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“Health is a state of complete physical, mental and social well-being

and not merely the absence of disease or infirmity.”
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Estimating Physical/Mental Health Condition Using Heart Rate Data
From a Wearable Device

Masaki Onuki, Member, IEEE, Makito Sato, Jun Sese

propase an catimation method of subjects’
oy th from their heart rate (HR)
2nd evaluat i on the newly calected data including

¢ 1o electrodes attached to 35 skin, especially when we record
sl

for 4 long period of time.

Also, the PPG has been the most common method for
measuring blood-reluted duta on smart watches, eg.. the
Apple Watch or the Fitbit, due 1o its ease of integration
‘and usability. The typical shortcoming of the PPG is the low
‘sccurscy of measuring the HRV due o the high sensitivity to
movement anifacts [6]. Therefoce, the PPG method is often

V. unsuitable for further duta analysis.

developing & novel method estimating.
‘withoutthe HRY is necessary for

Fithit Lnspire
HR™. We aso conducted questionmaires tocheck their physical

our daily use. Apombkwlmwnw:mdhndhsed o the
Info

= the laacie perod o R sod spohing the sport vector

machin o the preproceud dats.
o our methodaciced Mu.nnw-lbau-n-m
art method with HRY whase accuracy

1. INTRODUCTION

Within recent days, wearsble devices are drastically de-
veloped in order to monitor human health conditions. There
ate severa categorics for thse evices based on where you

HR g the devices
of PPG (7], and the RHR is also considered to have an
importaat role in estimating our stress (8], [9). The shove
fact suggests a possibility 1o construct  stress estimation
method by using the HR given by smart watches.

In this paper, we peopose an estimation method of the
subjects” physicalimental health condition oaly based on the
HR given by the the Fithit Inspire HR™ and cvaluate it on
the newly col e conducted research collecting.

DES (e HR, sep, and 7 subjective data from 97 participants for

3l ceiinculy wle i P Gl Wi

A typical outputsolution from the devices after wacking
data s 10 notify one’s health conditions, and for that purpose,
the level of stress based on heat rate variabilty (HRV) has
been widely used for estimating these conditions [1]. As

e may take preventive sction against
Aok oo, o5, depesion, fictly 4 ety

Hence, the analysis of HRV has been considered a5 40 fyc,the estimation

important toolfor our future healtheare, but a the same time,
we face some technical diffculics behind measuring HRY.
‘The HRV s often measured by using o types of meth-

(PPG) (3], [4]. Even though data from the ECG give a better
e s s maor bk i ndute G ong
time messuemeat. ECG is

srade cquipment, which leads (o an unpl

eveey mis
S i i i collectng resstch. The AR

data are appropriately preprocessed into the pseudo-RHR,
which is written as “inactive R in this paper, and the the
subjects are classified into two classes, positive correlation

compared to the method with the HRY.
‘We summarize the contrbutions of our work as follows:
1) The large HR dataset is constructed.
2) Our method is defined by focusing on the inactive
period of HR.
3) Our method shows competitve results compazed to the
‘mehod il he IRV, Frcsthe ors, we show b

Miki Ouki. Mikiio Sws smd dm S
Humanome Lab.  Inc.
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'.!’. Methods - Data Analysis

Data Process Feature extract Labeling
Start Fitbit data ESAS-r Scores
100 participants 19 features / day 11 items / day

Excluded data

(>50% missing)
Do

97 participants

(D-7 ~ D-1)

remained Day 0
Summary Statistics classification
ms‘?g” Low =0-5
median High = 6-10
max
min
kurt .
skew Do Low or High

D-7--1 133 features n =8156

Steps
Pain

Machine Learning

Time-series
cross-validation

Fod1 ()

Fod2 (]
Fod3 (OO
Fod4 ()OO0
Fods (__ JO00O0

Days

(JTrain | | Test  Unused

The first 3 months
were used for
initialization; the rest
was split into 5 folds
for cross-validation.

Interpretation
Feature importance

(from machine learning)

Statistical analysis

Pain

Steps_mean

Low High

Identify biometric
factors associated
with ESAS-r scores
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Q’j Activity-related features and symptom severity

Basal Metabolic Rate (kcal) Daily steps Light Activity Time (min)
mean mean mean
1400 _— 40000 A 8 L i o
[e) 600
1300 g8 30000 500 -
o]
- 1200 4 400 1
1100 4
10000 - 2007
1000 A 100 4
—t i 01 ; : 01 8
Low High Low High iow High
1400 p— 40000 - o e
8 600 i
1300 4
30000 A 500 A1
1200 4 400 A
Fatigue mtaii 300 1 I |
1100 1
10000 - o
1000 100
L o ; S .
Low High Low High Low High

Boxplots show 7-day means of basal metabolic rate (kcal), daily steps, and lightlyActiveMinutes_mean for low vs.
high Pain (top) and Fatigue (bottom) groups. All differences were significant after FDR correction (g < 0.001).
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Q’j Sleep and RHR features and symptom severity

Total Sleep Time (min) Total Sleep Time (min)
mean std

600 | *

Resting Heart Rate (bpm)
mean

o { *

(o}

o]
n.s.

800 1 S 500 - 80

600 S 400

70 4

Pain =l
400 A
- 200 i 60 |
200 1 100 4
50 1
Sm—— 0 ——
Low High
7o) 600 1 *
(o] _‘_

800 1 n.s. 500 4 80

600 - T 31

Fatigue i

400 1
L

70 1

*
8
200 - 100 | ;

High

50 1

o
e
Low High Low High
o]
o]
Low

Low High Low High

Boxplots show 7-day of mean and std of total sleep time (min), and mean of resting heart rate (bpm) for low vs. high
Pain (top) and Fatigue (bottom) groups. * indicates a significant difference after FDR correction (q < 0.001).
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