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RURAL Study Overview

The Risk Underlying Rural Areas Longitudinal (RURAL) Cohort Study is 
a six-year observational research project seeking to identify why some 
people in the rural south may live shorter and less healthy lives.
Focusing on 10 rural counties in Alabama, Kentucky, Louisiana, and 
Mississippi, the research team will examine about 4,600 residents to study 
different aspects of their heart, lung, and general health.
In order to assess the overall health of study participants, several modalities 
of data collection are required in addition to traditional Remote Data Capture 
(RDC).

https://theruralstudy.org/



RURAL Study Overview

Participant study visits take place in the RURAL Mobile Examination Unit (MEU), a 50-foot, 
high-tech medical trailer, that travels to specific rural counties across Alabama, Kentucky, 
Louisiana, and Mississippi to reach participants in their own communities. Once the MEU 
arrives in a county, it remains stationary for several months at a central, accessible location



Data Ecosystem and Sources

• Data Collection on the MEU
• Imaging

• ECG
• ECHO
• CT

• Devices
• Spirometry
• Pixcell

• RDC
• Participant Surveys
• CRC Data Entry

• Specimen Collection
• Lab Data

• Data Collection after MEU Visit
• Wearables and Apps

• Phone App (Surveys)
• Followup (Surveys)
• Fitbit
• Sleep Device
• Stress Device
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Key Challenges Encountered

• Expected data not received
• Identity management
• File format changes without notice
• Technical issues transferring data 

from MEU to reading centers
• Participant interaction with mobile 

app and wearables
• Issues with power to MEU
• MEU Internet Connectivity Issues



Solutions and Mitigations Implemented

Resources added to assist participants with setting up and using phone app and mobile devices

Regular meetings with reading centers to discuss data transfer issues

Dashboards and QC reports created to identify missing expected data

Real-Time QC checks to resolve identity issues

Multiple internet options added to MEU

Dedicated enhanced power added to MEU 



Lessons learned and Takeaways
• Pre-study visit to each site transferring data

• Site should present on:
• Sample/data processing procedures
• Identity management of samples and data
• Data Quality procedures

• Regular meetings to address any issues

• Establish and document data transfer protocols
• Data file format (text, csv, excel, sas, xml, …)
• File Naming Conventions
• Data Dictionary
• File transfer method (local ftp, remote ftp, box, email, cloud, …)
• Incremental or cumulative data files
• Data transfer frequency (daily, weekly, monthly, quarterly, …)
• Contact person responsible for managing data transfers

• Allow sites to use their established standards 
• May be different for each site

• Create a data flow diagram
• Review and get approval from all sites

• Define and document regulatory or security 
requirements

• IRB approvals
• DUAs
• NIH Storage Requirements (NIST 800-171, NIST 800-53, …)
• Mandated data repository requirements

• Define QA/QC Plan
• Evaluate file per agreed upon formatting
• Load data and integrate with central study database
• QC checks for valid data values and identity
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Overall Study Goals – R61/R33

• Precision prevention approaches to identify individuals at 
high risk for dementia.

• Launch the Dementia Risk Prediction Project (DRPP) by 
pooling and rigorously harmonizing 16 prospective 
observational cohorts of middle and older age adults, 
multiple in-person assessments of clinical, genetic and 
behavioral risk factors, follow-up of greater than 10 years and 
adjudicated dementia ascertainment (R61)

• Develop and validate an accurate and personalized, dynamic 
dementia risk prediction model which incorporates 
longitudinal risk factor measurements and easily updates as 
new measurements are accrued (R33)
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Data Ecosystem & Sources
Pre-statistical harmonization

• Locally harmonize data from 14 international, longitudinal cohorts (n=100,000)

− Age, Gene/Environment Susceptibility – Reykjavik (AGES)
− Atherosclerosis Risk in Community (ARIC)
− Cardiovascular Health Study (CHS)
− Framingham Heart Study (FHS) – Original, Offspring, New Offspring Spouse, 

Generation 3, Omni 1, Omni 2
− Honolulu-Asia Aging Study (HAAS)
− Multi-Ethnic Study of Atherosclerosis (MESA)
− Reasons for Geographic and Racial Differences in Stroke (REGARDS)
− Sacramento Area Latino Study on Aging (SALSA)
− Whitehall II

− Validation Studies – 2 cohorts
• Three-City Study
• Rotterdam Study
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Harmonization workflow - psHarmonize
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Harmonization results (cont.)
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Harmonization results
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Harmonization 
performed internally 
for 14 cohorts.

‘Harmonization sheet’ 
and the R package 
was provided to the 2 
validation cohorts so 
that their harmonized 
data sets met our 
variable definitions.



DRPP products

• psHarmonize pipeline
− Stephen et al. (2024) psHarmonize: Facilitating reproducible large-scale pre-

statistical data harmonization and documentation in R. Patterns 5(8):101003.

• psHarmonize R package
− https://github.com/NUDACC/psHarmonize 
− https://cran.r-project.org/web/packages/psHarmonize/index.html

• DRPP tableau dashboard
• Cloud based analysis platform
− Outside researchers can apply to analyze harmonized DRPP data in the Apporto 

platform
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Take home points

• Key challenges
− Meticulous documentation of data sources and source variable definitions
− Harmonization decision-making
− Could rely on Common Data Elements

• What worked well
− Harmonization sheet and R package
− All decisions and mappings are in one place
− More human-readable than code (?)

• Next time
− There was a next time….
− And another next time…
− I would recommend psHarmonize
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Thanks!
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Lessons Learned from the Apple Heart Study

Haley Hedlin, PhD
Quantitative Sciences Unit
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Apple Heart Study

Perez MV, Mahaffey KW, Hedlin H, Rumsfeld JS, Garcia A, Ferris T, ... & Turakhia MP (2019). Large-scale 
assessment of a smartwatch to identify atrial fibrillation. New England Journal of Medicine, 381(20), 1909-1917.

 Decentralized, pragmatic clinical trial to evaluate the ability of the 

irregular pulse notification algorithm to identify atrial fibrillation (AF)
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Enrollment and Monitoring 



Inconsistent Temporal Ordering

Garcia A, Balasubramanian V, Lee J, Gardner R, Gummidipundi S, ... Hedlin H & Desai M (2022). Lessons learned 
in the Apple Heart Study and implications for the data management of future digital clinical trials. Journal of 
biopharmaceutical statistics, 32(3), 496-510.



Garcia A, Lee J, Balasubramanian V, Gardner R, Gummidipundi S, ... Hedlin H & Desai M (2022). The 
development of a mobile app‐focused deduplication strategy for the Apple Heart Study that informs 
recommendations for future digital trials. Stat, 11(1), e470.

Participant Linkage

Changing 
devices

Deleting & 
reinstalling app

Device/
software issues

We developed and evaluated an algorithm to deduplicate records in real time



Garcia A, Lee J, Balasubramanian V, Gardner R, Gummidipundi S, ... Hedlin H & Desai M (2022). The 
development of a mobile app‐focused deduplication strategy for the Apple Heart Study that informs 
recommendations for future digital trials. Stat, 11(1), e470.

Participant Linkage

How do we estimate and report the uncertainty of our sample size?



Data and Safety Monitoring

Bunning, B. J., Hedlin, H., Chen, J. H., Ciolino, J. D., Ferstad, J. O., Fox, E., ... & Desai, 
M. (2023). The evolving role of data & safety monitoring boards for real-world 
clinical trials. Journal of Clinical and Translational Science, 7(1), e179.



Takeaways

 Perform a pilot study!
 End-to-end testing did not identify these issues

 Timestamps on each piece of data
 Related: Calibration and battery life

 Include a DSMB member with informatics 

expertise



Questions?

Kiera Larsen    
klarsen5@stanford.edu 

Haley Hedlin
hedlin@stanford.edu 
med.stanford.edu/qsu   

mailto:klarsen5@stanford.edu
mailto:hedlin@stanford.edu


Secure Transfer of Device Data: 
The Sleep for Stroke Management 
and Recovery Trial (Sleep SMART)

CTN: NCT03812653

C Arnaud1 , V Durkalski-Mauldin1

1 The Data Coordination Unit (DCU), Department of Public Health Sciences
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Study Overview
 Investigator-initiated, phase 3 multicenter, prospective randomized open-, blinded-endpoint 

(PROBE) controlled trial to test whether treatment of obstructive sleep apnea (OSA) with 
continuous positive airway pressure (CPAP) is effective for secondary prevention and recovery 
after stroke.

 The primary goals of Sleep SMART are to determine whether treatment of obstructive sleep 
apnea (OSA) with positive airway pressure starting shortly after acute ischemic stroke or high 
risk TIA:
 (1) reduces recurrent stroke, acute coronary syndrome, and all-cause mortality during 6 months after 
the event (prevention outcome)
 (2) improves stroke outcomes at 3 months in patients who experienced an ischemic stroke (recovery 
outcome)



Study Overview
 Intervention Arm: 6 months of CPAP with Usual Care.

 Sites ~ 146
 Planned participants that will conduct a screening run-in night (sleep apnea test) 

~15,000
 Targeted sample size – 3,062
 Device data collection 

 Sleep apnea test data to examine eligibility (Nox T3)
 Initial test to screen for obstructive sleep apnea and rule out central sleep apnea. (centralized testing site)

 aCPAP Data (Daily data)
 Data collected and managed via aCPAP device (device per participant for at home nightly use for this trial)

 aCPAP Mask Event 
 Data collected on device removal (mask on/off) during nightly use



Sleep SMART flow



Nox T3 testing at site
o a nasal cannula (nasal pressure transducer and snore sensor)
o thoracic and abdominal respiratory effort (RIP) belts
o EKG leads and finger probe (wireless pulse oximetry including pulse rate monitor).
o the chest and wrist units provide a body position sensor, microphone, and 

actigraph that monitors movement.

 Signals recorded by device uploaded to
 central location through a USB cable
 Signals centrally scored
 Scores sent back to the site via the
device’s central system
 Signals sent to the NDMC for analysis and
storage (later to be shared publicly)



aCPAP device

• Plugs into an electrical outlet, has a 
humidifier, and a tube that carries air under 
pressure to the mask.

• CPAP device with built-in modem for remote 
monitoring of usage, mask leak, and other 
treatment related information.

• Host company uses a platform-based cloud 
application to provide passive remote 
collection of aCPAP data via cellular networks 
across the US.



CPAP Device Data

Secure device registration at site using
 assigned unique Participant ID

Nightly use by participant at home for up to 6months

Data securely transferred to Device 
Company’s portal via cellular network

The Data Coordination Unit
Study Database



Data transfer tools SFTP
 SFTP (Secure File Transfer Protocol)
 What it does:

 Securely transfers files between systems using encryption (SSH) 
 End-to-end encryption (SSH) protects data in transit with strong authentication

 How it works
 Device / Central Site →  SFTP → DCC Central Server → Processing  Analysis team 

 Why it matters:
 Protects sensitive clinical data
 Enables automated data transfer
 Supports centralized data collection
 Meets compliance requirements (HIPAA, GCP)



Data transfer tools SFTP
 SFTP Data Processing Workflow:

 Automated scripts (PowerShell) securely connect to remote servers using authenticated 
credentials and server fingerprint validation

 Files are downloaded over an encrypted (SFTP) connection
 The receiving system stores incoming data and archives source files, on both receiving 

system and server
 Data is loaded into MS SQL Server and integrated with existing datasets, initial data 

checks are performed, and notifications are sent as needed. 
 Processed data are made available for NDMC centralized monitoring and operational 

review.
 Data are exported to SAS datasets for reporting and statistical analysis. 

 Device data are included in data freezes. 



Data transfer tools SFTP
 Reliability & Integrity

 Built-in data integrity checks (ensures files are not corrupted)
 Supports resume/retry for failed transfers
 Stable for large file transfers (e.g., device data)

 Automation Friendly
 Easily integrated with scripts (PowerShell, batch, schedulers)
 Enables fully automated data pipelines
 No manual intervention required once configured and scheduled. 

 Optional Comparison Line (if needed)
 FTP: Not secure 
 Email/Manual: Not scalable – can be secured but this also add another level of complexity 

on both central data provided and centralized data management team
 APIs: Powerful but require more development from both sides
 SFTP: Secure, simple, and reliable 



Data collection and frequency – NOX T3 data
 Sleep apnea test data (Nox T3 data)  

 Initial testing of eligibility 
 One test per participant with potential rerun/correction 
 142 data elements collected, single file per participant. 
 Potential in this study to have 15K tests collected



Data collection and frequency – aCPAP data
 aCPAP Data (daily data) 

 Delivery of a daily consolidated file containing 23 data elements for each participant (actively 
tracked).

 Current day data with rolling historical data (e.g., prior 4 days), including corrections to previously 
submitted data

 Over 243K records created and updated throughout project.



Data collection and frequency – Mask Data
 Daily data with multiple mask events per day with potential corrections. 

 Current day data with rolling historical data (e.g., prior 4 days), including corrections to previously submitted 
data

 Over 690K records created and updated throughout project .



NDMC Workscope

 Need IT/IS involvement in planning 

 Integrated datasets are reconciled and linked at the participant level 
with EDC data using unique identifiers, enabling a unified clinical data 
model available for central monitoring, analysis and eventually data 
sharing.

 Data lifecycle management, including updates, corrections, and 
versioning, can be handled through automated workflows, audit 
trails, and validation rules to ensure data integrity and regulatory 
compliance (e.g., 21 CFR Part 11, GCP).



Challenges and Take Home
Maintain frequent, structured communication with centralized data providers to quickly resolve issuesMaintain

Anticipate that technology and security changes (e.g., credentials, protocols, platforms) can disrupt workflows—plan for adaptability Anticipate

Establish out-of-band data load processes to handle corrections and missing data when standard pipelines cannot be modifiedEstablish out

Implement a centralized knowledge repository to preserve process documentation across multi-year trials and staff changesImplement

Retain original source data to support reprocessing, validation, and recovery during data correctionsRetain

Ensure regular alignment between management and technical teams to maintain visibility and coordinationEnsure

Have a reliable contract and contact with the device provider/industry that will ensure minimal changes during the course of the 
trialHave



Challenges and Take Home

 What worked well
 Strong collaboration and open communication with the central data management team 

and external device/supplier company

 Complete data dictionary with version control process

 Rapid identification of missing or incomplete data through close collaboration with the 
data management team 

 Timely data corrections and re-deliveries of new/corrected data files from device 
company

 Ability to reprocess and integrate updated data efficiently

 Continuous feedback loop improved data quality over time 



Thank 
you
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