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Purpose: Routinely collected data are useful for epidemiological study in hemophilia, but 
few studies validated the algorithm accuracy. We aimed to develop and validate algorithms to 
identify patients with hemophilia A and hemophilia A-related events.
Patients and Methods: This validation study compared data from medical chart reviews to 
a database of routinely collected health data, including claims data and discharge abstracts, 
and especially electronic medical records (EMR), at a single Japanese hospital (Kurashiki 
Central Hospital) using a stratified sampling method. Two physicians reviewed the charts for 
all patients at high risk for hemophilia A, and randomly sampled patients with moderate risk. 
Diagnostic accuracy was determined based on sensitivity, specificity, positive predictive 
value (PPV), and negative predictive value.
Results: There were 1,033,845 eligible patients, of whom 31 had a diagnosis of hemophilia 
A. ICD-10 diagnosis code D66 in the EMR identified hemophilia A with a sensitivity of 
93.5% (95% confidence interval: 78.6–99) and PPV of 61.7% (95% confidence interval: 
46.4–75.5). The administration of ≥10,000 units/month of factor VIII products, as documen
ted in the EMR, identified 81.3% of patients with prophylactic factor replacement therapy. 
The ICD-10 diagnosis code for intracranial bleeding in the EMR identified 75.0% of patients 
with intracranial bleeding, but those of gastrointestinal bleeding and major joint bleeding 
identified only 11.1% and 1.7%, respectively.
Conclusion: We developed and validated algorithms to identify congenital hemophilia 
A and hemophilia A-related events. Hemophilia A could be identified with high sensitivity 
and PPV, but it was still challenging to identify hemophilia A-related events.
Keywords: congenital hemophilia, electronic health record, positive predictive value, 
sensitivity, validation study

Introduction
Congenital hemophilia A is a rare, chronic, heritable bleeding disorder caused by 
deficiency of clotting factor VIII.1 Hemophilia A is the most common type of 
congenital hemophilia, occurring in approximately 1 in 5000 live-born males.2 

Severe hemophilia A is defined as factor VIII activity of <1%, as seen in two- 
thirds of hemophilia A patients. Patients with hemophilia A suffer from lifelong 
bleeding, but the availability of factor replacement products has markedly improved 
the care for patients with these conditions over the past decade.3,4

The low prevalence of hemophilia A complicates large-scale epidemiological 
studies. Therefore, routinely collected health data, such as electronic medical 
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records (EMR) and claims data, are vital to understand the 
clinical course of hemophilia A.5,6 Accurate identification 
of patients with hemophilia A is crucial, but misclassifica
tion can occur. Algorithms for identifying patients with 
hemophilia A in EMR and claims databases have been 
developed and validated in the United States.7,8 

However, there have been no reports of validation studies 
of hemophilia in Japan. Health care systems, including 
EMR and claims data, vary among countries; therefore, 
the accuracy of algorithms for identifying disease may also 
vary. It is important to develop algorithms for identifying 
patients with hemophilia A to conduct epidemiological 
studies using EMR and claims data. In addition, no study 
has developed a validated algorithm to identify hemophilia 
A-related outcomes.7,8 The present study was performed to 
develop and validate algorithms for identifying patients 
with hemophilia A and hemophilia A-related outcomes 
using the EMR and claims database in Japan.

Patients and Methods
Study Design
This validation study compared data from medical chart 
reviews to a database of routinely collected health data, 
including EMR, claims data, and discharge abstracts for 
a single Japanese hospital (Kurashiki Central Hospital) 
using a stratified sampling method.9 Kurashiki Central 
Hospital is an urban hospital with 1172 beds that serves 
800,000 people in the western area of Okayama 
Prefecture, Japan.10

This study was conducted and reported in accordance 
with the statement of the Japanese Society for 
Pharmacoepidemiology and the Standards for Reporting of 
Diagnostic Accuracy Studies criteria.11–13 The study was 
approved by the institutional review board of Kurashiki 
Central Hospital and the Research Institute of Healthcare 
Data Science. This study was registered in the UMIN 
Clinical Trials Registry (Trial Number: UMIN000038212; 
https://www.umin.ac.jp/ctr/index-j.htm).

Data Sources
This study used anonymized, routinely collected health 
data stored in a database.10 The Health, Clinic, and 
Education Information Evaluation Institute (HCEI) has 
contracts with more than 190 healthcare institutions, 
including Kurashiki Central Hospital, to collect EMR and 
claims data from those institutions and develop a large- 
scale database, known as the RWD database. The 

anonymized data for this research study were collected 
by the HCEI on August 28, 2019. The RWD database 
included approximately 20.5 million inpatients and out
patients. In the database, disease data are extracted from 
EMRs and are recorded based on the International 
Classification of Diseases, 10th revision (ICD-10) codes. 
Drugs are labeled based on the Japanese receipt code and 
YJ code. Laboratory test results are standardized and 
labeled according to the Japanese Laboratory Code version 
10.

Study Population
Due to the low prevalence of hemophilia A, it would be 
difficult to ensure precise diagnostic value with a random 
sample of patients from the overall patients at Kurashiki 
Central Hospital. Therefore, we used a stratified sampling 
method to identify all possible cases of hemophilia 
A.11,14,15

Patients were classified as a having high, moderate, or 
low risk for hemophilia A based on diagnostic codes 
(ICD-10), drug codes, procedural codes, and notes in the 
medical records. Patients who received an ICD-10 diag
nosis or suspected code D66 (congenital factor VIII dis
order, hemophilia A) were classified as being at high risk 
for hemophilia A. We defined moderate risk of hemophilia 
A as follows: diagnosed or suspected congenital factor IX 
disorder or hemophilia B (ICD-10 D67), von Willebrand 
disease (D680), or acquired factor VIII disorder or hemo
philia A (D684); prescription for hemophilia treatment 
(factor VIII products); blood test related to hemophilia 
(factor VIII activity); and “hemophilia A” in chart notes 
(see Appendix 1). We defined all other patients as being at 
low risk for hemophilia A. Chart review was conducted for 
all high-risk patients and randomly sampled moderate-risk 
patients.

Ascertaining Hemophilia A and 
Disease-Related Outcomes
Detailed medical chart reviews of all high-risk patients and 
a subset of moderate-risk patients were conducted. 
Hemophilia A-related outcomes including disease, treat
ment and disease-related events were analyzed. Two phy
sicians (an adult hematologist and a pediatric 
hematologist) independently conducted the paper and elec
trical chart reviews for all available periods. Kurashiki 
Central Hospital introduced an EMR system in 2003, 
before which paper charts were used. The reviewers also 
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identified hemophilia A-related outcomes, including dis
ease characteristics (severity and history of factor VIII 
inhibitor), treatment issue (prophylactic factor VIII repla
cement therapy), and disease-related events (intracranial 
bleeding, gastrointestinal bleeding, and major joint bleed
ing). Disagreements were resolved by discussion.

Data Linkage and Data Extraction from 
Database
The RWD database contained healthcare EMR data from 
individual medical institutions. When extracting EMR data 
from medical institutions, patients’ EMR numbers were 
removed, and each patient was hash-encoded to anon
ymize the records. We also used chart review data, which 
contained personal identification information; these data 
were anonymized, and a hash was provided encoding the 
RWD for each patient. The chart review data were subse
quently linked with the RWD database.

Statistical Analysis
The sensitivity, specificity, positive predictive value (PPV), 
and negative predictive value (NPV) of each algorithm were 
calculated, accepting the chart review results as the reference 
standard. When evaluating the diagnostic values of disease 
(hemophilia A), we calculated these diagnostic values 
adjusted with weighted sampling according to a task force 
report on the validation of diagnosis codes in Japan.11 When 
calculating the diagnostic values of disease characteristics 
(severity and history of factor VIII inhibitor) and treatment 
issue (prophylactic factor VIII replacement therapy), we 
examined data for patients with ICD-10 diagnosis or sus
pected code D66. When assessing disease-related events 
(intracranial bleeding, gastrointestinal bleeding, and major 
joint bleeding), we determined the sensitivity and PPV. If 
a disease-related event occurred within 3 days of the recorded 
outcome, it was recorded as a true positive.

For evaluating the diagnostic value of severity of hemo
philia A, the algorithm used laboratory test results of factor 
VIII activity. Laboratory test results of factor VIII activity are 
often stored as numeric data in the RWD database, but the 
results are sometimes stored as characteristic data, which we 
defined as follows: severe; ≤1, <2, and <3, moderate; ≤5; 
mild; <5.0, <5.1, and ≥5.0, normal; (+).

In accordance with the task force report on the validation 
of diagnosis codes in Japan,11 we evaluated how representa
tive the population in this validation study was of the entire 
RWD population. We compared patients who received an 

ICD-10 diagnosis code D66 in Kurashiki Central Hospital 
and those in the RWD database. We assessed patient char
acteristics (age at data extraction, sex), comorbidities (hyper
tension, diabetes mellitus, hyperlipidemia, arteriosclerosis, 
and cardiovascular disease), and hemophilia-related data 
(age at receiving ICD-10 diagnosis code D66, factor VIII 
activity, factor VIII inhibitor, prescription of factor VIII 
products, and prophylactic factor replacement therapy). The 
presence of comorbidities was defined using the ICD-10 
diagnosis codes (Appendix 2).

Statistical analyses were performed using R software 
(version 3.4.1; R Foundation for Statistical Computing, 
Vienna, Austria).

Study Ethics
This study was approved by the institutional ethics commit
tee of the Research Institute of Healthcare Data Science 
(https://rihds.org/ethic/) and the institutional ethics commit
tee of Kurashiki Central Hospital. Optout consent was used.

Results
Patient Selection
We identified 128 patients with a high risk of hemophilia 
A from the medical records of Kurashiki Central Hospital. 
We also identified 895 patients with moderate risk of 
hemophilia A and randomly selected 120 of these patients 
(Figure 1). We conducted a chart review of the 248 
patients, and the data were linked with the RWD database. 
The chart review revealed no hemophilia patients among 
those with a moderate risk of the disease. After data 
linkage of the chart review and the RWD database, 12 
patients were excluded due to a lack of data in the RWD 
database (Appendix 3).

Of the 236 patients included in the study, 31 were 
identified as hemophilia A and were in the high-risk 
group. There were no cases of hemophilia A in the mod
erate-risk group (Figure 1). The characteristics of the 31 
patients with hemophilia A are shown in Table 1.

Diagnostic Value
The definitions of each algorithm and the diagnostic values 
are shown in Tables 2–4. In the outcome condition of disease 
(hemophilia A), ICD-10 diagnosis or suspected code D66 
showed 100% sensitivity, with low PPV (24.4%). Compared 
with ICD-10 diagnosis or suspected code D66, ICD-10 diag
nosis code D66, and male sex had similar sensitivity (93.5%) 
but higher PPV (73.3%; Table 2). Among 47 patients with 

Journal of Blood Medicine 2021:12                                                                                                 https://doi.org/10.2147/JBM.S313371                                                                                                                                                                                                                       

DovePress                                                                                                                         
573

Dovepress                                                                                                                                                        Fujiwara et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com/get_supplementary_file.php?f=313371.docx
https://rihds.org/ethic/
https://www.dovepress.com/get_supplementary_file.php?f=313371.docx
https://www.dovepress.com
https://www.dovepress.com


a definitive diagnosis of hemophilia (ICD-10 D66) according 
to the Kurashiki Central Hospital EMR database, the sensi
tivity and specificity of disease characteristics and treatment 
issues were about 70–90% (Table 3). However, the sensitiv
ity and PPV of disease-related events were very low except 
for intracranial bleeding (Table 4). The data for other diag
noses are listed in Appendix 4. The definition of treatment 
products are listed in Appendix 5, Appendix 6, and 
Appendix 7.

Comparison of Kurashiki Central 
Hospital Data and the RWD Database
In the outcome definition of hemophilia A, the ICD10 diag
nosis code D66 algorithm using EMR data had useful diag
nostic value. Therefore, we used this algorithm to assess 
how representative the population in this study was of the 
entire RWD database. Table 5 shows the patients receiving 

ICD-10 diagnosis code D66 in Kurashiki Central Hospital 
and the RWD database. The definition of co-morbidity dis
ease for the comparison are listed in Appendix 8.

Discussion
Japan has recently promoted the use of RWD, including 
EMR and claims databases,16 but there have been no 
comprehensive validation studies. A recent systematic 
review suggested that only six validation studies had 
been performed in Japan as of 2017.17 Several studies 
identified and validated algorithms of hemophilia A.7,8 

However, these studies only validated the algorithms of 
disease condition and not algorithms of hemophilia 
A-related events (eg, joint bleeding, and intracranial bleed
ing). By contrast, the present study revealed the diagnostic 
value of disease condition, treatment condition, and hemo
philia A-related events. The results of this study will 

Figure 1 Flow diagram of patients’ selection and validation. 
Note: *We used Japanese written language (Kanji) when searching of “hemophilia A” in electronic medical record (EMR).
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promote epidemiological studies of hemophilia A using 
the EMR and claims database.

Algorithm for Hemophilia A
The sensitivity of the ICD-10 diagnosis or suspected code 
D66 algorithm was 100.0%, but the PPV was 24.4%. The 
sensitivity of the ICD-10 diagnosis code D66 algorithm 
had a higher PPV (61.7%), but the sensitivity was 93.5%. 
Of the 31 hemophilia patients identified in this study, the 
treatment period in Kurashiki Central Hospital varied. Two 
patients were treated 30 years ago, and the medical records 
were mainly stored in paper charts; these patients appeared 
as false negatives in the ICD-10 diagnosis code D66 
algorithm. The sensitivity and PPV would be higher 
when evaluating diagnostic values using populations cur
rently undergoing treatment.

Algorithm for Disease-Related Events
This study identified and validated an algorithm for hemo
philia A-related events. In hemophilia A, clinical practice 
guidelines define intracranial, neck/throat, and gastrointest
inal bleeding as life-threatening.3 Therefore, we attempted 
to identify and validate an algorithm for these types of 
bleeding conditions, although there were no cases of neck/ 
throat bleeding in this study. We also evaluated the diag
nostic value of the algorithm for major joint bleeding 

because that is one of the most frequent hemophilia 
A-related events.

Intracranial bleeding is the most critical hemophilia 
A-related event, and the algorithm based on its ICD-10 diag
nosis code had 75.0% sensitivity and 33.3% PPV. During the 
study period, intracranial bleeding occurred in four patients. 
No disease-related ICD-10 code was provided for one event; 
the patient had asymptomatic intracranial bleeding after brain 
tumor resection. Disease-related ICD-10 was provided in the 
three symptomatic cases. The algorithm based on ICD-10 
code for intracranial bleeding identified symptomatic intracra
nial bleeding with 100% sensitivity.

Strengths of the EMR Database
In the healthcare field, there are two primary types of 
databases for observational research; claims databases 
and EMR databases, and previous validation studies of 
hemophilia A used claims data.8,9 This study used the 
RWD database, which is classified as an EMR database. 
Compared with claims databases, EMR databases can 
provide laboratory test results. In this study, we attempted 
to identify severe hemophilia A using the test results of 
factor VIII activity. The minimum test results of factor 
VIII activity <1% algorithm had a sensitivity of 69.2% 
and specificity of 76.5%. The algorithm yielded false- 
negative results in four patients: one of these patients 
had visited our hospital 30 years ago, and the laboratory 
test results were not stored; two patients had already been 
treated when Kurashiki Central Hospital introduced 
EMR, and factor VIII activity was >1%, and the remain
ing patient had been treated at another hospital before 
visiting Kurashiki Central Hospital, and factor VIII activ
ity was >1%. Therefore, the limitations of EMR data
bases must be considered when conducting 
epidemiological studies stratified by disease severity. 
Researchers should exclude patients initially treated ≥10 
years ago, and consider the influence of transfer from 
another hospital.

This study revealed that algorithms based on ICD-10 
codes for hemophilia A had at least 90% PPV and NPV. 
However, the accuracy of algorithms based on the ICD-10 
codes for disease-related events was very low. Free-text 
notes in the EMR were not used in any algorithms because 
of their unstructured nature. However, use of unstructured 
free-text notes in algorithms for disease-related events 
could be a target for future research.

Table 1 Characteristics of Patients with Congenital Hemophilia 
A of Kurashiki Central Hospital

Variable Congenital 
Hemophilia 

A (n = 31)

Mean age, standard deviation (range) 37.6 ± 21.1 (1–90)

Male, n, (%) 31 (100.0%)

Severity, n, (%) Severe 13 (41.9%)

Moderate 10 (32.3%)

Mild 8 (25.8%)

History of prophylactic factor 

replacement therapy, n, (%)

16 (51.6%)

History of factor VIII inhibitor, n, (%) 3 (9.7%)

History of immune tolerance 

induction, n, (%)

2 (6.5%)
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Representativeness of the Validation 
Dataset
To evaluate how representative the population in this vali
dation study was of the entire population in the RWD 
database, we compared the characteristics of patients Ta
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Table 5 Characteristics of Patients with a Diagnosis of ICD-10 D66

Kurashiki 
Central 
Hospital 
Data from 
the RWD 
Database

RWD 
Database

Patients’ baseline characteristics

Patient number 47 646

Sex (male n, %) 41 (87.2%) 550 (85.1%)

Age at data extraction (mean ±  
standard deviation)

43.9 ± 23.3 40.2 ± 24.1

Hemophilia-related characteristics

Age when the patients received 

ICD-10 diagnosis code D66 (mean  
± standard deviation)

31.7 ± 25.2 28.1 ± 25.1

Factor VIII activity level *

< 1% 17 (36.2%) 195 (30.2%)

≥ 1%, < 5% 7 (14.9%) 50 (7.7%)

≥ 5%, < 40% 7 (14.9%) 104 (16.1%)

History of factor VIII inhibitor (≥  

0.6 BU/mL) **

9 (19.1%) 39 (6.0%)

Administration of factor VIII 21 (44.7%) 199 (30.8%)

Co-morbid disease ***

Hypertension 9 (19.1%) 101 (15.6%)

Diabetes mellitus 17 (36.2%) 110 (17.0%)

Hyperlipidemia 8 (17.0%) 61 (9.4%)

Arteriosclerosis 2 (4.3%) 21 (3.3%)

Cardiovascular disease 24 (51.1%) 143 (22.1%)

Ischemic heart disease 14 (29.8%) 72 (11.1%)

Arrhythmia 11 (23.4%) 65 (10.0%)

Cerebrovascular disease 13 (27.7%) 59 (9.1%)

Notes: *Factor VIII activity level was estimated using the lowest laboratory test 
results of factor VIII activity in each patient. **History of factor VIII inhibitor was 
defined as laboratory test results of factor VIII inhibitor level ≥ 0.6 BU/mL even 
once. ***See Appendix 2.
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receiving ICD-10 diagnosis code D66 in Kurashiki Central 
Hospital and the RWD database. The ratio of patients with 
factor VIII activity level <1% in Kurashiki Central Hospital 
was high, and patients in Kurashiki Central Hospital tended 
to have comorbidities. Kurashiki Central Hospital is one of 
the largest hospitals in Japan and treats cases with greater 
disease severity and higher rates of complications. It would 
be useful for physicians to understand these differences in 
patient characteristics between Kurashiki Central Hospital 
and the RWD database, which could be explained by the 
role of Kurashiki Central Hospital.

The population in this study is representative of the 
entire population (ie, of all patients in the RWD database). 
Therefore, the sensitivity, specificity, PPV, and NPV data 
could be applied in other epidemiological studies using the 
RWD database. However, this validation study was con
ducted at a single large hospital, so the results may not 
apply to other hospital settings. Future epidemiological 
studies using the RWD database should consider perform
ing sensitivity analyses based on the hospital volume data 
contained therein.

Conclusion
In conclusion, we developed and validated EMR- and 
claims-based definitions of hemophilia A-related out
comes, including disease, treatment, and disease-related 
events. These results support outcomes research studies 
using RWD for hemophilia A.
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