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ABSTRACT 
 Patients that are on many medications are often non-compliant due to the complexity of the medication 
regimen; consequently, a patient that is non-compliant can have poor medical outcomes. Providers are not always 
aware of the complexity of their patient’s prescriptions. Methods have been developed to calculate the complexity 
for a patient’s regimen but there are no widely available automated tools that will do this for a provider. Given that 
ontologies are known to provide well-principled, sharable, setting-independent and machine-interpretable 
declarative specification frameworks for modeling and reasoning on biomedical problems, we have explored their 
use in the context of reducing medication complexity. Previously we proposed an Ontology for modeling drug-
related knowledge and a repository for complexity scoring. Here we tested the Ontology with patient data from the 
University of California San Diego Epic database, and we built a decision aide that computes the complexity and 
recommends changes to reduce the complexity, if needed. 
 
INTRODUCTION 
 Anyone that interacts with patients knows the frustration of having a patient that is “non-compliant.”  It has 
been estimated that the rate of non-compliance, or non-adherence, is 30-50% [1]. There have been studies done to  
determine the causes of non-adherence and they are hard to identify, but some of the prominent causes include 
polypharmacy and complexity of regiments [1].  Polypharmacy, which is the intake of several medications, can 
range from as many as three medications to over ten, on a regularly scheduled basis.  Complexity can be measured 
by the number of medicines or tablets taken, the frequency of the medicines taken, any restrictions surrounding the 
intake of a medicine (like with an empty stomach or after a meal, with water only, etc.), the route of administration 
of the medicine, and the like. As a patient gets older, the number of medications tends to increase; the estimated 
compliance rate, in the elderly, ranges from 0% to 59%, depending on the study [1]. This is enough of an issue that 
the U.S. Department of Health and Human Services has developed an initiative to better care for those with multiple 
medical problems; one of the issues they often have to deal with is polypharmacy.[2] 
 Many providers are not always aware of the complexity of the medications taken by their patients; so, when 
they prescribe a new medication this is not taken into consideration. In one study, done at a Veterans Administration 
hospital, the residents were given a grid that contained the times of day for administration of the patients’ 
medications with one column for each day.  This pictorial representation of the complexity for the patients 
impressed the residents with the difficulty of some of the regimens.  The results of the study were that the patients’ 
who were treated by residents that were given a grid, had their number of medications decreased and the number of 
doses decreased; the other, control patients, had increases in both of these area.[3] 
 The purpose of this study is to build on our previous research on the development of a drug Ontology[4], 
further refining and testing the proposed Ontology. Here we report on our experience of building and testing an 
Ontology-based prototype tool that aims to achieve three goals. The first one is to map Epic prescription 
medications into the Ontology.  The second is to calculate the complexity of the prescriptions and recommend 
changes to the regiment that could decrease complexity. The third is to evaluate the cost of the current and proposed 
medication regiment and present this information to the provider. 
 In our previous AMIA paper[4] we proposed a Web Ontology Language (OWL) Ontology to model drug 
information, and patient’s drug prescriptions. We also reported on a set of Semantic Web Rule Language (SWRL) 
rules that we used to implement a method proposed by George et al [5] to compute the complexity of a 
polypharmacy treatment. The method consists of assigning weights to drug prescriptions based on dosage form and 
frequency (e.g. a daily dose having a weight of 1 while an every 4 hour dosing having a weight of 6.5), and 
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additional direction (e.g. breaking or crushing a tablet adds 1 to the complexity index.)  Previously we defined, in 
the developed OWL Ontology, hypothetical patient’s polypharmacy prescriptions, which we modeled in the Protégé 
tool to evaluate the proposed rules.  For this study we looked at the problem of mapping University of California 
San Diego (UCSD) Epic drug prescriptions into the proposed OWL Ontology. The complexity was computed using 
the already developed SWRL rules. 
 For the second aim we proposed new SWRL rules to reduce the complexity of drug prescriptions, while 
suggesting new and safe formulary prescriptions.  For example, if a patient is taking Lisinopril 10mg twice daily, the 
system would recommend that the patient be switched to Lisinopril 20mg once daily, since based on the formulary 
constraints for Lisinopril, this is an accepted dosing for this medication. Other ways that the system can reduce 
complexity is by combing drugs.  If a combination drug is available in the same dose forms, then the system 
recommends the change.  For example, if the patient is on Lisinopril 10mg daily and Hydrochlorothiazide 12.5mg 
daily, it can recommend the patient be switched to a combination pill that contains both of these medications. 
 The third aim was accomplished by reusing the SWRL rules proposed in our previous AMIA paper[4] to 
compute polypharmacy treatment costs.  The cost of the given prescriptions, as well as the new, recommended 
regimen are computed and presented to the provider.  This information is important if the patient is on a fixed 
income and has a limited income available to pay for their medications; especially if they have no insurance to cover 
the cost of their medications.  
 
BACKGROUND 
 Considering the difficulty in getting patients to comply with their prescribed medications, it is not an issue 
often discussed by providers. To the best of our knowledge there are no widely available, automated tools, to advise 
a prescriber on how to decrease the complexity of a patients prescribed medications. The process of medical 
decision-making that providers use to accomplish this task, can be thought of as a domain of knowledge with 
specified relations that can often be presented as a clinical algorithm[6] or a clinical pathway.[7] An Ontology is an 
explicit formal set of specifications of the terms in a domain and the relations among them[8]; or more simply, it is a 
way to “model a domain of knowledge.”[9] This makes an Ontology an ideal method to model the process used to 
help decrease the complexity of a patients prescribed medications.   The Protégé Ontology editing[10] tool was used 
to model the Ontology; it uses OWL to represent the Ontology.[11] It is the most widely used Ontology editor[12] 
that allows the sharing of ontologies amongst users.[11] SWRL was used as the specification language for our 
decision support rules since it is based on OWL and includes high-level abstract syntax for Horn-like rules (given an 
antecedent is true then the consequent must be true)[4, 13]. The implementation was built as a Java program that 
accesses the OWL Ontology through queries expressed in SWRL. 
 Within the studies that focused on safe and effective polypharmacy prescription, we can mention Elliot’s 
work where pharmacists manually evaluated patients’ prescriptions prior to discharging them from the hospital to 
determine if the complexity could be decreased.  The pharmacists were tasked to present this information to the 
patient and the provider prior to discharge.  Of the 221 patients in the study, only 84.4% had their medication 
regimen reviewed and only 31% of those patients had the changes implemented.  The main reason cited for not 
reviewing or not implementing changes was “lack of time.”[14] 
 Similar to Elliott, et.al[14], in Muir, et.al.[3] pharmacists evaluated the medication regimen for inpatients, 
at the time of admission, based on the resident’s computerized admission note.  The regimen was then presented in a 
grid format to the admitting resident the morning after admission.  The grid contained the times of day for 
administration and the columns listed the days of administration.  The residents were not given any instruction or 
training on medication complexity reduction.  The study evaluated the differences in the number of medications and 
number of doses between admission and discharge from the hospital, between the intervention and control group.  
The intervention group, which was made up of 568 patients, had the number of medications decreased by almost one 
and the number of doses decreased by almost 2.5 per patient. While the control group, made up of 661 patients, had 
medications increased by over 1.5 per patient and the doses increased by over 3.5 per patient.[3] There was no 
computerized intervention in this study. 
 In Calabrese, et.al.[15] pharmacists reviewed the prescribing of fifteen different medications administered 
by the study pharmacy; the goal was to change prescriptions for medications that were prescribed more than once 
daily, to once daily, if medically applicable.  If a patient had a prescription that was flagged by the pharmacies 
intervention application software, as a medication that could have the frequency reduced, then a clinical pharmacist 
generated three items: an authorization form for the provider to review, a pre-printed prescription for the suggested 
alternative dosage regimen, and a personalized letter from the clinician to the patient explaining the change in the 
dose regimen.  This paperwork was presented to the provider for approval or denial; once completed, the paperwork 
was returned to the pharmacy for processing and tracking.  Of the interventions sent to providers (927), 49% were 
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approved, but 32% were not returned to the pharmacy during the study period.[15] No reason was given for 
providers not returning the paperwork, but lack of time was inferred as a main reason. The changes that were 
approved and implemented saved $390,662 annually or $1.67 per member per year for the health system evaluated 
since often the different doses of a medication have the same price.[15] 
 The reported studies [3] [14] [15] involved human evaluation and recommendations.  This can be very 
costly since the prescriptions have to be evaluated by a trained individual, initially.  Then the changes have to be 
approved by the provider, and finally implemented by a pharmacist.  Here we explore the use of a decision support 
system (DSS) that could suggest changes to the polypharmacy prescriptions to reduce cost and overall treatment’s 
complexity. Studies have shown that if a provider is aware of the complexity they will try to decrease it, even if they 
are not provided recommended changes.[3] The proposed decision aide is an enhancement of a previously proposed 
DSS[4] which calculated the complexity and cost of a patient’s prescriptions but did not recommend changes.  To 
add this capability, we built on the previous approach reusing: a) the existing Ontology framework which already 
supported the modeling of drugs’ cost, formulary constraints, and patient’s polypharmacy prescription, and b) the 
SWRL rules that computed cost and complexity and checked satisfaction of formulary constraints.  
 
METHODS 
This research study was focused on achieving three aims: 
Aim 1: Mapping the Epic prescriptions into the OWL Ontology. 
 From the Epic patient data we were provided we selected twenty patients.  The general guideline used was 
that the patient had to be on at least three medications and no more than one medication that was used for another 
medical pathology other than hypertension (HTN) or hypercholesterolemia (HLP). The data provided from Epic 
included old and new prescriptions. (See Table 1 for example.) If there was more than one prescription written for a 
medication, the newest prescription was chosen. There were some medications listed as null in the dose and unit 
categories; it was assumed that these were voided or expired prescriptions.  Also, if there was one prescription that 
was more than a year older than the other prescriptions in the group for that particular patient, it was considered 
expired and no longer active since the common practice in pharmacies is to not refill prescriptions more than a year 
old.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Class diagram depicting the main classes and relationship in the proposed Drug Ontology. 
 
 Starting with the OWL Ontology from our previous project, we looked at the problem of how to map Epic 
prescriptions into the Ontology (Fig 1). The OWL concept that was used to enter the patient’s prescriptions was 
“Drug Prescription.”  In this section the medications that each patient was prescribed were entered individually.  The 
information entered included the date of the prescription (contact_date  hasDate), the drug component (name, 
rx_dose, rx_unit  forDrugComponent), the minimum and maximum drug units (rx_frequency  
minimumDrugUnits, maximumDrugUnits), and the intake directions (rx_frequency  hasTimeRestrictions, 
takeAsDirected, hasFoodRestriction, IncreasingDose, withSpecificFluids). They were linked to the patient via the 
unique patient identifier (hasEHRId) given in the Epic data. While mapping Epic data into the Ontology was a 
manual process, this process could be automatic. To automatically map the name of the medication, as in the “name” 
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field in Epic, will require the use of simple natural language processing rules to separate it from the dosage and 
dosage form.  For instance if the Epic drug name is METOPROLOL TARTRATE 25 MG OR TABS, then the 
drug name of Metoprolol Tartrate should be separated from the dosage 25 mg and the dosage form oral Tablets. It 
will be slightly more difficult to map the combination drug names since the mapping needs to be able to distinguish 
between each separate medication name and the dosages for each component. Fig. 2 exemplifies how we mapped 
the prescription LISINOPRIL-HYDROCHLOROTHIAZIDE 20-12.5 MG OR TABS from patient #10 in the 
Protégé specification of our drug Ontology.  The patient identifier (04727939) was used to populate the “hasEHRId” 
field.  The date of the prescription (7/11/2011) was used to populate the “hasDate” field.  In the 
“forDrugComponent” field the entry was selected from a list of instances from class “DrugComponent.”  The 
specification of the instance CostLisinopril20mgHydrochlorothiazide12.5mg from “DrugComponent” indicates the 
cost source, cost per unit, dosage form, if it is an extended release (1= extended release, 0= not extended release) 
and drug ingredients (in this case Lisinopril 20 mg and Hydrochlorothiazide 12.5mg) as instances of class 
“Ingredients”. The number of tablets taken for each dose is entered into the “minimumDrugUnits” and 
“maximumDrugUnits” fields. In this case 1 tablet is the minimum and maximum drug unit. The frequency is entered 
into the “withMinimumFrequency” and “withMaximumFrequency” fields; in this case the maximum and minimum 
frequency is once daily.  This prescription has no additional intake directions, as indicated by the fields 
“hasTimeRestrictions”, “takeAsDirected”, “hasFoodRestrictions”, “increasingDose”, and “withSpecificFluids” 
 
contact
_date 

name rx_dose rx_unit rx_frequency 

9/3/08 ATORVASTATIN CALCIUM 10 MG OR TABS NULL NULL 1 TABLET DAILY 
12/2/09 ATORVASTATIN CALCIUM 10 MG OR TABS 10 mg Take 1 Tab by mouth daily. 

7/11/11 
ATORVASTATIN CALCIUM 10 MG OR 
TABS 10 mg 

Take 1 tablet by mouth 
daily. 

12/2/09 FUROSEMIDE 20 MG OR TABS 20 mg Take 1 Tab by mouth daily. 

6/15/11 FUROSEMIDE 20 MG OR TABS 20 mg 
Take 1 tablet by mouth 2 
times daily. 

6/20/11 FUROSEMIDE 20 MG OR TABS 20 mg 
Take 1 tablet by mouth 2 
times daily. 

7/11/11 FUROSEMIDE 20 MG OR TABS 20 mg 
Take 1 tablet by mouth 2 
times daily. 

9/3/08 HYDROCHLOROTHIAZIDE 25 MG OR TABS NULL NULL 1 TABLET DAILY 

6/20/11 HYDROCHLOROTHIAZIDE 25 MG OR TABS 25 mg 
Take 1 tablet by mouth 
daily. 

7/11/11 
HYDROCHLOROTHIAZIDE 25 MG OR 
TABS 25 mg 

Take 1 tablet by mouth 
daily. 

9/3/08 
LISINOPRIL-HYDROCHLOROTHIAZIDE 20-
12.5 MG OR TABS NULL NULL 1 TABLET DAILY 

6/20/11 
LISINOPRIL-HYDROCHLOROTHIAZIDE 20-
12.5 MG OR TABS 1 tablet 

Take 1 tablet by mouth 
daily. 

7/11/11 
LISINOPRIL-HYDROCHLOROTHIAZIDE 
20-12.5 MG OR TABS 1 tablet 

Take 1 tablet by mouth 
daily. 

12/2/09 METOPROLOL TARTRATE 25 MG OR TABS 25 mg 
Take 1 Tab by mouth 3 
times daily. 

6/15/11 METOPROLOL TARTRATE 25 MG OR TABS 25 mg 
Take 1 tablet by mouth 
every 6 hours. 

7/11/11 
METOPROLOL TARTRATE 25 MG OR 
TABS 25 mg 

Take 1 tablet by mouth 
every 6 hours. 

9/3/08 METOPROLOL TARTRATE 50 MG OR TABS NULL NULL 1 TID 

6/15/11 VERAPAMIL HCL 180 MG OR TB24 90 mg 
Take 1 Tab by mouth 3 
times daily. 

9/3/08 VERAPAMIL HCL 180 MG OR TBCR NULL NULL 1 tablet every 12 hours 

6/20/11 VERAPAMIL HCL 180 MG OR TBCR 90 mg 

Take 90 mg by mouth 2 
times daily. Or as directed 
by cardiologist. 
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Table 1: The prescription data provided by Epic for patient #10.  The prescriptions in bold are the ones picked to 
model into the Ontology. 
 

 
 
Figure 2: Snapshot of Protégé illustrating the drug Ontology.  On the left the class hierarchy is depicted and on the 
right an instance of how the patients prescription is entered. The entry shown is for patient #10 and it is a 
combination tablet containing Lisinopril and Hydrochlorothiazide that is taken once daily. The DrugComponent 
concept is shown as an inset. 
 
Aim 2: Reducing the complexity of drug prescriptions, while suggesting new and safe formulary 
prescriptions. 
 The rules we implemented as SWRL specifications come from several different articles on reducing 
complexity to help increase adherence and reduce cost .  The implemented rules were: 

• Medications that can be taken once a day are preferred, as long as the increased cost of once-daily 
formulation does not pose a barrier to adherence.[14-16] 

• Decrease the number of dose units (e.g. tablets) if a larger dose is available.[14] 
• Combine to individual medications into a combination product, if available.[14, 17]  

Based on George et. al.[5] each prescription dosage form (i.e. tablet, liquid, topical cream), dosing frequency (i.e. 
once daily, every 4 hours, on alternate days), and additional directions (i.e. multiple units at one time, relationship to 
food, taken with a specific fluid) is assigned a weight.  Some dosage form weighting examples include: an oral tablet 
= 1; a liquid = 2; a powder/granules = 2.  Examples of dosage frequency weighting: once daily = 1; once daily as 
needed = 0.5; every 6 hours = 4, twice daily= 2.  Additional direction weighting includes items such as breaking or 
crushing tablet = 1; multiple units at one time = 1; take with food = 1. Taking items from Table 2, for patient #10, 
the weight for Atorvastatin would be: tablet (=1) + once daily (=1) = 2.  A higher weight would go to Metoprolol 
Tartarate: tablet (=1) + every 6 hours (=4) + with food (=1)= 6.   
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Drug Dosage 

form  
Dosage  
concentration 

Drug 
units 

Frequency Additional 
directions 

Complexity Cost 

Atorvastatin Calcium Tablet 10 mg 1 Once daily None 1+0+1+0=2	
   114.9 
Furosemide Tablet 20 mg 1 Twice daily None 1+0+2+0=3	
   8.40 
Hydrochlorothiazide Tablet 25 mg 1 Once daily None 1+0+1+0=2	
   3.9 
Lisinopril 
Hydrochlorothiazide 

Tablet 20 mg  
12.5mg 

1 Once daily None 1+0+1+0=2	
   21.90 

Metoprolol Tartrate Tablet 25 mg 1 Every 6 
hours 

With food 1+0+4+1=6	
   51.60 

Verapamil HCL Tablet 90 mg 0.5 Twice daily None 1+1+2+0=4	
   5.70 
Table 2: As an example, patient #10 is on the above medications, with a complexity score and cost for each 
medication. Complexity= dosage form+ drug units+ frequency+ additional directions. Total complexity is 19; total 
monthly cost $206.40 
  
To implement polypharmacy complexity, first, we defined the following SWRL rule to obtain, for each prescribed 
drug (denoted as drugClass) concentration (?concentration), the frequency of intake (?freq), prescribed units 
(?units), measurement unit (?measurement), food restrictions (?food) and dosage form (?form): 
 
DrugPrescription(?presc) ^ hasEHRId(?presc, patient) ^  
forDrugComponent(?presc, ?drugcomponent) ^ withIngredients(?drugcomponent, ?ingr) ^  
withDrug(?ingr,?d) ^ "+ drugClass+"(?d)  ^ dosageConcentration(?ingr, ?concentration) ^ 
withMinimumFrequency(?presc, ?freq) ^  withMaximumFrequency(?presc, ?freq) ^ 
minimumDrugUnits(?presc, ?units) ^ maximumDrugUnits(?presc, ?units) ^ 
dosageMeasurementUnit(?ingr, ?measurement) ^ hasFoodRestriction(?presc, ?food) ^ 
inDosageForm(?dc, ?form)   ->  sqwrl:select(?concentration, ?freq, ?units, ?measurement, ?food, ?form) 
 
Second, we defined algorithms for the following: 
 

1. Reduce medications frequency [14-16]. We implemented the algorithm as a set of simple if-then-
else rules. For instance if the intake of a drug is twice daily we tried to reduce it to once daily. Also, if the 
frequency is every 6 hours we tried to reduce it to twice daily, and so on.  Then, to suggest the new 
prescription drug concentration and units we proposed a new concentration that doubled the old 
concentration. The suggested new drug unit was always 1. Thus, for the example of Lisinopril 10mg 1 unit 
twice daily the proposed new prescription was Lisinopril 20 mg 1 unit with frequency once daily, because 
20 mg is the double of 10 mg.  
 
2. Decrease number of dose units[14]. The precondition for decreasing dose units is that the drug 
prescription has more than 1 unit. In that case, the suggested new drug prescription has as a new 
concentration that is the product of the old concentration and the old units.  The proposed new drug unit is 
always 1. For instance, if the prescription was Lisinopril 10mg, 2 tablets once daily, it could be replaced by 
a new concentration 20mg= 10mg x 2.  This algorithm was also implemented as a set of if-then-rules. 

 
Third, we defined SWRL rules for suggesting drug combinations. If a patient is on two medications that are 
available in a tablet with both medications – a combination product – then the patient should be switched [14, 17].  
For example if the patient is on Lisinopril 20mg once daily and Hydrochlorothiazide 12.5mg once daily, then they 
can be switched to a combination tablet with the same doses of each medication.  
 
By enacting the SWRL rule listed below twice, we can select two drug prescriptions from the set of the patient’s 
drug prescriptions. The selected prescriptions should not correspond to a combined drug (more than one ingredient). 
For each of the selected prescriptions the SWRL rule returns the prescribed drug (?drug1 and ?drug2), prescribed 
units (?unit1 and ?unit2), concentration (?concentration1 and ?concentration2), measurement unit (?measurement1 
and ?measurement2), and frequency of intake (?freq1 and ?freq2).  The precondition for enacting this SWRL rules 
is that both drugs were prescribed with the same frequency. For instance, Amlodipine 5mg once daily and 
Atorvastatin 40mg once daily have the same frequency. 
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DrugPrescription(?presc) ^ hasEHRId(?presc, patient) ^ forDrugComponent(?presc, ?drugcomp) ^ 
dosageConcentration(?d, ?concentration) ^ withMinimumFrequency(?presc, ?freq) ^ 
withIngredients(?drugcomp,?ingr) ^ sqwrl:makeSet(?set, ?d) ^ sqwrl:size(?n, ?set) ^ swrlb:equal(?n, 1) ^  
 withDrug(?ingr,?drug1) ^ "+drugClass+ "(?drug) ^ withMaximumFrequency(?presc, ?freq) ^ 
minimumDrugUnits(?presc, ?units) ^ maximumDrugUnits(?presc, ?units) ^  
dosageMeasurementUnit(?d1, ?measurement) ^  inDosageForm(?drugccomp, ?form) ->  
sqwrl:selectDistinct( ?drug,  ?units,  ?concentration, ?measurement, ?freq) 
 
By applying the SWRL rule listed below we can obtain, from the set of available drug components, a combined drug 
(?drugcomponent) that contains as ingredients both drugs (?drug1 and ?drug2) in the required concentrations (for 
?drug1 the concentration should be the product of ?unit1 and ?concentration1, and for ingredient ?drug2 the 
concentration should be the product of ?unit2 and ?concentration2). For instance, if our input is ?drug1=Lisinopril, 
?drug2= Hydrochlorothiazide, ?unit1=mg, ?unit2=mg, ?concentration1=20, ?concentration2=12.5 we can retrieve 
from the set of drug combinations the drug component listed in row 4 of Table 3. 
 
DrugComponent(?drugcomponent) ^ withIngredients(?dcomponent, ?ingr3) ^ withDrug(?ingr3,drug1) ^ 
withIngredients(?dcomponent, ?ingr4) ^ sqwrl:makeSet(?set, ?ingr3) ^ sqwrl:size(?n, ?set) ^  
swrlb:greaterThan(?n, 1) ^ dosageConcentration(?ingr3, ?concentration3) ^ dosageConcentration(?ingr4, 
?concentration4)  ^ withDrug(?ingr4,drug2) ^ swrlb:multiply(?result1, units1, concentration1) ^  
swrlb:multiply(?result2, units2, concentration2) ^ swrlb:equal(?result1, ?concentration3) ^ 
swrlb:equal(?result2, ?concentration4) ^ swrlb:add(?totalconcentration, ?result1, ?result2)  ->  
sqwrl:selectDistinct(?dcomponent, ?totalconcentration) 
 
Finally, we reused the rules proposed in the previous AMIA paper[4] for: 1) suggesting the drug prescription’s 
intake directions (for instance take the drug before bedtime, or take with food); and 2) checking that the prescription 
does not violate drug formulary constraints related to prescription units, dosage concentration, frequency and intake 
directions (for example Lisinopril’s formulary constraint is that the recommended minimum daily dosage is 10mg, 
and the recommended maximum dosage is 40mg).   
 
In the case of patient #10, once the rules are applied to the polypharmacy prescription from Table 2 a new 
polypharmacy prescription, depicted in Table 3, is suggested to the clinician. The new treatment has a new 
complexity of 15. Therefore, compared with the original polypharmacy treatment prescribed to patient #10 there is a 
reduction in complexity of 4 units.  
 
 

Drug Dosage 
form  

Dosage  
concentration 

Drug 
units 

Frequency Additional 
directions 

Complexity Cost 

Atorvastatin Calcium Tablet 10 mg 1 Once daily None 1+0+1+0=2	
   114.9 
Furosemide Tablet 40 mg 1 Once daily None 1+0+1+0=2	
   4.20 
Hydrochlorothiazide Tablet 25 mg 1 Once daily None 1+0+1+0=2	
   3.90 
Lisinopril 
Hydrochlorothiazide 

Tablet 20 mg  
12.5mg 

1 Once daily None 1+0+1+0=2	
   21.90 

Metoprolol Tartrate Tablet 50 mg 1 Twice daily With food 1+0+2+1=4	
   13.80 
Verapamil HCL Tablet 90 mg 1 Once daily None 1+1+1+0=3	
   5.70 

Table 3: New polypharmacy, as suggested by our DSS. New complexity is 15; new cost is $164.40. 
 
 
Aim 3:  Evaluating the cost of the current and proposed medication regiment and present this information to 
the provider. 
 The SWRL rules proposed in the previous AMIA paper[4] were used to compute the polypharmacy 
treatment costs.  The cost information was obtained from Epocrates, a free access tool with wide spread use as a 
mobile drug reference among US physicians. (www.epocrates.com/who) If we use, as an example, row 5 from 
Table 3, the monthly cost of the drug Metoprolol Tartrate, with a concentration of 50mg per tablet is $13.80. The 
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cost is based on considering the intake of 60 pills (1 pill twice daily) per month, where the cost of each pill is $0.23.  
So the cost of the simplified polypharmacy treatment for patient #10 is $164.40. Therefore the simplified 
polypharmacy treatment suggested by the DSS would help to save $42 dollars per month on the treatment of patient 
#10. 
In our DSS the cost information is presented to the provider, for both the current prescriptions and the proposed or 
alternate prescriptions.  Often the cost of a tablet is about the same, regardless of the dose.[15]  If cost is an issue 
then this will play a part in the decision process of the provider, especially if it helps to decrease the complexity for 
the patient, as well.  The SWRL rules can also propose combination drugs that help decrease the complexity, but 
they are often more expensive, since many are still not available as generics.  If cost is not an issue, then the change 
to a combination drug may help increase compliance thus decreasing the risk of cardiovascular disease and 
stroke.[18]  
 
RESULTS 
Aim 1: Mapping the Epic prescriptions into the OWL Ontology. 
 The George et. al. approach [5] for computing polypharmacy complexity was evaluated with 134 
medication regimens. In our first AMIA paper[4] we further tested the method using  theoretical prototypical patient 
cases. In this paper we wanted to explore the possiblity of automatically computing the complexity of polypharmacy 
treatments defined in the Epic system. For this project we looked at how to map the Epic medications of 20 patients, 
for a total of 84 prescriptions, into the proposed drug Ontology to compute their complexity.  As we explained in 
Aim 1 of the Method Section we discovered simple rules that could be used to automatically map the data from Epic 
into the drug Ontology that supports the polypharmacy complexity computing method.   
 An issue that arose was for a patient that was prescribed Terazosin 2mg, 2 tablets in the morning and 3 at 
bedtime.  Given the constraints of how the data was entered into the Ontology, it had to be entered as two different 
prescriptions; Terazosin 2mg, 2 tablets in the morning and Terazosin 2mg, 3 tablets at bedtime.  This is not that 
common when prescribing medications taken on a regular basis but it is an issue that increases complexity.   
 
Aim 2: Reducing the complexity of drug prescriptions, while suggesting new and safe formulary 
prescriptions. 
 Initially when the DSS was run, there were only a few recommended changes; a few patients were on 
medications that were taken more than once daily that could be taken on a daily basis.  But, many were already on 
combination drugs since Epic suggests combination drugs to the providers when they enter prescriptions for their 
patients. To evaluate the SWRL rule that suggest drug combinations, a few of the previously entered prescriptions 
for the patients on combination drugs were changed to two individual drugs and when the DSS was run it 
recommended that the patient be switched to the combination drug, as expected. 
 When the combination drugs were being entered into the Ontology it was noticed that the combination 
drugs do not always cover all the possible combinations when using individual medications.  For example, 
Amlodipine is available in three doses – 2.5mg, 5mg, and 10mg.  Benazepril is available in four doses – 5mg, 10mg, 
20mg, and 40mg. It would then be expected that there would be 12 different combinations if all combinations were 
available but there are only six combinations available. This was not an issue with the 20 patient profiles that were 
used.  For some of the combination drugs, the prescribing information from the manufacturer gives directions on 
how to switch a patient to the combination drugs; this information would have to be modeled in the Ontology and 
SWRL rules developed to implement this process. 
 
Aim 3: Evaluating the cost of the current and proposed medication regiment and present this information to 
the provider. 
 This aim was accomplished using the data that was already in the Ontology, from our previous work.  The 
existing rules were used to compute the cost.  The cost was calculated for the patients existing prescription, and for 
the proposed prescriptions, if changes were proposed.  The issue encountered was that prices were not available for 
all medications within the chosen data source. If the data is available from the pharmacy database this could be 
automatically mapped into the Ontology. 
 
DISCUSSION 
 Our DSS, as proposed here, is an important tool in attempting to decrease the number of medications taken 
by patients [14] which ultimately can lead to a decrease in the cost of medical care.[15] Of the four articles that 
recommended rules to decrease the complexity of a patients’ polypharmacy, there were a total of seven rules.[14-17] 
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We were able to implement three of these rules.  The rules that were not implemented, but we would like to 
implement in the future, include: 

• If the patient is taking other medications, consider recommending that all be taken at the same time of 
day.[14, 16] 

• Change the dose form, such as from Verapamil three times daily to once daily extended-release 
Verapamil.[14] 

• Change strength to help decrease complexity, such as Aspirin 300mg half a tablet daily to Aspirin 100mg 
daily,[14] as long as clinical guidelines are still followed. 

• Medication with special requirements, such as bedtime dosing, avoiding meals, should be used only if 
alternatives are unavailable or atypical circumstances exist.  For example, Simvastatin is recommended to 
be dosed at bedtime while Atorvastatin can be taken at any time of day.[16] 

 
 In addition to implementing the above rules, another area for future work would be to automatically map 
the Epic prescriptions into the proposed Ontology following the methodology proposed in the Methods section. 
Furthermore, we could look at the problem of automatically populating drug cost and formulary constraints and 
alerts from a database such as Epocrates, or from the pharmacy cost and alert database, which many automated 
prescription systems already have. 
 We would also like to combine our previous DSS[4], which used clinical practice guidelines, to evaluate a 
patient’s care and make prescription recommendations, if the current prescriptions do not follow the guidelines.  
This could be further implemented by evaluating recent labs and vital signs, to ensure appropriate control of the 
medical diagnosis assigned to the patient, and if they are not well controlled, then making recommendations that 
minimize cost and/or complexity, and will attempt to bring the patient’s medical problems under control. 
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