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Abstract

Background: Medicines may cause various adverse reactions. An enormous amount of money and effort is spent investigating
adverse drug events (ADES) in clinical trials and postmarketing surveillance. Real-world data from multiple electronic medical
records (EMRs) can make it easy to understand the ADES that occur in actual patients.

Objective: In this study, we generated a patient medication history database from physician orders recorded in EMRs, which
allowed the period of medication to be clearly identified.

Methods: We developed a method for detecting ADEs based on the chronological relationship between the presence of an
adverse event and the medication period. To verify our method, we detected ADES with alanine aminotransferase elevation in
patients receiving aspirin, clopidogrel, and ticlopidine. The accuracy of the detection was evaluated with a chart review and by
comparison with the Roussel Uclaf Causality Assessment Method (RUCAM), which isastandard method for detecting drug-induced
liver injury.

Results: The calculated rates of ADE with ALT elevation in patients receiving aspirin, clopidogrel, and ticlopidine were 3.33%
(868/26,059 patients), 3.70% (188/5076 patients), and 5.69% (226/3974 patients), respectively, which werein line with the rates
of previous reports. We reviewed the medical records of the patients in whom ADES were detected. Our method accurately
predicted ADEsin 90% (27/30patients) treated with aspirin, 100% (9/9 patients) treated with clopidogrel, and 100% (4/4 patients)
treated with ticlopidine. Only 3 ADEs that were detected by the RUCAM were not detected by our method.

Conclusions: These findings demonstrate that the present method is effective for detecting ADEs based on EMR data.

(IMIR Med Inform 2021;9(11):€28763) doi: 10.2196/28763
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Introduction

The investigation of adverse events in clinical trials and
postmarketing surveillance requires an enormous amount of
money and effort [1-3]. As clinical trials are performed with
limited numbers of participants and limited investigation
periods, they do not always clearly identify the full range of
possible adverse events [4-6]. Although postmarketing
surveillance, which is executed by specialized agenciesin many
countries, hasfocused on gathering information on adverse drug
events (ADEs), the identification of ADEs in actual clinical
settings remains insufficient due to its dependence upon
voluntary reporting [7-11]. The introduction of electronic
medical records (EMRs) by many hospitals has allowed for the
secondary use of EMR data from multiple hospitals [12-15].
This enables a greater understanding of the ADEs that occur in
actual patients without the costs associated with the traditional
methods of determining the incidence of adverse events.

The occurrence of ADEs can be detected based on the
chronological relationship between the presence of the adverse
event and the medication period. The key datafor the detection
of an ADE are the date when a patient started to take the
medicine and the date on which the medication was
discontinued. It is not easy to accurately determine the
medication period based on patient records because the
medication data obtained from EMRs are based on a computer
physician order entry (CPOE) system in which prescription
orders are created for each prescription. In the clinical setting,
physicians usually consider the amount of remaining medicine
due to missed doses or overlapping previous prescriptionswhen
they are preparing the prescription order. In the present study,
we devel oped a medication history database in which both the
start and end dates of medication were determined by combining
the prescription order data according to the estimated amount
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of remaining medicine. To verify our ADE detection method,
wefocused on identifying ADEswith alanine aminotransferase
(ALT) elevation using the medication history database and the
serum ALT values obtained from the EMR. The accuracy of
the detection of ADEs was examined by a review of medical
records and by comparison with the Roussel Uclaf Causality
Assessment Method (RUCAM), which is a standard method
for detecting drug-induced liver injury (DILI) [16-25].

Methods

Experimental Environment

This study was performed in accordance with the World Medical
Association Declaration of Helsinki, and the study protocol was
approved by the ingtitutional review board of the Osaka
University Hospital (OUH), National Cerebra and
Cardiovascular Center (NCVC), and Tottori University Hospital
(TUH). Thisstudy was an observationa study and did not obtain
individual informed consent from the participants included in
the study. However, the study protocol was posted on our
webpage, giving the study participants an opportunity to opt
out.

Because each CPOE system has its own database, the systems
have different structures. We first developed an intermediate
database to unify the database structure. The data from the
original CPOE database were transferred to this intermediate
database. We then generated the medication history by applying
a medication history generation (MHG) program to the
intermediate database (Figure 1). The medication history
generation program was devel oped with Microsoft Visual Basic
for Applications 7.0, and Microsoft Access 2010 was used for
the intermediate database. Both the program and the database
were installed on a laptop PC ( Intel Core i7-2640M CPU; 8
GB of memory) with the Microsoft Windows operating system.

Figure 1. Procedure for generating the medication history. The data were extracted with an individually customized Structured Query Language from
each CPOE database in the different medical facilities and transferred to an intermediate database. The MHG program was applied to the data in the
intermediate database to generate the medi cation history. DB: database; CPOE: computer physician order entry; EMR: electronic medical record; MHG:

medication history generation.
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construct the medication history database, the CPOE records
were combined with consideration to the remaining medicine
(Figure 2).

Generation of the Medication History

The medication history includes the start and the end dates of
medication for each medicine prescribed to a patient. To

Figure 2. Process to generate a medication history. A. Generation of medication history with consideration to the overlapped period and gap period.
The prescription order records (P-1, P-2, and P-3) were combined if the calculated remaining medicine was more than that needed for the days of the
gap period. B. The medication history was generated under consideration of missing doses, assuming that missing doses occur once in 5 days. The
prescription order records (P-4 and P-5) were combined if the amount of a remaining medicine was more than that needed for days of the gap period.
Open circles indicate the days on which the patient took the medicine. Closed circles indicate the days in which the prescription orders overlapped.

Closed squares indicate the days of missing doses.
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Firgt, the CPOE recordsfor each medicine taken by anindividual
patient were extracted and combined sequentially from the ol dest
record to the newest record. As shown in Figure 2A, in cases
wherethelast day of prescription 1 (P-1) was after thefirst day
of P-2, thefirst day of P-1 was set asthe start date of medication
whilethelast day of P-2 was set asthe end date, and the amount
of the remaining medicine was estimated. In the case that agap
period lay between the last day of P-2 and the first day of P-3,
if the amount of the remaining medicine was not less than the
amount of medicinethat would have been consumed during the
gap period, P-2 and P-3 were combined.

We estimated the amount of the remaining medicines due to
noncompliance by the patient, assuming that the rate of missed
doses was constant. Accordingly, we set an unused medicine
index (UMI), which indicated the rate of missing doses as a
ratio of the period in which patients actually took the medicine
to the prescription period. The amount of remaining medicine
due to missing doses in P-4 was calculated (Figure 2B). If the
amount of the remaining medicine was greater than that needed
for the days during the gap period, P-4 and P-5 were combined.
Figure 2 shows the algorithm for generating the medication
history database.

The appropriate UMI value was determined by generating the
medication history records for 9 medicines (pravastatin,
cilostazol, isosorbide, nifedipine, ursodeoxycholic acid,
rebamipide, amlodipine, aspirin, and methylcobalamin), which
were considered to be long-term prescriptions. We set the UMI
value as 1.4 because unnatural short-term gap periods tended
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» Days when medicine
would be taken (4 days)

to be observed when the UMI was <1.3 and because gap periods
of a few months (considered to be the cessation of medicine)
tended to be combined when the UMI was >1.5. To evaluate
the validity of the UMI, we randomly selected 9 patients who
had been treated for cardiovascular disease for >5 years and
generated 725 medication history records. The medication
history records were reviewed by the chief physicians, resulting
in 98% of the records being considered appropriate.

Detection of ADEswith Serum ALT Elevation

We detected the occurrence of ADEs based on the chronological
relationship between the presence of the adverse event and the
medication period. In this study, we focused on identifying
ADEs with ALT elevation, which is known to reflect
hepatocellular injury-type DILI. The elevation of ALT was
selected because, inthe RUCAM, the severity of hepatocellular
injury-type DILI is defined by serum ALT. The ALT values
were obtained from the laboratory test datain the EMR database.
The criteria for the diagnosis of ADE with ALT €elevation are
shown in Table 1. ADEs with ALT elevation were detected
during the medication period, and those with a decrease in the
ALT level were detected after the cessation of the medication
(criteria 1 and 2). If the elevated value decreased during the
medication period, then the medicine was considered not to be
causative; thus, it was excluded as a cause of ADE (criterion
3). Because it was difficult to distinguish an ALT €elevation
caused by apreviousliver injury, viral hepatitis, or an operation
from hepatocellular injury-type DILI, we excluded patientswith
any of these factors (criterion 4-111).
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Table 1. Criteriafor the diagnosis of hepatocellular injury with ALT elevation.

Criterion

Criterion details

Inclusion criteria

Elevation of ALT® after initiation of medication

Decrease of ALT after cessation of medication

Exclusion criteria

Decrease of ALT during the medication period but after the day of
peak ALT

Liver injury induced by nondrug causes

Peak ALTP> ULNC of ALT
and

Peak ALT > ALT (before start of medication)® x 2
ALT (after cessation of medication)® < Max ALT f x 0.5

or
ALT (after cessation of medication) < ALT (ULN)

ALT (during medication period)? < peak ALT x 0.25
or
ALT (during medication period) < ULN of ALT

Previous liver injuryh, vira hepatiti§, or surgical operati on

BALT: aanine aminotransferase.

bHigh&st ALT vaue within 90 days from the start of medication.
CULN: upper limit of normal.

9ALT value on the last day before the initiation of medication.
®Lowest ALT value within 30 days after the cessation of medication.
*Maximum ALT value duri ng the medication period.

9 owest ALT value during the medication period from the day of peak ALT to within 30 days from the date of medication cessation.
Ppatients whose el ectronic medical records showed the followi ng diseases (International Classification of Disease code 10): alcohol dependence (F10),

liver disesse (K70-K77), and gallbladder and bible duct disease (K80-K87).

Patients whose electronic medical records showed positive resultsin the following laboratory blood tests: viral hepatitis A, B, and C (immunoglobulin
M antibody to hepatitis A virus antigen, hepatitis B surface antigen, hepatitis C virus core antigen); cytomegalovirus; and Epstein-Barr virus.

IPatients whose EMRs indicated that they had undergone surgery within 14 days before the day of peak ALT.

The Study Population and the Target M edicines

In the present study, EMR data were obtained from 3 medical
facilities: OUH, NCVC, and TUH. These medical institutions

Table 2. The medical facilitiesin the present study.

have independent EMR systems. In the study period, the data
from atotal of 1,587,939 patients were registered, and the total
number of CPOE records was 37,935,783 (an average of 23.9
records per patient; Table 2).

Characteristic OUH? NCvCP TUH®
Manufacturer NEC Corp. NEC Corp. IBM Corp.
cPOEY database mode! Oracle Oracle Database 2

Data range (mm/dd/yy) 04/01/00-12/01/12 04/01/00-02/01/14 0/01/03-09/01/13
Patients, n 1,028,852 251,143 307,944

CPOE records, n 20,447,443 8,128,059 9,360,281

30UH: Osaka University Hospital.

PNCVC: National Cerebral and Cardiovascular Center.
®TUH: Tottori University Hospital.

dCPOE; computer physician order entry.

Thetarget medicineswere aspirin, clopidogrel, and ticlopidine.
These are antiplatelet drugs that have been reported to cause
hepatocellular injury-type DILI [26-28]. Earlier studies have
suggested that clopidogrel is associated with a lower risk of
hepatocellular injury-type DILI in comparison to ticlopidine
[29].

https://medinform.jmir.org/2021/11/e28763

The Rates of ADE With ALT Elevation With Each
Target Medicine

To calculatetherates of ADE with ALT elevation that occurred
with each medicine, we counted the number of patients who
met the diagnostic criteria (Table 1). The severity of ADE with
ALT elevation was categorized according to the maximum ALT
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value as mild elevation (maximum ALT =40 1U/L), moderate
elevation (maximum ALT >80 IU/L), and severe elevation
(maximum ALT =200 IU/L). The rate of ADEs with ALT
elevation was cal culated by dividing the number of ADE patients
by the number of patients who took the targeted medicine, and
the ALT values weretested at least 3 times (before, during, and
after the medication period).

Evaluating Results That Werel ndicativeof ADE With
ALT Elevation.

We sedlected the patients with moderate and severe ALT
elevation (maximum ALT =80 IU/L) whose medical records
wererecorded electronically at OUH and TUH and checked the
progress notes recorded from 3 days before to 3 days after the
date of the peak ALT value. The numbers of medical records
subjected to review for each of the drugswere asfollows: aspirin
(n=83), clopidogrel (n=29), and ticlopidine (n=8). Theserecords
were used to determine whether or not the elevation of ALT
was due to an ADE. The ADE cases were categorized into 3
groups: (1) ADE caused by the targeted medicine, (2) ADE
caused by a concomitant medicine, and (3) offending medicine
not identified.

Comparison of the Detection of ADE With ALT
Elevation Between Our Proposed Method and the
RUCAM

The RUCAM is the standard method for detecting DILI. The
RUCAM uses a 5-stage scoring system to assess the possibility
of DILI by classifying the condition as hepatocellular,
cholestatic, or mixed based on the laboratory test data and
clinical data.

We compared the accuracy of detecting hepatocellular-type
ADE between our method and the RUCAM. Patientswith ALT
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levels of >200 were included in the analysis (10,608 patients
from OUH and 5464 patients from TUH).

The primary screening was peformed to select
hepatocellular-type ADE for the RUCAM. The screening
criterion was asfollows: ALT level >200 and (ALT/upper limit
of normal/(alkaline phosphatase/upper limit of normal)>5within
90 days of the first day of using the verified medication. Next,
we determined the RUCAM score based on areview of medical
records. Probable and highly probable scores according to the
RUCAM system were classified as hepatocellular-type DILI in
this study.

Statistical Analysis

Multiple comparisons were performed using the Ryan method,
and the Fisher exact test was used to compare therates of ADE.
P values of <0.05 were considered to indicate statistical
significance. All statistical analyses were performed using the
R software version 3.1.2 (The R Foundation for Statistical
Computing).

Results

Table 3 shows asummary of the medication history records for
thetarget medicinesthat were generated by our system. Aspirin
was the most frequently used medication in our study
population. The numbers of patients who were treated with
clopidogrel and ticlopidine were approximately equal. The
CPOE records were combined into a single medication history
record in 8.80% (58,873/668,765), 13.81% (12,224/88,520
patients), and 8.51% (8654/104,003) of the patientstreated with
aspirin, clopidogrel, and ticlopidine, respectively, which
indicated that the medication historieswere correctly generated.

Table 3. The medication histories generated for the target medicines (N=1,587,939).

Values Aspirin Clopidogrel Ticlopidine
Patients, n (%69) 40,938 (2.58) 10,263 (0.65) 6224 (0.39)
CPOE® records, n 668,765 88,520 104,003
CPOE records per patient, mean 16.3 8.6 16.7
Medication history records, n 58,873 12,224 8,854
Medication history records per patient, mean 14 12 14

3percentage of the study population treated with the target medicine/electronic medical record—registered population (1,5879,939 patients).

bCPOE: computer physician order entry.

The rate of ADEs with ALT elevation among patients who
received ticlopidine was significantly higher than that among
patientswho received the other 2 medicines (Table4). Therates
of ADE with ALT elevation in patients who received aspirin
and clopidogrel did not differ to astatistically significant extent.
The rates of severe ALT elevation with each of the target
medicines showed the same tendency.

We reviewed the medical records of the patients in whom an
ADE with ALT elevation was detected by our system (Table
5). The number of records subjected to review for each of the
drugs was 83 for aspirin, 29 for clopidogrel, and 8 for

https://medinform.jmir.org/2021/11/e28763

ticlopidine. The number of records in which the cause of liver
injury was described was 30 for aspirin, 9 for clopidogrel, and
4 for ticlopidine. Among these, the number of recordsin which
an ADE with ALT elevation was diagnosed was 27 (90%) for
aspirin, 9 (100%) for clopidogrel, and 4 (100%) for ticlopidine.
These findings demonstrated that the method of the present
study was appropriate for detecting ADE with ALT elevation.
However, the causative medicines of ADEswith ALT elevation
described in the medical records were not only the target
medicine but also concomitant medicines. There were casesin
which the offending medicine was not specified. In the cases
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in which the concomitant medicine was described as the
causative medicine of an ADE with ALT elevation, the target
medicine was also thought to be a candidate based on the

Table4. The rates of adverse drug events with ALT elevation.

Teramoto et al

chronological pattern of the medication period and ALT
elevation. This may be due to physicians suspecting an ADE
and then discontinuing al of the possible causative medicines.

Patients Aspirin Clopidogrel Ticlopidine
Target patient distribution, n 26,059 5076 3974
DILI? patients
(MAXP ALT® >ULNC) 868 (3.33%) 188 (3.70%) 226 (5.69%)°
MAX ALT =80 IU/L 341 (0.95%) 69 (0.93%) 83 (1.43%)°
MAX ALT = 200 IU/L 93 (0.36%) 22 (0.43%) 2% (0.65%)f
8DILI: drug-induced liver injury.
BMAX: maximum.
CALT: aanine aminotransferase.
dULN: upper limit of normal.
€p<.001 vs other groups.
fP<.001 vs Aspirin.
Table 5. Evaluation by review of medical records.
Medical record values Aspirin Clopidogrel Ticlopidine
ADE with ALTP devation, n 27 9 4
Caused by target medicine 8 6 1
Caused by concomitant medicine 11 1 2
Offending medicine not specified 8 2 1
Other causes of liver injury, n 3 0 0
Total, n 30 9 4

8ADE: adverse drug event.
BALT: alanine aminatransferase.

Thenumber of patients diagnosed with hepatocel lular-type ADE
with our proposed method and the RUCAM are shown in Table
6. The first RUCAM screening identified 10 patients at OUH
and 39 patients at TUH as candidates of hepatocellular-type
ADE. The number of candidate patients was very few at OUH
because the testing rate of alkaline phosphatase (ALP) within
90 daysfrom starting the medication was very low (882/16,735,
5.26%) for OUH. As a result, none of the patients were
suspected as hepatocellular-type ADE at OUH, while 51 patients
were suspected as hepatocel lular-type ADE by our method. On
the other hand, the rate of ALP testing within 90 days from

https://medinform.jmir.org/2021/11/e28763

starting the medication was not low a TUH (6692/9097,
73.56%). At TUH, 11 patients were detected as DILI by both
our method and the RUCAM. Two patients were detected as
hepatocel lular-type ADE only by our method, and both patients
were thought to be hepatocellular-type ADE by the review of
medical records. Three patients were not detected as
hepatocellular-type ADE by our method becausethe ALT levels
of these patients did not recover within 30 days of termination
of the medication (within 33 days, 40 days, and 45 days,
respectively).
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Table 6. ADE with aanine aminotransferase level elevation detection results by RUCAM and the proposed method.

Values Aspirin Clopidogrel Ticlopidine Total
ouH2 TUHP OUH TUH OUH TUH OUH TUH
Target patients 7611 4002 1266 951 1731 511 10,608 5464
RUCAM®
First? screening 5 28 3 9 2 2 10 39
ADES! 0 10 0 3 0 1 0 14
26 10 7 2 18 1 51 13

ADE medication history?

30UH: Osaka University Hospital.
BTUH: Tottori University Hospital.
®RUCAM: Roussel Uclaf Causality Assessment Method.

dAlanine aminotransferase level >200 and (alkaline phosphatase /200)/(a anine aminotransferase/40) <5.

CADE: adverse drug event.

The number of patients diagnosed with “probable” suspected of drug-induced liver injury or with a degree greater than “probable” by the RUCAM

(alanine aminotransferase ALT level >200) includes first screening patients.

9The number of patients diagnosed with an ADE by the proposed method (alanine aminotransferase level >200).

Discussion

Principal Findings

Accurate demonstration of the start and end dates of a
medication period is important in pharmacoepidemiologic
research. However, the CPOE records in EMRS cannot clearly
demonstrate the total duration of the medication period. In the
present study, we generated amedication history database from
the CPOE databases of 3 hospitalsand systematically diagnosed
ADEs with ALT elevation according to the chronological
relationship between the changesin ALT valuesand the duration
of medication using amedication history database. Becausethe
medication history database can be applied not only to the
detection of ADEs but also to crossover studies that compare
drug efficacy in the same patients, it can become a basis for
pharmacoepidemiol ogic research.

The comparison of the RUCAM and our method revealed that
the rates of ALT and ALP testing influenced the accuracy of
the RUCAM in the detection of ADESs. In a prospective study,
laboratory test data can be obtained according to a research
plan. However, in a retrospective study, missing data often
become problematic. Scoring in the RUCAM requires
information such as the use of concomitant medications, drug
risk information, the presence or absence of arechallenge, and
the history of acohol consumption. This information is not
registered as structured data in EMRS. In this study, a review
of medical records was needed to determine the score for the
RUCAM. In contrast, our method used only standardized data,
such as laboratory test data, prescription data, disease name
data, and surgical data. For thisreason, our method is applicable
to the detection of ADEs in aretrospective analysis of big data
generated by EMRs.

The population characteristics greatly affect the rate of adverse
events. In clinical trids, the incidence of adverse events may
be accurate because blood testing is routinely performed in all
patients. On the other hand, in observational studies, thetiming
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of blood testing differs for each patient. There may be great
differencesin the rates of adverse events depending on how the
study population is defined. A previous clinical study in Japan
reported that the rates of serious liver injury among patients
receiving ticlopidine and clopidogrel were 13.6% (129/948)
and 5.1% (115/2261), respectively [30,31]. However, these
studies had different study populations, and caution must be
exercised when interpreting the comparison of the rates of
adverse events. The present method determined the rates of
adverse events for some medicines under the same conditions
for ticlopidine (188/5076 ,3.70%) and clopidogrel (226/3974,
5.69%); thus, this method could be used to compare the risk of
adverse events between medicines (ticlopidine therapy is
associated with agreater risk of developing ADESin comparison
to clopidogrel).

When physicians suspect an ADE with ALT elevation, al of
the medicines that might have caused the ADE are likely to be
discontinued. Thus, it was difficult to differentiate the causative
medicine from the concomitant medicines using our method.
Our method demonstrated the maximum rate of ADES with
ALT elevation induced by a targeted medicine, assuming that
the targeted medicine was the causative medicinein all cases.

Although aspirin has been reported as a cause of liver injury,
therate in Asian populations remains unclear. According to the
clopidogrel versus aspirin in patients at risk of ischemic events
(CAPRIE) Steering Committee report, the rates of liver injury
in patients receiving aspirin and clopidogrel were 2.97%
(285/9599) and 3.15% (302/9586), respectively, which are in
line with the rates obtained in the present study (aspirin:
868/26,059, 3.33%; clopidogre: 188/5076, 3.70%) [32]. The
rates of severe liver injury in the same report were 0.19% for
aspirin (93/5076, 0.36% in this study) and 0.11% for clopidogrel
(22/5076, 0.43% in this study). Similar to our study, the rates
of severe liver injury did not differ between patients using
aspirin and those using clopidogrel.
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Even though the absolute risk of a medicine is difficult to
estimate, our method can estimate the upper limit of the risk.
Furthermore, for some medicines, our method can estimate the
risk of for ADE with ALT elevation one at a time under the
same conditions, and the risk can be compared among different
medicines.

Limitations

In this study, we used the medication history database created
from CPOE records to detect DILI, but we did not detect al
casesof DILI. First, we focused on elevated serum ALT levels.
Elevated serum ALT can capture hepatocel lular-type DILI, but
it may not detect cholestatic-type DILI, which is characterized
by elevation of the serum ALP level. Second, we were not able

Teramoto et al

to detect DILI that did not meet our diagnostic criteria, such as
delayed DILI, even the hepatocellular-type DILI. This type of
detection requires a different set of criteria.

Conclusions

The generation of a medication history database enabled us to
detect ADEs with ALT elevation through the chronological
relationship between the medication period and occurrence of
liver injury. As our method used only standardized data from
EMRs, it was possible to analyze real-world data accumul ated
by EMRsin multiple hospitals. Although our method could not
identify the causative medicine among concomitant medicines,
it was possible to compare the risk of ADEs for different
medicines.
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DILI: drug-induced liver injury

EMR: electronic medical record

MHG: medication history generation

NCVC: National Cerebral and Cardiovascular Center
OUH: Osaka University Hospital

RUCAM: Roussel Uclaf Causality Assessment Method
TUH: Tottori University Hospital

UMI: unused medicine index
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