suggest that the use of opioids can
Diuretics 3 (08 further increase the risk for polypharmacy in cancer
Antihyperuricemics 308 patients. In cancer patients on polypharmacy, appro-
Antidiabetics s 08 ximatejly ‘70% respondents observed some inal‘)propri;{te
prescriptions, such as long-term administration of ir-
Chinese herbal medicine 3 08 responsible or aimless medications, adverse drug reac-
Anticoagulants 1 03  tions and duplicated pharmacological medications. It is
Antiepileptic drugs T (03 reported that polypharmacy is potentially associated with
Gargle medicines 1 03) inappropriate prescriptions [16, 33, 34]. Frequent poly-

pharmacy in cancer patients may cause inappropriate
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prescriptions. However, in this study, we could not de-
tect a difference in the rate of inappropriate prescrip-
tions between opioid-using and non-using patients,
suggesting that it can occur regardless of whether opi-
oids are used or not in cancer patients on polypharmacy.

Approximately 60-70% of respondents contributed to
reduce inappropriate medications by pharmacist recom-
mendations in cancer patients on polypharmacy. Thus,
hospital pharmacists can actively identify and reduce in-
appropriate medications, such as long-term administration
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*p <001, ¥*p <0001, ***p < 00001, and #p < 0.10 (Steel-Dwass's test)

Fig. 1 Correlation between the involvement of board-certified pharmacists and pharmacist interventions for polypharmacy. The respondents were divided
into three groups; board-certified pharmacist in palliative pharmacy (BCPPP; n = 123), other certification (except for BCPPP; n = 99), and no-certification groups
(n=130). (@) Confidence in palliative care (0; no confidence; 10, full confidence); (b) attendance at nationwide continuing education sessions related to
palliative care in a year; (c) percentage of patients with cancer managed by pharmacists (zero, 1-39%, 40-69%, 70-99, and 100%); cancer patients prescribed
with opioids (d-h) and cancer patients prescribed without opioids (I-M) managed by respondents for the two-month study period; (d and i) number of the
patients; (e and j) percentage of patients prescribed six or more regular medications (zero, 1-39%, 40-69%, 70-99, and 100%); (f and k) percentage of
inappropriate prescriptions in patients on polypharmacy (zero, 1-39%, 40-69%, 70-99, and 100%), (g and 1) percentage of patients on polypharmacy with
drug reduction due to pharmacist recommendations (zero, 1-39%, 40-69%, 70-99, and 100%); and (h and m) average number of medications reduced due
to pharmacist recommendations among patients on polypharmacy. Data are expressed as dot-box plot (median, interquartile range, and outliers). *p < 0.05,

of irresponsible or aimless medications, adverse drug re-
actions and duplicated pharmacological medications, in
cancer patients on polypharmacy. These pharmacist inter-
ventions for polypharmacy could result in resolving or
preventing adverse drug reactions related with polyphar-
macy in cancer patients. In addition, the present results
suggest that drug reduction due to pharmacist recommen-
dations was frequent in opioid-using cancer patients
rather than opioid non-using cancer patients. It might be
due to that larger number of concurrent medications are
prescribed, accompanied with the use of opioids, as
described above.

In this study, we did not investigate what kinds of me-
dications were frequently and commonly prescribed in
cancer patients who did or did not receive opioids. How-
ever, the symptoms for adverse drug reactions reduced
due to pharmacist recommendations were different be-
tween opioid-using and non-using patients. It is reported
that antiemetics, gastrointestinal medications, or hypnotic
sedatives used concurrently with opioids caused extra-
pyramidal symptoms or delirium and worsened adverse
drug reactions in opioid-using patients [35]. In particular,
the contributions were more evident in opioid-using can-
cer patients for severe adverse drug reactions, such as
extrapyramidal symptoms and delirium. The main reason
for pharmacist interventions in antiemetic reduction was
likely to improve extrapyramidal symptoms. Another rea-
son for pharmacist intervention may be to avoid duplicate
prescriptions of H, blockers and PPIs, since H, blockers
are known to affect the central nervous system, resulting
in delirium in older people [36]. Furthermore, it seemed
that pharmacists reviewed the use of antipsychotics or
hypnotic sedatives to manage delirium and sleepiness.

The pharmacy certification may be beneficial in ma-
naging the appropriate treatment. Board certification was
introduced about 10years ago in Japan following the
Western board certification systems. In the United States,
the Board of Pharmacy Specialties was established as an
organization independent of the American Pharmacists
Association. Those board certifications are recognized as
surrogate markers for advanced medical practice, such as
increased medical knowledge, superior training, and cer-
tain aspects of patient care, in general [37]. A previous

survey revealed the benefit of board certification in oncol-
ogy pharmacy in Japan [32]. In this study, we evaluated
factors correlated with the BCPPP and other board certi-
fications and showed that board certification had positive
effects on the management of polypharmacy. Respondents
who possessed the BCPPP and other board certifications
had more confidence in palliative care, indicating that cer-
tified pharmacists are well experienced in palliative care,
although the attendances at education events were similar.
Expectedly, the number of cancer patients managed by
the BCPPP and other certification groups were higher
than those managed by the no-certification group. Inte-
restingly, the number of opioid-using cancer patients
managed by the BCPPP group was higher than those
managed by the other certification and no-certification
groups, suggesting that qualifications, especially BCPPP,
motivate hospital pharmacists to use and manage pallia-
tive medicines including opioids. Furthermore, the results
indicated that BCPPP contributed to a reduction in in-
appropriate medications among opioid-using patients on
polypharmacy. These results suggest the benefits of certifi-
cation in palliative pharmacy on the improvement of poly-
pharmacy in opioid-using cancer patients.

This study has several limitations. 1) This study is a
retrospective survey study investigating the past medica-
tion/prescribing records by the respondents. Thus, there
was a time lag between the response period of the ques-
tionnaire and the investigation period (several months),
which may lead to recall bias. However, the questionnaire
method was made to broadly clarify the practical situation
of hospital pharmacist interventions to improve polyphar-
macy in their routine work. 2) The response rate to this
survey was low (13.7%), although the information was ad-
vertised to all members of the JSPPCS via e-mail and
through the website. It is possible that the respondents
may be a conscientious population motivated to improve
polypharmacy, but not representatives of hospital phar-
macists in Japan. Therefore, we could not expand the
present data to general information for Japanese pharma-
cists. 3) In the present Japanese medical service fee
system, hospital pharmacists can receive a healthcare
reimbursement fee from national insurance when they
reduce two or more drugs for patients prescribed six or
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more regular medications. The fee system can motivate
pharmacists to reduce inappropriate medications, while
it also causes bias to reduce medications in the present
retrospective study. 4) The correlation between medical
benefit and the improvement of polypharmacy by certi-
fied pharmacists remains unclear, as described pre-
viously [38, 39]. In this study, we evaluated the clinical
pharmacy service only during a two-month period.
However, we believe that board certification not only
facilitates an appropriate involvement of qualified phar-
macists but also contributes toward motivating staff
members to improve polypharmacy-related problems.
To exclude the biases from the present retrospective
analysis, we are planning to conduct a multi-center
prospective observational study.

Conclusions

In this study, we first clarified pharmacist interventions
in polypharmacy and inappropriate prescriptions based
on a nationwide questionnaire survey in Japan. The fin-
dings suggest frequent polypharmacy in cancer patients
receiving opioids, and the benefits of pharmacist inter-
ventions on not only the reduction of inappropriate
medications but also improvement of adverse drug
reactions in cancer patients on polypharmacy. Further-
more, pharmacy certifications might be beneficial in
improving polypharmacy.
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Abbreviations

APACC: Accredited Pharmacist of Ambulatory Cancer Chemotherapy;
BCPOP: Board Certified Pharmacist in Oncology Pharmacy; BCPPP: Board
Certified Pharmacist in Palliative Pharmacy; H, blockers: Histamine H,
receptor blockers; JSPHCS: Japanese Society of Pharmaceutical Health Care
and Sciences; JSPPCS: Japanese Society for Pharmaceutical Palliative Care
and Sciences; NSAIDs: Nonsteroidal anti-inflammatory drugs; PPIs: Proton
pump inhibitors

Acknowledgments
We thank the members of the JSPPCS who cooperated in the questionnaire
survey for this study.

Authors’ contributions

MU, SS and TN designed this concept originally and performed statistical
analyses, writing the manuscript. YU, MU, SS and TN performed statistical
analyses. HS, YS, HK and HT provided interpretation and discussion of the
data. All authors have read and approved the final manuscript.

Funding
Not applicable.

Availability of data and materials
The dataset supporting the conclusions of this article is included within
the article.

(2019) 5:14

Page 12 of 13

Ethics approval and consent to participate

This protocol was approved by the institutional review board of the
Ethics Committee of Osaka University of Pharmaceutical Sciences
(Approval No. 0046).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

"Education and Research Center for Clinical Pharmacy, Osaka University of
Pharmaceutical Sciences, 4-20-1 Nasahara, Takatsuki, Osaka 569-1094, Japan.
ZDepar‘[mem of Pharmacy, National Cancer Center Hospital East, 6-5-1,
Kashiwanoha, Kashiwa, Chiba 277-8577, Japan. *Department of Pharmacy,
Kagoshima University Hospital, 8-35-1 Sakuragaoka, Kagoshima, Kagoshima
890-8520, Japan. “Department of Clinical Drug Informatics, Faculty of
Pharmacy, Institute of Medical, Pharmaceutical & Health Science, Kanazawa
University, 13-1, Takaramachi, Kanazawa, Ishikawa 920-8641, Japan. “Tokyo
University of Pharmacy and Life Sciences, 1432-1, Horinouchi, Hachioji, Tokyo
192-0392, Japan. ®Department of Medical Molecular Informatics, Meiji
Pharmaceutical University, 2-522-1 Noshio, Kiyose, Tokyo 204-8588, Japan.
’Department of Clinical Pharmacology and Therapeutics, Kyoto University
Hospital, 54 Shogoin-Kawahara-cho, Sakyo-ku, Kyoto 606-8507, Japan.
8Nippon Medical School Tama-Nagayama Hospital, 1-7-1, Nagayama,
Tama-shi, Tokyo 206-8512, Japan. “Research Promotion Committee, Japanese
Society for Pharmaceutical Palliative Care and Sciences (JSPPCS), Osaka,
Japan.

Received: 26 February 2019 Accepted: 21 May 2019
Published online: 03 July 2019

References

1. Patients and polypharmacy. Can Med Assoc J. 1966;94:456.

2. Fulton MM, Allen ER. Polypharmacy in the elderly: a literature review. J Am
Acad Nurse Pract. 2005;17:123-32.

3. Shah BM, Hajjar ER. Polypharmacy, adverse drug reactions, and geriatric
syndromes. Clin Geriatr Med. 2012,28:173-86.

4. Japanese Ministry of Health LaW. Polypharmacy guidelines: Japanese
Ministry of Health, labor and welfare 2018.

5. Kaufman DW, Kelly JP, Rosenberg L, Anderson TE, Mitchell AA. Recent
patterns of medication use in the ambulatory adult population of the
United States: the Slone survey. JAMA. 2002,287:337-44.

6. Hajjar ER, Cafiero AC, Hanlon JT. Polypharmacy in elderly patients. Am J
Geriatr Pharmacother. 2007;5:345-51.

7. Masnoon N, Shakib S, Kalisch-Ellett L, Caughey GE. What is polypharmacy? A
systematic review of definitions. BMC Geriatr. 2017;17:230.

8. 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;16:535 e1-12.

9. Dwyer LL, Han B, Woodwell DA, Rechtsteiner EA. Polypharmacy in nursing
home residents in the United States: results of the 2004 National Nursing
Home Survey. Am J Geriatr Pharmacother. 2010,8:63-72.

10. Banerjee A, Mbamalu D, Ebrahimi S, Khan AA, Chan TF. The prevalence of
polypharmacy in elderly attenders to an emergency department - a
problem with a need for an effective solution. Int J Emerg Med. 2011;4:22.

11. Nobili A, Licata G, Salerno F, et al. Polypharmacy, length of hospital stay,
and in-hospital mortality among elderly patients in internal medicine wards.
The REPOSI study. Eur J Clin Pharmacol. 2011,67:507-19.

12. Hersh LR, Beldowski K, Hajjar ER. Polypharmacy in the geriatric oncology
population. Curr Oncol Rep. 2017;19:73.

13. Onda M, Imai H, Takada Y, Fujii S, Shono T, Nanaumi Y. Identification and
prevalence of adverse drug events caused by potentially inappropriate
medication in homebound elderly patients: a retrospective study using a
nationwide survey in Japan. BMJ Open. 2015;5:¢007581.

14.  Kojima T, Akishita M, Nakamura T, et al. Polypharmacy as a risk for fall
occurrence in geriatric outpatients. Geriatr Gerontol Int. 2012;12:425-30.

15. Kojima T, Akishita M, Kameyama Y, et al. High risk of adverse drug reactions
in elderly patients taking six or more drugs: analysis of inpatient database.
Geriatr Gerontol Int. 2012;12:761-2.


https://doi.org/10.1186/s40780-019-0143-5

Uchida et al. Journal of Pharmaceutical Health Care and Sciences

16.  Field TS, Gurwitz JH, Harrold LR, et al. Risk factors for adverse drug
events among older adults in the ambulatory setting. J Am Geriatr Soc.
2004;52:1349-54.

17. Osterberg L, Blaschke T. Adherence to medication. N Engl J Med. 2005;
353:487-97.

18.  Bangalore S, Kamalakkannan G, Parkar S, Messerli FH. Fixed-dose
combinations improve medication compliance: a meta-analysis. Am J Med.
2007;120:713-9.

19.  Leelakanok N, Holcombe AL, Lund BC, Gu X, Schweizer ML. Association
between polypharmacy and death: a systematic review and meta-analysis.
Journal of the American Pharmacists Association : JAPhA. 2017;57:729-38 e10.

20. Reeve E, Shakib S, Hendrix I, Roberts MS, Wiese MD. Review of
deprescribing processes and development of an evidence-based, patient-
centred deprescribing process. Br J Clin Pharmacol. 2014;78:738-47.

21, Scott IA, Hilmer SN, Reeve E, et al. Reducing inappropriate polypharmacy:
the process of deprescribing. JAMA Intern Med. 2015;175:827-34.

22, LeBlanc TW, McNeil MJ, Kamal AH, Currow DC, Abernethy AP. Polypharmacy
in patients with advanced cancer and the role of medication
discontinuation. Lancet Oncol. 2015;16:2333-41.

23. Lees J, Chan A. Polypharmacy in elderly patients with cancer: clinical
implications and management. Lancet Oncol. 2011;12:1249-57.

24.  Kotlinska-Lemieszek A, Paulsen O, Kaasa S, Klepstad P. Polypharmacy in
patients with advanced cancer and pain: a European cross-sectional study
of 2282 patients. J Pain Symptom Manag. 2014;48:1145-59.

25. Hughes CM, Cooper JA, Ryan C. Going beyond the numbers - a call to
redefine polypharmacy. Br J Clin Pharmacol. 2014;77:915-6.

26.  O'Connor MN, Gallagher P, O'Mahony D. Inappropriate prescribing: criteria,
detection and prevention. Drugs Aging. 2012,29:437-52.

27. O'connor MN, Gallagher P, O'mahony D. Inappropriate prescribing. Drugs
Aging. 2012;29:437-52.

28. O'Mahony D, O'Sullivan D, Byrne S, O'Connor MN, Ryan C, Gallagher P.
STOPP/START criteria for potentially inappropriate prescribing in older
people: version 2. Age Ageing. 2015;44:213-8.

29. Panel A, Fick DM, Semla TP, et al. American Geriatrics Society 2015 updated
beers criteria for potentially inappropriate medication use in older adults. J
Am Geriatr Soc. 2015,63:2227-46.

30. Levy HB. Polypharmacy reduction strategies: tips on incorporating American
Geriatrics Society beers and screening tool of older People's prescriptions
criteria. Clin Geriatr Med. 2017;33:177-87.

31, Chun JC, Appel SJ, Simmons S. 2015 beers criteria medication review in
assisted living facilities. J Am Assoc Nurse Pract. 2018;30:648-54.

32, Suzuki S, Sakurai H, Kawasumi K, Tahara M, Saito S, Endo K. The impact of
pharmacist certification on the quality of chemotherapy in Japan. Int J Clin
Pharm. 2016;38:1326-35.

33, Steinman MA, Landefeld CS, Rosenthal GE, Berthenthal D, Sen S, Kaboli PJ.
Polypharmacy and prescribing quality in older people. J Am Geriatr Soc.
2006;54:1516-23.

34, Tommelein E, Mehuys E, Petrovic M, Somers A, Colin P, Boussery K.
Potentially inappropriate prescribing in community-dwelling older
people across Europe: a systematic literature review. Eur J Clin
Pharmacol. 2015;71:1415-27.

35, Sun EC, Dixit A, Humphreys K, Darnall BD, Baker LC, Mackey S. Association
between concurrent use of prescription opioids and benzodiazepines and
overdose: retrospective analysis. BMJ. 2017;356;760.

36. Cantu TG, Korek JS. Central nervous system reactions to histamine-2
receptor blockers. Ann Intern Med. 1991;114:1027-34.

37. Sharp LK Bashook PG, Lipsky MS, Horowitz SD, Miller SH. Specialty board
certification and clinical outcomes: the missing link. Acad Med. 2002,77:534-42.

38. Pradel FG, Palumbo FB, Flowers L, Mullins CD, Haines ST, Roffman DS. White
paper: value of specialty certification in pharmacy. Journal of the American
Pharmacists Association : JAPhA. 2004;44:612-20.

39, Grosch EN. Does specialty board certification influence clinical outcomes? J
Eval Clin Pract. 2006;12:473-81.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

(2019) 5:14

Page 13 of 13

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Abstract
	Background
	Methods
	Results
	Conclusion
	Trial registration

	Introduction
	Materials and methods
	Study design and data source
	Definitions
	Definitions of polypharmacy
	Definitions of inappropriate prescribing and medication use
	Definitions of regular medication

	Questionnaire
	Exclusion criteria
	Data analysis

	Results
	Response rates and subjects’ backgrounds
	Pharmacist interventions in polypharmacy for cancer patients who used opioids
	Pharmacist interventions in polypharmacy for cancer patients who did not use opioids
	Differences in pharmacist interventions in polypharmacy between cancer patients using and not using opioids
	Correlation between board-certified pharmacists and pharmacist interventions in polypharmacy

	Discussion
	Conclusions
	Additional file
	Abbreviations
	Acknowledgments
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

