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Disclaimer

• This presentation reflects the views of the 
author and should not be construed to 
represent FDA’s views or policies
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Outline
• Digital Health Technology
• Diabetes Mellitus
• Digital Health Technology in Anti-diabetic 

Product Clinical Trials 
• Statistical Consideration for CGM Data 

– Data quality and integrity
– CGM derived metrics
– Missing data

• Concluding Remarks
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DIGITAL HEALTH TECHNOLOGY
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Digital Health Technology

• A digital health technology (DHT) is a system 
that uses computing platforms, connectivity, 
software, and/or sensors, for health care and 
related uses. 

Glossary - BEST (Biomarkers, EndpointS, and other Tools) Resource - NCBI Bookshelf (nih.gov)

https://www.ncbi.nlm.nih.gov/books/NBK338448/
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Types of DHTs

Mobile health apps 
and software Wearable devices

Telehealth and 
telemedicine

Artificial intelligence 
and machine 
learning

Source: https://www.fda.gov/medical-devices/digital-health-center-excellence
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DHT in Regulations

• Food and Drug Omnibus Reform Act of 
2022 (FDORA)
– Sec. 3606 Decentralized Clinical Studies 
– Sec. 3607 Modernizing Clinical Trials

• Prescription Drug User Fee Act VII (2023-2027)
– IV.C. Enhancing use of DHTs to Support Drug 

Development and Review

Presenter Notes
Presentation Notes
Courtesy of 
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PDFUA VII DHT Commitments

IV.C. Enhancing use of DHTs to Support Drug Development and 
Review

C.1  Develop Framework
C.2  Establish DHT Steering Committee
C.3  Convene 5 public meetings
C.4  Identify 3 demonstration projects
C.5  Develop Guidance
C.6  Develop Prescription Drug User-Related Software (PDURS) 
Guidance
C.7  Expand review capabilities
C.8  Enhance IT capabilities to review DHT-generated data
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DHT Framework

Source: https://www.fda.gov/media/166396/download?attachment

Guide on 
the use of DHT-derived data 
in regulatory decision-makings 
for drugs and biological products

 Internal programs (e.g., 
committee, training and 
expertise)

 External programs (e.g., 
guidance, public meetings)
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FDA Guidance

• This guidance provides recommendations 
to facilitate the use of DHTs in clinical 
investigations for efficient medical 
product development to help bring new 
innovations and advances to patients

• Developed collaboratively across the 
Agency (e.g., drugs, biologics, and device)

Source: Digital Health Technologies for Remote Data Acquisition in Clinical Investigations | FDA

https://www.fda.gov/regulatory-information/search-fda-guidance-documents/digital-health-technologies-remote-data-acquisition-clinical-investigations
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Fit-for-purpose of a DHT 
in Clinical Investigation

Verification:  confirmation by 
examination and provision of 
objective evidence that the 

parameter that the DHT measures 
(e.g., acceleration, glucose value) is 
measured accurately and precisely. 
Verification is often viewed as part 

of the validation process

Validation:  confirmation by 
examination and provision of 

objective evidence that the selected 
DHT appropriately assesses the 

clinical event or characteristic (e.g., 
step count or) in the proposed 

participant population

Source: Digital Health Technologies for Remote Data Acquisition in Clinical Investigations | FDA

https://www.fda.gov/regulatory-information/search-fda-guidance-documents/digital-health-technologies-remote-data-acquisition-clinical-investigations
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DHT-Derived Endpoints
• Endpoints*: A precisely defined variable intended to reflect an 

outcome of interest that is statistically analyzed to address a 
particular research question

• Justification of novel endpoints
– Whether reflects how a participant feels, functions, or survives
– Whether a biomarker as a surrogate endpoint will predict or will be 

reasonably likely to predict clinical benefit 
– Whether the endpoint effect is meaningful to the target patient 

population  
– How the endpoint relates to other endpoints that are intended to reflect 

the same concept and have been used to support a marketing 
authorization for a similar indication

– Whether the novel endpoint is a well-defined and reliable measure of 
disease severity or health status (e.g., mild, moderate, or severe) to allow 
assessment of disease modification or progression.  

https://www.ncbi.nlm.nih.gov/books/NBK338448/ 
Source: Digital Health Technologies for Remote Data Acquisition in Clinical Investigations | FDA

https://www.ncbi.nlm.nih.gov/books/NBK338448/
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/digital-health-technologies-remote-data-acquisition-clinical-investigations
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Statistical Considerations

• Same method/device for collection for all study arms
• Data quality 
• Technical data specifications for readily analyzable DHT-

derived data 
• Algorithms used for summarizing, and analyzing DHT 

data 
• Definitions used (e.g., glucose range, activity counts)
• Handling of missing data
• Estimand/Primary/Sensitivity analyses
• Difficulties in non-inferiority design due to defining NI 

margin 

https://www.ncbi.nlm.nih.gov/books/NBK338448/ 
Source: Digital Health Technologies for Remote Data Acquisition in Clinical Investigations | FDA

https://www.ncbi.nlm.nih.gov/books/NBK338448/
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/digital-health-technologies-remote-data-acquisition-clinical-investigations
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Guidance Snapshot and Podcast

https://www.fda.gov/drugs/guidances-drugs/guidance-recap-podcast-digital-health-technologies-remote-data-
acquisition-clinical-investigations

https://www.fda.gov/drugs/guidances-drugs/guidance-recap-podcast-digital-health-technologies-remote-data-acquisition-clinical-investigations
https://www.fda.gov/drugs/guidances-drugs/guidance-recap-podcast-digital-health-technologies-remote-data-acquisition-clinical-investigations
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Quiz 1. Verification means confirming whether the DHT 
appropriately assesses the clinical event or 
characteristic in the proposed participant population. 

(1) True
(2) False



16

DIABETES MELLITUS
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Source: https://www.cdc.gov/diabetes/communication-resources/diabetes-statistics.html

Definition: A group of diseases that 
result in too much sugar in the blood 
(high blood glucose)

Types of Diabetes

• Type 1 DM 
• Body doesn’t make enough insulin

• Type 2 DM 
• Body can’t use insulin properly

• Gestational diabetes

•  Diabetes while pregnant

Diabetes Mellitus (DM)

Presenter Notes
Presentation Notes
In the United States:
About 38 million adults have diabetes, and 1 in 5 of them don't know they have it.
Diabetes is the eighth leading cause of death.
Type 2 diabetes accounts for about 90% to 95% of all diagnosed cases of diabetes; type 1 diabetes accounts for about 5% to 10%.
Diabetes is the No. 1 cause of kidney failure, lower-limb amputations, and adult blindness.
�
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Antidiabetic Products for Treatment

Class FDA approved products 

Biguanide metformin

DPP-4 inhibitors alogliptin; linagliptin; saxagliptin; sitagliptin 

GLP1 and dual GLP-1/GIP dulaglutide; exenatide; liraglutide; lixisenatide; 
Injectable/oral semaglutide; tirzepatide

SGLT2 inhibitors bexagliflozin, canagliflozin, dapagliflozin, ertugliflozin and 
empagliflozin

Sulfonylureas limepiride,  glipizide, and glyburide 

Thiazolidinediones rosiglitazone and pioglitazone 

Insulin
(rapid acting/long 
acting/ultra-long acting)

insulin human inhalation powder; insulin lispro ; insulin 
glargine injection; insulin lispro-aabc injection ; insulin aspart 
protamine and insulin aspart ; insulin degludec injection

https://diabetes.org/health-wellness/medication/oral-other-injectable-diabetes-medications

And more…

Presenter Notes
Presentation Notes
Glucagon-like peptide 1 (GLP-1) and dual GLP-1/gastric inhibitory peptide (GIP) receptor agonists
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https://www.fda.gov/media/168475/download

Clinical Trials for Antidiabetic Products

• To help for antidiabetic drugs 
development aiming to improve 
glycemic control (i.e., hyperglycemia 
/hypoglycemia)

• Efficacy endpoints for antidiabetic 
product clinical trials

• Hemoglobin A1c (A1C)
• A weighted average of blood glucose 

over the preceding 2 to 3 months
• Reduction in A1C to be a validated 

surrogate endpoint for 
microvascular disease risk reduction 
adequate to support traditional drug 
approval

Presenter Notes
Presentation Notes
https://www.fda.gov/media/168475/download
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DIGITAL HEALTH TECHNOLOGY IN ANTI-
DIABETIC PRODUCT CLINICAL TRIALS 
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Continuous Glucose Monitoring 
(CGM) 

• A wearable medical device that measures real-time blood glucose levels

• CGM for diabetes self-management
- Easily tracked over time, and virtually monitored glucose values
- To avoid hypoglycemia and hyperglycemia, inform dosing for prandial 

insulin and promote lifestyle change

• Approximately 40-50 % of patients with T1D are using CGM in practice 

• CGM uptake for T2D is increasing rapidly in primary care

• Clinical practice recommends CGM as a part of diabetes management in 
patients with T1D or T2D on multiple daily injections or continuous 
subcutaneous insulin infusion*

*Reference: 2023 American Diabetes Association "Standards of Care"
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CGM System

1. A sensor inserted under 
the skin to measure 
interstitial glucose

2. A transmitter that sends 
data from the sensor to a 
receiver or smartphone 
app, 

3. A display device that 
shows real-time glucose 
readings https://www.diabetesvic.org.au/back-to-basics-continuous-glucose-monitoring/
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CGM Devices 

Source: https://childrenwithdiabetes.com/continuous-glucose-monitoring/
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CGM Data from Device
• Every 1 or 5 minutes readings produce 1440 or 288 

data points per day 
• Sensor wearing period (e.g., 10, 14, 21 days) produce 

high volume of granular data per subject



25

CGM-derived Endpoints
III. B.3.b Hypoglycemia
• Number of occurrences of low glucose 

values captured by a CGM system in a 
defined time period

III. C.3. CGM-Based metrics
• Time in "Ranges" defined as the 

percentage of time spent in a patient’s 
target glucose range

• Time between 70 and 180 mg/dL - Time in 
Range (TIR)

• Time above range (time > 180 mg/dL)
• Time below range (time < 70 mg/dL)

• TIR is a biomarker that has not been 
established as a surrogate for a clinical 
outcome. No long term prospective 
randomized control trial established 
relationship between micro/macrovascular 
outcome and TIR.

FDA Guidance: Diabetes Mellitus: Efficacy endpoints for clinical 
trials investigating antidiabetic drugs and biologic products

https://www.fda.gov/media/168475/download



Verification: 
CGM is measured accurately 

and precisely? 

CGM vs reference

Assess impact of potential 
interferents 

Assess software performance

Accuracy over intended 
period 

Validation:  
CGM appropriately assesses the 
clinical event or characteristic?

CGM derived endpoint under 
Context of Use (clear definition of 

what to measure)

Assess the correlation with clinical 
outcome (clinical meaningfulness) 

Assess reliability in intended 
population

Data collection/storage

Fit-for-purpose of a CGM 
in Clinical Investigation
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Quiz 2. Which is currently validated efficacy endpoint 
for antidiabetic product clinical trial for glycemic 
control? 

(1) Changes in A1C from baseline
(2) Changes in Time in Range from baseline
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STATISTICAL CONSIDERATION FOR 
CGM DATA
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DATA QUALITY AND INTEGRITY



30

CGM Data Flow/Structure

Credit: Hyesoo Cho (FDA/CDER/OB/DAI)

Credit: Hyesoo Cho (FDA/CDER/OB/DAI)

Presenter Notes
Presentation Notes
Loading time 20GB, sas in 6 mins
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Data Quality and Integrity

• CGM metrics are derived from high volume CGM 
epoch-level data via several layers of data 
structures
– Raw data (Epoch level, e.g., evert 5 min) 
– Intermediate summary data (e.g., daily, weekly)
– Final analysis data (e.g., efficacy endpoints)

• Data quality and integrity check, and additional 
sensitivity analyses to ensure the reliable results of 
the final analysis for CGM derived endpoints due to 
several derivation steps
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Example 1. Epoch-level Data Quality

CGM Records Time Interval Arm 1, n (%) Arm 2, n (%)

0-minute Interval 1 (0.00) 9 (0.00)

Between 1s and 4m 59s 528162 (14.95) 523409 (14.99)

Exact 5-minute Interval 2468238 (69.84) 2438333 (69.81)

Between 5m 1s and 9m 59s 536613 (15.18) 529959 (15.17)

Between 10m and Less than 1 day 955 (0.03) 1008 (0.03)

• Example of randomized two arm study using 5-min interval 
reading device

• Checked for records time interval between two time points
• Duplicates possibly due to traveling, daylight saving, etc
• Need data quality check of these noises and prespecify the 

rules before unblinding data
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Example 2. Balance of Data Quality

• CGM device is verified through CDRH for systematic errors of 
device which could be inevitable

• Example of randomized two arm study using 7-day sensor device
• Checked for the number of sensors
• Need data quality check of these errors are at least balanced 

across arms

# Sensors during 28 days Arm 1 (%) Arm 2 (%)

1 1 0
2 1 2
3 4 4
4 35 34
5 53 50
6 5 8

7 and more 1 2
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Example 3. Data Integrity- Merging

• Data integrity checking for possible errors while the 
merging datasets at several layers

• For example, when the epoch level data (SDTM) 
merging to specific visit variable or subject-level 
information to produce analysis ready data sets 
• Second level of time stamp (Hours:Minutes:Seconds) 

should be used for matching the epoch level data (e.g., 
00:00:00 to 23:59:59) of the day matching to AVISIT

• All epoch level data  should be assigned to visit variable 
data to avoid being excluded from the final analysis 
dataset
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CGM DERIVED METRICS
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Unit PARAM (Derived parameters) Details

Count

Number of CGM readings The total number of CGM readings
Number of CGM readings with
- Low IG (< 54 mg/dL, 54-70 mg/dL, < 70 

mg/dL)
- In Range (70-180 mg/dL)
- High IG (> 180 mg/dL, 180-250 mg/dL, > 250 

mg/dL)

The number of CGM readings in 
each range

% of 
readings

Time 
- < 54 mg/dL
- < 70 mg/dL
- In range (54-70 mg/dL)
- In range (70-180 mg/dL)
- In range (180-250 mg/dL)
- > 180 mg/dL
- > 250 mg/dL

Percentage coefficient of variation (CV)

Abbreviation: CGM = continuous glucose monitoring; IG = interstitial glucose; SD = standard deviation

The total number of
CGM readings

The number of CGM readings
in the given glycemic range

X 100

Time Below Range (TBR)

Time In Range (TIR)

Time Above Range (TAR)

SD of glucose level

Mean glucose level
X 100

CGM Derived Metrics

Credit: Hyesoo Cho (FDA/CDER/OB/DAI)
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Use of CGM Metrics

http://www.agpreport.org/

AGP - Ambulatory Glucose Profile

Time in Range (70-180 mg/dL) (%)
e.g., Endpoint: change in TIR

http://www.agpreport.org/agp/
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CGM-detected Hypo/Hyperglycemia 

https://www.thelancet.com/journals/landia/article/PIIS2213-8587(22)00319-9/fulltext

https://www.thelancet.com/journals/landia/article/PIIS2213-8587(22)00319-9/fulltext
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CGM Consensus Statement 2023

https://www.thelancet.com/journals/landia/article/PIIS2213-8587(22)00319-9/fulltext

* ADA’s grading system for evidence level to support each recommendation

https://www.thelancet.com/journals/landia/article/PIIS2213-8587(22)00319-9/fulltext
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The Application of CGM 
in a Clinical Trial Setting 

• CGM data should be collected at baseline and at all 
specified study timepoints with the CGM device selected 
for the clinical trial  (E)

• CGM should be used for a minimum of 14 consecutive 
days every 3 months throughout the study, including at 
baseline (B)
– The aim is that a minimum of 70% of the glucose data should 

be obtained for each individual participant 
– All CGM data should be included in the final analysis, but the 

proportion of participants who met the minimum 70% data 
obtainment requirement during 14 days should also be 
reported as part of the data completeness

https://www.thelancet.com/journals/landia/article/PIIS2213-8587(22)00319-9/fulltext

https://www.thelancet.com/journals/landia/article/PIIS2213-8587(22)00319-9/fulltext
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Interpretation of TIR Difference

• Studies can be powered to detect a minimum 3% 
change in mean time in range between study groups 
(E) 

• A difference of 5% in TIR is considered clinically 
meaningful for an individual participant in a clinical 
study and 3% is considered clinically meaningful for a 
treatment group difference in mean TIR (E) 

• Of note, TIR is not a validated endpoint. 

https://www.thelancet.com/journals/landia/article/PIIS2213-8587(22)00319-9/fulltext

https://www.thelancet.com/journals/landia/article/PIIS2213-8587(22)00319-9/fulltext
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CGM Data in the Final Analysis Set

• All CGM data should be included in the analysis 
set (E)

• Managing missing data should be part of the 
statistical analysis plan so that no CGM data are 
excluded from the final analysis set (E)

https://www.thelancet.com/journals/landia/article/PIIS2213-8587(22)00319-9/fulltext

https://www.thelancet.com/journals/landia/article/PIIS2213-8587(22)00319-9/fulltext
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Available Packages 
for CGM Data Analysis

• 23 software packages
• 11 packages can impute missing data (simple and different 

approaches: mean, linear interpolation)
• iglu, cgmanalysis, AGATA could calculate most of 2023 CGM 

consensus metrics 
https://journals.sagepub.com/doi/10.1177/19322968231221803?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200pubmed

Presenter Notes
Presentation Notes
https://journals.sagepub.com/doi/10.1177/19322968231221803?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200pubmed

https://journals.sagepub.com/doi/10.1177/19322968231221803?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200pubmed
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MISSING DATA
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Missing Data – Epoch level

• Example of one subject (hyperglycemia) for 3 days wear

Day 1 Day 2 Day 3

m
g/

dL
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Subjects who 
have 28 days 
of CGM data

Subjects who 
have less than 14 
days of CGM data

Missing Data – Daily level

Su
bj

ec
ts

Days

Credit: Hyesoo Cho (FDA/CDER/OB/DAI)



47

CGM Missing rate ≈ 10% CGM Missing rate ≈ 80%

Example: Missing Data Imputation – 
epoch level

• As an example, non-missing epoch-level values (red points) and imputed values (blue 
points) for missing epoch-level values were plotted across time period. 

• Missing values were interpolated (blue points) using a daycycle method in the 
CGManalyzer R package.

• There are limitation of imputing epoch-level missing data if the breakage between data 
points are longer period (e.g., right panel: overall CGM missing rate of 80%). 
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Before and After 
Epoch-level Missing Data Imputation

Su
bj

ec
ts

Days Days



49

Missing data- CGM-Derived Endpoints

• CGM-derived endpoints are defined by the time-period of days (e.g., 
Change from baseline in Time in Range (%) at Weeks 22 to 26; TIR 
endpoint)

• For reliable derivation of CGM-derived endpoint in the time-period, 
minimum valid days (e.g., 10 days) are needed. 

• CGM-derived endpoints of subjects who do not have CGM data 
during the entire time-period, or who have CGM data during less 
than minimum valid days in the time-period are considered as 
missing. 

• Appropriate method to handle missing data under the specified 
esitmand should be pre-specified to CGM-derived endpoint (e.g., 
imputing the missing TIR endpoint using retrieved dropouts under 
estimand using treatment policy strategy*).

• Sensitivity analyses to check the impact of missingness at different 
level are necessary.

*Wang et al. (2023) https://onlinelibrary.wiley.com/doi/10.1002/pst.2299

https://onlinelibrary.wiley.com/doi/10.1002/pst.2299
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Quiz 3. For CGM data analysis from clinical trials, what 
statistical aspects should be considered? 

(1) Data quality 
(2) Data integrity
(3) Missing data handling
(4) All above
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Quiz 4. In clinical trial investigating antidiabetic 
products for glycemic control in adults with type 2 
diabetes, CGM-derived metrics can be considered as 
endpoints.  

(1) True
(2) False
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CONCLUDING REMARKS
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Summary

• The use of DHT including CGM device is blooming in 
clinical trial settings.

• Verification and validation of DHT are necessary steps 
to check the fit-for-purpose of DHT derived endpoints 
in clinical trials for regulatory submissions.

• DHT data quality and integrity should be investigated 
for reliable derivation of DHT-derived endpoints.

• Statistical consideration including clear definition of 
endpoints, estimand, handling missing data and 
analysis methods to evaluate DHT-derived endpoints 
should be preplanned for clinical trials. 
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Recommendation for CGM data in 
Regulatory Submission

• The study protocol and SAP should pre-specify details 
regarding the algorithms for summarizing (i.e., clear 
definition of CGM-derived endpoints) and analyzing CGM-
based data (i.e., estimand, analysis model), and the statistical 
methods to assess and handle missing CGM data (e.g., at 
epoch-level, daily level, and summary level).

• All source data including SDTM datasets (e.g., epoch-level 
data) and metadata used to create the ADaM datasets (e.g, 
epoch-level, intermediate-level (i.e., daily), and summary-
level (i.e. endpoint) with additional variables (e.g., timing 
variable)) along with the programming codes are needed for 
data quality and integrity check across derivation steps. 
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More to Come…
Future Use of CGM data 
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BACKUP
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CGM Device Selection for Use in Clinical Trials 

• The same brand and model of CGM device should be 
used throughout a clinical study to ensure consistent 
technical characteristics and sensor bias within the 
study (B)

• The accuracy performance characteristics of any CGM 
device selected for use in a clinical study should be 
reviewed during study protocol development before 
the study begins, including ethnic and racial inclusivity 
to evaluate whether it meets the needs of the study 
population and endpoints (E)

https://www.thelancet.com/journals/landia/article/PIIS2213-8587(22)00319-9/fulltext

https://www.thelancet.com/journals/landia/article/PIIS2213-8587(22)00319-9/fulltext
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CGM Data Analysis Packages

Piersanti et al., 2023.Diabetes Technology & Therapeutics, 25(1), pp.69-85
https://www.liebertpub.com/doi/10.1089/dia.2022.0237?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200pubmed

https://www.liebertpub.com/doi/10.1089/dia.2022.0237?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200pubmed
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