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ABSTRACT

A continuous growth in the costs of healthcare and medicine as a strategic commodity has prompted
researchers to seek tools to identify high-cost populations and achieve cost control. In the case of Iran,
after implementing the healthcare Reform plan in the country, a huge share of hospital funding was
spent on undesirable costs due to changes in the use of medicines and instruments. The aim of this
study is to compare the cost of medicines in both pre and post periods of health plan implementation to
detect abnormalities and low-frequency patterns in medical prescriptions that account for more than
30% of hospital budget funds. For this purpose, a data mining model was used to detect anomalies in
the prescription information; first, by forming cross-over matrices on the cross-attributes, the
prescription data were categorized; then, by applying a normalized distance-based risk function,
anomalies and high-cost elements were identified based on the distance between the input data and the
mean data. The data used included 15078 records containing information of patients' records during
the years 2012-2016 of Tehran Shariati Hospital Information System. According to the results, the
model presented at a positive likelihood ratio of 6.35 was viably able to identify domains and drugs
whose costs have skyrocketed following the implementation of the health reform plan. Based on the
results, among the 5 costly drugs to which the highest hospital budget was dedicated, Albumin had the
highest unbalanced cost growth after the implementation of health reform plan; Pantoprazole and
Ciprofloxacin were next in line regarding the unbalanced cost growth. These cases require to be
reviewed by the hospital's Pharmacy Committee to keep costs down in order to prevent their inflation.
Although imipenem and Meropenem are both expensive, common drugs need to be redefined in order
to rationalize their use. According to the heat map charts, the highest average prescription cost per
medication and age in the pre-treatment period belonged to a group of people with 80 years and
above; a significant decrease in cost was observed after the Reform Plan. The most expensive category
was allocated to the age group of 5 to 14 years. Thus, applications whose cost of prescriptions with
data usage patterns before the Reform Plan has been identified are given to experts for further
consideration.

KEYWORDS: Detection of anomalies; Data mining; Health system; medicines cost; Reform
Program.

1. Introduction health system, like other countries, faces the
The growing costs of health systems around the challenge of rising costs.
world have become one of the main concerns of In the health system, medical behaviors and
health managers and decision-makers [10]. Iran’s medicines play a significant role in ensuring

high-quality and cost-effective health services
(Yin et al. (2017)) and curing patients; in most
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medicinal costs constitute the second or third part
of health expenditure in all countries after
hospital admissions and physician visits; the cost
of medicines in developing countries is 20 to 60
percent of the total expenditure on health systems
(Rahbar et al. (2013)), and Iran is considered to
be one of the highly medicine-consuming
countries in the world [26]. This problem mainly
results from the misleading culture of prescribing
and taking medication, as argued by Ebadifard et
al. (2013) [7].
On the other hand, the health system should be
designed so as to reduce inequalities in the
community health so that all groups of a society
can benefit from health services (Sarkhanlou et
al. (2016)); hence, reforming the health system
and improving the quality of health services have
always been important [30]. In this regard, the
healthcare reform plan was implemented in Iran
in May 2016; the plan was aimed at protecting
citizens against healthcare costs, organizing
hospital services, improving their quality, and
ensuring fair access to healthcare services by
providing medical services and reducing the
number of patients in hospitals affiliated to the
Ministry of Health and Medical Education.
According to the plan, patients with basic health
insurance pay only 6% of the regulatory bills
covered by this plan based on the tariffs and fees
approved by the Deputy of Therapy Ministry of
Health and Medical Education (2013) [6].
In an interview with the managers of Shariati
Hospital in Tehran, it was found that the
implementation of the health reform plan led to a
significant increase in the hospital costs,
averaging 2.4 times the monthly increase of
medication costs in the hospitalized patients' files
in the second half of 2014 compared to 2013.
However, during this period, there were no
particular external events such as the outbreak of
an epidemic, etc. to cause any cost transfer. In
fact, these undesirable costs are due to:
o the high number of requests from the
recipients of the services and
o higher willingness of service providers to

provide unnecessary and surplus services

on demand (induction demand)
This leads to the over-consumption of services
and economic inefficiency through the improper
use of financial and human resources. By
identifying ways that waste resources, cost
analysis provides the basis for reducing costs.
According to literature reviews, no research has
been undertaken to evaluate and analyze the
economic and pharmaceutical costs of the health
reform plan. The purpose of this study is to
investigate the effect of health reform plan on

pharmaceutical costs and management of
undesirable costs caused by the implementation
of health reform plan. For this purpose, five
costly drugs that account for approximately 30%
of hospital budget were selected, and data mining
methods (detection of outliers through a distance-
based risk function) were used to identify cost
abnormalities in post-health reform prescriptions.
Moreover, this study identified and presented
age, diagnosis, and gender ranges in which a drug
underwent adverse cost changes; moreover, a
complete comparison of the cost changes and
their causes in the period before and after the
health reform plan for selected high-cost
medications was made.

The remainder of this paper is organized as
follows. Section 2 provides a review of the
related articles. Section 3 describes the proposed
method. Section 4 discusses the results obtained
from the implementation of the model in detail;
finally, Sections 5 and 6 present the
corresponding discussion and conclusion.

The purpose of this study is (a) to evaluate the
effect of Health System Reform Plan on hospital
costs and the usage of the most expensive
medications and (b) to provide a model for
managing surplus and undesirable recurring costs
of the plan. There has been no literature on the
economy and costs of the project. This study
presents a data-mining model to identify
abnormalities among versions after the Health
System Reform Plan. In Iran, since it is based on
paper versions, no comprehensive model for
detecting malformations and fraud has been
developed so far. The present study attempts to
provide a model for identifying abnormal patterns
and abuses in medical prescriptions that lead to
higher costs.

On the one hand, most of the health fraud and
anomaly detection techniques have been
implemented using neural network and clustering
methods, while other mathematical and risk
management methods have been underused. In
this study, a normal risk function based on
distance has been used for modeling.

Another case that can be noted is the use of both
treatment-related and demographic-specific sets
of characteristics (such as age and gender), while
most studies have ignored the link to these two
groups of features.

In the health context, any diagnosis requires some
tests, medications, and health services. These
services are offered to patients for a fee.
Therefore, similar diagnoses are expected to be of
similar costs; on the other hand, the demographic
characteristics of patients such as age and gender
also play an important role in treatment because
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some diseases are more common in certain
groups of patients. For example, Type-2 Diabetes
and Hypertension are more common among
adults, and ear pain is more common among
children.

According to these rules, the correlation between
medication-diagnosis characteristics and
medication-age and medication-gender
characteristics is clarified, while there is no
correlation between age-gender characteristics.
On the other hand, the interplay between
diagnosis-age and diagnosis-gender can be
overlooked because any diagnosis necessarily
leads to the prescription of certain medications;
thus, a medication error can identify a diagnosis
error. Accordingly, in the proposed method of
this research, a five-step method is used. In the
first step, by defining intersection matrices, the
number of times the cross-attributes that occurred
together in the database is determined; the second
step involves creating a matrix. The average cost
is associated with various cross properties. Step 3
introduces risk matrices based on a normalized
risk function and the distance between
intersecting features. This function is applied to
calculate the distance between the input data
sample from the mean and returns of a value
between zero and one. The closer the value is to
one, the more the malformations are. Step 4
involves calculating the threshold values
corresponding to each risk matrix. In Step 5, the
model compares the risk value of each request
with the calculated threshold value; if the risk
value of the request exceeds the threshold values
associated with it, the request as the case that
needs to be made should be modeled. Herein, a
higher volume of output is in favor, and if the
risk value of each request is lower than the
associated threshold values, it is considered a
standard request and will be added to the
previous database in case the user agrees.

2. Literature Review

2.1. Background of planning in healthcare
systems

Ilyas and Moncrieff (2012) examined the trend of
prescriptions and cost of medicines for mental
disorders in England in the years between 1998
and 2010 by applying linear regression analysis
[13]. Ozieh et al. (2015) also examined the trend
of health care costs among adults with diabetes in
the United States in the years between 2002 and
2011, and the results indicated that diabetes was
an important cost driver in the United States,
where a major part of these costs results from the
hospitalization of patients and the cost of

prescribed medicines [23]. There are numerous
articles on future pharmaceutical costs in the
United States from 1992 to 2016, which
discussed the annual trend of changes in
pharmaceutical costs; they have also discussed
factors affecting costs over the years. Among
these articles, a number of studies like the one
conducted by Schumock et al. (2016) discussed
past trends and factors that were more likely to
affect pharmaceutical costs, and the cost forecast
for the year 2016 was made based on a
combination of quantitative analyses and the
opinion of the experts [31]. According to their
research, pharmaceutical costs both in clinics and
non-federal hospitals increased, and the increase
of 11% to 13% was estimated for the overall
medicinal costs in the United States in 2016.
Ravichandran (2016) studied the responsiveness
of Hospitals in Healthcare Financing [27]. The
results of his study showed that hospitals had
some forms of healthcare financing mechanisms
to purchase drugs for the benefit of patients. The
studied hospitals have modified and developed
various criteria and policy initiatives to improve
the outcome, i.e., patient inflows. Bojakowski
and Filer (2009) examined a major impediment to
an integrated approach constituting different
beliefs and interpretations of what medicine
management actually means and involves [3].
They pointed out that the term 'medicines
management' was adopted as the umbrella term
for medicine-related issues. Different priorities
were allocated to each stage by key organizations
within health services. As a result, the activities
are disjointed, and an efficient system demands
an integrated approach for it to work well.
Highfill and ozcan (2016) evaluated the
productivity and quality of the first hospitals to
join the Medicare Shared Savings Accountable
Care Organization (ACO) Program, compared to
similar hospitals [11]. These results showed the
hospitals that joined Medicare ACO Program to
be more productive than non-ACO hospitals
between the years 2008 and 2012, driven entirely
by gains in technical efficiency. All hospitals
undergo a decline in innovation during the time
period. ACO hospitals were also more likely to
be high performers in both productivity and
quality measures. Moreira (2013) investigated the
key challenges of Health Management systems in
Europe [21]. Mehrjerdi et al. (2012) presented a
multi-objective model for the weekly planning
and scheduling problem of surgeries of elective
patients in operating rooms [19]. The objectives
were to minimize the waiting time of the patients
according to their medical priority, the undertime
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and overtime costs of operating rooms, and the
sum of completion times of surgeries. Their
proposed model was solved by the g-constraint
method in GAMS software. Then, data
envelopment analysis (DEA) was employed to
obtain the best solution among the Pareto
solutions obtained by e-constraint method.
Roshan, Seifbarghy and Pishva (2017) proposed
a bi-objective mathematical model to design a
network of preventive healthcare facilities [29].
Each facility acts as an M/M/1 queuing system so
as to minimize total travel and waiting time and
the establishment and staffing costs. Tri-meta-
heuristic algorithms were proposed to solve the
problem. They used multi-objective simulated
annealing (MOSA) to solve the problem and,
then, obtained results as validated by using two
popular algorithms  (non-dominated sorting
genetic algorithm and non-dominated ranking
genetic algorithm). Their computational results of
multi-sized problems demonstrated that it
efficiently minimized the establishment and
staffing costs and the total time required for the
service. A system dynamic model based on
system thinking concepts was presented to study
interconnections among human weight, eating
habits, exercise, body fat, take-in medication,
drug-uses, and health problems. In his research, a
flow diagram was constructed, and the overall
expenses were studied [19]. To clearly identify
expense rates, they were broken into operational
expense rate (OE), treatment expense rate (TE),
Medication expense rate (ME), Hospitality
expense (HE), and Drug treatment expense rate
(DE). Obtained results showed how a factor such
as weight could impact heart attack, blood
pressure, and blood sugar and how all these relate
to the overall expenses that an insurance
company has to pay at last. Calderon et al. (2010)
introduced a new method for interpreting
drugstore costs and checking compliance with
each patient's medical costs and severity of
illness [4]. Since patients with the same type and
severity of illness are more likely to need the
same level of health services and resources, they
are able to analyze the variables of disease and
demographics along with the variable of
medicine cost per patient. In addition, outlier
patients were identified in accordance with the
plot box method.

In the 70s in Iran, an average annual growth rate
of medicine consumption by 11.5% has been one
of the most widely consuming countries in the
field of pharmaceutical products around the
world in comparison to an average growth rate of
7% in developing countries or 9% in the world
(Ebadifard et al. (2013)) [7]. Therefore, in Iran,

different studies have been conducted on the
amount of medicine consumption including the
studies conducted by Imamgholipour et al.
(2014), Jebeli et al. (2015), and Ebadifard et al.
(2013) who investigated factors affecting
medicine demand and costs and providing a
function of pharmaceutical demand estimation in
different years (see[12],[14],[7]).

2.2. Background of reform plan in
healthcare systems

Health efforts to maintain and promote the
system are always of high priority, and the main
mission of the health system is to promote health
and meet the people and society needs, as
maintained by Ministry of Health, Medical
Education, and Policy Council (2011).

The main objectives of the health care reform
program are to protect citizens against health
costs, organize hospital services and improve
their quality, and provide people with fair access
to health care by organizing hospital services and
reducing patient contributions in hospitals
affiliated with the Ministry of Health, Medical
treatment and education. This plan took effect on
May 15, 2014 in Iran. Accordingly, hospitalized
patients with basic health insurance pay only 6%
of the billing amount of the program under the
tariff and the price approved by the Deputy of
Therapy Ministry of Health and Medical
Education (2013) [6].

With the implementation of the Healthcare
Reform Plan, wvarious studies have been
conducted to evaluate and study its effects on
various health and health care factors. For
example, Khodadadi et al. (2015) compared the
satisfaction of patients with the services provided
before and after the health reform plan at the
hospital admission centers [17]. Moreover,
Godarzi et al. (2015) examined the satisfaction
of patients and treatment staff with the
implementation of Health Reform plans; in
addition, Soleimani et al. (2015) studied the
satisfaction rate of patients with the
implementation of the third step of the health
reform plan in hospitals affiliated to Shahrekord
University of Medical Sciences; moreover, all of
these studies have somehow shown the increased
satisfaction of patients with the implementation
of the health reform plan and have particularly
reduced the payment and costs by the patients
(see[9],[32]). Faridfar et al. (2016) investigated
the effect of the reform plan on different types of
clinical, Para clinical, surgical, and patient
satisfaction levels in Hazrat Rasool Hospital [8].
Several studies have also examined the effect of
the health reform plan on the performance
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indicators and quality of hospitals quantitatively
(including Rezaei et al. (2016)) [28]. Piroozi et
al. (2019) evaluated the effects of Health reform
plan in Iran on the hospitalization rate [25]. They
collected monthly hospitalization data over a
period of 50 months in Kurdistan province.
Interrupted time series was carried out, and
segmented regression analysis was carried out to
assess the abrupt (or short-term) and gradual (or
long-term) effects of health reform plan on the
hospitalization rate, and their results showed a
statistically ~ significant  increase in  the
hospitalization rate. Tabari-Khomeiran et al.
(2019) showed the effects of health reform plan
on costs of coronary artery bypass surgery [33].
Patients’ total cost and out of pocket payments
were calculated before and after the reform in
three private hospitals. Econometric models were
estimated after the adjustment of confounding
variables, and the results of the regression model
showed that the total costs increased
significantly; however, no significant changes
were found in out-of-pocket payments and out-
of-pocket percentage. In another study, Moradi et
al. (2018) evaluated the prescriptions in Zabol
city before and after the implementation of the
health system reform [20]. They selected six
pharmacies and studied the prescriptions once in
April 2014 and once in April 2015 (before and
after the health reform plan); they used statistical
tests to analyze data. The results of this study
showed that the health reform plan reduced the
number of drugs prescribed, but not the price,
although the type of drugs most commonly
prescribed varied between the two study phases.

2.3. Anomaly detection in health data

Data mining techniques and tools can be used to
identify abnormalities and fraud in a large set of
data. The purpose of these techniques is to detect
outliers or abnormalities that are diverted from
typical patterns. Generally, the detection of
abnormalities in the general health system
records is an important measure in health
management that can indicate logistical
problems, overload, lack of specialists and
services in one area, an outbreak of a disease,
data errors, and suspicious activities. Hence,
identifying anomalies is a key activity in
supporting cost reduction, improving records
documentation, supporting investment planning,
and in particular reducing anomalies (Carvalho et
al. (2015)) [5]. In traditional methods of detecting
anomalies, some auditors have a responsibility to
handle  thousands of paper healthcare
applications. In fact, they have little time for each

case and they focus on the specific features of it
regardless of the comprehensive view of the
behavior provider. This method is time
consuming and inefficient. One way to identify
and determine unnecessary adverse costs is
anomaly detection in data mining; in addition,
these models are used to identify inappropriate
prescriptions, and irregular and inappropriate
patterns in health claims from doctors or patients
or hospitals are used. Doctors’ prescriptions and
therapeutic cases produce a huge amount of data
that can be used to discover hidden and useful
information to detect abnormalities and abuses
(Tomar and Agarwal (2013)) [34].

The most common and acceptable classifications
that are used by experts put the existing methods
for identifying anomalies in the field of health
into the following three categories: 1. Supervised
methods, 2.Unsupervised methods, and 3.Hybrid
methods.

Supervised methods

In a supervised learning setting, a set of records
previously known as normal or abnormal cases is
used to create a model, and new entry records
belong to one of the two groups. Therefore, these
methods can be used to identify the previously
known patterns; however, these models should be
updated regularly to reflect new changes in the
rules (Joudaki et al. (2016)) [16]. The key issue
of classification-based methods is the need for
tagged data that is not always available (Xu et al.
(2013)) [35]. The algorithms that are widely used
in this field include decision trees, fuzzy logic,
naive Bayesian network, genetic algorithms,
neural networks, and support vector machines
[1]. The most popular algorithms include neural
networks and the decision tree.

Unsupervised methods

There is no target variable in the unsupervised
learning setting, and data mining techniques are
used to explore patterns, clusters, and
relationships in the target dataset (lavindrasana et
al. (2009)) [18]. In cluster-based methods, it is
assumed that the normal data belong to large and
dense clusters. In contrast, anomalies belong to
small or scattered clusters (Xu et al. (2013)) [35].
Clustering algorithms can detect anomalies
without prior information, which are commonly
used in unsupervised method, K-means, K-
medoids, EM Clustering, and outlier detection
algorithms [1].

Hybrid methods
Methods that combine or integrate different
algorithms are applied to increase the accuracy of
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the final results and reduce the weaknesses of an
algorithm such as the use of continuously
supervised techniques or the combination of
supervised and unsupervised techniques [24].

The aim of this study is to investigate the
management and planning of surplus and
undesirable medication prescription costs in
prescriptions for similar patients using fraud and
abnormality detection methods. Thus, the most
recent studies in this area have been investigated.
In the process of health insurance, different
individuals and legal entities such as hospitals,
clinics, laboratories, doctors, pharmacies, etc.
insured patients; moreover, offices and insurance
centers that carry out all operations related to the
insurance process are involved as the third parties
to the process. In this process, fraud and
anomalies may occur at any stage of the process
and by any of the participants.

Most researchers in the field of anomaly and
fraud detection in healthcare data have applied
data mining techniques, such as clustering and
neural networks, to perform analysis and
modeling, while mathematical models and risk
management  have  received insignificant
attention. On the other hand, in most studies, the
link  between medications and patient
demographic data has been neglected.

3. Research Methodology and The
Proposed Model

The present paper is applied research, and its
strategy is depicted in Figure 1.
The method of this study is proposed in five
steps:
In the first step, by defining the intersection
matrices, the number of times the cross-attributes
occurred in the database is calculated.
The second step involves the development of
average cost matrices in which the average cost is
calculated for the various intersection properties.
Step 3 introduces risk matrices according to
normalized risk function based on the distance
between intersecting features using this function
to calculate the distance between the input data
sample and the mean; moreover, a value between
zero and one is returned where the closer this
value is to one, the greater the anomaly will be.
Step 4 involves calculating the threshold values
corresponding to each risk matrix.
In Step 5, the model compares the risk value of
each request with the calculated threshold value.
If the risk value of the request exceeds the
threshold values associated with it, the model
considers the request as the case that requires
much serious consideration. Moreover, if the risk
value of each request is less than the associated
threshold values, it is considered as a standard
request and will be added to the previous
database based on users’ consent.
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Fig.1. The proposed model flowchart

The proposed model of this study is based on a
normalized risk function based on the distance
between crossover features, introduced by Aral et
al. (2012) [2].

Moreover, in this study, both sets of treatment-
related and demographic related features of the
patient (such as age and gender) were used,
whereas most studies ignored the relationship
between these two groups of features, and only
the cost variables were taken into account.

The data used in this study are the data available
in the Medicinal section of the hospital
information system at two time intervals before
the Reform plan and after the implementation of
the Health Reform Plan, including 15078 records.
Due to the enormous volume of data stored in
information systems and the inability to
investigate and process large-scale data, the

present study focuses on the five most expensive
drugs between 2013 to 2016 that account for 30%
of the hospital budget. These drugs include 1)
Albumin 20%, 2) Imipenem 500 mg, 3)
Meropenem 500 mg, 4) Pantoprazole 40 mg, and
5) Ciprofloxacin 200 mg.

Since this research aims to detect abnormal
patterns and abusive use of prescription, the
features introduced in Table 1 are used. Since the
proposed research focuses on the detection of
unusual patterns and abuses in prescription with
respect to the features expressed in the research
related to this section and given the limited
access to many features due to the inadequacy of
hospital HIS system information, this study
applied the features, introduced as outlined in
Table 1. These features are selected among those
presented in the article [2].

International Journal of Industrial Engineering & Production Research, March 2020, Vol. 31, No. 1


https://ijiepr.iust.ac.ir/article-1-894-en.html

[ Downloaded from ijiepr.iust.ac.ir on 2025-07-16 ]

122 Managing Hospital Medicine Costs in Healthcare Reform Plan: Real Case of Shari‘ati Hospital

Tab. 1. The features used in the study [2]

Row Features

File No.
Age
Gender
Diagnosis

OO WN

Brand of the prescribed medicine
Total price of the prescribed medicine

In order to collect the data in accordance with the
subset of the desired features, the reports in the
hospital information system were used including
the fields of file number, the name of the
medicine, the hospital admission department, the
hospitalization and discharge date, age, sex, the
number of medicines used for the patient, and the
total cost of the prescribed medicines. In addition
to the above fields, the diagnostic data is also
required, which has not been documented in the

hospital information system for cases before the
implementation of the reform plan. For this
purpose, according to the patient's hospitalization
information and its combination with the patient's
length of stay, the detection codes of the disease
were obtained (as shown in Appendix A.). In
order to apply the study results, the sectors
characterized by the highest cost in the five
selected medicines were selected as the sections
for study.

Tab. 2. Costly department of the hospital

Ward code Ward name
1

2

3 Blood B

4

5

6

7

8 Lung

Blood A

Blood Urgency
Digestion (medicinal 2)
POST HST

Clinic of the Urgency
Neurology (medicinal 1)

In the area of health, any detection requires some
tests, medicines, and healthcare services. These
services are provided in return for payment to
patients. Therefore, similar diagnoses are
expected to produce the same cost; on the other
hand, demographic characteristics of patients,
such as age and gender, also play an important
role in treatment because some diseases are more
likely to occur in a particular group of people; for
example, diabetes type 2 and more hypertension
are common among adults, and ear infection is
common among children (Johnson and Nagarur
(2016)) [15].

Based on the above rules, the correlation among
drug characteristics of medicine-diagnosis,
medicine-age, and medicine-gender becomes
obvious, whereas there is no correlation between
age-gender characteristics.

The implementation process of the proposed
model consists of five steps, which are briefly
described below.

In the first step, by defining the cross-over
matrices, the number of times that the crossover
features occurred together in the database is
computed. Based on the existing features, three
cross-matrices are constructed as follows:
Drug-age cross-over matrix (MA), drug- gender
cross-over Matrix (MS), and Drug-Diagnosis
cross-over matrix (MD), such that each element
of the cross-over matrix (i, j) is equal to the
number of times the character i has occurred
together with the character j in the database.
Figure 2 presents a sample of the cross-over
matrix for drugs and age feature.
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CrossMtx.MA <6x9 cell>

1 2 3 4 S 6 74 8 9
1|[] 0-4' 5-14' 15-19' 30-44' 45-59' 60-69' 70-79' >80'
2|Albumin’ 0 8 25 29 58 35 30 3
3|ImiPenem’ 5 21 749 702 801 515 284 202
4|PantoPrazole’ 16 78 955 1085 1411 1186 965 613
5|MeroPenem’ 7 35 90 87 71 36 38 13
6|Ciprofloxacin' 4 31 163 188 334 232 186 124

Fig. 2. Drug-age cross-over matrix

The second step involves creating a matrix of
average cost, where the average cost matrix is
associated with each cross-over matrix. Each
element of the matrix (i, j) is the average cost of a
feature i in a range of features j. The third step is
the introduction of Risk Matrix based on the
normalized risk function in Equation 1. The
distance between the input data of the mean of
data is calculated using this function.

_(Mp(i,j)/Mapr (i))_ e—1

1-e-1 (1)

Riskyp(i,j) = =

As noted above, MF (i, j) where F represents the
feature domain equal to the number of times the
drug i is given for feature j, and Max, (i) is the
maximum number of times the drug i is used for
a feature. The risk estimate function returns a
value between 0 and 1, where 1 and O represent
the maximum amount of the anomaly and the
minimum abnormalities, respectively.

Since the main objective of the proposed research
is to manage additional and abnormal costs after
the reform plan, this study multiplies the average
cost element in the matrix of the initial risk to
calculate the final cost of the risk matrix. The
results are discussed in the cost sector.

The fourth step defines a threshold value to
distinguish the risky prescriptions from the
normal form. If the risk value is higher than the
threshold, this prescription needs to be addressed.
ROC curve and the cut-off amount of aid have
been used to obtain a threshold value that can
well identify normal and logical prescriptions
from the risks and abnormal prescription after
tagging a subset of the data by experts.

In the fifth step of the model, the risk value of
each prescription and the calculated threshold
value are compared. If the prescription risk is
more than the threshold values, it is shown in the
output window as the case to be addressed; if the
risk value of each prescription is less than the
threshold values associated with it, it is
considered as a conventional request and is added

to the previous database in case of user
agreement.

4. Results
4.1, Comparison of the costs before and
after the implementation of the Healthcare
Reform Plan
The average cost of drugs in various diagnoses,
the average cost of drugs in different age
categories, and the average cost of drugs in
different genders have been calculated in two
periods before and after the implementation
Reform plan based on the average cost matrix, in
which each element of the matrix (i, j) represents
the average cost of the features i within the
feature j.
Finally, heat map graphs are applied to describe
the results and provide a more comfortable and
understandable representation on the basis of
graphs. In order to provide the data before and
after the plan on a whole graph and facilitate a
better understanding, this study multiplies the
average cost matrix of the data before the plan by
(-1) and aggregates the average cost matrix of the
data after the reform plan. The bottom of the
chart, which is shown in blue, represents larger
data before the reform plan, and moving upward
to the red color represents larger data after the
health reform plan.
Blue spectrum: Records before the reform plan
show a high average cost, but demonstrate a
reduction in the average cost after the plan.
White Spectrum: Records show the same average
cost in the period before and after the
implementation of the reform plan and remain
unchanged.
Yellow-red Spectrum: Records prior to the
implementation of the plan show lower average
costs and with a growing rate of an average cost
after the reform plan.
According to the results, the use of Albumin after
the reform plan increased by 1.6 times, while
there was almost no change in the average cost of
Imipenem and Pantoprazole and Ciprofloxacin
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average costs increased 1.1 times; however, the
average cost of Meropenem reduced after the
reform plan implementation.

According to the average cost matrix per drug
and age level (Figure 3), the maximum difference
in the average cost of data before and after the
HealthCare Reform Plan is related to Albumin
for the ages between 5 and 14, in which the cost

increased after the reform. Moreover, the cost
decreases for the age group over 80 years after
performing the HealthCare Reform Plan. Other
drugs did not experience significant cost
fluctuations in different age ranges, and the cost
was similar before and after the plan parts in
white or was reduced after that.

T
= —-

Imipenem
Pantoprazole|
Meropenem

Ciprofloxacin

1 1
0-4 5-14 15-29 30-44

Age

45-59 60-69 70-79 >80

Fig. 3. Heat map for the average cost comparison of two periods in terms of drug and age

The reasons causing an increase in the cost of
Albumin after the plan are given below.

Before the implementation of healthcare reform,
the hospital pharmacies were not required to
provide certain expensive drugs and the patient
had to prepare them by themselves, e.g., Albumin
as an expensive drug was provided by the
hospital only in emergency cases and the patients
had to procure them in case of other uses. After
implementing the healthcare reform plan, all
patients’ drugs would have been required to be
available in pharmacies, and since the payment
by the patient dropped to about 6%, this has led

to the increased consumption of expensive drugs
such as Albumin. However, whether prescribed
or not, it is not necessary to take the drug in some
cases. Nonetheless, its consumption is excessive
due to the lack of proper control in the hospital.
On the other hand, the highest average cost is
incurred between ages 5-14, because the drug
dosage is determined based on age and the weight
of patient; therefore, the amount of drug demands
increases because the drug remains unusable.
However, the length of stay and hospitalization in
this age group is also longer.

Imipenem

Pantoprazole|

Meropenem

Ciprofloxacin

TTTTTTTETTT O W TTTTTTT T T TTTTTT T T T T TTTT T T TR T [ TTTT RIS TTTTTTT T
Albumin

T T T O A O O T 5 O O O T A o T T 5 1 1 O T O 0 | I I O
1 21 31 41 51 7 81

61 810

Diagnosis Code

Fig. 4. Heat Map for average cost comparison of two periods in terms of drug and diagnosis
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As shown in Figure 4, the average cost difference
has been presented in terms of both diagnosis and
drug. According to Fig. 3, Albumin experienced
the highest variations in the average cost both
before and after the reform plan. A large increase
in the cost was observed on the diagnosis code
710 (Patients in HSCT with more than 29 days of
stay) and diagnosis code 69 (patients in

Albumin

Imipenem

Pantoprazole

Ciprofloxacin

{2
Meropenem

gastroenterology with a stay between 19 and 29
days).

In general, the highest consumption of Albumin
is in  gastroenterology, neurology, and
Hematopoietic Stem  Cell  Transplantation
(HSCT), because the number of patients with an
urgent need for Albumin is hospitalized into
these three parts.

Male

Female

Gender

Fig. 5. Heat Map for average cost comparison of two periods before and after Health Reform in
terms of drug and gender

Figure 5 shows the average cost difference in
terms of drug and gender. It is clear that the
greatest difference relates to Albumin in both
females and males, undergoing an increase in the
average cost after the reform plan, while
Imipenem almost undergoes no change in the
average cost. Both  Pantoprazole and
Ciprofloxacin show an increase in the average
cost. Imipenem shows lower average cost after
the implementation of the reform plan than that in
the previous period for both men and women.
The average consumption of five drugs is higher
in men than women, resulting in the difference
between the physics and anatomy (size and
composition of the body) and differences in the
body processes (differences in endocrine and
hormonal and different metabolic patterns
between men and women). Women are
physically smaller than men, but receive the same
dose of drug and, thus, the sensitivity response to
the drug in women is higher than men.

Comparison of the cost risk heat map charts:

Risk matrix represents the distance of new data
from the mean of available data and is computed
based on Equation 1. The higher risk number
shows a considerable distance between the input
data and the average data and more anomalies

than the previous data. Cost risk matrix is
calculated based on the multiplication of average
cost matrix by a risk matrix.

The areas with abnormal costs can be determined
according to the cost risk matrices.

According to the results, Albumin shows the
highest cost risk at the ages of 5 to 14. It is
implied that the cost of Albumin for this age
range is abnormal and unreasonable.

The highest cost risk in the period after the plan
was associated with Albumin and the diagnosis
code 69 (patients in gastroenterology with a stay
between 19-29 days) and diagnosis code 710
(patients in HSCT with a stay longer than 29
days). That is, the use and cost of Albumin drug
for these two diagnostic codes was unreasonable
in the post-health reform period.

4.2. Model accuracy

Due to the high volume of data and the
impossibility of labeling all of them, a set of
patient prescription data in the hospital HIS
system was randomly selected and labeled by two
experts. An image of the data is given in
Appendix B. The indicators of the area under the
curve and the positive likelihood ratio were used
to calculate the model performance.
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Tab. 3. Comparison of the research model and the one in the previous research

Methodology ~ AUC LR+

Current research  Our method 81.6 % 6.35

Ortega et al.
(2006) [22]

82.5% -

Based on the output of the algorithm and data
tagged, the amount of the area under the curve
equals 81.6% and the positive likelihood equals
6.35. Compared with the existing models in
previous studies including the research of Ortega
et al. (2006), they applied MLP to the fraud/abuse
problem with the AUC; 82.5% represents that the
employed algorithm has the ability to recognize
the risky cases and abnormalities in the data [22].

In addition, the proposed method is used to
evaluate the effect of the Iranian Healthcare
reform Plan on the costs of Hospital drugs
through a data representation obtained from cost
and risk matrices. Figure 6 shows the comparison
of the average cost of the albumin medication at
different segments in periods before and after the
health Reform Plan.

35000000
30000000
25000000
20000000
15000000
10000000

5000000

m Before Reform Plan

W After Reform Plan

Fig. 6. Comparison of the average cost of aloumin in different sections before and after the Reform

5. Discussion and Managerial Insights
This study presents a data mining model that uses
both sets of treatment-related features and
demographic characteristics of patients (such as
age and gender) to identify cost anomalies in
prescriptions after the implementation of the
Healthcare Reform Plan. Then, this paper also
identifies a range of ages, diagnoses, and genders
in which drugs have undesirable cost changes.
Generally, when cost and risk areas coincide in
the cost and risk matrices, the field becomes
subject to a higher priority in the review of the
cost and consumption amount of medication,
showing the lowest amount of observation in the
database and the highest cost. Accordingly,
Albumin has the highest priority for drug
administration.

Departments of Gastroenterology, Neurology,
and HSCT have been the most extravagant
sectors  responsible  for the  expensive
consumption of Albumin, and each of these

sectors has been identified as an area with a high-
cost risk that indicates the need to investigate the
cost and pattern of drug consumption in these
sectors.

When an area has high average cost and, yet, low
cost risk, it takes precedence in the next step.
Existing drugs in this range are costly, yet
common, drugs that require establishing
guidelines on the medication to manage costs of
this area and for a rational drug use.

Antibiotic drugs such as Imipenem, Meropenem,
and Ciprofloxacin are among the drugs that are
used in the hospital in both pre- and post-
transition periods. This unnecessary consumption
usually results from the fact that patients with
antibiotics do not receive, or procrastinate the
need for, infection counseling until their illness
has turned acute. In infection consultations, the
results of antibiograms (drug sensitivity tests
based on urine samples, blood, stools, etc.)
determine what type of antibiotic the patient
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should receive and at what dosage so that the
treatment can be effective; then, following the
administration approval, the infection consultants
will follow the patient's treatment process and
advise the patients about when to stop taking the
drug or when to replace it. However, in many
cases, patients are prescribed antibiotics without
infection counseling, usually because the patient
pays for it and does not complain about the
conditions such as discontinuing antibiotic use or
its continuous use even after his/her discharge
from the hospital.  Shortly after the
implementation of the health reform plan and an
increase in the cost of medicines, the Hospital
Medicines and Treatment Committee developed
medication prescription protocols for high-dose
medicines and specified a stop order for
carbapenem to justify their prescribing process.
This is the reason for a decrease in Meropenem

consumption and the unchanged cost and
consumption of Imipenem after the health reform
plan.

Similarly, the definition of a drug prescription
protocol for Pentoprazole and Ciprofloxacin,
whose costs increased by 1.1 times after the
health reform plan, controls the rising costs.
When an area has a high cost risk and, yet, low
average cost, it is considered suitable for rare, but
low-cost, drugs, and care must be exercised that
the area does not coincide with the costly and
risky areas by increasing the amount of the
consumed drug over time. Finally, the ranges
with low average costs and low-cost risk are
considered as safe areas. In the case of drugs
examined in this study, despite the existence of
expensive or costly drugs, none of them was
within the category of safe or low-cost or rare
drugs. Figure 7 shows the range of each drug.

High Average Cost

« define the )|
consumption
protocol

Low Risk

check «
medication &
treatment
commission
Albumin

Pantoprazole
Ciprofloxacin
High Risk

low-cost

& rare

drugs

Low Average Cost

Fig. 7. Cost Analysis

Based on the range of each prescribed drug, the
Commission of Medication and Treatment in
Hospital can provide drug protocols and
determine the stop orders to have more logical
prescription patterns.

6. Conclusion

The aim of this study is to (a) evaluate the effect
of the healthcare reform plan implementation on
hospital drug costs and (b) provide a model for
managing undesirable costs. According to the
literature review, a study that evaluates and
analyzes the effect of the Iranian Healthcare
reform Plan on Hospital drugs cost is not
available.

This study compared hospital drug costs in the
two periods before and after the reform plan
using a data mining model and identified a costly

anomaly in the prescriptions after the Reform
plan.

In order to measure the normalization of input
prescriptions, by forming cross-over matrices on
cross-features, risk matrices associated with each
of them were calculated by the introduced risk
function, and its values were compared with the
threshold values. If the risk value is greater than
the threshold, the request is marked as a
suspected request with abnormal cost compared
to other historical data and is displayed in the
output.

Thus, such requests in which the cost of
prescriptions and consumption pattern contradicts
previous data were identified and referred to the
experts. The proposed model with an AUC score
of 81.6 and a positive likelihood score of 6.35
enjoys the ability to recognize the risk and
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abnormalities in the data. Moreover, the results of
the study were approved by experts and were in
accordance with the hospital cost statistics. Due
to the large volume of data, this study
investigated 5 drugs with a higher priority for
hospital costs, and prescription data were
extracted from the records of hospitalized
patients at the eight most expensive Departments;
therefore, it is recommended that future
investigations consider other priority drugs,
identify and analyze them in detail or more
Departments to develop a comprehensive model
for the entire hospital. Further, considering that
consumables in the hospital are costly, a model is
proposed to identify cost anomalies in
consumables, especially in the operating rooms
of the hospital.
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