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Top 10 global causes of deaths, 2016

Deaths [millions)
0 2 4 6 8 1l
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Ischaemic heart disease
Stroke
Chronic obstructive pulmonary disease

Lower respiratory infections

Alzheimer disease and other dementias

Cause Group
Trachea, bronchus, lung cancers

- Communicable, matemal, neonatal

Diabetes mellitus and nutritional conditions

Road injury - MNencommunicable diseases

0 injuries

Diarrhoeal diseases
Tuberculosis

Source: Giobal Heaith Estimates 2016: Deaths by Cause, Age, Sex, by Country and by Region, 2000-2016. Geneva, World Hesith Organization; 2018,
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Lifestyle factors cause chronic
diseases

90

80

70

60 -

50 -

40 -

30 -

Percent avoidable (%)

20 -

10 S

Colon cancer Stroke Coronary heart  Type 2 diabetes
disease

Willett et al. Science 2002



TN US

National University
of Singapore

Saw Swee Hock
School of Public Health

A healthy lifestyle

...commonly relates to these behaviors...
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A healthy lifestyle

..Is becoming increasingly important...

theeo
nevvpaper NEWS SPORTS ENTERTAINMENT LIFESTYLE RACING @ © vowrre-ores e

) TRENDING: COURT & CRIME® | Food & Drink©

SINGAPORE

Singapore at risk of becoming
fat nation THESTRAITSTIMES bllV bAl_} UKE

Sr SINGAPORE POLITICS ASIA WORLD VIDEOS MULTIMEDIA LIFESTYLE FOOD FORUM OPINION BUSINESS SPORT MORE ~

SINGAPORE > Courts & Crime Education Housing Transport Health Manpow

Parliament: Health Minister Gan Kim Yong declares 'war
on diabetes’; new task force set up
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Intention/ Behaviour

Knowledge Attitudes Volition

Motivation

5/ New Study Finds 73% Of People Who
Set Fitness Goals As New Year's
Resolutions Give Them Up

Whether aiming to lose weight, get fit, or train for an athletic event, simply setting a resolution
doesn't guarantee success. On average, people who have set fithess resolutions say they have
given up on them four times in the past, and cited a number of stumbling blocks when it comes to
achieving their fitness goals:

m 42 percent say it's too difficult to follow a diet or workout regimen
m 38 percent say it's too hard to get back on track once they fall off
m 36 percent say it's hard to find time

Nearly half of those who gave up before reaching their fithess resolution goal did so within six
weeks or less.
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Increasing personal relevance of
lifestyle interventions
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Interventions based on these approaches

1. Targeting
 Based on group characteristics

« Same for all participants

2. Tailoring
 Reach one specific person

« Based on individual characteristics (age,
attitudes etc.)

 Related to outcome of interest

(Belton (2014). Youth-Physical Activity Towards Health: evidence and background to the development of the Y-PATH physical activity



Problems with traditional approaches ¥z~

Do not
consider
micro-
temporal
relationships

Static and
lack
Adaptation

Personal

Relevance

Artificial
setting and

not in real-
life
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Living and working

A conditions Ty

Contextual
Factors
Health

care
services

Age, sex and
constitutional
factors

A Social Model of Health (Dahlgren & Whitehead, 1991)
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Physical activity and health

Physical Activity
1.Some is good!

1.0+
2.More is better!

0.9- 3.lt cannot be too much!
z_-’- 0.8
2
§ 0.7 1

0.6

0.5 - : . - . : -

0 Oto 7.5to 15.0to 22.5to 40.0 to =75.0
<7.5 <15.0 <225 <40.0 <75.0
MET h/wk

Arem et al. Leisure Time Physical Activity and Mortality A Detailed Pooled Analysis of the Dose-Response Relationship. JAMA Int Med 2015
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GPAQ - Global Physical Activity Questionnaire|

Physical Activity

Mext | am going to ask you aboul the time you spend doing different types of physical activity in 8 typical weak, Plag]

aven if you do nof consider yoursalf o be a physically active parson

Think first about the time you spend doing work. Think of work as the things that you have to do such a8 paid or ur|

chores, . Tizhing or hunting for food, sesking employvment. [Trger offer axampes i)

following questions \r@omus—mlsn:m;r aciibes’ are actabes thal require hard physical efforl and cause large mere-|

rate, ‘modarale-intensity actities” are activibes that require moderate physical efort and cause small incroases in b

Q Response

Activity at work

1 Do yeour wasrk i vigarus-intensity actity that causes

largee incresses in bresithing o hean rate ke fearrying or lifing

hegvy loads, digging or consirustion work] for ot least 10

rrurules conbussh?

[INSERT EXAMPLES] (USE SHOWCARDY

I|| a bypical week, on how lnany days do you do vigonous-
intensity actiities &5 part of your work? i L

e much tirmes de you spend doing vigerous-intersity

sactivities 5 work on  typical day? e —

hrs mins

2 INogoto P4

Dcf:; your work involye moderate-intensity activity

small increases in breathing or heart rade such &s brisk walking
[ carrying light losds] for at keast 10 minutes contnususty?
[INSERT EXAMPLES] (USE SHOWCARD)
I bypacal week, on how many diys do you do moderate
irtlensity actribes as part of yous work?
How much bme do you spend doing moderats-intnsity
activibes ot werk on a typecal day?

Travel to and from places

The next questons exclude the physical actnibes al work thal you have already menboned,

MNow | would ke to ask you about the usual way you travel 1o and from piaces. For example 1o work, for shopping.
worship. [insert other examples if needed]

7 Do you walk o e bicyche (el cycie) foral st 10
1o et Io and




What proportion of Singaporeans Is
active?
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Meeting Physical Activity Recommendations
Singapore Health study

Self-report

| W Active
® Inactive
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GPAQ - Global Physical Activity Questionnaire|

Physical Activity

Mext | am going to ask you aboul the time you spend doing different types of physical activity in 8 typical weak, Plag]
aven if you do nof consider yoursalf o be a physically active parson

Think first about the time you spend doing work. Think of work as the things that you have to do such a8 paid or ur|
chores, : . Tizhing or hunting for food, sesking employvment. [Trger offer axampes i)

following questions ‘igonous- m!snaﬂy dclullms are actibes thal require hard physical effort and cause large mncre

rate, ‘modarale-intensity actities” are activibes that require moderate physical efort and cause small incroases in b

Q Response

Activity at work

1 Does your work invobae vigorus.ntensity actty that couses
learges increasess in breathing or hean rate ke fesrrying or ifing

heavy loads, digging or construction work] for at least 10

rinutes connuausly?

[INSERT EXAMPLES] (USE SHOWCARD)

In a typical woek, on how mary days do you do Vigonous-

intensity activities &5 part of your work?

o much time do ,(uls-;n:nd doing Wgorous-intersty

activities o work on 2 typecal day?

No 2 WNNogotoP4

Number of days

Hours . minutis

Does your work involve moderate-intensity activity that causes Yes
small increases in breathing or heart rade such &s brisk walking
for carrying light loads] for at keast 10 minutes continuousty?
[INSERT EXAMPLES] (USE SHOWCARD)

In 3 bypical week, on how many days do you do moderate-
irtlensity actribes as part of yous work?

Hiow much time 59 you spend doing moderats mtensity
activibes ot werk on a typecal day? ! g
hs

No 2 IfNogotoP7

Numberof days |

Travel to and from places

The next questions exclude the physical actnibes al work that you have already menboned
MNow | would ke to ask you about the usual way you travel 1o and from piaces. For example 1o work, for shopping
worship. [insert other examples if needed]

7 Do you walk o e bicyche (el cycie) foral st 10
1o et 1o and |




What proportion of Singaporeans Is
REALLY active?

Key advantages of using technology
e Objective: less social desirability and recall bias

NUS

National University
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Meeting Physical Activity Recommendations
Singapore Health study

Self-report Accelerometer

M Active
[ m Inactive

| W Active
| m Inactive




Technology for physical activity
measurement
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Key advantages of using technology
e Detalled: provide real-time high resolution data

|
. | |
" |
) N
; | | IJNMLM MMM "
00 T 1200
Totals 14,134 steps  4iioon 10.56 km 3,275 catonies



The rise in wearables for objective =N US
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Number of physical activity tracker brands

—4—New ~8—Aggregated
140 128 2}
120

100
B0

Brand count
=

40
20

20

2011 2012 2013 2014 2015 2016 2017

(Henriksen (2018). Using Fitness Trackers and Smartwatches to Measure Physical Activity in Research: Analysis of
Consumer Wrist-Worn Wearables. Journal of medical Internet research, 20(3)
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The PANDA Research Program  $gnu=

Mapping environmental
. factors

Interaction of individuals
with their environment

Dynamically tailored real- ]
time interventions

PANEY

PHYSICAL ACTIVITY AND NUTRITION DETERMINANTS IN ASIA
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Mobile health
(mHealth)

Behavioral Behavioral
determinants in Interventions in

real life (EMA) real life (JITAI)

Sense movement Continuously
adapt support
based on data.
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What's EMA?

Ecological

e Data collection in real world

Momentary

e Data collection in real time

Assessment

e Multiple assessments

(Stone (1994). Ecological momentary assessment (EMA) in behavioural medicine. Annals of Behavioral Medicine.)
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What's EMA?

It's about..

Examining health behaviours and contexts in real
time (using smartphone apps and sensors)

How does it work?

Asking questions and sensing behaviour to infer
causality

When, where, and with whom are you active?




EMA enables us to understand In
REAL-LIFE...
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 Behaviors and changes in behaviors across
time

« Micro-temporal relationships between e.qg.
behaviors and health states

o Contextual factors (e.g. social networks,
environment, policy) related to behaviors

Antecedents Concomitant Consequence
(e.g., stress level) (e.g., mood) (e.g., tiredness)
——————————————————— Time (minutes, hours...)—————————————————>

(Dunton, 2018; ISBNPA conference Hong Kong)
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JITAI: Personalizing lifestyle NUS
interventions through mHealth e

Use temporally dense data
on behaviours, contexts and

internal states to Monitor Understand and Adapt
J Identify state of * Wearable (smartphone) dentify individual's target
- : sensor data behaviors/patterns/needs
VuInerabllltylopportunlty * Gather additional contextual Infer when/where to trigger what
for SUppOI’t information (self-report via kind of intervention
e Deliver right type of smartphone) Integrate with personal goals/plans
Support When and Where According to previous steps:
needed * Tailored prompts and
" feedback
* Adapt rules and support . Sirsing-baced prompts

Continuously and information

e Avoid support that is
interruptive or counter-
productive

Provide Intervention

(Nahum-Shani (2017). Just-in-time adaptive interventions (JITAls) in mobile health: key components and design principles for ongoing
health behaviour support. Annals of Behavioral Medicine, 52(6), 446-462.)

S TS
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The PANDA Research Program  $gnu=

of Singapore

9

’ Mapping environmental
P A N *‘r A . factors
; 3 : ) - ; q Interaction of individuals

r

PHYSICAL ACTIVITY AND NUTRITION DETERMINANTS IN ASIA wit h t h eir environment

Dynamically tailored real-
time interventions

J L

Food-EP| Hope Community EMA using mobile technologies
Aops for life Intervention Continuous Glucose Monitoring
NUH HPEF;L Study Zi(c;;crlie;':'s::tre scheme natural
FEAST Tool p

Health Insights Singapore - NUS

havi .
Sedentary behavior review Student Cohort

Cutting areas 1 and 2:
Parks and Health

GUSTO SRP (Baby PANDA)
Digital marketing

Cutting areas 2 and 3:
National Steps Challenge: Validation and Insights



Parks and Health
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Parks and Health

* Investigate relationship between parks/green
spaces, park attributes as well as the
neighbourhood environment with health and well-
being.

* Investigation into use and reasons for parks/green
space use, facilitators and barriers of use,
perceptions of neighbourhood environments and
how these influence relationships between
parks/green space, health and well-being.

* Investigate participants engagement with
parks/green spaces and their environment through
objective movement and activity monitoring
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Participants

—

i

bt

Environmental mapping )
— Geospatial analysis
and EAPRS

N > 50,000 )
|

Survey on built
environment and parks

N = 3,000

| — L o CF

mHealth for objective
monitoring N = 500




Objective monitoring over multiple NUS
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«nat type of sport, exercise ¢
activity did you do?

@ swimming
(Ocyeling

(O Running/jogging
()walking

()Ball games

() Gym classes/training

() Outdoor gym training

(O other

Ecological
Momentary
Assessment (EMA)

Location tracking

. Accelerometer
on mobile phone

Collects multiple “in 24 hours tracking of Physical activity
the moment” participant’s monitoring through
surveys each day location via GPS, accelerometers

cell-towers and WIFI
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Setting up EMA

movisensXS

« The android app enables EMA and additionally allows to log
measurements from a variety of internal sensors such as accelerometer,
ambient light sensor, battery status, connectivity status, or location

Upload
Results

Sampling Day

‘ Sampling Schema
|
-9

pressed Fixed Time Fixed Time Fixed Time Weekday
Onboarding - 1 - 09:20 19:00 20:30 Monday, Tuesday, Weekday Fixed Time
true Wednesday, Saturday, Sunday 00:15

Thursday, Friday Fixed Time Log Physical .
= = = = . Rty Log Location Log Steps
Alarm - 10 - 3600 Alarm - 10-3600|  [Alarm - 10- 3600 _ ] Upload
o -3-60-false -3-60-false -3-60-false le?g;:me F'xﬁ:_;;me Results

On boarding - 60 Any

true - Free = = = Alarm
= = L Alarm - 10 - 3600

Form Form oy -3-60-false
el Daily Survey - 50 T REiEE
home - 60 - true - tyrue Frie home - 60 - true - Alarm Alarm
Free Free Alarm - 10 - 3600 Alarm - 10 - 3600
-1-60-true -1-60-true
Form
= = Acc end time - 60
-true - Free
Form Form
reminder - 60 - reminder - 60 -
true - Free true - Free
= = Upload
Results
Upload Any
Results
Wian L
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Location tracking

)

1:326 -~ R
103.890 103.885 103.900

lon

A T 7 i
In combination with EMA and accelerometer
e Time spend in parks or transport

* Active vs passive transport
* intensity of activity in parks, transport etc.
Relationship between e.g. park exposure and stress level

AT R EEL s 1.1 —Ll ol

- NEEN
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Total Participant| 5564

Mot Approached 2123 Approached| 3441

Agreed & Recruited 413 Drop out 1 Tentatively Agree 28

*waiting to collect acc

]| Refused| 850 | | Ineligible| 2149 |

Refused - Mot interested / not keen / no
time / not free / inconvenient / 429 Ineligible - Can't read English 737

e Refused/ineligible: 2999

Refused - Mot willing to carry smart

A

phone over 3 days / Not in the habit of 19 e Irregular ping hours / 12
Work irregular hours

carrying phone

Refused - Notwilling to/of Incation 30 Ineligible - Limited physical mobility 3

tracker / intrusive

Refused - Not willing to return
accelerometer to HS after 10-14 days / 117 Ineligible - Night shift 61
location to return too far

Refused - Not willing to use app (e.g.

2 i - 90
phone ro space) Ineligible - No data plan

Refused - Not willing to use data each day ] Ineligible - Mo smart phone 36

Refused - Not willing to wear

| e = 1 0f 413 who agreed and
Refused - Others 76 Ineligible - Oppo user 1431

Refused - Reimbursement not enough /
not attractive

. .
Ineligible - Phone battery faulty / smart ; ' rt I C I i lte d L
Refused - Travelling / travels a lot 2 phanewlishut dowrshy Thelt 6 L4

intermittently / intermittent data
access

Ineligible - Refused HS 40 0

Ineligible - Travelling / travels a lot 84 0 ave CO I I l p e ( E a a
Ineligible - Using non-android phone
{e.g. iPhone)

26 Ineligible - Others 15
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Smartphone incompatibility

MM = VoLTE

T Q% AP 2 B 33% 15:05

Homescreen
& Battery Q ¢ Homescreen
Study not running! Study is currently running
Standby intelligent power savi.. »
Manage Study @ There is 1 warning! ~

Beirteny:Perceriage Problematic manufacturer

Warning! Huawei! o
: g . 33% - approx. 4 days left Please tap to read more.
This device is maybe not compatible with

movisensXS. There is a high chance that H00%
alarms are displayed delayed or are not
arriving at all. Please consider to use a other
smartphone.

5 2/24 5 3/2 3/9

02:00 11:00 21:00

Use since last full charge

(I) Phone idle 70%

A Cell standby 8% e




Device accuracy — issues with
location tracking
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mmmmmmm

drift during journeys

missing data between
locations

understanding
transportation type

Inaccuracies In static
reporting of location

103.890 10284 signaling strength




Accuracy of wearable devices




How accurate are wearables that
measure heart rate or step counts?
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Test trackers

e National Steps Challenge heart rate tracker
e Polar A370

Criterion
e Polar H10 chest strap (heart rate)

[ 4
Health
‘ Promotion
/ Board




Study methodology

Overall sample
N=55

National University
of Singapore

Laboratory phase Freediving phase

Saw Swee Hock
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Polar H10 vs Polar |Polar H10 vs Tempo Polar H10 vs Polar

A370 HR n=4? ?531 019
n=50 (7558 epochs) | n=53 (7675 epochs) epochs)

Polar H10 vs Tempo
HR
n=52 (202276
epochs)

Laboratory phase: Wear trackers during cycling exercise
Free-living phase: Wear trackers during normal day




Accuracy of wrist-worn heart rate  ¥g e

monitors
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Overall According to activity intensity

D1 D2 D3 D4 D5 Dé D7 DB Do DD

200- r=0.56 o
|CC=0.51

150-

Tempo HR (heart rate)

Heart rate (bpm)

100~

! ; é | EH ;g Device

i j : E; B3 PolarHi0

I " E:-]II BS Tempo HR
100- éﬂll II

Decile of polar H10

50-

200
Polar H10 (heart rate)
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Device accuracy — step counts
| |Actigraph | Fithit

Steps per day 8,812 10,193

Average daily steps by devices

10000 GoId standard
H-DDD ...........................................
2000
7000
5000
5000
4000
3000
2000
1000
0
'z;dj' ,EI"E-E" ) ,,z_.
q@ﬁﬁ& &a"?' ‘P Iﬁ{* ‘? = L'j-‘-:"bz

Chu et al. Comparison of wrist-worn Fitbit Flex and waist-worn ActiGraph for measuring steps in free-living adults. Plosone 2017



Participant engagement
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Long-term Ecological Momentary
Assessment

National University
of Singapore

Device Utilization by Day of Study

(>1499 steps/day)
e B
oMo o
O OOOO
35 OO OO O OO o O
o [OXCOXO) o @8
OX®)
30
25

2 H++M++ ﬂ
+1+ ++%+

(%]
c
.0
)
[%]
)
-}
o
S~
£
© + —I—
o + + -—It—
S 15 + -|- i +H
B + +
c -t\: +
"‘5 10 .
> Responses to Queries on Each Study Day
2 (157 Qs over 28 days)
€
5 5
=2

0

1 6 11 16 21 26 31 36 41 46 51 56 61 66 71

Days since study start
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Long-term participant engagement

Participation rate

Device Utilization by Day of Study about 88% (end of
(>1499 steps/day) engagement period)
0 oo
Eanelnness oG
O OOOO
35 OO OO O OO o O
O [OXCOXO) O @8
OO

30
(%]
R
I ﬁr N L !,! + + ¥
-}
2 2 + o F :F + ﬂf jﬁ
(%]
I= + :L_ + + 4 +
S v+ BT s
S 15 i + -_|'-_ i +H
ju
: S
“= 10 .
8 Responses to Queries on Each Study Day
é (157 Qs over 28 days) Participation rate
s 2 about 35% (end of
= real-life observation)

0
1 6 11 16 21 26 31 36 41 46 51 56 61 66 71

Days since study start
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» Lifestyle behaviours are key to population health

 mHealth holds promise for lifestyle interventions
— Understanding behaviours using EMA
— Providing personalized interventions (JITAI)

 Challenges include
— Participant selection and generalizability
— Device incompatibilities and data guality
— Device accuracy and technological failures
— Continuous participant engagement

 Realistic expectations about effectiveness of
personalized lifestyle interventions
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Thank you!

®

°

PANSEA

PHYSICAL ACTIVITY AND NUTRITION DETERMINANTS IN ASIA

*

r

http://blog.nus.edu.sa/sphpanda/ ; Twitter: @PANDA_SGSPH
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