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What is a relational (SQL) database?
• The relational data model is a way to model data in the form of 

relations or tables
• It uses a collection of tables (relations) to represent both data 

and the relationships among those data
• Each table has multiple columns (attributes), and each column 

has a unique name
• A relational database is the implementation of the relational 

model as a software system called the Relational Database 
Management System (RDBMS)

  (e.g., Oracle, MS SQLServer, MySQL, etc)
• It comes with a standard Structured Query Language (SQL)



Constraints in Relational Model
• Domain constraint: a column can only take values that lie 

inside the domain range (e.g., Age>0)
• Key constraint: a table should have a least one column (or 

multiple columns) that define a row uniquely. Such a column 
(or a set of columns) is called a (primary) key. No two rows 
can have the same key. Also, a key cannot have NULL values
(e.g., Patient_ID is the key of the Patients table)

• Referential integrity: one column of a table can only take 
values from another column (foreign key) of the same or a 
different table (e.g. A patient’s race can only take values 
which are present in the name of the Race table)



Normalization
• It is the process of organizing data in relational database to 

minimize data redundancy and inconsistent dependency
• There are different forms of normalization (normal forms)

–First normal form (1NF)
–Second normal form (2NF)
–Third normal form (3NF)

• Functional dependency
–Given two columns A and B in a table, A->B (A determines 

B) means that A uniquely identifies B (e.g., Patient_ID 
determines Patient_Name)



First normal form (1NF)
• 1NF is used to remove repeated groups from a table 

to guarantee atomicity

Patient_ID Patient_Name Phone_Number

1 John Smith 1234567890

2 Mary Doe 4567890123, 2345678910

Patient_ID Patient_Name Phone_Number

1 John Smith 1234567890

2 Mary Doe 4567890123

2 Mary Doe 2345678910



Second normal form (2NF)
• 2NF is used to reduce data redundancy by eliminating 

partial dependencies
Patient_ID Provider_ID Patient_Name Provider_Name

1 D1 John Smith Susan Lee

2 D2 Mary Doe Peter Pan

3 D1 Kay Stone Susan Lee

Patient_ID Patient_Name

1 John Smith

2 Mary Doe

3 Kay Stone

Provider_ID Provider_Name

D1 Susan Lee

D2 Peter Pan



Third normal form (3NF)
• 3NF is used to reduce data redundancy by removing 

transitive dependencies

Patient_ID Patient_Name Zip_Code City

1 John Smith 06511 New Haven

2 Mary Doe 06611 Trumbull

Patient_ID Patient_Name Zip_Code

1 John Smith 06511

2 Mary Doe 06611

Zip_Code City

06511 New Haven

06611 Trumbull



Structured Query Language (SQL)

• It is an ANSI and ISO standard language for accessing 
and manipulating relational databases

• It supports the following database operations:
–Create a new database (CREATE DATABASE)
–Create a new table (CREATE TABLE)
–Insert records in a database (INSERT)
–Update record in a database (UPDATE)
–Delete records from a database (DELETE)
–Data retrieval (SELECT)



SELECT Statement (JOIN)
SELECT A.*, B.Report_Text   
FROM Patient_DB.Patient AS A
INNER JOIN Patient_DB.LabTest. AS B 
ON A.ID = B.Patient_ID 

ID Name Address Age Sex

1 John Doe XYZ 40 M

2 Jane Smith ABC 34 F

3 Mary Queen PQSRT 46 F

4 Mike Lee DWQER 60 M

Patient_ID ID Report_Text

1 1 ……

1 2 …….

ID Name Address Age Sex Report_Text

1 John Doe XYZ 40 M …..

2 Jane Smith ABC 34 F …..

3 Mary Queen PQSRT 46 F …..

4 Mike Lee DWQER 60 M …..



Pivot and De-pivot



ExamData



Student



Data Warehouse and Data Mart

• A data warehouse is a central repository that integrates 
large amounts of data from various databases (across an 
entire organization)

• It allows comprehensive analysis
• A data mart is a smaller subset of data warehouse focused 

on a specific area of interest for targeted user needs
• A data warehouse/data mart is read/retrieval only for 

online analytical processing (OLAP)
• MIMIC (Medical Information Mart for Intensive Care) and 

CDW (Corporate Data Warehouse)



Overview of the development process of MIMIC



Modular structure



Corporate Data Warehouse (CDW) at VA

CDW



Corporate Data Warehouse (CDW) 



Multi-Dimensional Data Model (Star Schema)



Fact and Dim Tables in CDW



Patient Identifiers in CDW
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Example Use of CDW: Investigate VHA use of 
Cardiac CT Scan for Calcium Scoring

• A cardiac CT scan for calcium scoring is a 
noninvasive test that uses X-rays to measure 
calcium deposits in the heart's coronary 
arteries

• The investigation involves the following:
– Identify which VA sites perform this test
– How has use of this test changed over time
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Tables Involved

FK



CPT code (Dim.CPT)

Make sure to include procedures
valid for the period of interest



SQL Code to Join the 3 Tables

Make sure 
Patients are real



Query Results



Further Querying

Determine number of Cardiac CT for Calcium Scoring tests 
performed each Fiscal Year across sites



Query Results

Number of Cardiac CT for Calcium Scoring 
tests performed each Fiscal Year across sites
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Suggested readings
• MIMIC-IV, a freely accessible electronic health record dataset 

https://pubmed.ncbi.nlm.nih.gov/36596836/
• Prediction of Intensive Care Unit Length of Stay in the MIMIC-IV Dataset 

https://www.mdpi.com/2076-3417/13/12/6930
• VHA Corporate Data Warehouse height and weight data: opportunities and 

challenges for health services research 
https://pubmed.ncbi.nlm.nih.gov/21141302/

• Building Protein-Protein Interaction Graph Database Using Neo4j 
https://pubmed.ncbi.nlm.nih.gov/37450167/



THANKS!
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