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pharmaceutical care program in identifying
and addressing drug-related problems
in hospitalized patients with osteoporosis
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Abstract

Background: More information about the impacts of comprehensive pharmaceutical care program (CPCP) on the
identification and resolution of drug-related problems (DRPs) is needed. This study aimed at researching the charac-
teristics of DRPs in osteoporosis patients and evaluating the effect of CPCP in identifying and addressing DRPs.

Methods: We performed a prospective interventional study in a teaching hospital. CPCP was established and con-
ducted to identify and resolve DRPs by a multidisciplinary team (MDT) based on the Pharmaceutical Care Network
Europe (PCNE) classification V9.0. Six pharmacists and one doctor worked directly in the study. All data was obtained
from electronic medical records, direct observation and visits. The statistical analyses were performed using the SPSS
Statistics software version 26.0.

Results: Two hundred nineteen patients with osteoporosis were included in the final analysis. A total of 343 DRPs
were identified, with an average of 1.57 DRPs per patient. The most common DRPs identified were “treatment safety
P2"(66.8%; 229/343), followed by “other P3"(21.0%; 72/343) and “treatment effectiveness, P1"(12.2%; 42/343). The
primary causes of DRPs were “dose selection C3"(35.9%; 211/588), followed by “drug use process C6" (28.9%; 170/588)
and‘drug selection C1"(12.6%; 74/588). Seven hundred eleven interventions were proposed to address the 343 DRPs,
with an average of 2.1 interventions per DRP. The acceptance rate reached 95.9, and 91.0% of these accepted inter-
ventions were fully implemented. As a result, only 30 DRPs were unsolved before discharge. Additionally, the number
of drugs was found to be associated with the number of DRPs significantly (p =0.023).

Conclusion: DRPs frequently occurred in hospitalized osteoporosis patients. CPCP could be an effect option to solve
and reduce DRPs for osteoporosis patients and should be implemented widely to increase patient safety.

Keywords: Drug-related problem, Osteoporosis, PCNE classification system, Clinical pharmacist, Comprehensive
pharmaceutical care program

Background

Osteoporosis, characterized by reduction of bone mass
and disruption of the microarchitectural structure of
bone tissue, has developed into a serious public health
“Correspondence: fylcsyjgb@163.com; cwwjj1266@126.com concern worldwide [1]. Like other chronic medical con-
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postmenopausal women and elderly men [2]. Therefore,
treatment of osteoporosis typically consisted of compli-
cated medication regimens during hospitalization, which
resulted in a high rate of drug-related problems (DRPs)
[3-5]. Optimization of drug therapy to solve and prevent
DRPs could ameliorate the healthy and economic burden
for patients with osteoporosis [6, 7].

Currently, routine pharmaceutical services provided by
pharmacists, such as prescription-checking, were hard to
detect and address DRPs comprehensively [8, 9]. There-
fore, it is necessary to establish comprehensive pharma-
ceutical care program (CPCP) to solve DRPs in patients
with osteoporosis during the entire duration in the hos-
pital. Additionally, the clinical characteristics of DRPs
in patients with osteoporosis have varied greatly from
study to study due to the lack of a normative classifica-
tion system, making it difficult for comparison. In order
to describe and assess the clinical characteristics of DRPs
consistently, a standardized classification system of DRPs
is crucial in hospital settings.

Of various classification systems that have been used
to categorize DRPs in the world [10], the Pharmaceuti-
cal Care Network Europe (PCNE) classification system
has been widely used in clinical practice and has internal
consistency as it is updated and revised periodically [11].
Previous studies indicated that clinical pharmacists could
record DRPs according to standard pattern with the help
of PCNE classification system [12—15]. Up to now, there
was only one study evaluating the prevalence and nature
of DRPs in osteoporosis patients based on PCNE clas-
sification V6.2 10 years ago [16]. A better knowledge of
DRPs among hospitalized osteoporosis patients based on
the updated PCNE classification V9.0 would provide up-
to-date and valuable information for medication manage-
ment in the treatment of osteoporosis.

Therefore, it is of great significance to obtain sufficient
data on the evaluation of CPCP and description of DRPs
in patients with osteoporosis. This study represented an
attempt to describe the characteristics of DRPs in hospi-
talized osteoporosis patients and the implementation of
CPCP in identifying and addressing DRPs.

Methods
Study design, setting, and participants
This was a prospective interventional study conducted at
the Second Affiliated Hospital of Shandong First Medical
University. The hospital is a comprehensive teaching hos-
pital with 1800 beds in the southern part of Shandong, a
province in China.

Six pharmacists (two prescription-review pharmacists
and four clinical pharmacists) and one doctor worked
directly in the study.
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All osteoporosis inpatients from May 2021 to Decem-
ber 2021 were included in the study. Inclusion criteria
were defined as: (1) age>18years, (2) diagnosed with
osteoporosis, and (3) with an existing drug therapy on
admission. Exclusion criteria were defined as: (1) patients
had a terminal illness, or (2) could not consent to partici-
pate in the study.

The sample size was estimated with the Raosoft sam-
ple size calculator [17], which indicated a minimum of
197 patients were needed at 95% confidence level with
a 5% margin of error (assigned 50% as the conservative
assumption).

This study was approved by the Second Affiliated Hos-
pital of Shandong First Medical University Ethics Com-
mittee (IRB number: K2020005). All patients provided
written informed consent to participate in the study.

Comprehensive pharmaceutical care program (CPCP)

In our hospital, CPCP included pre-prescription review
(PPR) and medication reconciliation (MR) at admis-
sion, as well as multidisciplinary team (MDT) discussion
before discharge. PPR was conducted by prescription-
review pharmacists though a software. In PPR formal
process, prescription was first audited by the software
automatically based on pre-established medication rules,
which called software audit. Unreasonable prescriptions
were identified and fed back to physicians for modifica-
tion. And then, the revised prescriptions would be auto-
matically reviewed by the software again until approved.
Notably, according to the updated drug label, clinical
guidelines, expert consensus and actual drug use and
management in the hospital, established medication rules
would be modified continuously to improve accuracy of
software audit. MR was provided by clinical pharmacists.
In this process, clinical pharmacists got the best possible
medication history (BPMH) including patients’ previous
medication information through communicating with
patients. And then, the doctor’s prescription was checked
against BPMH to identify possible DRPs. In the process
of PPR and MR, types and causes of identified DRPs
were documented, along with clinical pharmacists’ inter-
ventions to solve the DRPs. Finally, clinical pharmacists
would analyze all collected DRPs based on PCNE clas-
sification V9.0 and discuss the intervention results with
physicians through MDT to optimize drug therapy. Flow-
chart of the implementation of CPCP in our hospital was
shown in Fig. 1.

Classification, identification and resolution of DRPs

All DRPs were categorized according to the PCNE clas-
sification V9.0, which included five parts: problems (P),
causes (C), planned interventions (I), acceptance of the
intervention proposals (A), and outcome of intervention
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Fig. 1 Flowchart of the implementation of CPCP. CPCP, comprehensive pharmaceutical care program; PPR, pre-prescription review; MR, medication
reconciliation; BPMH, best possible medication history; MDT, multidisciplinary team; DRPs, drug-related problems; PCNE, Pharmaceutical Care

(O). One problem may have multiple causes and lead to
different interventions, but there is only one outcome
eventually. All interventions were communicated to the
doctors or patients. Interventions that required prescrip-
tion modification were communicated to the doctors.
While, interventions related to medication adherence
were communicated to the patients. Accepted interven-
tions were defined as the recommendations were agreed
by physicians, and they were fully implemented, which
resulted in a total resolution of DRPs. Two clinical phar-
macists with more than 5years’ experience independently
identified and classified the DRPs. In case of doubt in the
classification accuracy, a third clinical pharmacist with
more than 15years’ experience was consulted and a con-
sensual decision was reached. An experienced physician
was consulted about the medical knowledge associated
with classification, identification and resolution of DRPs.

Data collection

During the study, all data was obtained from electronic
medical records, direct observation and visits. Patients’
demographics and clinical characteristics, patient

diagnosis, history of active illness, comorbidities, family
history, laboratory parameters, past medication history
and daily medication list were collected at admission. The
types and causes of identified DRPs were documented,
along with clinical pharmacists’ interventions to solve
the DRPs. Acceptance of interventions and status of
DRPs were recorded 24hours after interventions were
proposed.

Statistical analysis

Continuous data were presented as mean = standard
deviation if normally distributed or as median (inter-
quartile range, IQR) if not normally distributed. Nor-
mality was assessed by the Kolmogorov-Smirnov test.
Categorical variables were expressed as percentages.
Both univariable logistic regression analysis and multi-
variable logistic regression analysis were conducted to
determine the potential predictors of DRPs. The results
of univariate and multivariate analysis were reported as
crude odds ratio (COR) and adjusted odds ratio (AOR)
at 95% confidence intervals (95% CI), respectively. A two-
tailed p-value <0.05 was considered to be statistically
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significant. The statistical analyses were performed using
the SPSS Statistics 26.0 software (Chicago, IL, USA).

Results

Baseline characteristics

A total of 219 patients with osteoporosis were included in
the final analysis. Patients’ mean age was 68.3 £ 8.5 years,
and 32 patients (14.6%) were male. The majority (98.6%)
of the patients were Chinese Han, and a total of 18
patients (8.2%) were drinkers. The most common comor-
bidities were hypertension (39.3%), followed by diabetes
mellitus (25.1%) and coronary artery disease (24.2%).
More than two-thirds (67.1%) of the patients were admit-
ted to the orthopaedic ward. One hundred forty-seven
patients were hospitalized for osteoporosis. The most
commonly used osteoporosis medicine was Calcium Car-
bonate and Vitamin D3 Tablets (78.5%). The details of
patients’ demographics and clinical characteristics were
listed in Table 1.

Prevalence and causes of DRPs

A total of 343 DRPs were identified in 219 patients, with
an average of 1.57 DRPs per patient. The most common
DRPs were “treatment safety P2” (66.8%; 229/343), fol-
lowed by “other, P3” (21.0%; 72/343) and “treatment
effectiveness, P1” (12.2%; 42/343) (supplemental Table 1).
Within the “treatment safety P2” domain, “Adverse drug
event (possibly) occurring P2.1” was the only subcategory
in this study. Additionally, 96 DRPs were directly related
to osteoporosis treatment. Of which, the most common
DRPs were “treatment safety P2” (90.6%; 87/96) (Fig. 2A).
Notably, the osteoporosis medications behind DRPs were
shown in Fig. 2B, and Traditional Chinese Medicine was
most likely to cause DRPs (47.9%; 46/96).

As shown in supplemental Table 2, a total of 588 causes
were identified for 343 DRPs. The primary causes of
DRPs were “dose selection C3” (35.9%; 211/588), followed
by “drug use process C6” (28.9%; 170/588) and “drug
selection C1” (12.6%; 74/588). Within the “dose selection
C3” domain, “dosage regimen too frequent C3.4” was the
major subcategory (25.5%; 150/588), followed by “drug
dose too high C3.2” (6.5%; 38/588), “dosage regimen not
frequent enough C3.3” (3.1%; 18/588) and “drug dose too
low C3.1” (0.9%; 5/588).

Intervention and resolution of DRPs

Clinical pharmacists proposed 711 interventions to
address the 343 DRPs, with an average of 2.1 interven-
tions per DRP (supplemental Table 3). Most interven-
tions were made at “prescriber level 11”7 (45.6%, 324/711),
followed by “drug level 13” (39.0%; 277/711). As shown
in Table 2, physicians accepted 95.9% (682/711) of the
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Table 1 Patients’ demographics and clinical characteristics

(n=219)
Characteristics Value
Gender, n (%)
Male 32(14.6)
Female 187 (85.4)
Age, mean =+ SD, years 68.3+85
Race, n (%)

Chinese Han 216 (98.6)
Chinese Hui 3(14)
BMI, mean +SD 227+44
T value, mean+SD —34+09

Alcohol drinking, n (%) 18 (8.2)
Employment, n (%)
Working 120 (54.8)
Not working 99 (45.2)
Previous Fracture, n (%) 29(13.2)
Comorbidity, n (%)
Hypertension 86 (39.3)
Diabetes mellitus 55(25.1)
Coronary artery disease 53 (24.2)
Stroke 23(10.5)
Rheumatoid arthritis 23 (10.5)
Admission ward, n (%)
Department of orthopaedics 147 (67.1)
Department of rheumatology 29(13.2)
Department of endocrinology 28(12.8)
Department of breast 9(4.1)
Others @ 6(2.7)
Purpose of patient hospitalization, n (%)
Osteoporosis-related 147 (67.1)
Not osteoporosis-related 72 (32.9)
Osteoporosis medicine, n (%)
Calcium Carbonate and Vitamin D3 Tablets 172 (78.5)
Traditional Chinese Medicine 139 (63.5)
Risedronate Sodium Tablets 57 (26.0)
Calcitriol Soft Capsules 36 (16.4)
Alfacalcidol Tablets 20(9.1)
Zoledronic acid Injection 15 (6.8)
Salmon Calcitonin Injection 14 (6.4)
Calcium gluconate injection 5(23)

BMI Body Mass Index

@ 2 patients are in the chemotherapy ward, 2 patients are in the cardiology ward
and 2 patients are in the psychiatric ward

interventions, and 91.0% (312/343) of the DRPs were
fully or partially solved (DRP status solved O1 and O2).

Potential risk factors of DRPs
In univariable analysis, only one variable, number of
drugs, had p value <0.05. All variables were analyzed
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Table 2 Acceptance of interventions and the status of DRPs based on the PCNE classification V9.0

Primary domains Code Detailed classification n (%)
Implementation
Intervention accepted A1l Total 682 (95.9)
A1l Intervention accepted and fully implemented 634 (89.2)
A12 Intervention accepted, partially implemented 44 (6.2)
A13 Intervention accepted but not implemented 4(0.6)
Intervention not accepted A2 Total 26 (3.7)
A22 Intervention not accepted: no agreement 1(0.1)
A23 Intervention not accepted: other reason (specify) 4(0.6)
A24 Intervention not accepted: unknown reason 21(3.0)
Other A3 Total 3(04)
A3.1 Intervention proposed, acceptance unknown 2(0.3)
A32 Intervention not proposed 1(0.1)
Outcome of intervention
Not known 00 Total 1(0.3)
00.1 Problem status unknown 1(0.3)
Solved o1 Total 284 (82.8)
o1 Problem totally solved 284 (82.8)
Partially solved 02 Total 28(8.2)
021 Problem partially solved 28(8.2)
Not solved o3 Total 30(8.7)
03.1 Problem not solved, lack of cooperation of patient 1(0.3)
0322 Problem not solved, lack of cooperation of prescriber 1(0.3)
033 Problem not solved, intervention not effective 27 (7.9)
034 No need or possibility to solve problem 1(0.3)

again in the multivariable binary logistic regression Discussion

analysis (Table 3). Finally, the number of drugs was
found to be the only risk factor of DRPs (AOR 1.046;

95% CI, 1.006-1.088; p =0.023).

To the best of our knowledge, this is the first prospective
study to evaluate the prevalence of DRPs in patients with

osteoporosis based on PCNE classification V9.0. DRPs
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Table 3 Univariable and multivariable binary logistic regression analysis of predicators of DRPs
Variables Univariable analysis Multivariable analysis

COR (95% CI) p value AOR (95% Cl) p value
Age 1.011(0.972-1.052) 0574 1.011(0.971-1.053) 0.607
Gender (female/male) 1.216 (0.487-3.036) 0.675 1.261 (0.494-3.218) 0.627
Number of drugs 1.045 (1.006-1.086) 0.023 1.046 (1.006-1.088) 0.023
Hypertension (yes/no) 0.940 (0.473-1.866) 0.859 0.917 (0.430-1.955) 0.823
Diabetes (yes/no) 0.802 (0.378-1.702) 0.566 0.649 (0.288-1 463) 0.297
Heart disease (yes/no) 1.756 (0.730-4. 226) 0.209 1.808 (0.706-4.631) 0.217

were remarkably common in hospitalized patients with
osteoporosis, with an average of 1.57 DRPs per patient.

The average number of DRPs in this study was higher
than that in the previous study (0.39 DRPs per patient)
conducted among Malaysian postmenopausal osteoporo-
tic women prescribed bisphosphonates [16]. Discrepan-
cies in the average number of DRPs might be explained
by the following two reasons. First, the establishment and
implementation of CPCP in the present study was very
convenient for the identification of DRPs. With the help
of pre-prescription review (PPR) system, DRPs could
be identified automatically by software audit. However,
counseling session was the only way to achieve DRPs in
the previous Malaysia study. Second, different versions
of PCNE classification system were used. This study
used the PCNE classification V9.0 while the Malaysia
study used the PCNE classification V6.2. These two ver-
sions were not compatible as many sections were added
or revised in PCNE classification V9.0. For example,
“possible adverse drug event occurring P2.1” was added
into the PCNE classification V9.0, which indicated that
many suspected adverse drug events would be identi-
fied as DRPs. Therefore, recent studies using similar
version of PCNE reported similar incidence of DRPs
as the present study [15, 18]. A research conducted in
hospitalized patients with chronic obstructive pulmo-
nary disease showed an average of 1.6 DRPs per patient
[15]. Similarly, an average of 1.67 DRPs per patient was
reported by Hon et al. in a study carried out in general
paediatric ward [18]. All DRPs in the above two studies
were categorized according to PCNE classification V8.02.
Nevertheless, the average number of DRPs (1.9 DRPs
per patient) presented in a prospective study conducted
among geriatric patients was more than what was found
in this study [19]. This could be explained by that geriat-
ric patients were particularly vulnerable to DRPs caused
by multiple factors such as polypharmacy and inappro-
priate prescribing [19].

In this study, more than half of the DRPs (66.8%) were
related to treatment safety. The result was in line with

previous studies, in which treatment safety was also the
major type of DRPs [15, 16, 18, 20]. This indicated that
clinical pharmacists should pay more attention to optimi-
zation of medication use to improve treatment safety. The
primary cause of DRPs was “dose selection C3” (35.9%,
211/588). Namely, inappropriate dosage regimen and
drug dose were major reasons for most DRPs in patients
with osteoporosis. Considering this situation, CPCP
conducted by clinical pharmacists was needed to play a
unique role in addressing DRPs and ensuring the treat-
ment safety for patients with osteoporosis. Clinical phar-
macists performed clinical pharmacy activities through
participating in clinical rounds and providing reasonable
medication recommendations to support the MDT with
a focus on identification, prevention, and resolution of
DRPs to improve patient outcomes. Many studies had
shown that clinical pharmacists played a crucial role in
medication therapy management services in patients
with osteoporosis by a multidisciplinary approach [21,
22]. For patients, medication education provided by clini-
cal pharmacists was more conducive to solve the DRPs
in the process of pharmacotherapy [23]. In our study,
medication education was carried out frequently for
osteoporosis patients during patient-pharmacist inter-
view. Finally, a very high rate of intervention acceptance
(95.9%) was reported in the present study, consistent
with other related studies (91.0-99.4%) [15, 16, 19, 23]. As
a result, 91.0% (312/343) of the DRPs were fully or par-
tially solved (DRP status solved O1 and O2). This find-
ing highlighted the importance of clinical pharmacists as
part of the MDT, who could facilitate the identification of
DRPs among patients and resolve the problems by pro-
viding reasonable medication recommendations for phy-
sicians or giving medication education to patients.
Consistent with findings from other studies [4, 24], this
study also found that the number of drugs was the only
predictor for DRPs occurrence. This could be explained
by that as the number of drugs increased, there would be
more possible drug-drug interactions and higher risk of
medication errors, leading to more DRPs. Therefore, for
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patients with polypharmacy, clinical pharmacists should
provide pharmaceutical care to identify and solve DRPs
timely.

Several limitations should be mentioned. First, this was
a single-center study with a relatively small sample size,
which might prevent the generalization of our findings
to other hospitals. Second, patients’ outcomes related to
the resolution of DRPs were not available. Third, some
risk factors of DRPs, such as number of diseases, num-
ber of review sessions and hospital stay days, were not
researched in the present study.

Conclusions

The prevalence of DRPs is relatively common in Chinese
patients with osteoporosis. Implementation of CPCP
could identify and solve DRPs effectively and play a
positive role in optimizing medication therapy. Clinical
pharmacists should pay special attention to osteoporosis
patients with polypharmacy to identify and solve DRPs in
a timely manner.

Abbreviations

CPCP: Comprehensive pharmaceutical care program; PPR: Pre-prescription
review; MR: Medication reconciliation; BPMH: Best possible medication history;
DRPs: Drug-related problems; MDT: Multidisciplinary team; PCNE: Pharmaceu-
tical Care Network Europe.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512913-022-08862-x.

Additional file 1: Supplemental Table 1. Primary domains of DRPs (total
343) based on the PCNE classification V9.0. Supplemental Table 2. Cause
domains of DRPs (total 588) based on the PCNE classification V9.0. Sup-
plemental Table 3. Proposed interventions (total 711) based on the PCNE
classification V9.0.

Acknowledgements
We would like to thank the physicians, nurses and pharmacists for their coop-
eration during the conduct of the study.

Authors’ contributions

YLL and HQD designed the study; HLZ and XZ performed the study; JJ and
JD analyzed the data; WWC wrote the paper. The author(s) read and approved
the final manuscript.

Funding

This study was supported by Tai'an Science and Technology Innovation
Development Project (No. 2020NS226) and Academic promotion programme
of Shandong First Medical University (No. 2019QL017).

Availability of data and materials
The data used to support the findings of this study are available from the cor-
responding author upon request.

Declarations

Ethics approval and consent to participate
This study was approved by the Second Affiliated Hospital of Shandong First
Medical University Ethics Committee (IRB number: K2020005). All patients

Page 7 of 8

provided written informed consent to participate in the study. All methods
were performed in accordance with the relevant guidelines and regulations.

Consent for publication
Not applicable.

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

Author details

'Department of Pharmacy, the Second Affiliated Hospital of Shandong

First Medical University, 366 Taishan Street, Tai'an 271000, Shandong, China.
’Department of Stomatology, the Second Affiliated Hospital of Shandong First
Medical University, 366 Taishan Street, Tai'an 271000, Shandong, China.

Received: 9 March 2022 Accepted: 21 November 2022
Published online: 28 November 2022

References

1. Peck WA, Burckhardt P, Christiansen C, Fleisch HA, Genant HK, Gennari C,
et al. Consensus development conference: diagnosis, prophylaxis, and
treatment of osteoporosis. Am J Med. 1993;94(6):646-50.

2. Hauser B, Riches PL, Wilson JF, Horne AE, Ralston SH. Prevalence
and clinical prediction of osteoporosis in a contemporary cohort of
patients with rheumatoid arthritis. Rheumatology (Oxford, England).
2014,53(10):1759-66.

3. Sagalla N, Lee R, Lyles K, Vognsen J, Colén-Emeric C. Extent of and reasons
for osteoporosis medication non-adherence among veterans and fea-
sibility of a pilot text message reminder intervention. Arch Osteoporos.
2021;16(1):21.

4. Hoel RW, Giddings Connolly RM, Takahashi PY. Polypharmacy Manage-
ment in Older Patients. Mayo Clin Proc. 2021;96(1):242-56.

5. Sommer J, Seeling A, Rupprecht H. Adverse Drug Events in Patients with
Chronic Kidney Disease Associated with Multiple Drug Interactions and
Polypharmacy. Drugs Aging. 2020;37(5):359-72.

6. Kardas P, Urbanski F, Lichwierowicz A, Chudzyniska E, Czech M, Makowska
K, et al. The Prevalence of Selected Potential Drug-Drug Interactions of
Analgesic Drugs and Possible Methods of Preventing Them: Lessons
Learned From the Analysis of the Real-World National Database of 38
Million Citizens of Poland. Front Pharmacol. 2020;11:607852.

7. Rogan EL, Ranson CA, Valle-Oseguera CS, Lee C, Gumberg A, Nagin BN,
et al. Factors associated with medication-related problems in an ambula-
tory medicare population and the case for medication therapy manage-
ment. Res Social Adm Pharm. 2020;16(6):783-6.

8. Bowers BL, Drew AM, Verry C. Impact of Pharmacist-Physician Col-
laboration on Osteoporosis Treatment Rates. Ann Pharmacother.
2018;52(9):876-83.

9. LaiPS, Chua SS, Chan SP.Impact of pharmaceutical care on knowledge,
quality of life and satisfaction of postmenopausal women with osteopo-
rosis. Int J Clin Pharm. 2013;35(4):629-37.

10. Basger BJ, Moles RJ, Chen TF. Development of an aggregated system
for classifying causes of drug-related problems. Ann Pharmacother.
2015;49(4):405-18.

11. Lampert ML, Kraehenbuehl S, Hug BL. Drug-related problems: evaluation
of a classification system in the daily practice of a Swiss University Hospi-
tal. Pharm World Sci. 2008;30(6):768-76.

12. Zhang P, Lv D, Zhao J, Sun S, Li L, Liao Y. Evaluation of pharmacists’
interventions on drug-related problems and drug costs in patients with
cancer pain. Int J Clin Pharm. 2021;43(5):1274-82.

13. SaldanhaV, Aradjo IB, Lima S, Martins RR, Oliveira AG. Risk factors for drug-
related problems in a general hospital: A large prospective cohort. PLoS
One. 2020;15(5):20230215.

14. Nasution A, Dalimunthe A, Khairunnisa K. Pharmacists Intervention
Reduced Drug-Related Problems in the Treatment of Patients with Type 2
Diabetes Mellitus. Open Access Maced J Med Sci. 2019;7(22):3856-60.

15. LiQ,QuHJ, LvD, Yeh MK, Sun S, Li L, et al. Drug-related problems among
hospitalized patients with COPD in mainland China. Int J Clin Pharm.
2019;41(6):1507-15.


https://doi.org/10.1186/s12913-022-08862-x
https://doi.org/10.1186/s12913-022-08862-x

Chen et al. BMC Health Services Research

20.

21.

22.

23.

24.

(2022) 22:1438

Lai PS, Chua SS, Chan SP. Pharmaceutical care issues encountered by
post-menopausal osteoporotic women prescribed bisphosphonates. J
Clin Pharm Ther. 2012;37(5):536-43.

Raosoft. Sample size calculator. Available from: http://www.raosoft.com/
samplesize.html.

Hon MY, Chua XY, Premakumar CM, Mohamed SN. Drug-related problems
in a general paediatric ward of a tertiary care hospital in Malaysia. Int J
Clin Pharm. 2020;42(3):948-55.

Hailu BY, Berhe DF, Gudina EK, Gidey K, Getachew M. Drug related
problems in admitted geriatric patients: the impact of clinical pharmacist
interventions. BMC Geriatr. 2020;20(1):13.

Chen Q, Jin Z, Zhang P, Sun S, Li L, Liao Y. Characteristics of drug-related
problems among hospitalized ischemic stroke patients in China. Int J Clin
Pharm. 2020;42(4):1237-41.

Hall LN, Shrader SP, Ragucci KR. Evaluation of compliance with
osteoporosis treatment guidelines after initiation of a pharmacist-run
osteoporosis service at a family medicine clinic. Ann Pharmacother.
2009;43(11):1781-6.

Salvig BE, Gulum AH, Walters SA, Edwards LB, Fourakre TN, Marvin SC,

et al. Pharmacist Screening for Risk of Osteoporosis in Elderly Veterans.
Consult Pharm. 2016;31(8):440-9.

Su'YJ,Yan YD, Wang WJ, XuT, Gu ZC, Bai YR, et al. Drug-related problems
among hospitalized cancer pain patients: an investigative single-arm
intervention trial. Ann Palliat Med. 2021;10(2):2008-17.

Birarra MK, Heye TB, Shibeshi W. Assessment of drug-related problems in
pediatric ward of Zewditu Memorial Referral Hospital, Addis Ababa, Ethio-
pia. Int J Clin Pharm. 2017;39(5):1039-46.

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

Page 8 of 8

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

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

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



http://www.raosoft.com/samplesize.html
http://www.raosoft.com/samplesize.html

	Application of comprehensive pharmaceutical care program in identifying and addressing drug-related problems in hospitalized patients with osteoporosis
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Study design, setting, and participants
	Comprehensive pharmaceutical care program (CPCP)
	Classification, identification and resolution of DRPs
	Data collection
	Statistical analysis

	Results
	Baseline characteristics
	Prevalence and causes of DRPs
	Intervention and resolution of DRPs
	Potential risk factors of DRPs

	Discussion
	Conclusions
	Acknowledgements
	References


