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Introduction

Chronic kidney disease (CKD) is an important health 
problem. its global prevalence was estimated at 9.1% in 

2017 (1). It has been considered that on the list of the 

leading causes of early death, CKD will rise from 16th 

to 5th position by 2040 (2). Globally, China is the most 
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populous developing country and the prevalence of CKD 
was reported to be 10.8% (3). Unfortunately, a formal 
CKD control system has not been established. In addition, 
management and intervention measures were not carried 
out in a timely and effective manner, which has in turn 
led to a significant increase in the prevalence of end-stage 
renal disease in China and a huge consumption of medical 
resources (4). 

Drug-related problems (DRPs) include identification, 
prevention, and solution. They are the core processes of 
pharmaceutical care. In accordance with Pharmaceutical 
Care Network of Europe (PCNE), a DRP is defined as, “an 
event or circumstance involving drug therapy that actually or 
potentially interferes with desired health outcomes” (5). Through 
medical workers prevent actual and potential DRP, to ensure 
patients safety and effectiveness of the treatment effect. 
It is very important for DRPs to be documented in the 
pharmaceutical care process (6) and while there are several 
classifications (7), no single standardized classification for 
DRPs exists. Comparing with other classifications, the 
PCNE classification system is more often practiced and has 
better usability and internal consistency than others as it is 
updated and revised periodically.

As a chronic disease, there are many factors influencing 
the treatment effect of CKD. 

The characteristics of CKD include two points. One 
is the changes of drug pharmacokinetics due to the 
disease itself, another is the use of multidrug therapy 
and reactive immunosuppressive drugs. Therefore, the 
phenomenon of DRP in CKD patients is very common and 
specialized personnel are required to fully supervise and 
monitor patients’ medications. In addition, the effective 
concentration range of immunosuppressive drugs is narrow. 
Such drugs include tacrolimus and cyclosporine. Serum 
concentration monitoring is needed in both of these drugs. 
In short, DRP management is very important (8). 

The clinical pharmacists’ basic working principles are to 
provide pharmaceutical care. Pharmacists have the expertise 
to detect, solve, and prevent medication errors and can help 
clinicians find DRPs. There are many things that clinical 
pharmacists can do that are beneficial to clinical treatment, 
including optimize drug treatment, adjust drug dosage, 
conduct medication reconciliation, monitor laboratory 
indicators and improve patients’ medication compliance 
through educate patients on medications. Unquestionably, 
therefore, pharmacists are indispensable members of a 
complete treatment team (9). In addition to DRPs, many 
factors affect the therapeutic effect of CKD, such as 

medication compliance, life style of patient, severity of the 
disease and so on.

There are many factors that can increase prevalence 
of end-stage kidney disease in China, but we lack of data 
related to drug-related problems (DRPs). There is limited 
information on interventions by clinical pharmacists among 
CKD patients in Chinese hospitals. Using the PCNE 
classification system, we investigated the incidence and nature 
of DRPs in a nephrology department in a hospital in Suzhou. 
The Morisky Medication Adherence Scale (MMAS-8) (10) 
is the subjective measures and it use to assess medication 
adherence in chronic diseases. It is a patient self-reported 
tool which transform 8 items related to medication taking 
behaviors into an adherence score. In our study, we used the 
MMAS-8 to assess medication adherence of CKD patients.

We present the following article in accordance with the 
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/apm-21-817). 

Methods

Study design and patients

This study was carried out in a tertiary hospital in China 
from December 2017 to September 2018. The inclusion 
criteria included: (I) patients aged ≥18 years and diagnosed 
with CKD; (II) the numbers of drugs used before admission 
was ≥1. The exclusion criteria included: (I) the unavailability 
of a complete medication history; (II) the inability of the 
clinical pharmacists of patients to communicate effectively 
within 24h due to various reasons; (III) the unwillingness of 
patients to cooperate with clinical pharmacists in medication 
reconciliation work. All procedures performed in this study 
involving human participants were in accordance with the 
Declaration of Helsinki (as revised in 2013). The study was 
approved by the Ethics Committee of the First Affiliated 
Hospital of Soochow University (NO.: (2021)146) and 
informed consent was taken from all the patients.

All data were performed by the clinical pharmacists of the 
Department of Nephrology face to face. The information 
was collected for each patient includes age, gender, body 
height and weight, admission diagnoses, previous medical 
history. By asking the patients, the clinical pharmacists 
compiled the pre-admission medication and admission 
medication lists. Finally, patients received a comprehensive 
assessment for medication adherence by MMAS-8. The 
impact of interventions was assessed by: (I) the potential 
severity of DRPs by Bayliff (11); (II) the number of DRPs 
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and acceptance of intervention.
The PCNE classification (Version 9.00), which was last 

updated in February 2019 (5), was used to evaluate the DRPs. 
All DRPs in nephrology patients were documented, collated, 
and entered into a data sheet. We used PCNE classification 
to identify DRPs by five primary domains. For instance, 
problems, causes, interventions, and acceptance of the 
intervention proposals. The five sections were further divided 
into 23 main domains, and then into 78 grouped subdomains. 

Furthermore, the severity rating of DRPs were evaluated 
using the classification system devised by Bayliff. This 
classification consists of four categories based on the 
severity of the outcome: (I) no effect on clinical outcomes 
(category 0); (II) potentially mild clinical effects (category 1); 
(III) outcome caused treatment or prolonged hospitalization 
(category 2); (IV) outcome endangered life (category 3). 
The total scores on the MMAS-8 range from 0 to 8, and are 
categorized into three levels of adherence: high adherence 
(score =8), medium adherence (score of 6 to <8), and low 
adherence (score <6). 

Outcomes and data analysis

According to the PCNE classification (Version 9.00), 
We collected the types and causes of DRPs, and made 
statistics on the results of intervention and acceptance of 
recommendations. On top of that, categorical variables were 
expressed as numbers and percentages, continuous variables 
were expressed as mean with standard deviation.

Results

Of the 113 patients taking medication for CKD, 87 patients 
had DRPs (77%). These include 40 females and 47 males 
with a mean age of 48.59±15.12 years old, including 9 
elderly patients (10.34%, more than 65 years old). In the 
light of the estimated glomerular filtration rate (eGFR), 
27 patients (31.03%) were CKD stage 1 or 2, 14 patients 
(16.09%) were CKD stage 3, 12 patients (13.79%) were 
CKD stage 4, and 34 patients (39.08%) were CKD stage 5. 

 Assess Medication Adherence

Among the 87 patients, based on the MMAS-8, 12 patients 
(13.79%) had high adherence scores (score =8), 34 patients 
(39.08%) had medium adherence scores (score of 6 to <8), 
and 41 patients (47.13%) had low adherence scores (score 
<6). The average score of adherence was 5.7±1.83. In total, 
86.21% of the patients could not fully comply with the 
doctor’s instructions when taking drugs.

Identifying DRPs

As shown in Table 1, the 87 patients had 101 DRPs, which 
were classified by the PCNE V9.00 as an average of 1.16 
per patient. The results showed that there were 85 problems 
of “treatment effectiveness P1” (84.16%; 85/101), 13 of 
“treatment safety P2” (12.87%; 13/101), and 3 classified as 
“others P3” (2.97%; 3/101). Detailed information is shown 
in Table 1.

Table 1 Types of DRPs as identified by the PCNE DRP classification tool V9.00

Primary domains Type of problem Code V9.00 n %

Treatment effectiveness Total P1 85 84.16

Effect of drug treatment not optimal P1.2 46 45.54

Untreated symptoms or indication P1.3 39 38.61

Treatment safety Total P2 13 12.87

Adverse drug event (possibly) occurring P2.1 13 12.87

Others Total P3 3 2.97

Problem with cost-effectiveness of the treatment P3.1 2 1.98

Unnecessary drug-treatment P3.2 1 0.99

Total 101 100.00

DRP, drug-related problem; PCNE, Pharmaceutical Care Network Europe.
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Identified causes of DRPs

As we can see from Table 2, clinical pharmacists found a 
total of 125 reasons for the 101 DRPs. The most common 
causes were “drug selection C1” (36.00%; 45/125), “dose 
selection C3” (29.60%; 37/125), and “patient related C7” 
(26.40%; 33/125). 

The Bayliff tool was used to evaluate the potential 
hazards of the 101 DRPs. The results showed that there 
were 3 (2.97%) grade category 0 hazards, 85 (84.16%) grade 

category 1, 13 (12.87%) grade category 2, and no category 
3 hazards, as shown in Table 3.

After identifying the 125 reasons for DRPs, clinical 
pharmacists proposed 249 interventions, of which 190 
(76.31%) were fully accepted and implemented. Among 
them, 96 reasons for the DRPs were placed “at the 
prescriber level I1” with 61 reasons for intervention and full 
implementation, and the success rate of the intervention 
was 63.54%. A further 75 reasons for the DRPs were 
placed “at the patient level I2”, with 67 reasons for 

Table 2 Causes of DRPs were identified by the PCNE DRP classification tool V9.00

Primary domain Code V9.00 Cause of the problem n %

Drug selection C1 Total 45 36.00

C1.3 No indication for drug 1 0.80

C1.4 Inappropriate combination of drugs, or drugs and herbal 
medications, or drugs and dietary supplements

4 3.20

C1.5 Inappropriate duplication of therapeutic group or active 
ingredient

1 0.80

C1.6 No or incomplete drug treatment despite existing indication 39 31.20

Dose selection C3 Total 37 29.60

C3.1 Drug dose too low 10 8.00

C3.2 Drug dose too high 5 4.00

C3.3 Dosage regimen not frequent enough 6 4.80

C3.4 Dosage regimen too frequent 8 6.40

C3.5 Dose timing instructions wrong, unclear or missing 8 6.40

Dispensing C5 Total 4 3.20

C5.1 Prescribed drug not available 4 3.20

Drug use process C6 Total 4 3.20

C6.1 Inappropriate timing of administration or dosing intervals 3 2.40

C6.4 Drug not administered at all 1 0.80

Patient related C7 Total 33 26.40

C7.1 Patient uses/takes less drug than prescribed or does not take 
the drug at all

21 16.80

C7.4 Patient uses unnecessary drug 1 0.80

C7.7 Inappropriate timing or dosing intervals 7 5.60

C7.8 Patient administers/uses the drug in a wrong way 4 3.20

Others C9 Total 2 1.6

C9.1 No or inappropriate outcome monitoring (incl. TDM) 2 1.6

Total 125 100.00

DRP, drug-related problem; PCNE, Pharmaceutical Care Network Europe.
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intervention and full implementation, and the success rate 
of intervention was 94.37%. There were 73 reasons for 
the DRPs placed “at the drug level I3”, with 57 reasons for 
intervention and full implementation, and the success rate 
of intervention was 78.08%. Finally, there were five reasons 
for “other intervention or activity I4” which saw five 

interventions fully implemented, and a success rate of the 
intervention was 100%. Table 4 depicts all data on the types 
of intervention and its acceptance and implementation. 

DRP status reflects the results of the intervention. 
Finally, 69 out of 101 DRPs (68.32%) were completely 
solved, 14 (13.86%) were partially solved, 17 (16.83%) 

Table 3 Potential risk of DRPs of DRPs

Damage rating
Drug-related problem (n)

Total %
CKD1-2 CKD3-5

Category 0 1 2 3 2.97

Category 1 23 62 85 84.16

Category 2 2 11 13 12.87

Category 3 0 0 0 0.00

Total 101 100.00

DRP, drug-related problem; CKD, chronic kidney disease.

Table 4 Types of intervention, its acceptance and implementation as identified by the PCNE DRP classification tool V9.00

Primary domain Type of intervention
Code 
V9.00

Intervention  
(n)

%
Intervention accepted and 

fully implemented (n)
Successful 

intervention (%)

At prescriber level Sum total I1 96 38.55 61 63.54

Prescriber informed only I1.1 18 7.23 14 77.78

Prescriber asked for information I1.2 2 0.80 2 100.00

Intervention proposed to prescriber I1.3 69 27.71 41 59.42

Intervention discussed with 
prescriber

I1.4 7 2.81 4 57.14

At patient level Sum total I2 75 30.12 67 94.37

Patient (drug) counselling I2.1 71 28.51 64 90.14

Patient referred to prescriber I2.3 3 1.20 3 100.00

Spoken to family member/caregiver I2.4 1 0.40 0 0.00

At drug level Sum total I3 73 29.32 57 78.08

Drug changed to… I3.1 8 3.21 6 75.00

Dosage changed to… I3.2 21 8.43 14 66.67

Instructions for use changed to… I3.4 12 4.82 8 66.67

Drug stopped I3.5 4 1.61 3 75.00

New drug started I3.6 28 11.24 26 92.86

Other intervention 
or activity

Sum total I4 5 2.01 5 100.00

Side effect reported to authorities I4.2 5 2.01 5 100.00

Total 249 100.00 190 76.31

DRP, drug-related problem; PCNE, Pharmaceutical Care Network Europe.
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were unresolved, and 1 (0.99%) was in an unknown state, as 
shown in Table 5.

Discussion

Our study is the first report on DRPs in a nephrology 
department using the PCNE classification tool V9.00 in 
China and the results showed that the 87 patients involved 
had 101 DRPs (an average of 1.16 DRP per patient). The 
mean age of the study population was 48.59±15.12 years 
old, which was close to the mean age found in the study 
conducted by Subeesh et al. (12), reflecting the fact that 
there is a high prevalence of CKD among people with 
relatively high age.

In our study, the major types of DRPs were “treatment 
effectiveness” and “treatment safety”, which accounted 
for over 97% (98 of 101 DRPs), and the most prominent 
problem was “effect of drug treatment not optimal”, which 
accounted for 45.54% of the problems (46 of 101 DRPs). 

Within the causes of DRPs, “drug selection” and “dose 
selection” were the major aspects, accounting for more 
than 65.60%. While “no or incomplete drug treatment 
despite existing indication” was the major cause in the “drug 
selection” domain. Within the “dose selection” domain, 
“drug dose too low”, “dosage regimen too frequent”, and 
“dose timing instructions wrong, unclear or missing” 
accounted for more than half of the causes. Dvořáčková et al 
also conducted a study showed that the most frequent DRPs 
were untreated indication (27.18%) and incorrect dose, too 

low (20.81%) which was similar with ours (8). The results 
showed that the intervention of pharmacists in clinical 
medication management was very important. Specialists 
may only focus on drug treatment in undergraduate 
departments, while other problems experienced by patients 
are often easily overlooked. Consequently, this result 
reminds us that pharmacists should strengthen the medical 
order examination to ensure the safety of medication and 
achieve the goal of treatment. Moreover, as the kidney 
disease worsening, more and more medications are used to 
treat related complications. Such as anemia, mineral, bone 
disorders and so on. The CKD patients who reach end-
stage renal disease, they may need take 10–12 drugs (13). 
Due to CKD patients need long-term integrated treatment 
and repeated admission and discharge, doctors may forget 
to prescribe drugs or mistakenly provide incomplete drug 
treatment. Clinical pharmacists can identify these DRPs 
and prevent potential DRPs. This provides a guarantee for 
the safe and effective treatment of patients (14).

The potential severity of DRPs was rated by the 
Bayliff tool. Category 0 means it has no impact on clinical 
outcomes, category 1 means there is potentially mild clinical 
effect, category 2 means there is a potential clinical impact 
that would trigger the need for treatment or extended 
hospital stay, and category 3 means the effect might be 
fatal. Through our research, the more severe the disease 
was, the more diseases were combined, and the more drugs 
were used. We found that as the severity of CKD increases, 
the frequency of DRPs also increases, but the relevant 

Table 5 Outcomes of intervention were identified by the PCNE DRP classification tool V9.00

Primary domain Outcome of intervention Code V9.00 Drug-related problem (n) %

Not unknown Total O0 1 0.99

Problem status unknown O0.1 1 0.99

Solved Total O1 69 68.32

Problem totally solved O1.1 69 68.32

Partially solved Total O2 14 13.86

Problem partially solved O2.1 14 13.86

Not solved Total O3 17 16.83

Problem not solved, lack of cooperation of 
prescriber

O3.2 9 8.91

Problem not solved, intervention not effective O3.3 8 7.92

Total 101 100.00

DRP, drug-related problem; PCNE, Pharmaceutical Care Network Europe.
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information needs to be verified in a larger sample. In our 
study, we did not encounter life-threatening circumstances 
in patients with drug-related problems. This, however, 
could be caused by the sample size.

In our study, there were 85 DRPs rated at category 
1 and clinical pharmacists proposed interventions after 
identifying the DRPs. Most of the interventions were fully 
accepted and implemented (190/249) and the prescriber 
acceptance rate was high “at patient level” (94.37%). From 
the other 59 interventions which were not being accepted 
and implemented, 50 interventions were accepted but 
partially implemented, 4 interventions were accepted but 
implementation was unknown, and 5 interventions were 
not accepted because the doctors did not reach consent. 
Analyzing the reasons, we can see that the acceptance 
rate of doctors is relatively high in the following two 
conditions: not giving patients treatment of drugs while 
symptoms exist, and unnecessary or surplus use of drugs. 
By comparison, the acceptance rate of doctors is low in 
these two conditions: inaccurate drug doses and inaccurate 
timing of administration of drugs. Some doctors will ignore 
the impact of adequate drug use on the effect of treatment. 
Nonetheless, medication compliance of patients in our 
study was not satisfactory. Among 87 patients, only 12 
(13.79%) had high medication adherence. According to 
our study, there are many reasons which can lead to poor 
medication adherence in CKD patients, such as patients’ 
age, patients’ education background, patients’ economic 
income, patients’ anxiety about the side effects of drugs, the 
fact that patients do not pay enough attention to their own 
diseases, the fact that patients wouldn’t completely trust 
the doctors, and so on. Through the active intervention 
of clinical pharmacists, the medical education of CKD 
patients has been strengthened, the medication adherence 
of patients has been greatly improved, and their quality 
of life has been significantly enhanced (15,16). The 
complete pharmaceutical care team includes doctors, 
pharmacists, nursing staff, and other paramedical staff. 
Their collaborative work can resolve DRPs and improve the 
quality of medical services (8,17).

This is the first study that reports DRPs in nephrology 
department by clinical pharmacists in China, which proves 
that the clinical pharmacists play an active role in the drug 
safety of CKD patients. Through the intervention of clinical 
pharmacists, potential medication errors and adverse drug 
reactions can be effectively avoided, and the medication 
safety of patients can be further improved. Granted, this 
study has the role of a pioneer to a certain extent. Despite 

such fact, though, our study has its short-comings. There 
are several limitations that need to be considered. First, our 
study was limited to one hospital with a small sample size 
and no control group. Accordingly, we compared the results 
with the similar research in other countries. In further 
studies, the model of pharmacy service should be validated 
with a larger population and the studies with control 
group are necessary to be carried out. Apart from that, 
there are researches in DRPs in more clinical departments 
such as cardiology, respiratory department, orthopedics, 
endocrinology, and nephrology, but we lack data of DRPs 
on the comparison between different departments.

Conclusions

There is a high rate of DRPs in CKD patients in our 
hospital. In our study, a total 77% of the patients had DRPs. 
Clinical pharmacists can identify DRPs and implement 
appropriate interventions to prompt rational drug use. 
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