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Abstract. The amount of research on the gathering and handling of healthcare data 

keeps growing. To support multi-center research, numerous institutions have sought 
to create a common data model (CDM). However, data quality issues continue to be 

a major obstacle in the development of CDM. To address these limitations, a data 

quality assessment system was created based on the representative data model 
OMOP CDM v5.3.1. Additionally, 2,433 advanced evaluation rules were created 

and incorporated into the system by mapping the rules of existing OMOP CDM 

quality assessment systems. The data quality of six hospitals was verified using the 
developed system and an overall error rate of 0.197% was confirmed. Finally, we 

proposed a plan for high-quality data generation and the evaluation of multi-center 

CDM quality. 

Keywords. Data Quality, Common Data Model, Data Quality Management System 

1. Introduction 

Due to the increasing importance of healthcare data, there has been a growing interest in 

the study of data collection and management in recent years [1,2]. However, the structure 

of healthcare data is different for each hospital, making it difficult to conduct multi-

institutional research related to data collection [3]. Therefore, many institutions have 
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established a common data model (CDM), thus laying the groundwork for cooperative 

methodological or clinical innovation [3].

Data quality is one of the main issues when gathering and managing large amounts 

of data [1,4]. Data quality issues arising from the nature of the source data and 

deficiencies in the data conversion process itself can affect the actual usefulness and 

reliability of CDM data [1,4]. Therefore, several research institutes including the 

Observational Health Data Sciences and Informatics (OHDSI) have developed and 

distributed data quality tools for CDM. However, the implementation of this tool requires 

considerable database knowledge and the applied verification rules cannot be easily 

changed [5].

To address the aforementioned limitations, this study sought to create a more user-

friendly CDM data quality assessment system for multi-center quality evaluation. 

Additionally, advanced evaluation rules were developed using data quality evaluation 

rules created by several research institutes. This will allow for the evaluation of the 

quality of the data derived from several institutions that have formed a CDM, as well as 

the identification of the quality of the CDM establishment for each institution. More 

importantly, the proposed tool provides a novel means for high-quality data collection, 

thus overcoming current bottlenecks in data acquisition and management in the health 

sector.

2. Methods

This study created a system for multi-center CDM data quality assessment, as well as 

advanced evaluation rules for quality assessment. The CDM data quality assessment 

system, which was loaded with advanced evaluation rules, was then used to conduct 

multi-center CDM data quality evaluation.

2.1. Development of CDM Data Quality Assessment System

The system was developed based on the Observational Medical Outcomes Partnership 

CDM (OMOP CDM), a widely known and representative CDM. The system was 

developed by accessing the hospital's CDM database and the results were extracted 

through the loaded evaluation rule query. All database queries were executed using 

PostgreSQL. Figure 1 illustrates the architecture of the CDM data quality assessment 

system developed herein.

Figure 1. CDM Data Quality Assessment System Architecture.
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2.2. Advanced Data Quality Evaluation Rules

The evaluation rules loaded into the system were based on DQ4HEALTH, a multi-

institutional medical data quality measurement model [1]. The data quality rules were 

developed using five quality dimensions.

� Completeness: This rule evaluates whether null values are entered among the 

required items that must contain values for each column according to the table 

definition, such as the person number in the person table [1,2,6].

� Uniqueness: The primary key (pk) column, which is an identification value in 

the database, must not have duplicate values. This rule is particularly important 

to ensure that unique identifiers such as those in the condition occurrence ID 

column of the condition occurrence table are not duplicated [1,7].

� Validity: Data for dates or measurement values must be within a valid range of 

values. Given that the data format is defined according to the table definition, 

there is a rule to check whether the data fits the format properly. For example, 

the number of specimens should be greater than zero and birth month must be 

one or two digits [1,8].

� Consistency: Some values are entered by referencing between variables in other 

columns or tables. This rule evaluates whether the values referenced from other 

tables are appropriate. For example, a drug concept ID must be a drug domain 

[1,8].

� Accuracy: This rule verifies whether the expression value of an object is 

accurately reflected. Specifically, the rule checks whether a value calculated 

from multiple values is correct or whether dates are in chronological order. For 

example, the measurement date must be between the date of birth and the date 

of death [1,8,9].

To optimize the evaluation rules, we compared them with other data quality rules. 

IQVIA, a healthcare research and service company, is supporting the construction of 

OMOP CDM, and the data quality rules used in this CDM were evaluated in the present 

study [10]. Additionally, our study also assessed the Data Quality Dashboard (DQD) 

evaluation rules provided by OHDSI [6].

Evaluation rules were developed by applying the DQ4HEALTH model to OMOP 

CDM v5.3.1, after which mapping analysis was performed with the provided IQVIA and 

DQD evaluation rules to obtain a set of more advanced evaluation rules (Figure 2).

Figure 2. Data Quality Evaluation Rules Mapping Flowchart
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2.3. Verification of Multi-Center Data Quality using The System 

The developed system was used to evaluate the quality of OMOP CDM data from six 

hospitals. Considering the development environment of each hospital, online and offline 

installation versions were separately developed and distributed. After quality evaluation, 

the results were reviewed to assess the quality of the CDM data from each hospital. 

3. Results and Discussions 

We developed a CDM data quality evaluation system loaded with verification rule 

queries to evaluate the quality of multi-institutional OMOP CDM data (OMOP CDM 

v5.3.1). A total of 179 verification rules were developed by applying all five quality 

dimensions of the DQ4HEALTH model to 13 tables selected as essential tables at the 

time of construction. 

Table 1. The Number of Advanced Verification Rules 

Table The Number of Verification Rules Totals 
PERSON 28 

2,433 

OBSERVATION_PERIOD 14 

SPECIMEN 16 

DEATH 11 
VISIT_OCCURRENCE 

VISIT_DETAIL 

PROCEDURE_OCCURRENCE 
DRUG_EXPOSURE 

DEVICE_EXPOSURE 

CONDITION_OCCURRENCE 
MEASUREMENT 

NOTE 

27 

32 

101 
33 

26 

229 
1,852 

22 

OBSERVATION 42 

 

A total of 2,433 CDM data quality verification rules were optimized and loaded into the 

CDM data quality evaluation system (Table 1). Additionally, server management, 

verification execution and verification report functions were incorporated into the system 

so that anyone can verify CDM data quality. The data quality verification system was 

specifically designed to be user-friendly. 

CDM data quality verification was performed by six organizations (A, B, C, D, E, 

F) that had built OMOP CDM v5.3.1 using a system loaded with advanced verification 

rules. Quality verification was conducted based on the CDM updated by each of the six 

hospitals as of September 2022, and the error rates were 0.208%, 0.217%, 0.218%, 

0.112%, 0.228%, and 0.181%, respectively. The combined error rate of all hospitals was 

only 0.197%. Our results thus confirmed that the error rates were very low (Table 2). 

 

Table 2. Evaluation results of 6 hospitals based on the CDM data quality verification system 

Hospitals The Number of Patients The Error Rate 
A 927,997 0.207631% 

B 1,951,727 0.216930% 

C 1,005,002 0.218432% 
D 866,168 0.112487% 

E 424,752 0.228015% 

F 1,159,941 0.181156% 
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4. Conclusions 

Here, we developed a CDM data quality assessment system for OMOP CDM, which is 

being built and populated by many hospitals. IQVIA and DQD evaluation rules were 

analyzed to develop advanced quality rules, and these were loaded into the CDM data 

quality assessment system to allow hospitals to easily assess high-level data quality. For 

demonstration purposes, data quality evaluation was performed for six hospitals using 

this system, and the extracted results were checked to present the current status and 

direction of CDM quality for each hospital. 

One of the major constraints of this study is that the number of institutions subject 

to CDM quality evaluation was limited. All six hospitals verified were generating high-

quality CDM data, which was confirmed by our study results. Starting with this study, 

the system has been distributed to a larger number of target institutions, and CDM data 

quality evaluation is in progress to assess various datasets from each hospital. 

Additionally, although the data quality for each hospital was evaluated, a comparative 

study must also be conducted to evaluate data quality after the implementation of an 

improvement plan. 

Despite the limitations of this study, we developed a CDM data quality assessment 

system that does not require much database knowledge. This will enable each institution 

to perform CDM quality verification more easily. Additionally, a dashboard was 

developed to assess and compare the quality of the data from each institution. These tools 

will facilitate the evaluation of data quality when building OMOP CDMs. In turn, this 

will contribute to securing high-quality CDM data, thus enabling each institution to make 

informed decisions on data improvement. 
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