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National Center for Health Statistics (NCHS)

 Principal health statistics agency in U.S.

 One of 13 principal federal statistical agencies

 Mission: To provide timely, relevant, and accurate 
health data and statistics that inform and guide 
programs and policies to improve our nation's 
health
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NCHS Data Linkage Program: Overview

 Create linked data files that support high quality research 
and program evaluation 

 Utilize state of the art linkage methodologies and provide 
documentation and support for analyzing linked data files

 Explore innovative methods for maintaining researcher 
access to linked data
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NCHS Linkages

NCHS Survey Data
Population-based 
household surveys

National healthcare surveys

Receipt/type of housing 
assistance

Housing and Urban 
Development

Cause of death from 
National Death Index

Mortality

Medicare & Medicaid 

Healthcare utilization 
and expenditures

Geocoded Addresses 

Add contextual information 
to standard Census 

geocoded areas

Service records and 
benefit utilization

Department of 
Veterans Affairs

Examine factors 
associated with ESRD

End Stage Renal Disease
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AI/ML Initiatives within Federal Government
Initiatives promoting the trustworthy use of AI and ML in the Federal Government:
 AI in Government Act of 2020
 Advancing American AI Act
 Executive Order 14110 on the Safe, Secure, and Trustworthy Development and Use 

of Artificial Intelligence
 Executive Order 13960 on Promoting the Use of Trustworthy Artificial Intelligence 

in the Federal Government
 OMB Memo M-24-10 on Advancing Governance, Innovation, and Risk Management 

for Agency Use of Artificial Intelligence
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AI/ML Resources at NCHS
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Leveraging AI/ML for Data Linkage Life Cycle

 How can AI and ML be leveraged to enhance the data linkage life cycle?
– Let’s ask the AI Chatbot (cdc.gov)
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Data Linkage Life Cycle
Litmus test

 Data preparation
 Record Identification
 Linkage Process
 Deterministic Linkage
 Probabilistic Linkage
 Quality Assessment
 Data Integration
 Analysis and Interpretation
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Incorporating AI and ML in Data Linkage Life Cycle
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Using AI to Enhance Data Preprocessing

 Data linkage accuracy depends on the quality of the data fields
 Automating the data preprocessing improves efficiency and linkage 

accuracy
 Type of data field (date vs name) affects the level of effort needed for 

review
– Simple rules can be applied to date fields
– Name fields may contain non-name text that needs to be identified and 

removed
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Using AI to Enhance Data Preprocessing

Objective: 
Examine the use of AI-based large language models (LLM) compared to simple rule-based approaches 
for identifying non-name text in name fields

Data source:
– Test data created using R (randomNames package)
– Valid first and last names (n=9,949)
– Supplemented with non-name text (e.g., “pilot study”, “department funded”) (n= 166)

Approaches evaluated:
 LLMs

– GPT-3.5 with few-shot prompting
– AI Chatbot (cdc.gov)

 Rules-based approached based on number of words and characters 
 Comparison with reference list of “valid” last names 11



Using AI to Enhance Data Preprocessing
Results
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Using ML to Improve Linkage Efficiency

 Record linkage enables survey data to be integrated with other data 
sources, expanding the analytic potential of both sources

 Depending on the number of records being linked, the processing time can 
be prohibitive

 ML algorithms can be incorporated into the record linkage process to 
improve efficiency with relatively high accuracy
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Using ML to Improve Linkage Efficiency
Campbell, S.R., D.M. Resnick, C.S. Cox and L.B. Mirel, Using Supervised Machine Learning to Identify Efficient 
Blocking Schemes for Record Linkage. Stat J IAOS, 2021. 37(2): p. 673-680.

Objective: 
Examine how a supervised machine learning algorithm, the Sequential Coverage Algorithm (SCA), can be 
used to identify efficient blocking schemes for linking two large datasets. Compare SCA to traditional 
blocking methods.
Methods:

– 2016 National Hospital Care Survey (n = 5.6 million) 
 Center for Medicare & Medicaid Services (CMS) Medicare Enrollment Database (EDB) (n = 84.6 million)
– Data fields available in both datasets: SSN, Medicare number, name, DOB, Zip code and state of residence

• Deterministic linkage: Match on SSN or Medicare number and majority of other non-missing 
variables used as “truth deck” for training/supervising. (n = 1.6 million)

– Ad-hoc blocking methods require judgment of a SME and result in extended processing time
– SCA is a supervised ML algorithm designed to learn a set of efficient blocking keys

• Modified version of SCA used (Michelson and Knoblock, 2006)
• Three sequential steps: 1) Learn Block 2) Remove Covered Pairs 3) Optimize
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Using ML to Improve Linkage Efficiency
Results
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Using Linked Data to Train ML Models

 NCHS Data Linkage Program produces high-quality linked data files that can 
be used for a wide-range of health-related research topics and data science 
applications

 ML can be used to identify relevant predictors (features) for outcome of 
interest

 ML prediction models can predict outcomes with high accuracy, but 
require quality and accurate data for training and validation
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Using Linked Data to Train ML Models

Objectives: 
Evaluate selected ML prediction models using linked data as the training data and validation 
source to assess model performance for predicting all-cause mortality. Use Explainable AI to 
interpret model results.
Methods:

– Public-use 2000 - 2001 National Health Interview Survey (NHIS) Linked Mortality Files (LMF) with 
mortality information through 2019

– Linkage eligible sample adult respondents with complete information for selected predictor 
variables (n = 46,949) 

• Training set: 2000 NHIS LMF (n = 23,210)
• Validation set: 2001 NHIS LMF (n = 23,739)

– 19 selected predictors (socioeconomic status, health behaviors and health conditions) 
– Selected ML prediction models: Random Forest (RF), Gradient Boosting Machine (GBM), Support 

Vector Machine (SVM), Naïve Bayes (NB) 17



Using Linked Data to Train ML Models
Results
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Summary and Considerations
 The trustworthy application of AI and ML supports several federal 

initiatives
 AI and ML can be incorporated to the Data Linkage Life Cycle to improve 

quality, efficiency, and accuracy
 AI and ML models/algorithms require high-quality data for training and 

validation
– But biases in training data can impact models/algorithms

 Data linkages often requires use of sensitive data
– But AI/ML may retain information to improve performance

 Transparency and adherence to standards/best practices are essential to 
ensuring trustworthy application of AI/ML
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Thank you!

Cordell Golden
CGolden@cdc.gov

Visit our website: www.cdc.gov/nchs/data-linkage 

Contact the Data Linkage Program: datalinkage@cdc.gov 

Subscribe to the NCHS Data Linkage Program LISTSERV to receive updates! Email a message to 
list@cdc.gov.   Leave the subject line blank.   In the body of the message, type: 
  

– SUBSCRIBE NCHS-DATA-LINKAGE-PROGRAM last name, first name
20
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For more information, contact CDC
1-800-CDC-INFO (232-4636)
TTY:  1-888-232-6348    www.cdc.gov

The findings and conclusions in this report are those of the authors and do not necessarily represent the 
official position of the Centers for Disease Control and Prevention.
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