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Abstract

General descriprions in medical records are so diverse
that they are usually entered as free text into an electronic
medical record, and the resulting data analvsis is often dif-
ficult. We developed and implemented a template-based
data entry module and data analyzing svstem for general
descriptions.

We developed a template with tree structure, whose content
master and entered patiem's data are simultaneously
expressed by XML. The emtered structured data is con-
verted to narrative form for easy reading. This module was
implemented in the EMR svstem, and is used in 35 hospi-
tals as of October, 2006, So far. 3725 templates (3242
concepts) have been produced.

The data in XML and narrative text data are stored in the
EMR database. The XML data are retrieved, and then
patient s data are extracted, o be stored in the data ware-
house (DWH). We developed a search assisting svstem that
enables users to find objective data from the DWH without
requiring complicated SQL.

By using this method, general descriptions in medical
records can be structured and made available for clinical
research,
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Introduction

Recently, electronic medical record systems have been
implemented and are used in many hospitals [1.2]. The
medical staff expects data entered into electronic medical
records (EMR) to be linked with a knowledge base for
decision support, or used for assessment of medical activi-
ties and clinical research [3-5]. Medical records include
patient profile data, diagnosis. chief complaints, patient
histories. physical examinations, progress notes, records of
orders, examination reports, Operation reports, sUMMAries
and so on. Some of the patient profile data, diagnosis,
records of orders, and laboratory test results are originally
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structured data, and have thus been stored in the clinical
data warehouse (DWH) and previously used for clinical
research [6-8). However, most general descriptions in
medical records are diverse and complicated, thus they are
entered as free text. The valuable data for clinical research
(e.g. stage of cancer, tissue type, side effects of medicine
etc.) are usually entered as free text. Analysis of data in
free text format is difficult. If these data are not available,
the data in EMR declines in value.

In order to analyze the entered data, it must be structured,
i.e. the description should be expressed by the assembly of
data elements that consist of item and values with codes
[9-11]. To get data into this format, an input template is the
most practical method [12]. By using input templates, the
entered data can be stored in the database and made avail-
able for data analysis. The descriptions in medical records
are so diverse and complicated, however, that the template
method 15 difficult 1o adopt. To overcome this problem, we
developed a tree-structured template named ‘dynamic tem-
plate’, whose basic concept was reported in 1998 [13].

It is usual to adopt a strategy of making templates based on
their own database files [14,15). This strategy makes it
possible to analyze the data casily. Because of the lack of
productivity and flexibility, however, it is difficult to pro-
duce templates for any possible description that might
arise within broad specialties.

In this paper, we report on the dynamic template module
and the method for analyzing the entered data by the tem-
plate, In our method, the contents of the templates are
independent of the database schema, thus the template can
be easily produced and freely revised We have produced
many templates in broad specialties in every depariment.
Furthermore, any data entered by the templates can be
searched through DWH with the assistance of the search-
ing system.

Methods

Structure of descriptions in medical records

In this paper we term a cluster of descriptions o *describmg
object”, which is a record about a cerain property of a
patient at a certain poini in time. A medical record can be
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considered as an aggregate of describing objects about one
patient. A describing object has the attributes of patient 1D,
object name, observation time, description time, writer,
department, and contents. In our model, contents of a
describing object are expressed by the assembly in tree
structure of data elements consisting of items and values.

Template module

We developed the input template module to get the data in
this structure. The template contents can be considered as a
union of the possible descriptions of patients regarding a
certain describing object, i.e. cach description of a patient
is a subset of the template contents, Thus the structure of
the template must be the same as that of the describing
object.

The template content is the bly of data ¢l con-
sisting of items and options or text boxes, which are
arranged in a tree structure. The template module displays
all the elements in the same layer at once. When a value
that has some subordinate elements is selected, these ele-
ments are displayed under the selected value. Because the
template form changes according to the selected values,
we call it *dynamic template’ (Fig. 1),

Although the structured data is processed easily by com-
puter systems, it is difficull for users to understand.
Therefore, we adopted a strategy of converting the struc-
tured data into narrative form, using the following rule:
Each item and value has 4 types of character string: prefix,
body, conjunction, and suffix. Linefeed can be set afier
each character string. If several values are selected for one
item, conjunction is set between these values. If there are
several items linked with one value, conjunction is set
between these pairs of item and value, and the suflix of the
value is set after those [16].

We adopted XML for the expression of the template con-
tents master. This master includes the information about a
structure of describing element, a way for expression on
template of these elements, and a way for conversion of
entered dati 1o narrative form.

The main part of the elements in DTD of the template mas-
ter is as follow,
<!ELEMENT ATOM-LIST (ATOM-
STYLEATOM®)>
<IELEMENT ATOM (ATOM-TYPE,DISPLAY-
STRINGDOCUMENT-STRING, VALUE-LIST?)~
<IELEMENT VALUE-LIST (VALUE-
STYLE.VALUE*)>
<!'ELEMENT VALUE (VALUE-TYPE DISPLAY-
STRINGDOCUMENT-STRINGATOM-LIST?)>
<!ELEMENT DOCUMENT-STRING (DOC-
BODY?,DOC-PREFIX?,DOC-CONJUNC-
TION?, DOC-SUFFIX?)-
<!ELEMENT DOC-PREFIX (#PCDATA )~
<!ELEMENT DOC-BODY (#PCDATA)>
<!ELEMENT DOC-CONJUNCTION (#PCDATA)>
<IELEMENT DOC-SUFFIX (#PCDATA)>

DISPLAY-STRING is the character string expressed on
the template. DOCUMENT-STRING is the character
string on the narrative form, which consists of DOC-PRE-
FIX, DOC-BODY, DOC-CONJUNCTION and DOC-
SUFFIX. ATOM is an item of the describing element.
ATOM-LIST includes ATOM, and ATOM includes
VALUE-LIST. VALUE-LIST includes VALUE, and
VALUE includes ATOM-LIST. In this format, the nested
structure is presented.

Because the d data is recalled
with the original l:rnplnlc and then revised, we adopted o
method in which entered patient data is included in the
template contents master. We put the SELECTED attribute
of VALUE-LIST element in the template master. Before
the value is selected, no is set to SELECTED attribute.
When the value is selected, it changes to yes. When a char-
acter string is entered in a text box, it is set as the element
of DISPLAYSTRING and DOCUMENT-STRING of
VALUE-TYPE.
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Narrative form
i o

sound pure, 2™ sound pure, no other sound

holosystolic murmur (apex Levein IV high pitch
harsh)
diastolie murmur (2™ LCS Levein VIV high pitch
regurgitant)

Figure | - An example of the dvnamic template

When the user selects “holosystohic™ i ™ murmur”, then
the portion under “...holosystolic™ appears. After data is
entered by this template, the narrative form is generated.

Storage of data into the EMR database

In the EMR database, all kinds of patient data are stored.
We call a cluster of information a ‘medical event’, which is
stored in one record of the database. The describing object
is one of the medical events. The data in XML and narra-
tive text data are stored in each field, respectively.

EMR database is not suitable for data analysis, because the
procedure for such analysis affects the response of the
daily online transaction procedure. Furthermore, the
patient data is included in the XML. Thus, in order 10
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search the objective data, all the records have o be
checked. To overcome this problem. the data in EMR s
transferred to the DWH. In this process. the XML data is
parsed to extract patient data, which is stored in the data-
base of DWH (Fig. 2). The structure of the database of
DWH is quite simple. One record is made to correspond to
one value. The main fields of this database file are as fol-
lows: patient ID, date, template name, xPath name, xPath
code, value code, value name, suffix. The xPath code and
the xPath name indicate the traced items and values in the
tree structure, The xPath code (or the xPath name) is
expressed by the traced items and values codes {or names)
connected with "\", e.g. \AO1'VO101'A02.

- |
T
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Figure 2 - Flow of

Search assisting system

We developed an application system for searching the
objective data from this database of DWH. In this system,
users easily designate the objective data using a GUL
When users select an objective template, the system shows
the names of items and values in the template. Thus, users
can easily set the combination of search conditions in one
template. The character string entered in the text box can
also be the object of a search. In the case of numerical val-
ues, the conditions “more than™ or *less than™ can be ser
The application system makes a SQL request according to
the user’s designation and searches the objective data from
the DWH database. When the system finds the description
that meets the condition, a progress note including the
description is shown. Additionally, the system shows the
progress notes of other days for the same patient.

Results

Availability of template

Preparation of input templates that are useful and conve-
nient for every ber of the h | staff is ial
before a hospital mitintes an EMR system. The task 1s so
large for each hospital that we formed an organization to
support the preparation of template contents and their sup-
ply. The template contents that are developed for hospital
use are then stored in the database, from which the staff of
the hospital can select useful ones for their practice. The
dynamic template module is used in 35 hospitals as of
October 2006. Different styles of templates were some-
times produced for a concept. As of that time, 3725
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templates (3242 concepts) had been produced and stored
in the database. The numbers of template in each class are
shown in Table 1. In the description of progress notes, the
number of templates for “physical findings™ is much
g than the bers for “symptom”, “assessment™ or
“plan”. Not only doctors, but also nurses, pharmacists and
nutritionists used templates. Templates are frequently used
In examination reports, operation reports, and summaries.

Table | - The classification of templates

Classification of Template No. of No. of
Concepts | Template

Symptom 7 46
Physical finding 399 494
Assessment 157 168
Plan 24 26
Disease relating description 618 T66
Patient history 184 211
Summary 62 (=]
Examination report 267 313
Operation report 55 62
Medical checkup 9 92
Description for 134 157
rehabilitation

Description by social worker 23 23
Description by nurses 956 1013
Description by pharmacists 12 12
Description by nutritionists 44 A4
other 191 234
Total 3242 3725

We examined 100 templates mndomly selected from the
database. When we count the same item linked with multi-
ple values as |, the average number of items in one
template is 34.8. The average number of layers in one 1em-
plate is 8.1, We examined the maximum depth of layers in
one template, and found | layer in 17%. 2 layers in 43%, 3
layers in 24%, 4 layers in 25%, and 6 layers in 1% of tem-
plates. The total number of items in the damabase is
estimated as about 112,800.

Data warehouse and search assisting system

The DWH and search assisting system were implemented
in Osaka University Hospital, and their usefulness was
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evaluated. Without the search assisting system, users have
1o examine the xPath code of the value they want 1o search
beforehand. Furthermore, it is quite difficult to write SQL
for a combination of search conditions in one template.
Contrasted with this, users can now search the objective
data easily by this searching system.

Discussion

General descriptions in medical records, such as progress
noles, examination reports, aperation reports and summa-
ries, are so diverse and complicated that these data are
generally entered as free text in EMR. In order to use these
data for research, clinical evaluation and so on, natural lan-
guage processing is one of the possible methods [17,18].
However, to achieve good results by this method, all of the
words in the entire medical field, including abbreviations
and frequent typing errors, have to be entered into this sys-
tem beforehand. This would entail tremendous amount of
work.

The strategy of template-based data entry 1s a practical
method from the viewpoint of data analysis [12]. The sim-
ple templates that are generally adopted, however, limit
what users wish 1o express, and users have no choice but to
tolerate these limitations.

Descriptions in medical records are the observation
records of patients. When the observation object 1s normal,
the user just enters “nothing particular”. However, when
something abnormal is found, they describe the object in
detail. For the observation records, a tree structure is suit-
able: an abnormal object is described by several features,
which may be further described by other properties
[19.20]. Thus, a tree structure is necessary for the tem-
plate. If the structured data is expressed as it is in EMR, it
15 not acceptable for users because it is quite different from
the expression in free text. A person prefers an expression
in which obviously understandable words are omitted,
rather than a strictly redundant expression. To overcome
this problem, we convert the structured data into narrative
form [16]. By using this template, users can enter what
they want to record in shorter time without the risk of typ-
ing errors. This strategy is quite acceptable for users.

The dynamic template is implemented in the EMR system
produced by NEC and 35 hospitals actively use this mod-
ule. Before starting to use EMR system. hospital staff
prepared templates useful for their daily practice. During
operating the EMR, templates were revised and new ones
were added according to the users’ requirement. More than
3725 templates have been produced and more than
100,000 items were entered in the template master. More
templates about physical findings or examination reports
have been produced than those about symptoms, Tem-
plate-based data entry is suitable for actively acquired
data. On the other hand, it is not suitable for passively
acquired data such as symptoms. The concept, which has
many options (e.g. portion of skin in dermatology), is dif-
ficult to handle with templates. Although the dynamic
template is not effective for every type of description in
medical records, its popularity and practical accomplish-
ments show that the strategy of dynamic templates, i.e.
tree-structured template and conversion of structured data
into narrative form, is acceptable in many [ields.

For general descriptions in medical records, many types of
template have to be prepared. To bring this about, trial and
error is inevitable, even after active use in daily practice
[21]. Thus, it is necessary to have a system that enables
users to produce templates casily and revise them even
after releasing. Generally a template is made based on its
own database file [14,15], which must be set on each occa-
sion to produce a new template. If the template is revised,
the corresponding database file must also be revised.
Because this method disperses a patient data in many data-
base files, it is not suitable for EMR system, which must
enable users to refer quickly 1o any patient data.

In our method, the template content master that regulates
the content of a template and the patient’s data are simulta-
neously expressed in XML. After entering patient data by
the template, the XML data and the narmative form of
patient data are stored in the EMR database, Although this
schema is practical for EMR systems, data analysis 1s vir-
tually impossible. Thus, we developed a parser system that
retrieves the data in XML from the EMR database and
extracts patient data from it. The parser system then stores
the patient data in the DWH database, in which one record
corresponds to one value, Because patient data is origi-
nally in tree structure, xPath code and name is used to
designate each property. This database schema is indepen-
dent from the template contents; therefore, the user can
produce and revise templates freely without thinking of the
database schema.

Using this DWH, data entered by the template can be used
for analysis, It is, however, difficult for users to find the
xPath code of the objective data. Furthermore, in this data-
base schema, it is difficult 10 execute combined search
conditions in one template. Accordingly, we developed a
search assisting system which assists in finding the xPath
code in the template, and thus enables the user 1o easily set
combinations of search conditions. Although this database
schema is not the best for data analysis, the user can search
the objective data from the database with the support of the
search assisting system.

By using this method, general descriptions in medical
records can be structured and analyzed. Although it has
been said that structured data entry is essential for
advanced functioning in EMR, there are a few reports that
it succeeded when limited to a few a fields [14,15,22] or a
few department [23,24]. We achieved active use of the
structured data entry system in every department in many
hospitals.
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Summary

Objectives: To opply on insfitutional clinical dato
worehouse (COW) ro the ossessment of odverse drug
reactions (ADRs) and demonstrate its utility through o

specific eample.

Methods: We modeled the process for ossessing ADRs
through retrospective cohort design by using COW ot
the Osaka University Hospital os follows: 1) We defined
o drug X, an adverse drug reaction (ADR) Y, ond o lob-
ofotory measurement Z to ossess Y duting o given study
period; 2) we excluded those whose Z vulue exceeded
the defined witerio or were not available of the incep-
tion of the cohort; 3) we divided the patients into wo
groups bosed on exposure or non-exposure to X; 4) we
matched the patient characteristics between the two
groups through strofificotion and rondomization; and
5) we compared the frequenty of patients who pre-
sented Y during the study period between the two

approach.

Results: Out evoluotion indicates that there is on in-
aeased isk of nephrotoxicity for pediatric inpatients
wha were prescribed cephalosporin either alone or in
combination with aminoglycoside; further, ominoglyco-
side tends to increase the cepholosponin-ossociated
nephrotoxcify.,

Condusions: Our findings are consistent with those drawn

from other studies, indicating that the method of applying
on institutional COW s useful for assessing ADRs.

Keywords

Clinical data warehouss, relational datobase,
tetrospective cohor study, adverse drug reactions
Methods Inf Med 2007; 46; 516-522

doi:10.1160/MEO374
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1. Introduction

Adverse drug reactions (ADRs) are com-
mon and important clinical problems: an
estimated 5-15% of patients have adverse
reactions to medications [1]. According to
the medical literature from 1964 to 1996,
the overall incidence of ADRs in hospital-
ized patients was 6.7% (range 1.2-24.1%)
[2]. Assessing patient ADRs during hospi-
talization is crucial for better understanding
the risk profiles of drugs. Most data on
ADRs are gathered through spontaneous
case reports, case-control studies, cohort
studies, and randomized placebo-controlled
trials. Each type of design has strengths and
weaknesses. Spontaneous case reports can
be useful for identifying ADR signals and
may generate ideas for future studies. How-
ever, they are much less useful for quantify-
ing the relative risk of different drugs of the
same class and have no comparison group.
Case-control studies are excellent for vali-
dation and assessment, but suitable control
selection can be difficult and unsuitable
controls can invalidate results. Also, recall
bias may occur if cases and controls recall
past events differently. Cohort studies can
be prospective and are good at detecting ef-
fects; however, very large numbers are
required and the studies are generally very
expensive. Randomized placebo-controlled
trials are considered to be the gold standard
of clinical trials and can provide reliable evi-
dence, but they tend to be extremely expen-
sive and are conducted in pre-marketing
(phases [-111) trials with relatively limited

sample sizes [3-5]. Different study designs
can be used to assess ADRs.

During the last three decades, rapid ad-
vances in information technology (IT) have
allowed the storage of enormous volumes of
patient information in electronic patient rec-
ord (EPR) systems and clinical information
systems (CISs). In the meantime, some
large data collection systems were created
as sources of information for research on
ADRs, The Medimetrik database was an
early example of a multi-sited hospital data-
base that could support research on rare
ADRs [6]. However, it was discontinued by
1988 due to the commercial inviability.
Other leading CIS databases such as HELP
[7], BICS [8]. RMRS [9], and DHCP [10]
have also been applied to ADR screening.
Some of these either suffered from incom-
plete outcome assessment [9] or were used
in pilot projects [ 11]. A recent observational
cross-over study has evaluated the risk of
antidementive drug-associated bleeding via
the mediplus® database in Germany, in
which patient demographic data, diagnoses,
and prescription data were used [12]. The
authors identified bleeding by the relevant
ICD-10 codes. Although some ADRs
should be evaluated by laboratory test data,
few reports indicated that it was used for
such assessments.

Hospital information system databases
store a tremendous amount of clinical data,
including prescription data, laboratory test
results, etc. These databases are intended 1o
meet the needs of clinicians in their daily
practice. For research purposes, separate

Received: October B, 2005; occepted: December 14, 2006




databases, typically called clinical data
warehouse (CDW), need to be created and
maintained to optimize the data for aggre-
gate analysis, without putting clinical re-
sponse time at risk. In recent years, the de-
velopment of CDW has been extensively
focused on design, technical and organiza-
tional issues [13-20], and applications to
hospital administration, financial manage-
ment [21-23], and quality assessment [24,
25]. Studies on the utility of clinical re-
search are still limited [26-29]. In this pa-
per, we will examine the possibility of an
institutional CDW application for assessing
ADRs.

As is well known, nephrotoxicity is a
common ADR of physician concern. In sur-
veys of the etiology of acute renal failure in
hospitalized patients, about half of the drug-
induced cases of renal toxicity were attrib-
utable to aminoglycosides (including com-
binations with cephalosporins) and the re-
ported incidence rate was approximately
10% [30]. Cephalosporins are listed in the
top 25 drug classes most frequently associ-
ated with ADRs [31]. Currently, most
studies concerning this topic have been con-
ducted among adults. Although some
studies involved pediatric patients, they
examined relatively limited sample sizes
[32-43]. Thus, we chose the topic of ami-
noglycoside and cephalosporin associated
nephrotoxicity in pediatric inpatienls as an
example to demonstrate our approach of ap-
plying the institutional CDW for assessing
ADRs through the linkage of prescription
and laboratory test data.

2. Methods

2.1 Outline of the Clinical Data
Warehouse (COW)
at the Osaka University Hospital

Osaka University Hospital (OUH) is a
1024-bed tertiary national university teach-
ing hospital in Japan. An integrated hospital
information system [44], a computerized
physician order entry system [45], and a
comprehensive electronic patient record
system [46] were developed and have been
continuously updated and expanded. These
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systems were designed to collect patient
care data, including information on admis-
sions, discharges, transfers, clinic schedul-
ing, patient demographics, diagnoses, lab-
oratory test results, prescriptions, radio-
graphic reports, procedures, progress notes,
and billing. For research purposes, a CDW
linked to the operational databases was built
in 1995 [47]. Since then, the CDW has been
used by different clinical research end-users
for varied purposes, such as the epidemi-
ological study of diabetes, auditing medi-
cation errors, and investigating drug expen-
ditures [48-51].

The CDW in OUH is a subject-oriented
database containing 12 tables with major di-
mensions such as basic patient information,
prescriptions, diagnostics, laboratory tests,
operations, medical images, blood trans-
fusions, and others. The system con-
figuration is as follows: the server (NEC:
Express 5800/140Rc-4) consists of three
CPUs (Intel Pentium Xeon MP Processor
2.20 GHz), 3.0 GB main memory, and a

System architecture of the dinical data worehouse in Osaka University Hospitol

hard disc whose logical capacity is 73.2 GB
(RAID 1). It is connected to a disc storage
system (iStorage S$100) whose logical ca-
pacity is 2.5TB (RAID 5) by a 2-fiber chan-
nel (2 Gbps transfer rate). The operating
system is Windows 2000 Server and the
database management system is Oracle 9i
Enterprise Edition. Business Objects 6.5
was installed as an end-user access tool to
enable users to interact with the CDW. The
CDW is updated from the operational data-
bases every 24 hours in the evening (Fig. 1).
In order to use the data in this CDW, a pro-
ject registration form must be submitted to
the committee for clinical record adminis-
tration.

2.2 Modeling the Process
for Assessing ADRs through
Retrospective Cohort Design

We modeled the process for assessing
ADRs through retrospective cohort design

Methods Inf Med 5/2007
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by using CDW as follows: First of all, we
defined a targeted drug X, an adverse drug
reaction (ADR) Y and a laboratory
measurement Z to assess Y ina given study
period; then we excluded those whose Z
value exceeded the defined criteria or
whose Z value were not available at the in-
ception of the cohort; next, we divided the
patients into two groups based on the expo-

sure or the non-exposure to the targeted
drug X. In order to make the two groups
comparable, we matched the patient char-
acteristics through stratification and ran-
domization, and then compared the fre-
quency of patients who presented Y during
the study period between the two groups
and get the relative risk (RR) for X-associ-
ated problem Y [6).

Table 2 sCr distributions by oges on odmission for the exposure (n = 1055) and the non-exposure (n = 2895) pediatric

inpatients (2000/1/1-2004/12/31)
Exposure <6 yeors 6-12 years 12-18 years Totol
<03 my/dl 199 6 19 224
0.3-0.6 mg/dl B8 106 131 425
0.6-0.9 mg/di 10 ] 256 37
0.9-1.2 my/di B 0 3 49
Total £ 123 542 1055
Non-gxposure <4 years 6-12 years 12-18 years Totol
<03mg/i 603 14 n 18
0.3-0.6 mg/dl 613 556 214 1383
0.6-0.9 my/dl 99 2 21 586
0.9-1.2 my/dl 155 8 k] 198
Totol 1670 701 524 2895
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2.3 Assessment of Aminoglycoside
and Cephalosporin Associated
Nephrotoxicity in Pediatric
Inpatients

Based on the model described above, we
first defined two classes of antibiotics -
aminoglycosides and cephalosporins — as
the targeted drugs X, nephrotoxicity as
problem Y, and sCr 2 1.2 mg/dl at least once
during hospitalization as the measurement
to assess problem Y (nephrotoxicity), for
pediatric inpatients who were admitted for
at least two days (length of stay: LOS 2two
days) between 2000/1/1 and 2004/12/31.
Second, we excluded patients whose sCr
was 2 1.2 mg/dl on admission or who were
dead during hospitalization. Third, we di-
vided patients into two groups based on ex-
posure or non-exposure to the targeted
classes of antibiotics. Fourth, we con-
structed tables to categorize patients in each
group by stratifying their characteristics
such as age and sCr levels on admission
(Table 1). We then compared the number of
patients identified in the corresponding cat-
egories between groups. In each category,
we randomly selected patients from the
group with a larger number to equalize the
number of patients in each category and
match characteristics. Finally, we compared
the frequency of patients whose sCr was
21.2 mg/dl at least once during hospital-
ization between the two groups and calcu-
lated the RR for each comparison.

2.4 Data Extraction Processes

Five tables were referred to in the CDW;
those contained the information about pa-
tient admission history, oral prescriptions,
injection prescriptions, medication codes
and categories and laboratory test results.
The related data sources, CDW tables, and
core data elements are shown in Table 2.
First, we obtained patient information
from the admission history table by setting
“Age <I18", “2000/1/1 <AdmissionDate
<2004/12317 “DischargeDate <2004/
12/31", “LOS 22", and “FinalStatus #
dead” 1o identify those who were admitted
for at least two days over 5-year periods.




Second, we used the identified patient
IDs as primary keys (PK) to extract their sCr
and BUN test results by setting “Collect-
Date” (from the laboratory test results table)
2“AdmissionDate” and <*DischargeDate”
(from the Admission History table), input-
ting their codes, and allowing the first “sCr
Results <1.2” to recognize patients whose
sCr concentration was <1.2 mg/dl on ad-
mission.

Third, we linked the table of admission
history, the tables of oral or injection pre-
scriptions, and Medication Master by the
identified patient IDs and admission
numbers as PKs, and the targeted medi-
cation codes (in the Medication Master) as
foreign keys (FK). Then we let “StartDate
(in the oral or injection prescriptions table)
2 AdmissionDate (in the admission history
table)"and “EndDate (in the oral or injection
prescriptions table) <DischargeDate™ (in
the admission history table) to identify pa-
tients in the exposure group. Next, by ex-
cluding the admission numbers of patients
in the exposure group, we could identify
those in the non-exposure group.

Fourth, we used the admission numbers of
patients in the exposure group as a PK to link
to the tables we formed in the second and
third steps, and let “StartDate” <*Collect-
Date" <*EndDate” and “sCr Results> 1.2"to
find patients who were considered to suffer
from nephrotoxicity. The same procedure
was performed for the non-exposure group.

Finally, we counted the number of pa-
tients whose sCr was 21.2 mg/dl at least
once during hospitalization in the exposure
and the non-exposure group respectively.
Then we identified those who were pre-
scribed with aminoglycosides. cephalo-
sporins, or combinations of both classes in
the exposure group.

2.5 Methods of Assessment

Results are expressed as means + standard
deviations (SD), along with 95% con-
fidence intervals (CI). The Student’s un-
paired t-test, the chi-square test (including
Fisher's exact test. Yates's correction), and
the relative risk were applied where appro-
priate. All P values were considered to be
2-tailed. Analyses were performed with
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Table 3 Charaderistics and laboratory test resulls on odmission for the exposure (n = 1055) and the non-exposure

(n = 2895) pediatric inpatients (2000/1/1-2004/12/31)

Parometer Exposure Non-gxposure P-value
Gender 566 M, 489 F 1515M, 1380 F 0.46°
Age (years) 9.04 = 6.94 (8.63-9.45) 5.70 + 546 (5.50-5.90) 0.0001
BUN (mg/di) 1102 =478(1073-1131) | 1120 = 458(11.02.11.38) | 028
r (mg/dl) 0.48 - 0.24(0.47-0.49) 0.43 = 0.25(0.42-0.44) 0.0001

Note: M: mak; F- famola; " Chi-squora test; numbers in porentheses sond bor 95%41

Table 4 Adjusted sample sizes and matched patients between the exposure (n = 1030) and the non-exposure (n = 1030)
group based on sCr distributions by oges on admission (2000/1/1-2004/12/31)

Exposure < yeors 6-12 yeors 12-18 years Total
< 0.3 mg/dl 199 b n 216
0.3-0.6 mg/dl 88 106 714 408
0.6-0.9 mg/dl 70 n 25 337
0.9-12 mg/dl Kkl 0 34 9
Total 390 123 517 1030
Non-exposure <6 years 6-12 years 12-18 years Totol
<03my/dl 199 6 n 26
0.3-0.6 my/dl 88 106 24 408
0.6-0.9 mg/dl 70 11 256 337
0.9-1.2 mg/dl B 0 3 &9
Total 390 123 517 1030

Table 5 Characteristics and laboratory fest results on admission after adjusting samples between the exposure (n = 1030)
ond the non-exposure (n = 1030) pediatric inpatients (2000/1/1-2004/12/31)

Porameter Exposure Non-exposure P-value
Gender S55 M, 475 F 536 M, 494 F 0.40*
ge (years) B.92 + 698 (8.49-9.35) 9.23 = 652 (884-9.62) 031
BUN (mgy/dI) 11.03 = 4.81 (10.74-11.32) 11.47 = 4.65(11.18-11.76) 0.04
i {my/dl) 0.48 = 0.24 (0.47-0.49) 048 = 0.23 {046-0.49) 0.59
Wt Mc mole F- femole; * Chi-sgunre st aursbars in porontheses siond for 95% 0

Microsoft Access 2000, and SPSSI11.0
Japanese version for Windows.

3. Results

3.1 Eligible Study Population

From 2000/1/1 to 2004/12/31, there were
7953 pediatric inpatient admissions with
LOS 22 days in our hospital. 4095 (51.5%)

patients had sCr tested and recorded on ad-
mission. Among these, we excluded 78
(0.98%) patients whose sCr levels exceeded
1.2 mg/dl on admission and 67 (0.84%) pa-
tients who died during hospitalization.
Thus, 3950 (49.67%) patients were identi-
fied as the eligible population for this study.
1055 (566 male, 489 female) patients be-
longed to the exposure group and 2895
(male 1515, female 1380) to the non-expo-
sure group. The group characteristics are
shown in Table 3.
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Table 6  Padiatric inpatients (2000/1/1-2004/12/31) who were obsarved 1o have sCr > 1.2 mg/dl o least once during hos-
pitolization after odjusting somples between the exposure (n = 1030) ond the non-exposure (n = 1030) group of patients

5Cr Level Exposure Non-exposure Total
212 my/dl 30(2.91%) 12 (1.17%) 47 (2.04%)
s < 12mg/dl 1000 1018 018
Tatal 1030 1030 2060

Table 7 Prescriptions of ominoglycosides and cepholosporins to the exposure group of patients (n = 1030) either alone

of in combinations
sCr Level A C A+C Total
s =12 my/dl 1 {4.55%) 22 (2.37%) 7 (8.64%) 30 (2.91%)
s < 1.2mg/dl 2 905 4 1000
Totol 2 927 L 1030
i A st fox the poients who e with omineghpecrides oiome. ( staveds for the patients who veers presibed with cephalosporin lore A+
st o the oot who e resciber with the omisnaton of omieogiysees ond el

Table 8 Comparisons of the frequency of patients who
were observed 1o have s(r = 1.2 mg/dl of least once during
hospitalizotion among the exposure group and between
with the non-exposure group

x P
Avh+C 0.035 085
(wA+C 8.353 0.004°
A vs Non-exposure 024
C vs Non-expasive 4172 0.04
A+ Cws Non-exposure | 20,725 0.0001*
Wte: - Chi-squomad fesd with Totess romection, b Fribee’s gt et ¢«
(i snunned g

3.2 Adjusting the Samples
and Matching the Charadteristics
of the Two Groups

From Table 3, we found that there were sig-
nificant differences in age and sCr on ad-
mission between the two groups, which may
make the two groups incomparable. In each
category, we randomly selected patients
from the group with a large number to
equalize the number of patients in each cat-
egory as in Table 4. After this procedure
their characteristics were matched as ex-
pected as can be seen in Table 5.

Mathods Inf Med 572007

3.3 Nephrotoxicity

Forty-two of 2060 patients (2.04%) were
observed to have sCr 21.2 mg/dl at least
once during hospitalization; 30 of 1030
(2.91%) in the exposure group and 12 of
1030 (1.17%) in the non-exposure group
(Table 6). The RR between the two groups
was 2.5 (95% CI: 1.29-4.86, P = 0.005).
For the exposure group, the observed rate
of nephrotoxicity was 4.55% in the aminog-
Iycoside (A) group (RR = 3.90, 95% CI:
0.53-28.71), 2.37% in the cephalosporin (C)
group (RR = 2.04, 95% CI: 1.01-4.09), and
8.64% in the combination (A + C) group
(RR=742,95%CI:3.00-18.32) (Table 7).
Significant differences were found be-
tween the C group and the non-exposure
group, and the A + C group and the non-ex-
posure group, while no significant differ-
ence was found between the A group and the
non-exposure group because of the small
size of the A group. Also, there was no sig-
nificant difference between patients pre-
scribed A alone and A + C, but there was a
significant difference between patients pre-
scribed C alone and A + C. The P values for
each comparison are shown in Table 8.

4. Discussion

Much attention has been focused on ADRs
in hospitalized patients over the last three
decades. However, most studies have been
based on hospital reporting systems, which
probably reflect only serious ADRs and
therefore underreport the true incidence of
ADRs. On the other hand, although some
studies have involved large multi-sited data-
bases, few publications have documented
the frequency or rate of ADRs [31], and
most of these involved data on prescriptions
and diagnoses [12]. To our knowledge, pa-
tient laboratory test data have rarely been
involved in such studies. For some ADRs,
such as nephrotoxicity, laboratory test data
is essential for its assessments. Thus, it
should be used when addressing such is-
sues.

Given the volume and toxicities of drugs
used in the hospital, the need to assess
ADRs persists. For research purposes, re-
gional database systems incorporating in-
formation from multiple hospitals would
provide large sample sizes and longitudinal
information for individual patients; how-
ever, privacy regulations make access to and
successful extraction of patient data across
hospitals either problematic or infeasible.
As a trusted third party policy for gathering
clinical data from diverse data sources in
Japan still remains in its infancy, institu-
tional clinical data warehouses (CDW) may
serve as an alternative solution for us to ad-
dress such issues.

The application of CDW technology to
conduct clinical research is by no means a
new concept. However, there are few prag-
matic clinically relevant examples of ex-
ploiting CDWs in the medical literature. In
most cases worldwide, this avenue is only
beginning to be exploited and few of the
existing CDWs provide access to all data re-
garding patient care [19]. In this study, we
provide a specific example of the use of a
CDW to assess drug-associated nephro-
toxicity using prescription and laboratory
test data.

As discussed above, ADRs can be as-
sessed by cohort studies, which provide re-
liable evidence. However, expense and time
consumption are major flaws of the pro-




spective cohort design. To overcome these
disadvantages, we adopted a retrospective
cohort design. The basic principle of this
study design is to assemble cohorts of ex-
posed and non-exposed subjects from the
pooled data, and then to collect outcome
data for each case from the database. In the
past. it has been argued that retrospective
cohort studies have no reference cohort at
all, or that the cohorts are not really com-
parable [12]. As the CDW holds much
pooled data, we were able 1o mimic the pro-
cess adopted by randomized control trials
(RCTs) to stratify and randomly select pa-
tients in the exposure and non-exposure
groups to match patient characteristics and
to make the cohorts comparable.

Previous small studies have provided
evidence from RCTs in the pediatric popu-
lation. Among these, the largest study in-
cluded 412 patients [38], and in seven trials
[36-39, 53-55] more than 100 children were
involved. Our study involved 2060 patients,
which may provide more reliable evidence.
Our data suggest that treatment with cepha-
losporins, either alone or in combination
with aminoglycosides, contributed to neph-
rotoxicity, and that treatment with amino-
glycosides tended to increase cephalospo-
rin-associated nephrotoxicity. These find-
ings are consistent with previous studies,
which have implicated some cephalosporins
in nephrotoxicity, both alone and in com-
bination with aminoglycosides [33, 34]. In
addition, our data indicate that the incident
rate of nephrotoxicity with aminoglycoside/
cephalosporin  combinations is  about
8.46%, which is consistent with other find-
ings placing this rate at about 10% [30]. No
study has reported the relative risk of cepha-
losporin-associated nephrotoxicity in pedi-
atric patients. Our data indicate that this
relative risk 1s 2.04 (95% CL: 1.01-4.09),
which should provide a meaningful refer-
ence 1o clinicians. Due to the relatively
limited sample size of the group treated with
aminoglycosides alone, we could not inter-
pret the data concerning the effects of ami-
noglycosides alone.

The gold standard test for assessing renal
function is the glomerular filtration rate
(GFR) (normal range: 80-120 ml/min) [56].
The practical marker is creatinine clearance,
which measures the ability of the kidneys to

clear creatinine from the circulation into the
urine over a period of 24 hours. The Cock-
roft-Gault formula allows the calculation of
the GFR without undertaking a 24-hour
urine collection, but it requires the patient’s
body weight. In this study, we did not use
creatinine clearance because the data for
urine creatinine and body weight were
limited. Some studies have used criteria
such as an increase in the sCr of >0.4 mg/dl
[57] or an increase in sCr of >50% from
baseline [58] as definitions of nephro-
toxicity. However, there is no international
consensus on this issue. We used the upper
limit of the normal range of sCr (1.2 mg/dl)
adopted in our hospital for this analysis and
defined nephrotoxicity as patients whose
sCr had exceeded this level at least once
during hospitalization.

There are several limitations of this
study. 1) Our study design allowed us to de-
termine association between variables, but
not causality, because other confounding
factors could have influenced creatinine
levels between the two groups. Although we
mimicked the process of stratification and
randomization adopted by RCTs to reduce
confounding factors, their presence could
not be totally eliminated. Thus, these find-
ings should not be construed as cause and
effect. Nevertheless, the obtained relative
risk could provide meaningful references
for assessing ADRs. 2) The lack of a stan-
dard definition of nephrotoxicity adopted
by other studies creates the possibility that
differences in methodology could influence
the conclusions. 3) Our CDW is a free-
standing system rather than an integrated
multiple national data warehouse across
institutions. The size and composition of
patient populations in individual hospitals
tends to limit the ability to detect events of
low incidence and produce generalizable
results.

The method of applying the CDW to the
assessment of ADRs in hospitalized patients
using prescription and laboratory test data is
not limited to the evaluation of antibiotic-
associated nephrotoxicity. Other drugs with
associated nephrotoxicity, including radio-
contrast agents, nonsteroidal anti-inflam-
matory drugs (NSAIDs), angiotensin-con-
verting enzyme inhibitors (ACEs), and anti-
cancer agents can also be evaluated using
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this method. Moreover, the method can be
expanded to investigations of drug-associ-
ated hepatotoxicity, immunotoxicity, or
other types of ADR. In the future, we will
further explore whether nephrotoxicity is
associated with dosing, and what situations
tend to cause nephrotoxicity. These types of
study may require massive sample sizes
based on nation-wide populations, incor-
porating data from many national hospitals’
data warehouses.

5. Condusions

Our evaluations indicate that an institutional
CDW can be useful for assessing ADRs ina
hospital setting.
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Abstract Medical expense has grown rapidly in Japan. It
could be caused by the increase of the patient number and
the increase of medical expense per patient. We studied the
latter factor on drug expenditure from 1996 1o 2002 using
the prescription data stored in the data warchouse of one
hospital. We found that the drug expenditure per patient had
increased 1.32 times. The mean number of prescriptions per
patient increased 1.23 times and the mean expenditure of
one medicine increased 1.08 times. These results demon-
strated that drug expenditure for one patient had gradually
mecreased. This was caused by both the rise in the number
of medicines taken by one patient and the rise in the prices
of medicines. The data warehouse in the hospital was useful
for the analysis of the trends in medical expenditure for one
patient.

Keywords Data warehouse - Prescription - Drug
expenditure - Drug price - Medical cost

Introduction

The growth of medical expenditure is a common problem
in the world. Medical expenditures in Western Europe in-
creased by an average of 4.1% per year between 1970 and
1990, exceeding the overall 2.7% annual rate of economic
growth during the same period [1]. In Japan, the universal
national health insurance system was put in place in 1961.
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With the ongoing trend of the increase in the elderly pop-
ulation in recent years, national medical expenditures have
risen on average about 3.8 % per year from 1992 1o 2000,
and the total expenditure amounted to about 30 trillion yen in
2000 [2]. Under the medical insurance system in Japan, peo-
ple can visit any hospital and can be treated for their ilinesses
with expensive examinations, drugs and operations. Since
the Japanese payment system is based on fee for service,
expenditure is not a factor in deciding which medicines to
use [3].

Recent studies of medical economics have clearly demon-
strated that drug expenditures are increasing more rapidly
than other health care spending [4, 5]. In the United States,
spending on prescription drugs increased 122% from SUS
50 billion in 1993 1o $US 1111 billion in 1999 [6]. There
are two opinions as to the critical factors driving these in-
creasing expenditures. One opinion is that rising prices are
driving the growth of drug expenditures, A contrary view
from RW Dubois’s study states that volume growth is the
largest driver of spending on drugs [7].

The increase of medical expenditure can be caused by two
factors: one is the growth of the patient population and the
other is the increase of medical expenditure of one patient.
It is said that because of population aging, the growth of
the number of patients is the major factor contributing to
the rise of medical expenditure. On the other hand, there
isn't sufficient data about conceming the rising of medical
expenditure of one patient. The medical expenditure of one
patient can be determined by the total medical expenditure
being devided by the total patient number. However, because
there is no national 1D number in Japan, it is impossible 1o
ascertain total patient number, Thus 10 ascertain the medical
expenditure of one patient, the data in hospitals should be
analyzed.

@ Springer



J Med Syst (2007) 21:17-24

The hospital information system is used in many hospi-
tals in Japan. The main purpose of this system is to save
manpower in hospital management by having physicians di-
rectly enter the data. The data contained in this system can
be used for data analysis. We developed the data warehouse
in 1995, and the data used in the subsystems of the hospital
information system have been stored in it. In this paper, we
studied the drug expenditure of one patient and its yearly
variations from 1996 1o 2002 using this data warehouse and
elucidated the contributing factors for its variation.

Methods
Construction of the data warehouse

We developed the data warehouse in 1995, The source data
was moved from the databases of the subsystems in the hospi-
tal information system, including the order entry system, lab-
oratory test results, the radiological examination report sys-
tem, and the diagnosis entry system, and so on. The database
in the data warehouse was constructed to be suitable for
data analysis. The data with analytical value were extracted
and transferred from the subsystem databases to the data
warehouse (Fig. 1). The data warehouse contains 12 tables
according to major dimensions such as patient demographic
information, prescriptions, injections, diagnostics, labora-
tory tests, radiology examinations, operations, blood trans-
fusions and others. The system configuration is as follows:
the server (NEC: Express 5800/140Rc-4) consists of 3 CPU
(Intel Pentium Xeon MP Processor 2.20 GHz), 3.0 GB main
memory, and hard disk whose logical capacity is 73.2 GB
(RAID 1). It connected with the disk storage system (iS-
torage S100) whose disk logical capacity is 2.5 TB (RAID
5) by the 2-fiber channel (2 Gbps transfer rate). The oper-
ating system of the server is Windows 2000 Server and the
database management system is Oracle 91 Enterprise Edition.
We adopted BusinessObject (6.5) to help users retrieve data
from the data warehouse without using SQL. BusinessObject
is the front user supporting tool to retrieve data from a data
warehouse. The retrieved data can be exported into Microsoft
Excel using the BusinessObject Info View application.

In this data warehouse, information about one drug in one
prescription is registered in one record of the database file
for prescription orders, Table | shows the field names of the
database file for prescription orders.

The subjects were internal medicines prescribed for in
patients and out patients of Osaka University Hospital from
1996 to 2002. Medicines used for examination were ex-
cluded. The total number of different drugs prescribed was
1241. In this data warehouse, there are 9,745,556 records
from 1996 to 2002 in the database file for prescription or-
ders,
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Analysis of the data

The records were divided every year by the start date
of the prescription. Data for medicine code, dosage. and
number of days prescribed were drawn out of the data
warehouse. We generated a master table which indicated
the prices of each medicine. By linking each record to
the corresponding price data, the drug expenditure on one
medicine in one prescription, which corresponds to one
record, was calculated by the following formula:

Drug expenditure = Drug price x Dosage > Number of days
prescribed

To tally the total drug expenditure in one year (tDE),
the expenditure data of all of the records was summed. The
Japanese government has changed drug prices every two
years. Therefore, govemmental control affects drug expen-
ditures. To obtain the actual expenditure, drug expenditures
were calculated using the drug prices of each year. To elimi-
nate the effect of the governmental controls, drug expenditure
in each year was calculated using the drug prices in 2002,

The total number of patients who received at least one
prescription in a year (IPN) was counted using the data ware-
house.

The mean drug expenditure per patient per year (mDE/p)
was armived at by the following formula:

mDE/p = IDE/tPN

The total number of prescription days (tPD) per year,
which indicates the total amount of medicine prescribed in a
year, was calculated by summing the data of the prescription
days in each record.

The mean number of prescription days per patient per year
(mPD/p), which indicates the mean amount of medicine pre-
scribed on a per patient basis. was arrived at by the following
formula:

mPD/p= (PD/tPN

The mean drug expenditure of one medicine per day per
patient (mDE/m.d), which indicates the mean virtual drug
price. was calculated by the following formula:

mDE/m.d= mDE/p/mPD/P

To calculate the total drug expenditure for each group
of medicines, we made a master table, which linked each
medicine to a group. All medicines were placed into 11
groups: medicines for the central nervous system, medicines
for the cardiovascular system. gastrointestinal drugs.
vitamins, hematinic drugs and fluid drugs, metabolic drugs,
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Fig. 1 The data flow to the Order database Laboratory test result  Radiolgy examination report
data warehouse
Diagnosis Patient profile information
batch processing
Gutetiant vocoed Admission history record

anticancer drugs, antibiotic drugs, chemotherapeutic drugs,
medicines for the respiratory system, and others. Medicines
which belonged 10 more than two groups were linked to
one of them. Furthermore, in the study of antihypertensive
medicines, the drugs were divided into 5 subgroups: Ca
antagonists, angiotensin-converting enzyme inhibitors,
sympathomimetic  antagonists, angiotensin-I1l  receptor
antagonists, and diuretic drugs.

Results

The total drug expenditure of the hospital was 2.50 bil-
lion yen in 1996. This amount did not change significantly

Business Object

Microsoft Excel

through 1998, but after that it gradually increased until it
reached 3.45 billion yen in 2002, These figures represent
38% increase over the seven vears. When the expenditure
was calculated using drug prices fixed at 2002 levels, we
found that the expenditures had increased monotonically
since 1996, reaching 1.80 times the initial level by 2002
(Fig. 2). The mean drug expenditure per patient shows a sim-
ilar trend. Drug expenditure per patient started at 62.3 thou-
sand yen in 1996 and rose to 82.6 thousand yen in 2002, rep-
resenting an increase of 1,32 times. When recalculated based
on the fixed drug prices, an increase of 1.73 times was ob-
served (Fig. 3). In addition. the mean number of prescription
days per patient gradually increased to 1.23 times (Fig. 4).

Table 1 An example of prescription data from the data warchouse

Order No Patient No®  Stant Date End Date Medicine Code Medicine Name Quantity Unitl Prescribe Days
44707 XXXX 2000/1/11 200001124 210120 Luprac | T 14
53183 XXXX 2000/1/11 2000/1/14 210480 Asverin 15 MG 4
44197 XXXX 2000/1/11 200001714 210910 Ebastel I T 4
58131 XXXX 2000/1/11 2000/1/11 210010 Ebastel 1 T 1
48667 XXXX 20007111 200001/13 210040 Pentasa 12 T k]
44410 XXXX 2000/1/11 200001111 211130 Aldactone A 2 T 1
52363 XXXX 200001/11 2000/1/11 211130 Aldactone A 1 T 1
49080 XXXX 200001711 200028 211210 Giaster D 2 T 30
51523 XXXX 2000/1/11 200001111 211210 Gaster D 1 T I
57717 XXXX 2000/1/11 200001/11 211210 Gaster D I T 1
36328 XXXX 2000/1/11 2000711/13 211640 Flomox 3 L 3
51523 XXXX 2000/1/11 200001711 211800 Inteban I CA |
50062 XXXX 200001411 200001/11 211910 Ubretid I T I
55951 XXXX 2000/1/11 200001/14 212260 Edecril T 4

0.6

48761 XXXX 200001/11 200001714 212680 Euglucon | T 4
44761 XXXX 200071/11 2000¢1/13 213260 Cabaser 2 T 3

“The patient number is omitted for the privacy of patient
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The mean expenditure of one drug per day per patient
was 129 yen in 1996. This expense decreased to 0.91 of the
initial value over the following 2 vears, after which it then
gradually increased to 1.08 times the initial amount at the end
of the 7-year period. When the expenditure was calculated
using the fixed 2002 prices, we found that the expense had
increased monotonically since 1996, reaching 1.42 times by
2002 (Fig. 4). This increase may be due to the appearance of
newer, more expensive medicines,

We calculated the percentage of the total drug expen-
diture that each group of medicines represented in 2002
(Fig. 5). Medicines for the cardiovascular system represented
the largest percentage. Among these drugs, antihypertensive
medicines were the largest fraction. Therefore, we selected
the antihypertensive medicines as a representative example
1o analyze in detail. In the following research, drug prices
fixed at the 2002 levels were used.

The total number of patients who received at least one
prescription for an antihypertensive medication increased by
1.32 imes (Fig. 6). The mean drug expenditure per patient
for antihypertensive medication was 24.0 thousand ven in
1996. Since then. it has increased to 37.8 thousand yen as
of 2002, which represents an increase of 1.57 times (Fig. 6).
The mean number of prescription days per patient gradu-
ally increased to 1.28 times (Fig. 7). The mean drug expen-
diture for one medicine per day per patient was 83.9 yen
in 1996. It has gradually increased to 1.23 tumes (Fig. 7).
These results indicate that the increase in drug expenditure

4_3 Springer

Fig. 3 The mean drug expenditure per patient

per patient is caused by both an increase in the number
of medicines prescribed per patient and by an increase in
the mean drug price. The latter factor may be caused by
an increase in the prescription of newer. more expensive
medicines.

New types of antihyperiensive medicines were adopted
in 1998, 1999, and 2000. Three of these were angiotensin-
Il receptor antagonists, and one was a diuretic drug. In
1998 0.15% of the rotal prescriptions were new medica-
tions, but this category gradually increased to 5.17% of
total prescriptions in 2002. A similar trend was found in
new medicines adopted in 1999 and 2000. New medicines
adopted after 1997 represented 15.20% of the total prescrip-
tions (number of prescription days) in 2002 (Fig. 8). These
new medicines represented 28.79% of the total drug ex-
penditure in 2002 (Fig. 9). These results demonstrate that
prescription of new types of antihypertensive medicines has
increased, and that this is one factor contributing to the total
increase in drug expenditure per patient. The trend of the pre-
scription days and the trend of the drug expenditure of each
group of antihypertensive medicines are shown in Fig. 10)
and Fig. | 1, respectively. Expenditures on angiotensin-II re-
ceptor antagonists, which are a new type of antihypertensive
medicine, had rapidly increased 1o reach (1.50 million pre-
scription days and 100 million yen in 5 years (Fig. 11).
Prescription days of the other types of medicine had also
increased. Although the expenditures on diuretic drugs did
not change during the 7-year period, the expenditures on Ca
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antagonists, angiotensin-converting enzyme inhibitors, and
sympathomimetic antagonists had also increased. These
results demonstrate that although prescription of new
medicines has certainly increased, they did not become sub-
stitutes for older medications. The number of prescriptions
of antihypertensive medicines per patient has also increased.
This is another essential factor contributing to the increase in
expenditures.

Fig. 5 The ratio of each group
of medicine in drug expenditure
in 2002
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Discussion

In Japan, medical expenses were about 30 trillion yen in
2000 [2]. Drug expenditure amounts to almost 20% of the
total medical expense [8]. The contribution of drug expen-
diture 10 the 1otal expenditure of the hospital is 19%. Tokita
predicts that medical expenses will amount to more than 40
trillion yen by 2025 [9]. Expenditures on prescription drugs
are the fastest growing component of the health care budget.
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Japan spent more than $300 per capita on pharmaceuticals
[10]. There are two factors behind these rising medical ex-
penses. One is an increase in the number of people who need
medical treatment because of a demographic increase in the
elderly population The proportion of the population over age
sixty-five doubled berween 1980 and 2000 to reach 17.1%
and is projected to rise to 26.2% by 2020 [ 1 1]. Another rea-
son for the rise of medical expenses is increased expenditure
per patient due to improvements in medical treatment. How-
ever, this factor is difficult to estimate quantitatively. Before
1999, the Ministry of Health, Labor and Welfare had low-
ered the price of medicines in order to decrease the marginal
profits of drug sales. Such profits lead to an increase in the
number of prescriptions [ | 2]. However, after 999, the price
of medicine has not been lowered dramatically, leading to a
steady increase in drug expenditure per patient.

There are two possibilities which may help explain the rise
in mean drug expenditure per patient. The first is an increase
in the price of prescribed medicines, since doctors like to
prescribe newer, more expensive medicines. The second is an
increase in the number of medicines prescribed per patient. In
order to separate these two factors, we examined the number
of prescriptions by summing up the prescription days of each
medicine in each prescription. We regard one day’s dosage
of one medicine as one unit, because some medicines need
1o be taken several times a day, while others need be taken
only once. Therefore, comparison of the price per pill is
meaningless. To calculate the mean number of prescriptions
per patient, the total prescription days per year was divided by

1000

800
400
200
00 b—= #
1906 1997 1998 1% 2000 2001 2002
|
Fig. 11 The trend of drug expenditure of ¢ach group of antihyperten-

sive medicines

the number of patients who took at least one medicine during
that year. The mean drug expenditure for one medicine in
one day, which indicates the virtual mean drug price, can be
calculared by dividing the total drug expenditure per vear by
the total prescription days per year. We found not only an
increase in the virtual mean drug price, but also an increase
in the mean number of prescriptions per patient.

To investigate this phenomenon in detail, we closely ex-
amined the antihypertensive medicines, which were the most
frequently prescribed in our hospital. According to the Na-
tional Survey on Nutrition, 15,3 million people of 30 years
and older potentially have hypertension [13]. Medical ex-
penses for hypertension were 1,700 billion yen, and ac-
counted for 7.4% of total medical expenses in 1998 [14].
We supposed that the trend of expenditures on hypertensive
medicines may be similar to the trend of expenditures on
medicines in general.

Angiotensin-1l receptor antagonists are the most recent
antihypertensive medicines [ |5]. In the Sixth Report of the
Joint National Committee on Prevention. Detection, Evalu-
ation, and Treatment of High Blood Pressure, angiotensin 11
receplor antagonists were noted o be first choice medicines
as they are effective for the treatment of hypenension and
have relatively few side effects [16]. Our research indi-
cates that the expenditure of angiotensin-1I receptor antag-
onists has risen to 100 million yen in § years. This is one
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factor causing the increase in the mean virtual drug price
of antihypertensive medicines, though it is not sufficient to
completely explain the increase. Several studies have sug-
gested that the target blood pressure should be lower than
previously believed. Therefore, the target blood pressure in
the guidelines was lowered in 1999 [17]. This may lead
to multi-medicine prescriptions, resulting in an increase in
the number of prescriptions per patient. Furthermore, this
supposition may be applicable 1o all internal medicines.
There have been some studies which demonstrated that more
strict control of a disease resulted in a more beneficial out-
come. Reports of beneficial effects of medicines may there-
fore induce greater usage, leading to an increase in drug
expenditure.

The data used in this study came from the data warchouse
in one hospital. Generally speaking, analysis of data from one
hospital may be biased. For example, the total expenditures
of medicines in a hospital include the patient number, which
partially reflects the popularity of the hospital rather than
the prevalence of medical problems in the area. However,
analysis of medical activity on a per patient basis is less prone
to hospital bias, because it reflects the generally accepted
treatment at the time. Furthermore, yearly variations of the
data are thought to be more universal. Using the original
prescription data allows precise data analysis. In this way,
significant results can be obtained by analyzing data from
one hospital.
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