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This study considered only two dimensional partial differential equations, for a higher dimensions, it may become
complicated and tedious to solve. Hence, for future study, the condition for which this method can be applied to 
solve for higher dimensions of partial differential equations should be included.
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Abstract 
Background: The number of patients with degenerative disorder of skeletal system in outpatient clinic is increasing, thus crowd 

of patients waiting for health care service is typically time consuming in every scale of public hospital.  Hence, a Physician-
Pharmacist Collaborative Refill Clinic (Refill Clinic) was implemented in the outpatient clinic of orthopaedic department, Naresuan 
University Hospital, and we aimed to evaluate the impact of this program on medication possession ratio (MPR)  and medication 
cost saving.         

Method:  This study is prospective cohort study during one fiscal year.  The physician screened and referred patients who had 
stable condition, and required for long-term medication to the Refill Clinic. The pharmacist reviewed patient’s medications profile 
and conducted medication reconciliation to assess patient’s adherence and drug-related problems, as well as determined medication 
‘ s quantity, and dispensed medications at the adequate quantity until the next refill date.  All the adverse reactions were also 
monitored.  The MPR and medication costs saving after attending the Refill Clinic were primary outcomes.  MPR 0. 9- 1. 1 is 
determined as appropriate supply. 

Results:  Of 162 patients participating in the Refill Clinic, mean age was 59± 12. 6 years, and 69. 7% were female.  The 
patient who had an appropriate drug possession prior to join the Refill Clinic ranged from 6.7-50%. After implementing the Refill 
Clinic, the appropriate supply increased to the range of 35.0-100.0%. The Refill Clinic project can totally save 66,294 baht of 
drug costs. None of the patient experienced severe side effects from medication.  

Conclusion:  The Refill Clinic could improve the MPR and reduce total budget of medication in the patient who has stable 
condition, and required for long-term medication. 

Keyword: Refill clinic, Medication possession ratio, Chronic disease, Drug cost, Orthopaedic 

Introduction 

Nowadays, Thailand is entering an aging society, and thereby the number of patients with degenerative 
disease is inevitably increasing. A large number of patients may require a continuous treatment, while the number 
of physicians and health care personnel in public hospital may not be in a good proportion.  Thus, crowd of 
patients waiting for physician is typically observed in every scale of public hospital, and also the process until 
taking medicine is vastly time consuming.  There are some strategies trying to solve this problem, for instance 
extending the next patient’s appointment and supplying drugs for 3–6 months period. While, this longer period 
of follow- up might equivocally reduce the number of patients coming to the hospital, it may lead to some 
concerning consequences, such as patients not being monitored properly for adverse reactions of medicine, the 
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compliance for the drug use in appropriate time and having oversupply of medication.  These problems might 
thereafter affect the efficacy of treatment as well as the budget of the hospital and the government. 
(Ratanawijitrasin & Kulsomboon, 2001) 

The information from “Health Insurance System Research Office”  found the value of drug consumption in 
Thailand from 1995-2005 was 30-44% of the total cost of healthcare services. This cost of medicine is higher 
than those in the Developed countries which drug expenditures is approximately 10% ( Dilokthornsakul et al. , 
2010; Riege, 2005). This study also reported prevalence and cost from oversupply medication in each patient 
by using the data from one of University Hospital in Thailand. They found 23-63% of an unnecessary dispensing 
and it could cause dissipation of total budget for medication by 3.77%. If the hospital can reduce the incidence 
of unnecessary drug possession, it will not only reduce the hospital costs for drug, it may also increase the safety 
of drug use and patient’s adherence. 

Based on a review of evidence, there are many studies which establish a continuous drug exposure system 
for patients with chronic disease. These health care systems could improve patient’s adherence without medication 
oversupply such as 1.) Refill clinic by prescribed the medicine through online portal (Lyles et al., 2016). 2.) 
The collaboration among healthcare professionals including physicians, pharmacists and nurses 
(McKinnon & Jorgenson, 2009; Stroupe et al., 2000; Stroupe et al., 2004; Zermansky et al., 2001; Nguyen 
& Zare, 2015). 3.) The electronic medication refill system (Rim et al., 2018; Schoenhaus et al., 2016) The 
results of the studies showed that this system could increase patient safety, reduce the burden of costs for 
unnecessary dispensing, and reduce the workload of health care personnel Also, the system may reduce crowd 
of patients waiting for physician and shorten waiting time until taking medicine.  

In the present study, we developed a Physician-pharmacist Collaborative Refill Clinic (Refill Clinic) through 
collaboration between physicians, pharmacists, and nurses.  The objective of this study is to evaluate the impact 
of this development on Medication Possession Ratio (MPR) and drug cost saving. 

 
Methods and Materials 

 
This study is prospective cohort study which the Refill Clinic was implemented in the outpatient clinic of 

orthopaedic department, Naresuan University Hospital, Phitsanulok, Thailand.  The roles and functions of the 
multidisciplinary team were assigned.  Physician made the diagnosis and treatment for patients and enrolled 
patients who had stable clinical symptoms and sign with normal laboratory results, and required for long- term 
medication. Exclusion criteria were 1) patients with other systemic disease who required monitoring of clinical 
symptom and sign by multidisciplinary team.  2)  Patients who were unable to receive their own medication by 
themselves. Thereafter, the pharmacist would follow 3 steps of guideline that were 1) review patient’s profile, 
medications, and related laboratory testing. 2) Interview each patient to assess medication adherence and identify 
drug related problems which including adverse drug reactions, interactions between herbal, supplement with 
current medications 3) Reconcile medication’s quantity, and dispense medications at the adequate quantity, and 
record the information in the data collection form as well as medical record, and determine the next refill date. 
All the adverse reactions and patient adherence were also monitored in every visit at the Refill Clinic.  The 
patients who had serious adverse effect from medication, had new symptom and sign, and had no clinical 
improvement from the previous visit would return to be evaluated by the physician. The Refill Clinic was piloted 
for 4 months. Afterward, all information was prospectively collected from medical record and electronic databases 
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during one fiscal year.  The MPR and medication costs saving after attending the Refill Clinic were primary 
outcomes.  Usually, MPR is the sum of the days' supply for all prescription fills within a time interval, divided 
by the number of days in a particular time period as formula below. 

 
MPR = Days of medication supply 

     Days of interval period 
 
MPR < 0.9 is determined as undersupply, MPR 0.9-1.1 is appropriate supply, and MPR > 1.1 is oversupply. 

The estimated cost savings were calculated conservatively by using the number of pills that could be saved 
multiplied by the reference price of each medication during one fiscal year.  Descriptive statistics including 
percentage, frequency, median and distribution were used in the analysis with SPSS software (Statistical Package 
for Social Sciences, version 17.0; SPSS Inc, Chicago, IL). 

 
Results 

 
From collecting data during one fiscal year, there were 162 patients participating in the Refill Clinic.  The 

mean age was 59± 12.6 years, and 69.7% were female. Approximately 61% of the patients were in the Civil 
Servant Medical Benefit Scheme (CSMBS), while 35.2% and 3.6% were in Universal Coverage Scheme and 
Social Security Scheme, respectively (table 1). The median of drug items in each patient were 5, and the mean 
of appointment period by the Refill Clinic was 58 ±  18 days.  
 
Table 1 Demographic data of patients participating in the Refill Clinic 

Patient data Number (percent) 
Total number of patients  162 
Mean age (years ±  SD) 59 (12.6) 
Sex  
     Female  113 (69.7) 
     Male 49 (30.3) 
Health coverage scheme  
Civil Servant Medical Benefit Scheme (CSMBS) 153 (61.2)  
Universal Coverage Scheme 88 (35.2) 
Social Security Scheme 8 (3.6) 

SD = standard derivation 
 

Medication Possession Ratio (MPR)  
Of 162 participants, there were 10 drug items have been continuously dispensed and were used for analysis 

of MPR.  The patient who had an appropriate drug possession ( MPR 0.9- 1.1)  prior to join the Refill Clinic 
ranged from 6.7- 50%.  The number of patients with undersupply ( MPR<0.9)  and oversupply ( MPR>1.1) 
ranged from 25.0-73.3% and 0-59.4%, respectively After implementing the Refill Clinic program, the number 
of patients with the appropriate drug possession increased to the range of 35.0-100%. The number of patients 
with undersupply and oversupply decreased to the range of 0-45.0% and 0-20.0%, respectively. The proportion 
of each drug possession before and after attending the Refill Clinic is shown in Table 2. 
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Medication costs 
We found that the Refill Clinic project can totally save 66,294 baht of drug costs that comprised of 19,378.5 

Baht (29.2%) and 46,915.5 Baht (70.8%) of essential drug (ED)  and non-essential drug (NED)  from 
National List of Medicine, respectively (Table 3).  

Safety of patients 
There was none of the patient experienced severe side effects from medication.  One patient had drug 

interaction between ibuprofen and warfarin which receiving from internist as the treatment of venous 
thromboembolism. However, this patient did not experience any serious complications.  
 
Table 2 Medication Possession Ratio (MPR) before and after implementing of the Refill clinic 

Drug 

MPR Before the refill clinic service MPR After the refill clinic service 
Under- 
supply 
N (%) 

Appropriate 
supply  
N (%) 

Over- 
supply 
N (%) 

Under- 
supply 
N (%) 

Appropriate 
supply  
N (%) 

Over- 
supply 
N (%) 

Bisphosphonate* 1 (25) 1 (25) 2 (50) 0 5 (100) 0 
Allopurinol 2 (50) 2 (50) 0 3 (42.8) 3 (42.8) 1 (14.4) 
Amitriptyline 33 (73.3) 3 (6.7) 9 (20) 16 (42.1) 17 (44.7) 5 (13.2) 
Vitamin D 2 (25) 2 (25) 4 (50) 4 (26.7) 9 (60) 2 (13.3) 
Calcium$ 8 (25) 5 (15.6) 19 (59.4) 22 (26.8) 49 (59.7) 11 (13.5) 
Colchicine 2 (40) 1 (20) 2 (40) 4 (33.3) 7 (58.3) 1 (8.4) 
Diacerein 1 (50) 0 1 (50) 2 (33.3) 4 (66.7) 0 
Gabapentin** 6 (31.6) 4 (21.1) 9 (47.4) 9 (45) 7 (35) 4 (20) 
Glucosamine+  16 (48.5) 7 (21.2) 10 (30.3) 19 (35.8) 29 (54.7) 5 (9.5) 
Vitamins# 34 (37) 15 (16.3) 43 (46.7) 44 (34.4) 78 (60.9) 6 (4.7) 

*Bisphosphonate including alendronate and Ibandronate, $ calcium carbonate including 850mg/tablet and 1500 mg/tablet,** 
gabapentin including 100 mg/tablet and 300 mg/tablet, + glucosamine sulfate including 500 mg/capsule and 1500 mg/sachet, 
# Vitamins including multivitamin B, vitamin B complex, mecobalamin, folic acid 
 
Table 3 Cost-saving of Essential and Non-essential Drug of National list of Medicine 

Drug Number of tablets 
that can be saved 

Unit price 
(Baht/tablet) 

Costs saving (Baht) 
 

Essential drug (ED) 
Calcium carbonate 1,756 3 5,268 
Vitamin  1,360 0.5 3,320 
Amitriptyline 1,323 0.5 661.5 
Colchicine 305 1.5 457.5 
Gabapentin 290 23 6,670 
Vitamin D 261 11.5 3,001.5 
Non-essential drug (NED) 
Glucosamine sulphate 1,369 3.5 4,791.5 
Diacerein 86 41 3,526 
Bisphosphonates 21 1,838 38,598 
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Discussion 
 
Nowadays refill clinic is more implemented for many non- communicable diseases.  This clinic system help 

to increase patients adherence and decrease workload of healthcare professional ( Billups et al. , 2013; Nguyen 
& Zare, 2015 ; Gross et al. , 2005) .  Same as the results of this study, demonstrated that the operation of the 
Refill Clinic increased the number of patients with the appropriate drug supply (MPR 0.9-1.1), particularly in 
the biphosphonate group which reached 100% of appropriate drug possession. Of 162 patients, the total cost of 
drugs could be reduced by 66,294 baht in one fiscal year.  

About the safety of Refill clinic, previous studies have found that refill clinics are relatively safe ( Gross et 
al. , 2005; Nguyen & Zare, 2015 ; Ong et al. , 2016) .  Same as this study, there is none of serious adverse 
effects from medication.  There is only one drug interaction between ibuprofen and warfarin and no serious 
complications.   

The reduction in drug costs is directly as a result of reduction in oversupply of medicine, especially the NED 
which is typically more expensive.  Although, Calcium carbonate and vitamins are inexpensive ED, but the 
amount of drug remaining and high proportion of inappropriate possession may reflect a low medication adherence 
to agents which do not directly show its efficacy.  The Refill Clinic allows pharmacists to identify drug related 
adverse effects, and the problems associated to patient compliance and medication adherence ( Nguyen & Zare, 
2015; Stroupe et al., 2000; Stroupe et al., 2004; Zermansky et al., 2001). In addition, the Refill Clinic as 
one-stop service may help reduce crowd of patients waiting for physician and reduce time consuming regarding 
regular process. It also provides more time for doctors to treat new patients.  On the other hand, this alternative 
workflow may facilitate a social distancing management during an epidemic.  

According to the study, our results may support the role of the Refill Clinic as another strategy to improve 
cost-effectiveness of ED and NED use. However, we realize some limitations in this study. First, we could not 
know actually the remaining drug if the patient forgot to bring it on appointment of the Refill Clinic. Second, 
the medication possession ratio (MPR) is only applicable to the medicines that are taken continuously to prevent 
or control the disease. Thus, we did not determine the MPR of the medicines that were taken intermittently to 
relieve symptoms, such as nonsteroidal anti-inflammatory drugs (NSAIDs). Third, this study did not assess 
patient’s satisfaction which is one of the most important issue that can improve patient’s adherence (Shapiro et 
al., 2001), and also did not determine other associated costs such as travel costs. Lastly, this study was 
conducted only at the orthopaedic outpatient clinic, and therefore the results might not be appropriately 
extrapolated to other specific group of patients. Hence further investigation may be considered before 
implementing the Refill Clinic to outpatient service for other chronic NCDs such as diabetes, hypertension, etc.   

 
Conclusion and Suggestions 

 
The Physician- pharmacist Collaborative Refill Clinic could improve the medication possession ratio and 

reduce total budget of medication in the patient who has stable clinical symptoms and sign, and required for 
long- term medication from orthopaedic clinic.  The expand implementation of Refill clinic in other department 
is value for study.   
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