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Abstract
Background

The patients with kidney diseases are at high risk of Drug related problems (DRPs) because of the multi-
morbidity associated polypharmacy and pharmacokinetic change. The study aimed to identify DRPs in
hospitalized patients with kidney diseases and the effectiveness of clinical pharmacists’ service in China.

Methods

The patients, admitted to the Nephrology department of Zhejiang Provincial People’s Hospital between
January to December 2020, were enrolled in this prospective study. Clinical pharmacists’ service consisted
of medication reconciliation, identifying DRPs and providing suggestions. The DRPs were classi�ed using
pharmaceutical care net-work Europe (PCNE) DRPs classi�cation system, as well as all data were statistical
calculated via SPSS version 26.0.

Results

From 914 patients with renal disease in the study, 45.95% of them had at least one DRP. A total of 463 DRPs
were identi�ed, and 84.23% of DRPs were solved with participation of clinical pharmacists. Presence of co-
morbidities(AOR = 1.187[1.059–1.329]), polypharmacy (AOR = 1.050[1.031–1.069]) and hospitalization days
(AOR = 1.035[1.001–1.071]) were predictors of DRPs.

Conclusion

DRPs were common in the Nephropathy hospitalized patients. Co-morbidities, polypharmacy and extended
length of stay could contribute to form DRPs. Clinical pharmacy service is necessary to the optimization of
drug therapy in hospitalized patients with kidney diseases.

Background
The kidney disease, such as chronic kidney disease (CKD) and kidney failure, is becoming increasingly
commonplace. Presumably, the global prevalence of all CKD stages was 13.4% through a 2016 meta-
analysis based on 100 studies [1]. According to the China Kidney Disease Network report in 2017, there were
almost a half million hemodialysis patients and 132 million patients with renal disease in China [2].

Though drug therapy is essential for the cure and inhibition of the renal function deterioration, it also
exposed the patients to drug-related problems (DRPs). According to PCNE, the DRPs, including unnecessary
drug therapy, ineffective drug, need additional drug therapy and inappropriate drug dosage or frequency,
could certainly or potentially interferes with desired therapeutic outcome [3, 4]. DRPs not only affect
patients’ health seriously, but also bring heavy economic burden to the patients and country. It is estimated
that the annual cost of DRPs-related treatment is nearly 177 billion dollars in the United States [5].

Most patients with kidney disease have comorbid conditions (cardiovascular and metabolic disorders, for
instance). Complex medication regimens in these patients are very common, that would increase the risk of
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DPRS, including adverse drug reactions (ADRs) and drug interactions [6]. Furthermore, the pharmacokinetic
pro�les of the renal insu�ciency patients are apparently different from normal person. The dose or
frequency of drugs which was mainly excreted by kidney, such as levo�oxacin, requires adjustment in CKD
patients;meanwhile, some drugs, such as NSAIDs, are contraindicated in renal failure patients [7, 8]. To
maintain the effective blood concentration, add an additional medication dose, such as vancomycin, is
necessary for hemodialysis patients after dialysis treatment [9]. Thus, the patients with kidney diseases are
at high risk of DRPs because of the multi-morbidity associated with polypharmacy and pharmacokinetic
change. It has been reported that DRPs prevalence in CKD cases ranging from 12–87% [10]. So far, no
information is available on the incidence and symptom of DRPs in hospitalized patients with kidney
diseases in China.

Since the DRPs are substantially prevalent in patients with kidney diseases, discover and correct the DRPs in
time are absolutely necessary. Studies in several countries have shown that pharmacist intervention could
improve the management of severe DRPs in CKD patients [11, 12]. According to the statistics of Chinese
Pharmacists Professional Committee in 2021, with the largest population of kidney patients in the world,
only 227 clinical pharmacists of Nephrology there are in China. It is not known whether pharmacists’ action
on DRPs is affected by the huge population base in nephrology department in China. This study was to
observe the systems and the clinical pharmacists’ effects of DRPs in hospitalized kidney patients in a large
hospital in China.

Methods

Study design and setting
The prospective interventional study was conducted from January to December 2020 at Zhejiang Provencal
People’s Hospital (a 2000-bed comprehensive hospital in China). With the informed consent of patients, the
hospitalized kidney sufferers during the study period were included in this study. A professional clinical
pharmacists participated in the treatment, thoroughly reviewed the patients’ medical records and
prescriptions every day, then offered pharmaceutical suggestions.

Data collection and measurement tools
All the patients’ data were collected by clinical pharmacist, including sociodemographic characteristics (age,
sex, smoking status, alcohol status), as well as clinical and drug-related information (principal diagnosis,
complications, number of drugs prescribed, CKD stage and length of stay).

Identi�ed DRPs were categorized using the Pharmaceutical Care Network Europe (PCNE) v9.00 and all the
pharmaceutical recommendations were documented [13]. Based on PCNE v9.00, the intensi�ed DRPS were
brie�y classi�ed into problem(P), cause(C), intervention(I), acceptance(A) and Outcome(O)[13].

Statistical analysis
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Descriptive analysis was computed as frequency, mean and standard deviation (SD) for continuous
variables and percentage for categorical data. Continuous and categorical variables were analyzed by t test
and Chi square test respectively. The determinant of DRPs was detected via logistic regression. SPSS
version 26.0 was used for data analysis and a p value < 0.05 was considered statistically signi�cant.

Results

Patient characteristics
A total of 914 patients were included (38.29% male) during the study. The mean age of the population was
60.23 ± 17.83 years. In this study, the proportion of smoker and alcohol user were 19.70% and 12.14%
respectively. More than half of the patients were diagnosed with stage 5 CKD. On the analysis of comorbid
conditions, hypertension (74.84%) diabetes mellitus (34.79%) hyperlipemia (31.62%) and coronary artery
disease (13.35%) were frequently observed;the average of comorbidities was 3.12 ± 1.31. The mean mount
of medications was 14.74 ± 8.60; the average length of stay was 8.76 ± 4.54 (Table 1).
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Table 1
Demographic and clinical characteristics of the population in the

study
Characteristics Number(%)

Age, Mean(SD) 60.23(17.83)

Male 350(38.29)

Smoker 180(19.70)

Alcohol user 111(12.14)

Chronic kidney disease stages based on eGFR  

  CKD 1(eGFR ≥ 90mL/min/1.73m2) 149(16.30)

  CKD 2(eGFR 60–89 mL/min/1.73m2) 84(9.19)

  CKD 3(eGFR 30-59mL/min/1.73m2) 56(6.13)

  CKD 4(eGFR 15-29mL/min/1.73m2) 36(3.94)

  CKD 5(eGFR 15mL/min/1.73m2) 589(64.44)

comorbidities  

  Hypertension 684(74.84)

  Diabetes mellitus 318(34.79)

  hyperlipemia 289(31.62)

  Coronary artery disease 122(13.35)

Number of comorbid diseases, Mean(SD) 3.12(1.31)

Number of prescribed medications, Mean(SD) 14.74(8.60)

Number of hospitalization days, Mean(SD) 8.76(4.54)

Prevalence And Classi�cation Of Drps Identi�ed Using Pcne
V9.00
During the study involving 914 patients, a total of 463 DRPs were detected with an average of 0.51 DRP per
patient. The incidence of DRP detected was 45.95%. 385 participants(42.12%)suffered 1 DRP;27 persons
(2.95%) suffered 2, and 8 patients (0.88%) suffered 3. As shown in Table 2, the most commonly encountered
type of DRP was treat safety related issues (43.84%) followed by effectiveness (43.20%). Inapposite
drug/dose selection contributed to most of DRPs (89.85%). The abuse of the antibiotics and cardiovascular
agents were the most common causes of the DRPs (32.84% and 28.66%) (Fig. 1).Physicians accepted a
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total of 85.53% pharmaceutical interventions. Finally, 84.23% of DRPs were solved with participation of
clinical pharmacists.
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Table 2
Classi�cation of DRPs identi�ed using PCNE v9.00

Code Detailed Classi�cation N(%)

Problems (total
463)

   

  P1   The effectiveness of treatment 200(43.20)

    P1.1 No effect of drug treatment 1(0.5)

    P1.2 Effect of drug treatment not optimal 97(48.5)

    P1.3 Untreated symptoms or indication 102(51)

  P2   The safety of treatment 203(43.84)

    P2.1 Adverse drug event (possibly) occurring 203(100)

  P3   Other 60(12.96)

    P3.1 Problem with cost-effectiveness of the treatment 20(33.33)

    P3.2 Unnecessary drug-treatment 40(66.66)

Causes (total
463)

   

  C1   Drug selection 279(60.26)

    C1.2 Inappropriate drug 88(31.54)

    C1.3 No indication for drug 37(13.26)

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

16(5.73)

    C1.5 Inappropriate duplication of therapeutic group or active ingredient 9(3.23)

    C1.6 No or incomplete drug treatment in spite of existing indication 119(42.65)

    C1.7 Too many medicines prescribed for indication 10(3.58)

  C2   Drug form 17(3.67)

    C2.1 Inappropriate drug form for this patient 17(100)

  C3   Dose selection 137(29.59)

    C3.1 Drug dose too low 24(17.52)

    C3.2 Drug dose too high 83(60.58)

    C3.3 Dosage regimen not frequent enough 6(4.38)

    C3.4 Dosage regimen too frequent 14(10.22)

PCNE: Pharmaceutical Care Network Europe; DRP: drug-related problem
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Code Detailed Classi�cation N(%)

    C3.5 Dose timing instructions wrong, unclear or missing 10(7.30)

  C4   Treatment duration 5(1.08)

    C4.1 Too short treatment duration 2(40)

    C4.2 Too long treatment duration 3(60)

  C9   Other 25(5.40)

    C9.1 No or inappropriate monitoring outcome (e.g., TDM) 25(100)

Intervention
(total 463)

   

  I1   At prescriber level 234(50.54)

    I1.3 Intervention proposed to prescriber 48(20.51)

    I1.4 Intervention discussed with prescriber 186(79.49)

  I3   At drug level 229(49.46)

    I3.1 Drug changed to 45(19.65)

    I3.2 Dosage changed to 57(24.89)

    I3.3 Formulation changed to 7(3.06)

    I3.4 Instructions for use changed to 14(6.11)

    I3.5 Drug paused or stopped 38(16.59)

    I3.6 Drug started 68(29.69)

Acceptance(total
463)

   

  A1   Intervention accepted by patient or prescriber 396(85.53)

    A1.1 Intervention accepted and fully implemented 387(97.73)

    A1.2 Intervention accepted, implemented partially 8(2.02)

    A1.3 Intervention accepted but unimplemented 1(0.25)

  A2   Intervention not accepted 67(14.47)

    A2.1 Intervention unaccepted: not feasible 4(5.97)

    A2.2 Intervention unaccepted: no agreement 61(91.04)

    A2.4 Intervention unaccepted: unknown reason 2(2.99)

PCNE: Pharmaceutical Care Network Europe; DRP: drug-related problem
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Code Detailed Classi�cation N(%)

Outcome(total
463)

   

  O1   Solved 390(84.23)

    O1.1 DRP totally solved 390(100)

  O3   Not solved 73(15.77)

    O3.1 DRP not solved, lack of cooperation of patient 5(6.85)

    O3.2 DRP not solved, lack of cooperation of prescriber 53(72.60)

    O3.3 DRP not solved, intervention not effective 15(20.55)

PCNE: Pharmaceutical Care Network Europe; DRP: drug-related problem

Determinants of DRPs

Comorbid diseases(AOR = 1.187[1.059–1.329]), polypharmacy (AOR = 1.050[1.031–1.069]) ; hospitalization
days (AOR = 1.035[1.001–1.071]) were predictors of DRPs in the multivariate logistics regression model; the
p values were 0.003, 0.000, 0.043 respectively (Table 3).
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Table 3
determinants of DRPs identi�ed using logistic regression.

determinates DRP   Univariable logistic
regression analysis

  Multivariate logistic
regression analysis

Yes, N(%) No, N(%)   COR(95%CI) P
value

  AOR(95%CI) P
value

Age, Mean(SD) 62.40 ± 
17.37

58.36 ± 
18.02

  1.013
(1.006–
1.021)

0.001   1.001(0.993–
1.010)

0.771

Gender                

  Female 265(63.10) 299(60.52)   Reference        

  Male 155(36.90) 195(39.47)   0.897
(0.686–
1.173)

0.426      

Smoking
status

               

  No 331(78.81) 403(81.58)   Reference        

  Yes 89(21.19) 91(18.42)   1.191(0.859–
1.650)

0.294      

Alcohol user                

  No 365(86.90) 438(88.66)   Reference        

  Yes 55(13.10) 56(11.34)   1.179(0.792–
1.753)

0.417      

Renal function
based on eGFR

               

  CKD1 48(11.43) 101(20.45)   Reference     Reference  

  CKD2 32(7.62) 52(10.53)   1.295(0.741–
2.264)

0.365   0.977(0.542–
1.761)

0.939

  CKD3 23(5.48) 33(6.68)   1.467(0.778–
2.764)

0.236   1.132(0.583–
2.198)

0.714

  CKD4 23(5.48) 13(2.63)   3.723(1.738–
7.976)

0.001   2.342(1.045–
5.253)

0.039

  CKD5 294(70) 295(59.72)   2.097(1.435–
3.065)

0.000   1.249(0.809–
1.927)

0.315

Comorbid
diseases,
Mean(SD)

3.34 ± 1.45 2.93 ± 1.15   1.272(1.148–
1.410)

0.000   1.187(1.059–
1.329)

0.003

COR: crude odds ratio; AOR: adjusted odds ratio; CI: con�dence interval
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determinates DRP   Univariable logistic
regression analysis

  Multivariate logistic
regression analysis

Yes, N(%) No, N(%)   COR(95%CI) P
value

  AOR(95%CI) P
value

Prescribed
medications,
Mean(SD)

17.00 ± 
9.20

12.86 ± 
7.58

  1.062(1.044–
1.080)

0.000   1.050(1.031–
1.069)

0.000

Hospitalization
days,
Mean(SD)

9.56 ± 4.46 8.08 ± 4.51   1.076
(1.044–
1.108)

0.000   1.035(1.001–
1.071)

0.043

COR: crude odds ratio; AOR: adjusted odds ratio; CI: con�dence interval

Discussion
DRPs is common during the treatment of CKD patients due to multi-morbidity associated polypharmacy and
pharmacokinetic change. By far, this is the �rst study to observe the incidence and symptoms of DRPs in
inpatients with renal disease in a Chinese large-scale hospital.

The frequency of DRPs (45.95%)in 914 nephropathic patients with an average of 0.51 DRP per patient,
within the scope reviewed by the interval documented (12–87%)[10]. A total of 463 DRPs were detected.
These data suggest that similar to the other countries, the DRPs is also familiar in patients with kidney
disease in China.

The major reasons of DRPs were drug/dose selection (89.85%) using PCNE v9.00, a general DRP analysis
method [13]. In terms of drug selection, the irrational use of antibiotics (32.84%) and cardiovascular agents
(28.66%) were the main reason, which is similar to other studies [14–16]. We found that the most common
comorbidities of CKD patients were hypertension (74.84%) and diabetes mellitus (34.79%), that might
explain why the abuse of cardiovascular agents were universal. The DRPs related cardiovascular agents
were largely due to the unreasonable drug combination and inappropriate drug selection in this study. For
instance, it has been observed that losartan potassium hydrochlorothiazide tablet combined with irbesartan
tablet. This is a typical irrational drug combination on account of the both drugs containing the same
mechanism composition (losartan, irbesartan). Long-term use of Clonidine was inappropriate for CKD
patients because of central nervous system suppression function. Whereas, the wrong dosage and
treatment course contributed the majority of DRPs involved anti-microbials. Most antibacterial drugs,
including levo�oxacin, vancomycin and part of β-lactams, need dose adjustment accompanied by
deterioration of renal function. However, we found that the dosage of the antibacterial in the prescription of
CKD patients were usually higher than that allowed by instructions. In addition, some antibacterial agents,
such as metronidazole, needed no dosage adjustment in CKD patients. Hence, incorrect antibacterial drug
dosage was a common problem, which could lead to poor anti-infective treatment effect or aggravate
kidney dysfunction.
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The valuable contribution of pharmacists to drug therapy in CKD patients, including drug dosage
adjustment, adverse reaction detection, blood concentration monitoring and medical education, has been
documented in 2 systematic reviews [17, 18]. 85.53% of pharmacist’s suggestions on medicines were
accepted by clinician, and 84.23% of DRPs were solved. The advice on medicine dosage adjustment was
easy to accept. By contrast, pharmacist would face more di�culties when recommending doctors to replace
the drug regimen in our observation. Compared to perindopril, fosinophil is more di�cult to remove by
dialysis due to the high plasma protein binding rate. In a hemodialysis patient with hypertension, clinical
pharmacist’s suggestion concerning replacing perindopril with fosinophil was not adopted in this study.
Some suggestions were rejected by patients for cost. Blood concentration monitoring of
immunosuppressant, such as cyclosporin A and tacrolimus, was often remarkably di�cult to implement by
reason of the high price and long waiting time. Physician and patients, in general, accepted the vast majority
of recommendations of pharmacist.

Comorbidity and polypharmacy are the factors in the occurrence of DRPs, which had been proved in several
studies [4, 16, 19]. Length of hospitalization longer than 5 days would increase the possibility of DRPs in 2
research results [19, 20]. We got the similar conclusions in this study, comorbid diseases, polypharmacy and
hospitalization days were predictors of DRPs whether in univariable or multivariate logistics regression
model.

Some studies results support that stage of CKD was the independent risk factors for DRPs [4, 19–21]. We
found that only renal insu�ciency on stage 4 was remarkably correlated with DRPs via multivariate logistic
regression analysis. The possible reasons are as follows: patients with the �nal stage of the renal
insu�ciency (CKD5) were receiving regular dialysis usually, who will easily get more attention from clinician.
Besides, the nephrologists clearly know whether the medicine is appropriate and how to adjust the dose in
dialysis patients. We observed that tailored approach for CKD patients at stage 4 might be more
complicated and di�cult for doctors. Dapagli�ozin, for instance, is forbidden in dialysis patients; whereas,
many clinicians ignore that it is also contraindicated when eGFR is under 30 ml/min/1.73m2. These data
might remind us the sever renal insu�ciency patients with or without undergoing dialysis, long for more
care from both clinicians and pharmacists.

Limitations
To our knowledge, this is the �rst study to evaluate the prevalence of DRPs and clinical pharmacist’s effects
in the hospitalized patients with renal insu�ciency in a large Chinese hospital. However, there are also some
limitations. Firstly, there is a lack of comparative data on pharmacist’s intervention with DRPs. Further
randomized controlled studies are needed for more accurate conclusions. Secondly, there are far too few
pharmacist-only 227 clinical pharmacists specializing in nephrology in China, extremely low by world
standards. Thus, only one clinical pharmacist there was in department of nephrology. The incidence of
DRPs in this study might be underestimated.

Conclusion
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This study con�rms that the prevalence of DRPs is high among CKD hospitalized patients in China. Co-
morbidities, polypharmacy and extended length of stay are the risk factors of DRPs. Clinical pharmacy
service in the care of CKD patients is of great value.
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Figure 1

Classi�cation of the drugs related to DRPs 


