
Copyr ight © JMP Stat ist ical  Discovery LLC. Al l  r ights reserved.

Functional Data as both 
Input to & Output from a 
Glycemic Response Model
Tom Donnelly, PhD, CAP
JMP Statistical Discovery LLC

Defense & Aerospace Team

tom.donnelly@jmp.com

DATAWORKS

April 28, 2022

mailto:tom.donnelly@jmp.com


Copyr ight © JMP Stat ist ical  Discovery LLC. Al l  r ights reserved.

The Goal ςBuild a Glycemic Response Model

We want to predict a patient's response-over-time after first fasting 
to establish a baseline-over-time and then consuming a snack.
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Wearable Glucose Monitor
Collects Glycemic Response Data Over Time

Copyright © 2018, SAS Institute, Inc.  All rights reserved.

Predict the response 
from the choice of

snackand the baseline
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Glucose Monitoring Case Study
ÅContinuous glucose testing is used, with monitor reading updated every 5 minutes.

ÅThis study has patients generate 10-hours of baseline data - while fasting - then eat a snack. 
The glucose levels are then measured for another 4 hours after the snack.

ÅParticipants in the 14-hour study were given 1 of 5 different snacks.  Patients repeated the 
testing with a total of 3, 4, or 5 snacks.

ÅGoal is to predict the glycemic response άcurveέ ςƛΦŜΦΣ άǎƘŀǇŜ-over-ǘƛƳŜέ ςin NEW patients 
ŦǊƻƳ ǘƘŜƛǊ ōŀǎŜƭƛƴŜ άŎǳǊǾŜέ ŀƴŘ ǘȅǇŜ ƻŦ ǎƴŀŎƪ ŎƻƴǎǳƳŜŘΦ 

Post snack 
response

10-hour baseline
while fasting
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Smoothed Glycemic Response across 91 Patient-Snack Combinations
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Glycemic Response for 20 Patients, Each Eating 3, 4, or 5 Snacks
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Data for These Four Patients NOT Used in Fitting Model, 
BUT Used to Test Model Predictions

Largest Variation

Moderate Variation

Moderate Variation

Smallest Variation
Single Peak Double Peak
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Smoothed Data for Snacks by Patient
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What is Functional Data Analysis?

Functional dataanalysis(FDA) is a branch of statistics that 
analyzesdataproviding information about curves, surfacesor anything else 

varying over a continuum. In its most general form, under an FDA 
framework each sample element is considered to bea function.

Traditional Rectangular Data Functional Data

The curveis the 
fundamental unit 
of observation

Functional Data can also be Xsas
in this glycemicresponseexample.
When one has curves as outputs 
of a DOE they are usually the Ys.
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Slope 2

Analysis Method Overview: Data Landmarks 

Curve was split into sections and 
key points and slopes were used 
as separate results

Standard statistical methods 
compared each landmark value

Landmarks from new tests were 
compared to previous runs

Most effective non-FDA option

Must perform statistical analysis 
on each landmark

Peak 1

Peak 2

Slope 1

Delay 1

Based on slide by David Harrison of Lockheed Martin Corporation
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Explains 
function-
to-function 
variation

Explains longitudinal variation

How do we analyze Functional data?
Perform Functional Principal Components Analysis (F-PCA) to create both: 
Eigenfunctions (or shape functions) that explain the longitudinal variation, and
Function Summaries (FPC scores or weights) that explain function-to-function variation.
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Explains 
function-
to-function 
variation

Explains longitudinal variation

How do we analyze Functional data?
Products of FPC scores (weights) multiplying their corresponding eigenfunctions (shape functions), 
when added to the Mean closely reproduce the individual function (batch) curves.
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Shape Functions

Shape Functions multiplied by particular functionweight

Sum of Mean and ALL Products


