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Aim

Presentation of tools/methods that facilitate the
collection of data in large cohorts (with a focus on

spatial data)

Three tools that have been pilot tested or implemented
in existing cohort studies

— Tool 1: Study Management Application
— Tool 2: VERITAS interactive mapping questionnaire
— Tool 3: Multisensor platform for real-time tracking



Managing a cohort

Large cohorts = All kinds of challenges!
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Managing a cohort

Investigators Coordinators Recruiters Interviewers

_ //—_\\_.._

Participants

Data

. Follow-u
collection P

Recruitment

Database




Managing a cohort

Transversal Challenges!
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Tool 1: Cohort Management
Application

Use of a study management application to manage
— People
— Procedures
— Questionnaires
— Devices
— Procedures
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h‘ ... . ; Adaptée pour 'eng populationnelle ZEPSOM
Application de gestion d'études de l'nstitut univers en santé mentale Douglas

| Questionnaires | | sagers | | Activités | | atériel | | Adrnin | | Aide |

Usagers

# Coho.  Prénom om ID Usager Type Temps Etape Statut ot SR AD

7913 03 306093 POT T-03 1M 1M1 WER 0g2.00 1041
7414 -03 306094 POT T-03 1Ml 1M1 WER osa.00 1034
7415 03 06095 POT T-03 REC ACT WER 0sa.00 1047
7916 03 06096 POT T-03 1M 1M1 WER 0g2.00 1041
7917 -03 30609Y POT T-03 REC ACT WER 0sa00 1047
7418 03 06098 POT T-03 1M1 1M1 WER 08700 1028
7919 z-03 306099 POT T-03 1M 1M1 WER 0g2.00 1034
7320 -03 306100 POT T-03 1Ml 1M1 WER a0zo0 1144
7921 03 306101 POT T-03 Il 1M1 WER 3100 1213
7922 z-03 306102 POT T-03 1Ml 1M1 WER 093.00 1035
7923 -03 306103 POT T-03 1Ml 1M1 WER 100 1170
Ta24 03 306104 POT T-03 Il 1M1 WER asroo 103
7925 z-03 306105 POT T-03 Il 1M1 WER 3000 1143
7926 c-03 306106 POT T-03 Il 1M1 WER 1.00 1163
Taz7 03 306107 POT T-03 Il 1M1 WER 08300 1035
7928 -03 306108 POT T-03 IMI 1M1 WER 30300 1182

7 Filtrer... Actions Activités inaire Editer... Ajouter. . Effacer
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‘ . . n Adaptée pour l'enquéte populationnelle ZEPSC
Application de gestion d'études de I'nstitut universitaire en santé mentale Dou

S ARrS | | Activites | | Materiel | | Adrmin | | Aide |

Zohorte Temps Etape Statut m

c-03 2 [To03 3 [Fn 3 [com 3

Usagers

# Zaoho. Prénorm Mo Dertier MV T ape Statut it SIR AD

LY C-03 VErohigue Ge 201 3-03-01 2015-03-01 il o VER 0700 1180
FEEA Z-03 E MHRE VER oa0.00 1004
TiT2 C-03 | [ VER 09300 1044
LR Z-03 Savannah It il iz YER a07.00 1160
7774 C-03 e EEmme | I VER  308.00 1177
TiTa C-03 Alain Tro . [ 1) VER n9o.00 1004
777 03 Date de naissance  Etat matrimonial  Langue | M ER 08200 1042
7777 C-03 1985-01-04 v| [FR__ ¥ || NI VER 31100 1172
7778 03 Education FProfession Frof. code [ M YER ge7 o0 1021
777a Z-03 : : | (11 YER nags.on 1038
TTeo C-03 Revenu Code rev. EC MHEE VER 000 1222
Tral Z-03 0 2 : E ACT YER MT.02 3254
732 C-03 | [ YER a058.00 1143
7783 C-03 haizan | [ VER oga.00 1018
Trad c-03 . | gl YER nas.oo0 1003
7785 C-03 15 S el - | I VER  307.00 1156

438-738-47448 :
? Filtrer... | Editer... Ajouter... Effacer

Disponibilité (sem.) 3




P P :
Application de gestion d"etudes

Adaptée pour I'enquéte populationnelle ZE
de I'nstitut universitaire en santé mentale

Usagers | | Activités | | matériel | | admin [ [ aide |

Activitées
# Activité
a ENT
] ENT
7 =
a ENT
9 ENT
10 =
11 =
12 EYT
13 ENT
14 ENT
15 =
16 =
17 EYT
18 ENT
19 ENT
20 EWT

[134E1]

Etat
FIN
FIN
FIN
FIN
FIN
FIN
FIN
FIN
FIN
FIN
FIN
FIN
FIN
FIN
FIN
FIN

¢

Code
GEM
GEM
GEM
GEM
GEM
GEM
GEM
GER
GEM
GEM
GEM
GEM
GER
GEM
GEM
GEM

Filtrer...

Description

INTERVIEWY (QUIESTIONMAIRE)
INTERVIEWY (QUUESTIOMNMAIRE)
IMNTERVIEYY (QUESTIOMNMNAIRE)
INTERVIEWY (QUIESTIONMAIRE)
INTERVIEWY (QUUESTIOMNMAIRE)
IMNTERVIEYY (QUESTIOMNMNAIRE)
INTERVIEWY (QUIESTIONMAIRE)
INTERVIEWY (QUESTICNMAIRE)
INTERVIEWY (QUIESTIONMNAIRE)
INTERVIEWY (QUUESTIOMNMAIRE)
IMTERVIEYY (QUESTIOMNMNAIRE)
INTERVIEWY (QUIESTIOMNMAIRE)
INTERVIEWY (QIESTICNMAIRE)
IMTERVIEWY (QUIESTIOMNMAIRE)
INTERVIEWY (QUUESTIONMAIRE)
IMNTERVIEWY (QUESTIONMNAIRE)

Actions

Debut

2007-11-20
2009-09-23
2012-02-23
2008-06-23
2012-04-12
2008-05-18
2010-04-12
2012-04-17
2008-02-18
2009-11-16
2011-12-22
2007-08-13
2009-12-22
2007-11-149
2009-08-10
2008-08-09

Fin
2007-11-20
2009-09-23
2012-02-23
2008-06-273
2012-04-12
2008-08-18
2010-04-12
2012-04-17
2008-02-18
2009-11-18
2011-12-22
2007-08-13
2009-12-22
2007-11-14
2009-09-10
2008-08-04

IO Resp.

(MTOO4
(MTOO4
MTO11
MTOO4
MTO01
MTO01
MTO01
MTO0
MNTO01
MTO01
(MTO01
[MTOOE
MTO0
MTOTY
[MTO0S
[MTOOE

D Padicipant Type

10

10

10

145
167
167
167
168
168
168
207
207
207
208
208
223

FAR
FAR
FAR
FAR
FAR
FAR
FAR
FAR
FAR
FAR
FAR
FAR
FAR
FAR
FAR
FAR

Editer...

Temps
T-01
T-02
T-03
T-01
T-03
T-01
T-02
T-03
T-01
T-02
T-03
T-01
T-02
T-01
T-02
T-01

Ajouter...

Etape
Flrl
INT
[MT
[MT
Flrl
[MT
IMT
[MT
[MT
INT
[MT
[MT
INT
[MT
INT
[T

Stat
ndal
o
adal,
Pl
adal
adal,
ndal
ndal
ndal
adal
D'H:z
ndal
adal
n{al
ndal
o

Efface




P P .
Application de gestion d'études

Adaptée pour I'enquéte populationnelle ZE
de [Institut universitaire en santé mentale

Usagers | | Activités | | matériel | | adrmin || aide |

Activitées

Activitd
=
=
EYT
ENT
ENT
EWT
ENT
ENT
=
=
EYT
ENT
ENT
EWT
ENT
ENT

[13461]

Etat
FiM
Fir
FIM
Firy
FIM
Fl
Firy
FIM
FiM
Fir
FIM
Firy
FiM
Fl
Firy
FIM

?

Code
GEM
GEM
GER
GEM
GEM
GEM
GEM
GEM
GEM
GEM
GER
GEM
GEM
GEM
GEM
GEM

Description

IMNTERWVIEWY (Gl
IMTERWIEWY (21
IMNTERWVIEWY (211
IMTERWIEWY (21
INTERWVIEWY (21
IMNTERWIEWY (Gl
IMTERWIEWY (21
IMNTERWVIEWY (21
IMNTERWVIEWY (G
IMTERWIEWY (21
IMTERWVIEWY (21
IMTERWIEWY (21
IMNTERWVIEWY (21
IMTERWVIEWY (Gl
IMTERWIEWY (211
IMNTERWVIEWY (2L

Filtrer... Actions

Type activité
Tache Evénermert
Etat activité

A faire aujourdhui A faire cette sermaine

En cours
Planifiée Finalizée Annulée

Mode ! Code ! Description activité

Lsager Systérme
Code | --- -
Cescription | -— -

D Padicipant Type

10

10

10

145
167
167
167
168
168
168
207
207
207
208
208
223

FAR
FAR
FAR
FAR
FAR
FAR
FAR
FAR
FAR
FAR
FAR
FAR
FAR
FAR
FAR
FAR

Editer...

Temps
T-01
T-02
T-03
T-01
T-03
T-01
T-02
T-03
T-01
T-02
T-03
T-01
T-02
T-01
T-02
T-01

Ajouter...

Etape
Flrl
IMT
INT
[MT
Flrl
[T
[MT
INT
[MT
[MT
INT
[MT
INT
[T
[MT
INT

Stat
adal,
ndal
adal
Pl
ndal
adel,
ndal
adal
adal,
ndal
OiH:
n{al
ndal
o
ndal
ndal

Efface
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. . . i Adaptée pour I'enquéte populationnelle ZE
Application de gestion d'etudes de I'nstitut universitaire en santé mentale

Usagers | | activités | | matériel | | admin || aide |

. . _ item d'inventaire
Imventaire materiel [3]

O
p T Sl 5 - Type Sk M® de sétie | o oo
o SR COM 4 [comont | |4532345-34535 10 S RE ()
1 il COm00n1 LAPTOR 15" S e
2 MEM  MEMOOY MEMORY STIC Bt _ Deseription.
a GRS GPS003 GRS CHIUN Ui o |EARUOTT I
Acquisition
Date Cot
2012-04-02 1200.00
Enregistrer Annuler
Assighation & 'usager
IO L=sager Faom usager
7
Déhut Fin D.R.E.
Livré le Mode de livraison
7 Filtrer... A = Editer... Ajouter... Effacer
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Adaptée pour I'enquéte populationnelle ZE

Application de gestion d'etudes de I'nstitut universitaire en santé mentale

Questionnaires

Cluestionnaires
GPMT Recrutement GPMT-F

mHom padicipant
John Kennedy 7

Réponses Dérmarrar Arnuler
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Adaptée pour I'enquéte populationnelle ZE

Application de gestion d'etudes de I'nstitut universitaire en santé mentale

7. Shopping and Services - Convenience Stores

(7 a. Have you been to a convenienceicorner store/small grocery store H :

in the last 6 months? Y
Aucklindige iz

® ez Ma )

CI7h. Canyou locate on the map the convenience/corner store/small wangonole 4
grocery store where you go most often? g "Iwui"- .
® Yeg Mo 5 g
Fi ,-/
Flace y _
13 Passage de Industrie, 75010 Paris, France, AWaraka

p y

L J

#=  Brighton # Dunadin
- e

CJ7 €. How often do you go there?

o=

g

a fimes per ® weelk rmanth YEar

CI7 d. How do you normally get there?

Zar v Fublic transit
W oNalk Skateboardfscooter
Bicvele Other (nlease stated | ---




Study Management Application

A comprehensive application to manage cohorts
Facilitates the process

Keeps track of activities

Integrates questionnaires



Tool 2: Spatial data collection tool

* Environmental determinants increasingly at stake,
both as a cause of disease, social health inequalities,
and as a target for intervention

* Current shift to improve integration of daily mobility
and multiple exposures in epidemiological models



Collecting spatial information

* Tools to collect location information include:
— Residential history questionnaires — lifecourse
— Travel surveys — often one day of detailed mobility

— Activity space questionnaires — asking people’s
regular destinations

— Real-time tracking using GPS receivers



Spatial data used in health research
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Spatial data used in health research
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Spatial data used in health research
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Spatial data used in health research
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Spatial data used in health research
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VERITAS, an online mapping
guestionnaire

Uses an interactive map to collect spatial data
Can be administered or self-administered
Flexible and scalable

Allows to collect information on locations, routes,
spaces and related qualitative assessment

Is linked to mapping and search APIs to facilitate the
process and increase validity (Openstreetmap,
Google Map, etc.)



VERITAS

A series of questions which can be answered on a map
through creation of:

— A point location (marker)
— A line (polyline)
— An area (polygon)

Map searching capabilities / streetview
functionalities can help identifying known
locations/destinations.



VERITAS

Example: Where do you shop for food most often?

m’ 7 TRTHES
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RD
@EPRESY VERITAS RECORD

* |llustration: VERITAS in the RECORD Study

e RECORD Study: Large Paris area cohort on Cardiovascular
health (n = 8,000)

* Wave 1in 2007-2008, Wave 2 in 2012-2014

 VERITAS RECORD administered to some 4,800 participants as
of today

e 27 spatial questions including destinations for food shopping,
sport activities, leisure, friends, family, etc.

 QOver 65,000 locations collected — Median of 14 locations
collected per participant

 Median completion time of 20 minutes



VERITAS RECORD

Rich spatial information on regular destinations which can
serve to identify multiple environmental exposures and
inequalities

Spatial information transformed into spatial indicators to feed
epidemiological models (Activity space size, maximum
distance, concentration etc.) (Camille Perchoux, Ph.D.
candidate)

Interesting information to monitor spatial health inequalities,
mobility behaviour and guide intervention in the distribution
of resources/infrastructures



Tool 3: A multisensor platform for real-
time tracking

e Self-reported locations vs. objective measures
* Multisensor device for tracking of:

— Mobility (GPS, RFID)
— Physical activity (Accelerometer)

— Physiology (Various sensors)



Multisensor platform

DATA
CAPTURE

DATA
PROCESSING




Multisensor platform
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SenseDoc multisensor
wearable device

GPS GPRS

Accelerometer

SANYT Memory
\ANT Module )

Acquisition server



SenseDoc multisensor
wearable device . (




SenseDoc Multisensor Device

<

CAPTURE

’ 5\
1 \%\\/
GPS - SIRF IV

GPS performance validation
Spatial accuracy

Time to First Fix (TTFF)
Indoor — Outdoor

Fixed - Moving

Acquisition server



Average of dist_moy Column Labels -1
Row Labels Etrex HTC MS Qstarz Grand Total
=lIndoor
=Icold 13,6 90 7,7 16,7 12,3
Brick building, hallway 141 57 41 154 10,4
Brick building, window 144 12,4 7,6 15,5 12,5
_ Concrete building, window 12,3 11,6 19,4 14,4
CAPTURE N =hot 12,9 11,3 10,0 155 12,6
| Brick building, hallway 11,2 72 63 158 10,5
Brick building, window 76 50 69 128 8,5
Concrete building, window 19,9 21,8 16,9 17,9 18,7
=lwarm 14,0 13,5 20,3 15,8 16,1
Brick building, hallway 10,4 15,6 22,1 11,1 14,8
Brick building, window 7,8 10,4 21,7 13,2 13,7
Concrete building, window 23,8 12,2 17,0 23,0 20,0
=/Outdoor
=Icold 7,8 16,6 11,0 17,6 13,0
Narrow streets 21,4

Open surroundings
Residential areas
Sky scrapers

='hot
Narrow streets
Open surroundings
Residential areas
Sky scrapers

=lwarm
Narrow streets
Open surroundings
Residential areas
Sky scrapers

Grand Total 103 114 95 130




Row Labels Etrex HTC MS Qstarz Grand Total
=lIndoor

=Icold 136,3 255,0 33,2 86,3 102,3
Brick building, hallway 68,0 104,0 23,0 44,4
Brick building, window 252,0 406,0 193,0 187,9
Concrete building, window 89,0 77,5 43,0 69,8
CAPTURE ;! -/hot 18,5 181,3 36,6
o8& Brick building, hallway [ 65 820 16,0
g Brick building, window 41,0 143,0 3,3
‘.m%; Concrete building, window _ 319,0 50,6
wy =lwarm 101,7 293,3 46,5 204,7 149,5
’ ’ﬁ’ Brick building, hallway 27,0 69,0 164,9
=S Brick building, window 107,0 26,0 84,5 191,0 113,0
Concrete building, window 171,0 20,0 55,0 354,0 168,6

=IOutdoor
=Icold 37,8 171,7 26,0 40,5 62,1
Narrow streets 44,0 247,0 36,0 40,0 91,8
Open surroundings 37,0 57,0 59,3
Residential areas 24,0
Sky scrapers 64,0
='hot 21,5
Narrow streets 40,8

Open surroundings
Residential areas
Sky scrapers

=lwarm 26,4 46,8 39,4 31,6 36,1
Narrow streets 40,0 45,0 45,0 40,0 42,5
Open surroundings 36,0 45,0 35,0 34,3
Residential areas 68,5 44,5 29,5 43,1
Sky scrapers 16,0 18,0 24,0 17,3

Grand Total 55,8 130,6 28,2 65,2 65,3



SenseDoc Multisensor Device
/\

CAPTURE

Marie-Lyse Bélanger, M.Sc. Student in kinesiology
Accelerometer validation using indirect calorimetry

Lab — 14 controlled exercises from sedentary to vigouros PA
Eleven adult subjects

Calculation of Vertical Magnitude Acceleration (VMAG)
Testing of various bandpass filters

Comparison with Actigraph GT3X performence

Best results obtained with Bandpass filter 0.1 Hz — 3.5 Hz
Modelling of Energy Expenditure: Adj. R-square of .79
Use of Vector Body Dynamic Acceleration (VEDBA)



SenseDoc Multisensor Device

<

CAPTURE

Battery life

Eteindre GPS

Strong battery (3200 mAh)

Axelle Chevallier, M.Sc. Student in
Electrical Engineering

Mohamad Sawan, Professor,
Electrical Engineering

régulier de

seuil ? _
réwveil ?

oul

Allumer GPS

!
oul
Compteur
< 10min
L)

Programme principal

Battery optimisation algorithm

- Movement
- Location and movement



SenseDoc Multisensor Device
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CAPTURE

Battery life
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Figure 6-7 Décharge de pile avec et sans détection de I'inactivité Figure 6-8 Décharge de pile avec et sans détection des lienx d'activité



SenseDoc Multisensor Device
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N

Data transmission

GPS Data sent over the air (cellphone network) every 30 minutes

Possible alerts depending on
- Location

- Activity

- Time

Connection to other sensors (2.4 GHz ANT+) Heart rate monitor,
footpod, RFID tags, etc.



Issues in data processing

Transforming raw GPS data into meaningful and useful
information, combining with accelerometry

- ‘Putting things into context’
- Activity locations
- Trips between locations

XY - i

7 S, = v S ™

= - -~

R SPHEREEAB GPS s N

v, s ARCTOOLBOX H: .o,

“'l' ’.-,Il. e® v ‘.g--‘
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. www.spherelab.org/tools ¢



u Usage

Using GPS/Accel to locate behaviour and assess exposure

Improve the understanding of mechanisms linking
environments to health behaviours and profiles

Use GPS to prompt recall and gain additional insight
Use GPS to support qualitative studies (go-along, geo-
ethnography, geo-tagged photos, environmental

perception, etc.)

Use GPS/Accel data to assist clinical practice (mHealth)
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(\_/) Usage

RECORD GPS Study, Paris

191 participants wearing GPS & Accelerometer for 7 days
Estimates of:

 Number of steps walked

* Energy expenditure

* Moderate to Vigorous physical activity

e Sedentary time

Analyses possible at the trip level and by travel mode



(\_}) Usage
VSR RECORD

During wear time, transportation was responsible for:

* 39% of steps walked
e 32% of total energy expenditure
* 33% of MVPA

e 15% of sedentary time



) 7
Usage ?’ RECRRR..

Geographic variations in contribution of transport to physical activity

Geographic Incati;l%(ys\far suburb)
Proximate suburb aris

% of steps
% of EE (Sasaki)

+3.3% (-1.8%, +8.3%) +11.6%\(+6.1%, +17.1%)
+2.9% (~1.8%, +7.5%) +11.8%)(+6.7%, +16.9%)

% of MVPA +2.7% (=2.2%, +7.6%) +12.8% (+7.4%, +18.2%)
N
Geographic location (vs. far suburb)
Proximate suburb /I{E(I-IB
Steps (#) + 2451 (-1854, +6756) +7205 (2526, +11884)
EE (Sasaki) (kcals) +113 (113, +339) +269 22, +516)
MVPA (mn) +18 (19, +56) +54 +13, +94)

N



Usage

VS RECORD

Une étude des dizparités territoriales de santé

Differences in PA compared to car driving, per 10 min of trip

(n=4,984 trips with unique mode)

Mn of MVPA
per 10 mn of trip

Mn of sedentary

time per 10 mn of

trip

Kcal of energy
expenditure (Sasaki)

Transportation mode

(vs. car driving)
Car, passenger

2-wheel motor vehicle

Metro

Bus [/ coach
Train
Tramway

Biking
Walking

-0.3 (0.8, +0.1)
0.1 (0.5, +0.6)

+1.9 (+1.5, +2.2)
+1.1 (+0.6, +1.6)
+2.0 (+1.5, +2.6)
+3.6 (+1.8, +5.3)

+0.5 (+0.1, +0.9)
-1.7 (2.2, -1.2)

1.0 (-1.3, -0.7)
-0.5 (-1.0, -0.1)
-0.5 (-1.0, -0.0)
-1.8 (-3.4, -0.2)

~3.0 (-3.4, -2.5)
-3.1 (-3.3, -3.0)

-2.0 (49, +0.8)
+1.4 (-2.0, +4.8)

+10.0 (+7.9, +12.0)
+7.1 (+4.0, +10.1)
+12.9 (+9.5, +16.3)
+16.0 (+5.3, +26.6)

+6.0  (+2.9, +9.1)

+0.7 (+0.2, +1.2)
3.?, +4.1)

(322.7 )+21.6, +23.7)



Conclusion

Large cohorts = challenges!

A study management tool to manage people, processes and
guestionnaires

An interactive mapping questionnaire to collect rich spatial
data

A multisensor platform to collect data on mobility, behaviour
and health
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