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ABSTRACT

Purpose The Lifelines COVID-19 cohort was set up to
assess the psychological and societal impacts of the
COVID-19 pandemic and investigate potential risk factors
for COVID-19 within the Lifelines prospective population
cohort.

Participants Participants were recruited from the 140 000
eligible participants of Lifelines and the Lifelines NEXT birth
cohort, who are all residents of the three northern provinces of
the Netherlands. Participants filled out detailed questionnaires
about their physical and mental health and experiences on

a weekly basis starting in late March 2020, and the cohort
consists of everyone who filled in at least one questionnaire in
the first 8 weeks of the project.

Findings to date >71 000 unique participants responded
to the questionnaires at least once during the first 8

weeks, with >22 000 participants responding to seven
questionnaires. Compiled questionnaire results are
continuously updated and shared with the public through
the Corona Barometer website. Early results included a clear
signal that younger people living alone were experiencing
greater levels of loneliness due to lockdown, and subsequent
results showed the easing of anxiety as lockdown was eased
in June 2020.

Future plans Questionnaires were sent on a (bi)weekly
basis starting in March 2020 and on a monthly basis
starting July 2020, with plans for new questionnaire rounds
to continue through 2020 and early 2021. Questionnaire
frequency can be increased again for subsequent waves

of infections. Cohort data will be used to address how the
COVID-19 pandemic developed in the northern provinces

of the Netherlands, which environmental and genetic

risk factors predict disease susceptibility and severity

and the psychological and societal impacts of the crisis.
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Strengths and limitations of this study

» The Lifelines COVID-19 cohort collects data
about factors relevant to the impact of the COVID-19
pandemic for >70 000 individuals living in the
Northern Netherlands. Participants in the cohort
are also participants in the Lifelines prospective
population cohort and the Lifelines NEXT mother—
baby cohort, which means there is already a rich
data background for all participants, and cohort
data can be linked to data held in other national
databases.

» The cohort questionnaire programme began
during the height of the first wave of infections in the
Netherlands and continued through late 2020 and ear-
ly 2021. The questionnaires were designed by a mul-
tidisciplinary group of researchers to explore factors
that may impact COVID-19 susceptibility and severity
and the social, mental and economic impacts of the
pandemic.

» The compiled questionnaire data have been
continuously shared with the participants and
the public through an interactive website, and
new questionnaire modules have been added to
address questions raised by participants and
researchers.

» The region covered by the Lifelines COVID-19
cohort has so far experienced very low numbers
of COVID-19 cases, as compared with the rest of
the Netherlands. This reduces the power to detect
COVID-19 related risk factors but makes the cohort
an interesting resource for examining the broader
mental health impacts of the governmental measures
to slow infection rates and the associated economic

Professor Lude Franke: Cohort data are linked to the extensive health, lifestyle slowdown.
.h.franke@umcg.nl and sociodemographic data held for these participants
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by Lifelines, a 30-year project that started in 2006, and to data about
participants held in national databases.

INTRODUCTION

COVID-19 has now impacted the lives and health of
billions of people around the world. Due to the initial
absence of a vaccine, lack of effective antiviral medica-
tion and limited understanding of the SARS-CoV-2, most
governments have tried to slow the growth rate of infec-
tions through public health measures including tracking
and testing, shutting down of public life, social distancing
policies and stay-at-home orders. These measures have
had a huge impact on public health and well-being,
the economy (including employment and working
conditions) and daily life. The effects of the COVID-19
pandemic will therefore be multiple: there will be the
impact of the infection itself and the broader societal and
health impacts.

To identify genetic and environmental risk factors for
COVID-19 and address the medical, social and psycholog-
ical impacts of the pandemic, a multidisciplinary group
of researchers rapidly developed and implemented an
extensive COVID-19 questionnaire, leading to the devel-
opment of the Lifelines COVID-19 cohort. The question-
naire collects data about COVID-19 related symptoms,
current health issues and societal impacts from partici-
pants recruited from the Lifelines population cohort'
and the Lifelines NEXT (LLNEXT) birth cohort,? which
are both monitoring the health of the northern Dutch
population (provinces of Drenthe, Groningen and
Friesland). Via a (bi)weekly questionnaire, the project
gathers information about COVID-19 symptoms, associ-
ated comorbidities and environmental factors, changes
in work and employment, COVID-19 related worries,
loneliness and the mental health and societal impacts of
the pandemic. In addition, all participating parents are
asked about their children’s well-being, and LLNEXT
parents received detailed questions about COVID-19
related symptoms expressed by their children. Additional
questionnaire modules have been included as the project
progressed.

The data collected by the questionnaires is being used
to address four aspects of the outbreak: (1) how the
COVID-19 pandemic developed in the three northern
provinces of the Netherlands, (2) which environmental
risk factors predict disease susceptibility and severity,
(3) which genetic risk factors predict disease suscepti-
bility and severity and (4) the psychological and societal
impacts of the crisis.

The initial COVID-19 outbreak in the Netherlands and the
northern provinces

The first official COVID-19 cases in the Netherlands were
registered on 27 February 2020 (see timeline figure 1A).”
By 24 March 2020, the number of cases diagnosed per
day had risen to 1126 (figure 1B). The rapid rise in
case numbers led the Dutch government to shut down
primary and secondary schools, bars and restaurants,

sporting facilities and other public spaces on 15 March
2020, followed by a more extensive shutdown of public
life in the weeks that followed (see figure 1A for major
events). However, the three northern Dutch provinces
did not follow national trends. COVID-19 appeared later
here and did not reach the same incidence of cases or
infection rates. While the three northern provinces
account for 10% of the Dutch population, they only had
2%-3% of cases, hospitalisations and deaths in the period
from 27 February to 9 June 2020 (see figure 1C; online
supplemental table 1). Multiple factors may explain
why the outbreak was different in the north.*® Drenthe,
Groningen and Friesland together are the least popu-
lated region of the Netherlands and contain the fewest
urban centres. The early arrival and spread of infection
in the southern Dutch province of North Brabant seems
to have originated in travel to and from Northern Italy
during the school holidays from 22 February—1 March
2020, with the spread of the infection in the southern
Dutch region then further facilitated by personal contact
during regional carnival celebrations. In contrast, school
holidays fell earlier for the northern provinces (15-22
February 2020), which suggests that northerners who trav-
elled to Italy during the vacation had returned before the
major expansion of the outbreak in Northern Italy.’ Nor
is carnival widely or generally celebrated in the northern
provinces. Other factors may also have played a role, for
example, use of a stricter COVID-19 testing regime and
wider availability of tests in the region.” The later arrival
of COVID-19 to the north meant that the national steps
taken to bring down the infection rate were in place
before the outbreak had really taken hold in the Lifelines
region.

COHORT DESCRIPTION

Participant recruitment

Participants of the Lifelines COVID-19 cohort are
recruited from the Lifelines and LLNEXT cohorts. Life-
lines is a prospective population cohort following ~167
000 people in the three northern provinces of the Neth-
erlands for 30 years1 (see figure 2 for Lifelines region).
Established in 2006, Lifelines collects detailed informa-
tion aboutits participants via extensive questionnaires and
medical examinations, and the cohort has been shown to
be representative of the Northern Dutch population.” By
design, Lifelines recruited multiple participants within
families to produce a multigenerational cohort that could
map individual and community health across life course.!
Since 2016, LLNEXT has been recruiting an additional
generation through inclusion of mother—baby pairs, with
partners also invited to participate to generate parent—
baby trios.”

To recruit participants for the Lifelines COVID-19
cohort, Lifelines and LLNEXT invited their participants
digitally to fill out the questionnaires. In each question-
naire round (Q1-Q7 in figures 1D and 3), all Lifelines
participants over the age of 18 years with a known email

2
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A Timeline of COVID-19 pandemic in the Netherlands

Closure schools, Peak COVID-19 Re-opening
restaurants, clubs, IC occupancy elementary schools
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Figure 1 Timeline of the COVID-19 pandemic in the Netherlands and Lifelines data collection. (A) Important events of the
pandemic in the Netherlands from February to June 2020. (B) Daily reported positive infections (grey) and hospitalisations (blue)
visualised alongside the change in mobility (black) in the Netherlands. Mobility is quantified using Apple Maps Request data
(https://www.apple.com/COVID-19/mobility) with the change over time normalised to 1 February 2020. Change in mobility
indicates the percentage change in overall requested driving directions by users of Apple Maps. COVID-19 daily infections and
hospitalisations are derived from the CoronaWatchNL github account (https://github.com/J535D165/CoronaWatchNL) and are
based on reported numbers from the Rijksinstituut voor Volksgezondheid en Milieu (RIVM). (C) The reproductive number in the
Netherlands and the three northern provinces over time. The R(t) is calculated based on incident cases (new positive PCR tests)
including healthcare workers and cases appertaining to local outbreaks. National and regional R(t) values in the early phase of
the pandemic are not directly comparable, since testing among healthcare workers was more widely adopted early on in the
northern provinces. (D) Overview of the Lifelines COVID-19 data collections. The pie chart on the left shows the proportion of
participants for each province. The first weekly COVID-19 questionnaire (Q1) was sent out on 30 March 2020. Based on Q1-7,
71 800 unique respondents have filled out at least one questionnaire. From Q7, assessments are biweekly. IC, intensive care.
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Distribution of COVID-19 patients

in the Netherlands
66.0 hospitalized COVID-19
patients per 100,000 residents

Lifelines region
18.4 hospitalized COVID-19
patients per 100,000 residents

Number of hospitalized
COVID-19 patients per
100,000 residents

B <30
B 30-60
I s0-90
Il 0-130
I 130-200
[l 200-330

Data from 18/05/2020

Figure 2 Distribution of hospitalisation across Dutch municipalities. The number of hospitalisations per municipality,

as reported by the Rijksinstituut voor Volksgezondheid en Milieu (RIVM), were integrated with a geographical map of the
Netherlands. For each municipality, the cumulative number of COVID-19 hospitalisations per 100 000 residents is shown. The
lifelines region is outlined in grey. These data were downloaded on 18 May 2020.

address received a link to the digital COVID-19 ques-
tionnaire (see inclusion flow chart in figure 3). Digital
invitations were valid for 3 weeks, and the date on which
the questionnaire was completed was registered. Since
LLNEXT is an ongoing project in which new participants
are still being included, the number of LLNEXT partic-
ipants invited to participate in the COVID-19 cohort
increased with each new questionnaire round. In each
round, invited participants chose if they wanted to fill in
the questionnaire, and the cohort population consists of
all those who filled in at least one questionnaire in the
first seven questionnaire rounds (figures 1D and 3).

On 30 March 2020, all Lifelines and LLNEXT partic-
ipants were invited to participate in the first COVID-19
questionnaire round (Q]1 in figures 1D and 3), with new
invitations to participate sent out weekly. Starting 27
April 2020, an additional questionnaire about children’s

health and symptoms was sent to the participants of the
LLNEXT (>300 participants). Programme questionnaires
were sent out weekly through the week of 18 May 2020,
then at biweekly intervals until July 2020, when the ques-
tionnaires became monthly. The project has continued
through 2020 and early 2021, with the option to increase
questionnaire frequency when the local caseload begins
to increase rapidly. While the timeline of the question-
naire programme will be decided by the outbreak, the
cohort itself will continue to exist as part of Lifelines,
which will allow participants to be monitored for the
long-term health impacts of the pandemic through the
length of the Lifelines programme.

Questionnaire contents
The Lifelines COVID-19 questionnaire includes question
modules about sociodemographic parameters, chronic

4
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Lifelines population cohort
(n=167,729)

(n=689 babies and their parent(s))

Lifelines NEXT birth cohort

)

(n=140,145)

All active participants aged >18 years
with known email-address
were invited to fill out weekly questionnaires

l

Completed questionnaire #1
(n=54,525, response rate=39.0%)

Completed questionnaire #2
(n=51,988, response rate=37.2%)

Completed questionnaire #3
(n=50,356, response rate=36.0%)

Participants with invalid

v

\4

email-address were
excluded (n=8,941)

Completed questionnaire #4
(n=47,334, response rate=36.2%)

Completed questionnaire #5
(n=45,483, response rate=34.8%)

Completed questionnaire #6
(n=42,917, response rate=32.8%)

}

Frequency of questionnaires was
altered to bi-weekly

v

SMS campaign:

participants provided

<
<

v

correct email-address

Completed questionnaire #7
(n=44,719, response rate=33.7%)

(n=1,670)

l

Lifelines COVID-19

were invited to fill out future
(n=111,239)

71,992 unique participants responded to at least one of
the first seven questionnaires

Participants who opened at least one email-invite

cohort

questionnaires

Figure 3 Study inclusion flow chart.

diseases, COVID-19 infection, general health and symp-
toms, medication use, the mental health/well-being of
participants and of children and young adults in their
family, COVID-19 related well-being, social life, social
relations and lifestyle (see table 1 for modules and ques-
tions and https://www.lifelines.nl/researcher/data-and-
biobank/wiki). For participants who answer a subsequent
version of the questionnaire, these questions are related
to their experience in the period since the previous ques-
tionnaire. Additional questions and question modules
have been added as the questionnaire programme

progressed, including the Groningen Frailty Indicator,®
KIDSCREEN-10Y and the Positive and Negative Affects
Schedule.™

Lifelines COVID-19 cohort data can be linked to other
participant data held by Lifelines, including detailed
biological measurements such as genotype, metage-
nomics, metabolomics and transcriptomics collected for
subcohorts within Lifelines such as Lifelines DEEP!! and
Lifelines DAGS3. Data can also be linked to the admin-
istrative records held by Statistics Netherlands (https://
www.cbs.nl/en-gb), which include health-related records

Mc Intyre K, et al. BMJ Open 2021;11:€044474. doi:10.1136/bmjopen-2020-044474

5

1ybuAdoo
Aq pejosjoud “usbuiuois jo AjsieAuN 18 LZ0Z ‘22 YoJeN uo jwoorfwq uedolwaq//:dny woly papeojumoq “LZ0Z YdIeN L) UO ¥/ ¥¥¥0-0202-uadolwa/ag L L'0L se paysiignd sy :uedQ riNg



BMJ Open: first published as 10.1136/bmjopen-2020-044474 on 17 March 2021. Downloaded from http://bmjopen.bmj.com/ on March 22, 2021 at University of Groningen. Protected by
copyright.

panuiluo)

Mec Intyre K, et al. BMJ Open 2021;11:e044474. doi:10.1136/bmjopen-2020-044474

ajesun Aan/afesun/ajes 1eyMawos/a)es ¢pooydnoqybiau Jidyy Ul 8es 98} (P|1Iyd J10) uaip|Iyd JNoA oq "€dy
ajesun Aian/afesun/ajes 1eyMawos/a)es ¢awoy je ajes |98} (p|Iyo J40) uaip|iyd JnoA oq gy
SBA, =Qv7 §I
pIey 1xel ¢¥eyl moys Asyy op moH ey
,SS9J}S 1O 10| B, 10 ,SSBJIS YoNuWl, IO SS8JIS BWOS,= gy JI
SS8J1S JO 10| B/SS8JIS YONW/SSBIIS SUWO0S/SSBIIS ON ¢, SISO BUOIOD 8y} INode ssadls Burousuadxa (p|Iyo J0) uaip|iyod JNoA a1y "Ly
Jiog, 10 S8A, =ap Hl
{uaipliyo
U10Q,/0U/SBA J81S0} JO Uaip|Iyo JnoA abk Jo sieah G| Japun sloguisl pjoyasnoy JnoA aly "qy
0<cey 10 O<ley }l uslp|iyo s1o9g

plel [ealiswnN £,SSeJppe awoy InoA Jo apoo)sod 8y} JO siequinu Inoy 8y} a4e 1BYM ‘S uoneoo

oseqelep sauljayiT 8y} U] b oby

olydesbowapoloog

=2 = Moo |

Open access



BMJ Open: first published as 10.1136/bmjopen-2020-044474 on 17 March 2021. Downloaded from http://bmjopen.bmj.com/ on March 22, 2021 at University of Groningen. Protected by

Open access

copyright.

panuizuo)

sassau||l a1uoIyo

ybrom Aw parewnses |/Bujusns/bujuiow ¢esinoA ybiem noA pip Aep jo awiy jeym 1y "qg
"J|@SIN0oA
6y ‘peu [eoawnN ybrem ases|d ‘@snoy sy} ul 8|eos B aAey NOA §| ¢(6) ul) ybrem 1ua1ind JnoA si 1eypp "eg MB[SJEETVY

Mg Intyre K, et al. BMJ Open 2021;11:€044474. doi:10.1136/bmjopen-2020-044474



BMJ Open: first published as 10.1136/bmjopen-2020-044474 on 17 March 2021. Downloaded from http://bmjopen.bmj.com/ on March 22, 2021 at University of Groningen. Protected by
copyright.

panuiluo)

adA} Jamsuy uonsanpd 109lqng

wal uoI}PUOD Jay3o Ayoads " Lw|
£ UOIHPUOD D1UOIYD JO pUB] JBYloue aAey NOA oq "W |
(penowal uss|ds ‘elwskUE |90 8pjoIs ‘B8) usas|ds JNoA yum sws|qoid |

asees|p
S Jowieyz|y 1o aseasip s,uosunjied ‘Bluswap se yons ‘esessip [eoibojoinap “fL

Mec Intyre K, et al. BMJ Open 2021;11:e044474. doi:10.1136/bmjopen-2020-044474

Jaoue) "I

sndn| ‘siuypue ployewnayd
“)opJosIp [oMog AlojelWB|iUl ‘9SBasIp OBI[900 SB YoNs ‘ssaul|l sunwiwi-0Iny Y|

JapJosip Alaixue Jo sisoyoAsd ‘uoissaidap se yons ‘ssau||l [ealbojoyoAsd "B
9SBas|Ip 9|oshWw dlUoIYyD 4|
se1eqelq '8}
uonouny Asupiy paonpal Jo aseasip Asupiy ‘P L
9SBasIp JOAIT 0|
SIIYouOoIg 21U0IYD J0 AdOD ‘euwlyise se yons ‘aseasip bun ‘qL
aseas|p AJeuolod Jo/pue pesy JayiQ " Lel
VIL 10 8)ons "lel
sbBo| oy} Ul seleME BU] JO BuIMmOoLeN "Le|
Joeye pesH “Le|
ainssaid poolq ybiH " 1e|
(eanssaud poojq ybiy Buipnjoul) asessip Jejnosenoipie) ‘el
OU/SaA ¢ UOIIPUOD Y}eay d1uoiyo e aney nok oq “| ssau|||

H 0

)
7
[
3]
3]
@
c
[
o

®)



BMJ Open: first published as 10.1136/bmjopen-2020-044474 on 17 March 2021. Downloaded from http://bmjopen.bmj.com/ on March 22, 2021 at University of Groningen. Protected by
copyright.

panuiluo)

)
7
[
3]
3]
@
c
[
o

©)

(Uonoajul SnJIA BUOIOD B UBY) JOYIO SUOSESU J0) WdY] peYy
noA yuiyy noA 4o noA 1oy 2juoyd aie sSwoldwAs ayj jI Usrd SIoMSUE 8say] Ul [[if 9Sed|d)
:sAep / 1se| 8y ul swoldwAs Buimoljo) syl paousiiadxs nok aney aaibap 1eym o] °g swoldwAs jusdey

adA} Jamsuy uonsand 109[qng
.

OU/SBA ¢J01B[I}UBA B Uo Ind NoA auap) "gog

(SOA=LOE H

OU/SBA ¢leudsoy ayy 4O 1uN 8482 SAISUSIUI 8U} Ul NOA aIop\ “LOS

OU/SOA ¢sonoigiue uo nd noA alapn "qe

OU/SBA ¢ uabAxo [ejuswe|ddns uanIb NoA alepp eg

SOA=E H

¢aireuuonsanb (61-QIAOD) SNJIA BUOIOD BU]
OU/SBA Ul paj|i} NOA awiy 1SE| Y} 2UIS UOI108JUI G |L-PIAOD B Jo} pasijendsoy usaq noA aneH

OU/SBA £Uol108)Ul 6 L-PIAOD B 10} pasijelidsoy usadg NoA aneH g

SOA,=q| 10 SOA,=}E| Ji uonesifeydsoH

Mg Intyre K, et al. BMJ Open 2021;11:€044474. doi:10.1136/bmjopen-2020-044474



BMJ Open: first published as 10.1136/bmjopen-2020-044474 on 17 March 2021. Downloaded from http://bmjopen.bmj.com/ on March 22, 2021 at University of Groningen. Protected by

€O

Open access

panuiuon

copyright.

1081109 10U S,JeY} ‘ON,, Joyoue b
pue 1091100 S,1BU} ‘SBA,, Joyoue 1a| Yum SYN 1ulod usnes

USH0/30| E 8)inb/awos/ej3| e/|[e e jou

paisneyxa AjjeaisAyd 8} | ‘pe
auly ya4 | o¢

Ap1oinb paaiy 106 | "qg

pain 38} | ‘eg

:sAep 2 1se| ayi ul Buimoj|o} ayy aousuadxa noA pip 8aibap 1eym o] °¢

ured yoeq Jaddn "zg
(S)wure Jo (S)iop|noys “Yosu ul uied 'Ag
UDS AIISUSS "Xg
Buizesug '‘mg
sahe Ayoyl Jo |nyuied ‘pay 'Ag
9]SB] JO [|BWS JO 8SU8S JO SSOT 'nNg

ured yoewols “gig

esoydielq ‘e
ured yoewols Jo eaoyLelq ‘12
(1laybiy 1o seaubap gg) Jona4 'sg
ybnoo 19p\ Ug
ybnoo Aiqg "bg
jeoy} alog "dg
asou Auuny "og
Buiyiesiq usym ured "ug
yieaiq JO SSaUPOYS "Wg
sba| Jo swue JnoA ul ssauineay Jo Bulgs) v |2
dwij Bur@a) Apoq JnoAk jo ued g
yeouyy JnoA ur dwn) vy “Iz
Apoq JnoA ur aleymawios Buijbuiy 10 ssauquin i1z
urebe pjoo Ajusppns uay) ‘wiem Ajusppns Bules4 "yg
Buiyresiq Aynoiiqg "6z
sayoe/ured 8|osSN\ 1g
yoeuwojls 1osdn Jo BasneN ‘ag
ured yoeq Jamo 'pg
ured 1s8yd 40 UedH 0g
ssauizziq ‘qg
ayoepesH ‘eg

anbiyeq

panupuod | a|qelL

Mec Intyre K, et al. BMJ Open 2021;11:€044474. doi:10.1136/bmjopen-2020-044474

10



BMJ Open: first published as 10.1136/bmjopen-2020-044474 on 17 March 2021. Downloaded from http://bmjopen.bmj.com/ on March 22, 2021 at University of Groningen. Protected by

Open access

panunuon

copyright.

INGT]
OU/SBA
OU/SBA
OU/SBA
OU/SBA
OU/SBA
Ou/SBA
ou/SBA
OU/SBA

Ou/SBA

OU/SBA
adA} Jamsuy

(e1qi1ssod

sI uoipdo auo uey} 8JI0J) JBYIO=8 ‘BWI} ON=/ ‘SUJBOU0D
[eloueUI4=9 “0100p AW Jayloq 0] JUEM JOU PIP |=G ‘BU0IO0D
BuoeJuod JNOgE SNOIXUE SBM |=f ‘JUBLIIESI]-}|8S Pauels |=¢
‘aloymasi|a uonewoyul 106 |=g ‘ybnous peq jou swoldwAg=|

JBY10=9 ‘U0I}08juUl BUOIOD B YUM 1}

swoldwAS=g ‘uoipuod [eaibojoyoAsd meN=1 ‘(S)wordwAs
MaN=¢ ‘swolrdwAs BuiisIxa JO UOIIBOIISUBIU|I=Z ‘D|IUM B

ul paousiiadxa 1,uaney Ing Ajsnoinaid pey | swoldwAg=|

OUu/SaA
Aes 0} 10U Jojeid/Ou/SeA

SOA =L H

J8Y10 ‘6

uoljeolpaw ured -

auldipasw ybnoy -

uolyeslpaw saegelq *

uoljeoipaw Bulemol-|oiaisajoyD *

(sdoup Jea Jo aAs ‘sweald suow.oy ‘suoilosul Se Yyons) sploJa1SooIH09 Jayl10 *
(ouosiupaid se yons) w.oy 19|gel Ul SPI0Ia1SODIU0D) *

Joleyu]

- N M T 0O O© N~ ©

(judejeus ‘epiwasouny ‘|ojoidolow se yons) auioipsw ainssaid poo|q ybiH *
¢SAep / 1se| 8yl Ul usyel NOA aAeY SuolIedIpaW YOIYA

¢SAep / 1se| 8yl ul suonedipaw Aue uayel noA aneH

SOA=01 #!

" SOA, 0110 ‘@ins 10U aJ,noA J| 'Joweledeled Jo dnihs

ybnoo 81| SUOIIEDIPAW J81UNO0I-8Y1-1I9A0 INOge Yulyl 01 18610} 1,u0(q ¢aireuuonsanb
BUOJIOD 8Y} Ul pa||i} NOA awi 1se| 8y} 8ouls pabueyd abesn uoiiedipaw JNoA seH 0|

uonsanp

"8|qIssod S| JOMSUB 8UO UBL} 810\ ¢,40100p JNOA 10BIUOD 0} 10U 8S00YD NOA pIp AYMA /2

¢ swoydwAs assy} sequosep 1seq 1eUpA ‘9

¢,40100p JNOA 10BIUOD 0} J0U 8SOYD 1N “I0} J0100p
3y} 898s Ajjewlou pjnom noA jeyy swajqoid yiesy pey noA aaey sAep / 1se| 8yl U °G

$,sAep 2 1se| 8y} ul 8rensisusw noA piq ey
SOA=Y JI
‘urebe uj siyj |1} 03 noA bupyse aJe em ‘eJieuuociisanb

sIy1 Jo buissaoo.d pides sy} ainsus 0} 1Nq ‘@seqelep JNo Ul UORBUILIOJUI SIY) 8ABY Op /) ¢,90k JO Sieak GG pue g| UsaM1aq UBWOM B NOA aly {7

y9lqng
NOILYOIa3an

92UBPIOAE 10100(]
uolenJisusip

X908

panuiuo) | {|qeL

~—
—

Mc Intyre K, et al. BMJ Open 2021;11:€044474. doi:10.1136/bmjopen-2020-044474



BMJ Open: first published as 10.1136/bmjopen-2020-044474 on 17 March 2021. Downloaded from http://bmjopen.bmj.com/ on March 22, 2021 at University of Groningen. Protected by

€O

Open access

panunuon

copyright.

oL

oL

ABau| ‘(jonez3 ‘Bs) qluunezg

‘(uesysanp ‘Bs) sulweifisajoyn ‘(pidoT ‘68) |1zoiquuiar)
‘unelseneld ‘(Joisaln ‘69) uneiseansoy ‘(joose ‘69)
uieiseAn|d ‘(Joudiq ‘6s) uneisealoly ‘(10007 ‘B9) uneiseAwls

1oL
X8l

[euyl] ‘euoseylewexsp yum sdoipaig

‘9UOSBYIBWEXSP YJIM LWEBSIO JO SAES ‘DUoSey1awe1eq Yim
Wwiealo J0 8AJeS ‘(818N ‘Bd8) sUOSEONIN|) WESID 0 SARS
‘9UOSI0004PAY YIM WESID 10 BA[ES ‘OpIU0}eOBUOjOUIOWEL
yum sdoipied ‘(Looesep ‘Bs) opIu01eOBUOIOUIOWELY UM
Aeids [eseN ‘©plu0}e0BUOJOUIOWEL} YHIM WESID JO SAeS
‘(y-HooeUSY| ‘Bo) BpluOIeOBUOJBUIDWEL] UIM Uoos(Uu|

VT
NET]

auosIupaid
‘aU0|0SIUPaId ‘BUOSILOD0IPAH ‘Buoseyiswexs( ‘OUoSIHo)

xaL

xaL

apieIag ‘U0DIqWIAS ‘U81so4

‘(epnoxi4 ‘6s) suoseonn|4 ‘(Hooiwind ‘Bs) spiuosepng ‘(ead
‘Do) sauoselawoloag ‘(eauidg ‘68) wnidonol] ‘(usnoily
‘exeld| ‘69) wnidoseud| ‘(uanaies ‘Ba) |oie18WIES (|IPBIOS
‘sIXQ ‘D8) |o4e10WI0 ‘(IWoIY ‘Uljolus) ‘B8) jowelnges

INCT]
INGT]

auidipajIN ‘(L1sez

‘69) judouisi ‘(081usy ‘B9) judejeus ‘udoiden ‘(Joow3 ‘BGa)
|ojoadosig {(DOz uaaoles ‘b9) |ojoidolg|A ‘jojoualy ‘(xauung
‘B9) spiuelowing ‘(xiseT ‘6a) apiwasoin ‘epizelyiolojyd0ipAH

SOA,=9 H
:Z suioipaw Ajjeoioads Yayi0
1} suioipaw Ajjesioads Yayi0

"g/qIssod aJe siomsue

ajdninyy ¢,sAep / 1se| 8yl ul pasn NoA aney suoiedIpaw BULIBMO| [0491S8|0YD UDIYA
SOA,=G #l

:g duloIpaw Ajleoioads Y48yl

1L suloIpaw Ajjeoyioads Y48yl

*g/qIssod aJe siemsue sjdninyy ¢skep / 1se| 8yl ul pasn NoA
aney (sdoipies/ehs 10 sweald suowIoy ‘suoi}osul yons) SpioJaisodIuod JBylo YdIUAA

SOA=T H
:Z auidipaw Ajjeoaioads Yayi0
1} suidipaw Ajjeaioads Y8yl

"g/qIssod aJe siemsue
ajdiyinyy ¢sAep 7 1se| 8yl ul pasn noA aney (suosiupald se yons) spI0Ja1SodILod YdIYM

S8A,=E Hl
:g aupIpaW Ajjeonioads Y48yl
11 sudIpaW Ajjeonioads Y48yl

‘9/qIssod aJe siemsue ajdiiny\ ¢SAep / 1Se| 8y} Ul pasn noA aaey sJajeyul YoIlyp
SOA,=C H

:Z auioipaw Ajjeoaioads Yayi0

1} suidipaw Ajjeoaioads “4ayiQ

‘8/qIssod aJe siamsue ajdinyy ¢sAep / 1se| 8yl ul pasn noA aney
(judejeus ‘epiwasouny ‘|ojoidolow ‘Ba) suoneoipaw Buuemo| Buunssaid poo|q YdIypa

panupuod | a|qeL

Mec Intyre K, et al. BMJ Open 2021;11:€044474. doi:10.1136/bmjopen-2020-044474

12



BMJ Open: first published as 10.1136/bmjopen-2020-044474 on 17 March 2021. Downloaded from http://bmjopen.bmj.com/ on March 22, 2021 at University of Groningen. Protected by

)
7
[
3]
3]
@
c
[
o

©)

(€0)

copyright.

panuiluo)

adA} Jamsuy uonsand 109lqng
(o1
Xal  wnuwixew) ¢sAep / 1Se| 8y} Ul pasn NOA aABY SaUIDIPaW JUaIdyIp Jayjo Auew MOH "eg
SOA,=6 #!
INETN 12 duioIpaw Ajleoioads 4aylo
IVETN 11 auloIpaw Ajleoioads 4aylo
(ydsowelQ ‘unuon SN ‘68) suiydiop (WIONAXQ ‘URUODAXQ
‘Bo) UOPOIAXQ ‘(lewedl ‘Bd) jopewel] ‘BuUIBPO) ‘(9NdlY
‘6o) uaxoudep ‘oeusjo|oiq ‘(uMidsy ‘B8) pioe oljkoles|Aleoy
‘(usynug ‘Bs) usjoidnq) ‘(usydoujwelede) |owelaoeied ‘8/qissod a.e siamsue ajdinyy ¢sAep / 1se| 8y} ul pasn noA aney sJa||f ured YoIypn
SO\, =8 #l
Ve :Z auioipaw Ajjeoloads Y48yl
X9 11 suloipaw Ajjeoyoads Y48yl
JoylUBW JO Bjiwowey) ‘auizeyidulold ‘euleishkooqie)
‘au1e1sAojA100Yy ‘aulIonAxolUad ‘ueydioylowonxaq ‘dniAs ‘g/qissod
awAuyy Jo dnihs eayyy ‘auixaywooig ‘euideosoN ‘eulepo) aJe siamsue ajdnnyy ¢SAep J 1se| 8yl Ul pasn noA aaey sauldipawl Yybnoo Yyoiypa
SOA, =L
el :Z duioipaw Ajeoyoads JayiQ
X3l 11 suloIpaw Ajleoioads 4aylo
(elanusap
‘Ba) sundibeus ‘(Aeqoon|y ‘6a) asoqeoy ‘(WIONOAON
‘Bo) apiulbeday ‘(so1oy ‘Bo) suozeybold ‘(uoioiwelq ‘Ba)
apIZEe|DI|D) ‘DplWeouaqI|D ‘OpIWEINg|O] ‘UILLIOKBIA ‘(Shiue "gjqissod aJe siemsue
‘pPIEIXIIN ‘pPJereInsu| ‘XIloAoN ‘pidelonop ‘Ba) ulnsul a/dinyy ¢sAep / 1se| 8yl Ul pasn NoA aAeY SUOIEDIPaW Pale|ai-Sa1adelp YU

™
-

Mg Intyre K, et al. BMJ Open 2021;11:€044474. doi:10.1136/bmjopen-2020-044474



BMJ Open: first published as 10.1136/bmjopen-2020-044474 on 17 March 2021. Downloaded from http://bmjopen.bmj.com/ on March 22, 2021 at University of Groningen. Protected by

copyright.

panuizuo)

€O

IX8L ¢,SNJIABUOIOD 8y} Jo peaids ey} Jusnald o} Bupe) noA ase suonnesaud Jayio 1eypp ‘1X1 g
. "Kireoyioads Yapo, = € Il

*Ajleooads YsyiQ/|enest

paonpay/podsuel; olignd BuiploAy/211gnd Ul 8Sou pue yinow

Aw Buuenop/siequisw pjoyasnoy Buipnioul ‘Buiouessip

[e100S/(sJequiaw pjoyasnoy Joy 1daoxa) Bulouelsip
[BIO0S,/AUBLOBJUISIP pUBY JO 8s/Bulysem puey juanbai £ sniineuo.od sy} jo peads sy} Juanaid o} Buiyel noA ale suoinesaud Jeyp) '€ suoiinesald uoljosu|

adAy Jamsuy uonsanp 109lqng
OU/SBA ¢91qen Apenoiped aiem NoA "0G
OU/SOA £,9SUd] 194 NOA "qG
OU/SOA ¢shonJsu Jo Aisif ‘sso|isal 319} NOA "EG

“"Jey) usddey us)o 1l pIp SABp / 1se| 8yl U| 'G

¢ Bunesuaouod woiy NoA
ouysap uanaid Ay} pIp 40O apise SalIoM 8Say] 18S O} pJey Hl puly NoA pip sAep / ise| a8yl U] ‘g

OU/SBA ¢ shep / 1se| ayy ul Aep Aians 1sowe Juasaid SalLIOM 8SaU} SIS\ "BY
SOA =Y H
£IUBWIUOIIAUS S)eIpawlwl JnoA Ul ‘ewoy 1e “Yom je ‘a)l| AepAians jo swa|qoid

oussep  o|diynw 1noge BuiAuiom pue Ajpaissaoxa Bulhiiom usaq nok aney ‘sAep / 1se| 8yl U ‘{7 ALixuy - ININ

)
7
[
3]
3]
@
c
[
o

®)

Mec Intyre K, et al. BMJ Open 2021;11:e044474. doi:10.1136/bmjopen-2020-044474

14



BMJ Open: first published as 10.1136/bmjopen-2020-044474 on 17 March 2021. Downloaded from http://bmjopen.bmj.com/ on March 22, 2021 at University of Groningen. Protected by

Open access

panuiuo)

copyright.

sadA} Jamsuy

yonw Aian=/ ‘you Aj@injosqe=|
yonw Aian=/ ‘you Aj@injosge=|

oaibe Ajer101=5 ‘Ajybis
oaibe=4 ‘[esinau=g ‘Ajybijs saibesip=g ‘@albesip A|e101=|

adA} Jeamsuy
USHO /SOWIISWOS /I9A8U JO JOASU 1SOW|Y
USHO /SOWIIOWOS /I9A8U JO JOASU 1SOW|Y

US)O /SBWIIBWOS /I9A8U IO JOASU ISOWY

pa1e|os! Ajje100s Ajpwaiixe=Q| ‘Pare|os! A|[e100s jou=|
sadA} Jamsuy

1U|[90Xa=Q| ‘3|qLIeI=|

OU/SBA
OU/SBA

aaibe Aje101=6 ‘Apybis

uonsanp

A19100s Jno ul Buodm ob [Im sBulyy 1eyl pledje we | "0}

A18100s Ul Bulob mou aie sBuiyl Moy Ylm pajelisniy We | ‘g

A19100s Ul s1ay30 Aq peilelosidde jou we | 1eyl [994 | '8

K18100s Aq papn|oxa |98} | “/

sainseawl BUOJIOD S, 1uswuIdnob syl yum Aidwoo o1 pabijqo |88} 10U op | '9

61-PIN0D
yum || 1o pa1oajul 186 | 4l sw djay 01 ued Aayl Buiyifians op [jIm SJBY10 1eyl 10adxa | G

6 L-PINOD YlM pa1oajul ate oym siayio djgy o1 ued | Buiyifiens op | f

spuauy Jo/pue Ajiwey ‘sinoqybiau Aw wouy pasu | uoddns pue djay ay1 186 | '
spualy Jo/pue Ajiwey ‘sinogqybiau Aw 0} pa}osuuUod |99} | g

a|doad yoin( ||e 03 P1OBUUOD 98} | " |

;shep 7 1se| ay} ul Mojeq SjusLslels 8y} Yum pasibe noA yonw moy ayeoipul NoA ue)

uonsanp

¢,9Uole |98} NOA pIp USO MOH "0g

£,S49U10 WOoJ} pale|os| [984 NOA pIp U0 MOH 'gg

£ PaPN|OXd |98} NOA PIP USHO MOH "BZ

$sAep / 1se| 8y} ul 384 NOA moy 1noge sn [|81 NoA ue) g
¢ sAep 7 1se| ay Ul 18} NOA aney paie|os! A|[elo0s MOH " |
uonsanp

¢ shep ; 1se| ayy 4910 a4l Jo Aljenb unoA a1es noA pjnom moH "0}

£ UOI109JUl 6 |L.-PINOD B JO PaIp NOA 0] 8SO|0 SUOBWOS SBH °6

£ U01108JUl 6 -PINOD B 9ABY NOA 0] 8S0|0 SUOBWOS S80( '8

*SISIIO BUOIOD 8y} 0} 8suodsal s juswuianob yong ayy ul yyey aney | /L

‘Buieg-jjem Aw 03 1eaiyl e se ‘sdoys ui 1o pooyinoqybiau ayi ul
ajdoad se yons ‘eale Aw Ul SIBYL0 98S | ‘SISO G |.-PIN0D dy} Jo Buluuibaqg ayl 8ouIS "9

y9lqnsg

sabueyo ajAysayi

1o9lgns

suoneja. [e100g

ssauljauo

uolne|oSI [B100S

y2lqng

o}l |e1dos

ayl| Jo Ayenp

Aywixoud euoio)

aalbe=y ‘lesinau=g ‘Aybi|s aaibesip=g ‘calbes|p A|[ejol=| "SpUBIBYISN 8Y} Ul SUOAISAS Sudiealyl 6 L-PIN0D G suondaolad
¢shep 2
1IX8]  1SB| 98U} Ul LWOJL 9DIAP. pue uoijewloul JnoA Buimeb usaq noA aAey as|@ aIlayp) Xt
. Ajreoyioads ‘sieyio,=y 4l

panupuod | 3|qeL

o
-

Mc Intyre K, et al. BMJ Open 2021;11:€044474. doi:10.1136/bmjopen-2020-044474



BMJ Open: first published as 10.1136/bmjopen-2020-044474 on 17 March 2021. Downloaded from http://bmjopen.bmj.com/ on March 22, 2021 at University of Groningen. Protected by

€O

Open access

panunuon

copyright.

OU/SOA
adA} Jamsuy

DCIR

OU/SBA
adA} Jamsuy

sinoy g1
UBY} 8JOW ‘SiN0Y gL “** Ynoy | “noy | ueyl sss| ‘Mouy| 3,uoq

sinoy gL

uByl 8JoW ‘sinoy g “*** “4noy | Unoy | ueyl SSo| ‘Mouy| 1,uoq
sinoy g |

ueyl 8Jow ‘sinoy g| “*** 4noy | Unoy | Uey}l Ss9| ‘Mou 1,uoq
sinoy g |

UByl 8Jow ‘sinoy g| “*** U4noy | Unoy | ueyl SS9| ‘Mou| 1,uoq
0S Aq Bujuaem ‘g ueyy Je1ea16 Yaquinu ul |ji4

sasse|b alow 1o 9=9 ‘sasse|b G=G ‘sasse|b

=y ‘sosse|b g=¢ ‘sasse|b g=g ‘,00u0, Jo sse|b |=| ‘0=0
sasse|b alow 1o 9=9 ‘sasse|b G=G ‘sasse|b

=y ‘sosse|b g=¢ ‘sasse|b g=g ‘,00u0, Jo sse|b |=| ‘0=0
OU/SOA

SISO 6 -PINOD BY} @lojaq pouad ayj ul uey

$S97=¢ ‘SISLO 6 |.-PINOD BY} 8Joyaq polad ay} ul Se yonw se
1SNP=g ‘SISlO §-PINOD 8Y} @lojaq pouad oy Ul Uey} SI0N=|
ulw 08| Uey} aJow=gG ‘sul 08-0G =V

‘sul 0G1-00 =€ ‘sulw Q0 |-0G=¢ ‘sul QG Uey} ssa|=1|

ulw 081 Uey} dJow=gG ‘sul 08-0G =V

‘sul 0G1-00 =€ ‘sulw Q0 }-0G=¢ ‘sul QG Uey} ssa|=1|
uepodwi Ausp=6G ‘uepodwi aI0\=1 ‘uenodul

se 1snp=g ‘quepodw sse=g ‘Juenpodwl Ss8| Yoni\=1|

Aep Jad x g ueyy

alow=g ‘Aep Jad x g=; ‘Aep tad x =9 ‘Aep Jad x 9=G ‘Aep sad
X G=¢ ‘Aep 1ad x y=¢ ‘Aep Jad x g=g ‘Aep Jad x g ueyy sse=|
Ja1yyeay yonw=g 4slyiesay=y

‘Ayyesy se 1snl=g ‘Ayyeay sse|=g ‘Auyiesy sss| yonN=|

Jad ‘ebelane uo ‘Bunis puads NoA pip swil yonw Moy ‘SISO BUOIOD 8Y} 810189 6

¢,SISUD G L-PINOD By} 10jeq polad syl yum pasedwod Bunes nok ase Ayyesy moH “|

‘urebe ui siyi |1} 01 NoA Bupjse ase am ‘aireuuonnsanb siyy

Jo Buisseooid pidel sy} einsus 0} INQ ‘@SBgeIEP JNO Ul UOIBLIOLUI SIUY 8ABY OP S\ ¢Jop|0 10 G9 NOA aly *|

uonsanp

"Jap|o pue abe Jo sieak Gg syuspuodsal 104 — xapul Ayjiesy uabujuoiy)

¢alreuuonsanb siyl 1noge aaey NOA Op SJUBWIWOD TBYAA " 1XT |
SOA=| H
¢alreuuonsanb siyy Buipiebal syjuswiwod Aue aaey noA oq "L
uonsanp
STETITITeYy)

&(ung ‘reg) Aep

pusxeam Jad sbeleae uo Bunys pusds NoA pip sawiy yonw moy ‘sAep 2 1sed auy uj “g|

¢ (Aepu4 o1 Aepuolp) Aep

Buiiom Jed ‘ebelane uo ‘Buiniis puads NoA pip swil yonw moy ‘sAep 7 1sed syi uj “ ||

£(ung “1e8) ABp pusdeemM

Jad ‘ebeise uo ‘Bunys pusds NOA pIp S} YonNw MOY ‘SISLIO BUOIOD 8y} 8104eg "0}

¢ (Aepuy o1 Aepuo|p) Aep Buiyiom
s|ens| Ajianoy

¢[e101 sAep / 1se| 8yl Ul pawnNsuod NoA aAey |0yooje o suun Auew moH ‘g8
¢ sAep / 1se| ay1 Ul pawnsuod NoA aney |0Yyooe JO sHun Auew MmoH "eg

;ebelane uo ‘spun Auew moy ‘seh | ¢SAep / 1Se| 98U} Ul [0yoo[e YunJp NoA aneH g [e]¥ete)\V4

¢SAep / 1se| 8y} ul payows noA aneH "/ Bupjowsg

:Buiuresy ybrem Jo adou

Buidwin( ‘Bunjiem oIpION Se 4ons ‘sesiojoxs BulusyiBusils suog pue 8josnw op | 9

¢ (Buluuny Jo Bupyig ‘Bupjem

‘6a) op noA pip AlAioe asualul (AjAne|al) Jo seinuiw Auew moy ‘sAep Z 1se| 8yl U] 'g

¢(Buiuunu 1o Bupjig ‘Bupjiem ‘B6a) yeam yoes op
noA pip AlAioe asuaiul (Aj@Alrejad) Jo selnuiw Auew Moy ‘SISO BUOIOD 8y} alojeqg {7 as1049X]

¢SISUD 6|-PINOD

ay1 aloyaq pouad syl yum pasedwod si Buies Ayiesy yuiyl noA op uepodwi MOH °¢

¢Aep Jad 188 NoA Op UsO MOH °Z

suJsened Buieg

panupuod | a|qeL

Mec Intyre K, et al. BMJ Open 2021;11:€044474. doi:10.1136/bmjopen-2020-044474

16



BMJ Open: first published as 10.1136/bmjopen-2020-044474 on 17 March 2021. Downloaded from http://bmjopen.bmj.com/ on March 22, 2021 at University of Groningen. Protected by

Open access

copyright.

OB} OJWoBYOS JUSISUBI) ‘Y| ‘SPUBaYISN Syl “IN ‘Malrialu] ouelyoAsdoinap [euoneussiul IUIA ‘INIIN ‘osessip Areuownd aA130nJ1sgo o1uoayd ‘ado9D
‘pouad Buluaaialul 8y} 0} 10adsal yum Jamsue pjnoys Ayl 1eyl a1edipul 0} aiieuuolisanb snoinaid e ul pa|ji4 Ay sluspuodsal uaym Aybis paiipow ale payse suolsany

Jood/urey/poob/poob Alen/us|j@oxg

sAemje/Ajjuanbaiy/sewinawos/Jonau 1sowe/IonaN

JequinN
adA} Jamsuy

SOA/SOWIIBWOS/ON
OU/SBA

swa|qoid ou ‘oN/swajgold swos ‘sep/swajqold Auew ‘sep
swa|qoid ou ‘oN/swiajqoid swos ‘sap/swajqold Auew ‘san
0l O} 0 WoJ} 8jeos

OU/SBA

OU/SaA

OU/SBA

OU/SBA

OU/SBA

$Yieay Jay Jo siy a1eJ p[iyd JnoA pjnom moy ‘[esausb uj “| |

¢paloq usaq p|Iyo JNoA seH ‘POt

¢fbBue 381 piyo JnoA seH o0

£ SNOIXUE 38} P|IYD JNOA seH a0}

juonuane Aed 01 s|ge usaq p|Iyo JNoA seH B0

¢llom ob seiiAloe |0oyds pId *6

£Spualy Jay Jo SIYy YUM uny aAeY plIyd JnoA piq -

¢s1waled Jay Jo siy Aq Aie) paread) ussq sey ays Jo 8y 1By} 18} PIIYD JNOA seH -
¢BWI} 934} JIBY} Ul Op 01 pajueM ays Jo Jay sBuiyl syl op 01 8|ge uaaq p|Iyo JNoA sey -
Zi@siay Jo J@swiy 4o} awi} JusIoiyns pey pliyo JnoA sey -

¢ Aj1Buo| Y84 pIyd JnoA seH -

¢ Pes }84 pliyo JnoA sey

¢ ABisus Jo |Iny 181 P|IYD JNOA seH -

¢Auieay pue 3y a4 plIyo JnoA sey

:sAep / 1se| 8y} 104 PIIY9 SIy} 40} suofsanb Buimolof 8y} 838|dwon)

- N M T 0 O N~ ©

¢19BunoA 1o sieak g| pabe p|iyd 1s9p|0 INOA S| p|o MOH
uonsanp

‘(sinpow o1ydelBowsp-0100s 8U} WO} suonsanb) pjo siesk g1> ale siequisw pjoyssnoy j|
uaa.IoSpy

¢swejqoud Aiowsw aney nok oq 2

¢(yuow | ul By g Jo syuow g ui By 9) 03 Bunnuem noyum pouad ised ayy ul ybiom Jo 10| e 1s0| NoA aneH 9
¢Buueay Jood o1 anp 8}l AepAians ul swsjqoid aney NoA oq '

¢uolisin Jood 01 anp ayl| AepAians ul swajqoid aney nok oq

&(01 01 0 wouy) ssaully JNOA aAIB pjnom 8109S 1BYAA '€

19]101 8Y1 09 "Pg

(sanoqybiau 01 ‘@snoy punoJe) SI00PIN0 SAOIN "Og

passalpun/passalp 195 "qg

SpuelIS UnJ pue salie20ib 19y "Bg

$AIeyo@ayM Jo Joyem ‘eued e jo disy sy}
yum Ajqissod ‘esje suoswos wod} digy Aue 1noyyum ssiiAloe Buimoljos ayy wioped Apuspusdepul NoA ue) g

panunuod | a|qeL

~
-

Mc Intyre K, et al. BMJ Open 2021;11:€044474. doi:10.1136/bmjopen-2020-044474



ﬁ. Positive Tests {5}\ Hospital Willingness to vaccinate against COVID-19
0 0 o
3.4% 0.09% -

of participants have tested
positive for COVID-19 or

of participants have been

hospitalized because of Probably "°“I

Willingness

been diagnosed by a COVID-19. This is 2.5% of Certai I
. ertainly not
physician. those with a COVID-19
diagnosis. 1 do not know yet.
o% 20% 40%

Percentage

ﬁ Shortness of breath

14%

of participants have

. experienced at least some
shortness of breath in the
last 14 days.

m Dry cough

22%
of participants have had a

dry cough in the last 14
days.

[m\ Exhaustion

A41%

of participants have
experience at least some
exhaustion in the last 14

days. days.

Worried that close
person getting ill

69%

of participants report
worrying that a close
person gettingill.

@ Depression
3.9%

of participants report
feeling continually low over
the last 14 days.

@ Listlessness
6%

of participants report

feeling continually listless
over the last 14 days.

days.

QQ L:)neliness living €1 Loneliness living :g, Working from home

;’ﬁl\ Muscle pain

38%

of participants have
experienced at least some
muscle pain in the last 14

@ Sleep disturbance

20%

of participants report
having had trouble sleeping
every night over the last 14

39 Working from

m Fever
1.5%

of participants have had a
fever in the last 14 days.

m Wet Cough

18%
of participants have had a

wet cough in the last 14
days.

{;ia Self diagnosed
COVID-19

9.2%

of participants think that
they currently have or have
had COVID-19, but without
an official diagnosis.

@ Quality of life
6.9

is the average score by
which participants rate
their quality of life.

@ Worry
48%

of participants report
worrying sometimes or
more frequently about
becoming sick.

g' BMI
26

Average BMI

QQ Caregivers

3.8%

of the caregivers who have
(temporary) stopped
providing informal care.

QQ Loneliness
3.9%

of participants who often
feel lonely.

m Avoiding healthcare

o,
3%
of participants avoid

healthcare facilities in the
past 14 days.

Participants Participant sex

g Unemployment

alone together business location Friesland
Other
o, O, O, o, O,
13% 2.6% 39% 51% 5.3%
of participants who live by of participants who live of participants work from of participants work at of participants is

themselves and often feel home.

lonely.

together and often feel
lonely.

- voss hon so N
—

a 31-40- - 50 - 100
3 o
g E— H
o 41-50- H 100 - 150
g 2
E S = .

51-65- 150 - 180

o5 I - |
0% 5% 10% 15% 20% 25% 0% 10% 20% 30% 40%

Percentage

Percentage

their usual

g Weekly (moderate) intensive exercise

—
Drenthe:

Groningen

Participant ages

18-30-Jl
y |

Age group

2,®
L X

Research

\ \
20% 30%
Percentage

50%

B

Figure 4 Communicating COVID-19 cohort results to the public through the Corona Barometer. Snapshot of the Corona
Barometer (https://coronabarometer.nl/), which is updated after every questionnaire round to present the most recent findings of
the lifelines COVID-19 questionnaire in a format accessible by the public. The website is now interactive to enable users to look

at trends over time and compare variables.

on mortality, hospital admissions and healthcare costs, as
well as data on employment status, income, wealth and
other sociodemographic characteristics. Data can also
be linked to drug prescription data held by IADB.nl via
the Pharmlines initiative!? and to SARS-CoV-2 testing
data (including serological data) held by Certe and other
Dutch laboratories.

Participant and public involvement

Projects carried out within Lifelines are discussed with
the Lifelines Participant Advisory Board. With respect
to the COVID-19 cohort, compiled questionnaire results
have been continuously updated after each question-
naire round and shared with participants and the public
through interactive infographics on the Corona Barom-
eter website (https://coronabarometer.nl/, snapshot in
figure 4), as well as via frequent social media posts, press
releases and interviews in the national press. Subsequent
questionnaires have also been modified and refined in
response to questions from participants. In addition, new

questionnaire modules have been added based on the
results of previous rounds and to examine the effects of
changes in national policy.

Findings to date

Response rates and characteristics of respondents

In every questionnaire round, 139 679 out of 159 482
current adult Lifelines participants are invited to respond
to the COVID-19 questionnaire. In total, 71 992 (51.4%)
Lifelines and LLNEXT participants responded to at least
one of the first seven questionnaires, and response rates
ranged from 33% to 39% (42 917-54 525) (figure 3).
Compared with non-invited subjects (those without a
known email address), invited subjects are younger,
slightly more often female, have a lower body mass index
(BMI) and are more often never smokers (table 2). Of
the 139 679 Lifelines participants invited, 71 833 (51%)
completed at least one of the questionnaires in the
first 8 weeks of the programme. Compared with non-
responders, these responders were slightly older, slightly
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more often female, had a higher BMI, were less often
current smokers and more often ex-smokers (table 2).
While Lifelines as a whole has been shown to be represen-
tative of the regional population,’ these slight differences
in cohort makeup should be considered when looking at
data from the COVID-19 cohort.

For LLNEXT, 321 people were invited to participate
in the first 8 weeks of the project, and 159 participated
(49.5%) (table 3). Compared with invitees, respondents
were more likely to be female (73.5% of respondents vs
50.5% of invitees) (table 3). As LLNEXT recruits women
who are currently pregnant, the age range was small and
did not differ substantially between invitees, respondents
and non-respondents. In LLNEXT, 80% of all parents
who responded to the main Lifelines COVID-19 ques-
tionnaire also returned data on their children for the
LLNEXT-specific module on COVID-19 and its impact on
children. In total, we have data for 112 children up until
week 8 of the COVID-19 questionnaire initiative: 96 chil-
dren 0-3 years of age, 14 children 4-7 years of age and 2
children in the 8-18 age group.

COVID-19 cases

Of the participants who responded in the first 8 weeks of
the project, 1294 (1.8%) responded that they had been
tested for COVID-19 and 127 (0.2%) tested positive. In
addition, 887 (1.3%) respondents said they had been told
by a doctor that they probably had COVID-19, while 5271
(7.3%) participants responded that they thought they
had had COVID-19.

Early results and ongoing projects

One of the earliest results of the project was a clear signal
that feelings of loneliness and isolation were substantially
stronger in individuals who lived alone and that this effect
was strongest in the youngest age group of respondents
(18-30 years old, see corresponding panel in figure 4).
There was also an increase in the number of unemployed
respondents who reported losing their jobs due to the
crisis, rising from 7.5% of unemployed respondents to
the first questionnaire round (Q1) up to 14% by the week
5 questionnaire (Q5). More recent results have shown
that by the end of May 2020, as the number of infections
and hospitalisations dropped to low levels and schools
and business reopened, respondents were reporting less
anxiety, better sleep and fewer worries about losing their
jobs.

The data collected from the Lifelines COVID-19 cohort
is currently being analysed to address the four goals of the
project. COVID-19 cases reported by participants are being
used to track the outbreak, and the symptoms reported by
participants are being used to generate a symptom-based
COVID-19 prediction model.”® The data on chronic
diseases, medication use and environmental factors (eg,
cohabitation or smoking) will be used to look for asso-
ciations with SARS-CoV-2 susceptibility and COVID-19
severity to help identify risk factors, protective factors and
comorbidities. While factors such as age, sex, BMI and
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Table 3 Characteristics of LLNEXT participants invited to participate in the cohort and the participants of the COVID-19
questionnaire cohort during the first 8 weeks of the project (questionnaire rounds 1-7)

Invited Responded Not responded Or (95% CI)* P value
N (%) 321 (100) 159 (49.5) 162 (50.5)
Current age, mean (SD) 33.6 (4.9) 33.0 (4.3) 34.3 (5.3) 0.01t
Male sex, % 49.5 36.5 62.3 0.35 (0.22 to 0.55) <0.01*

*OR, 95% Cl and p value using a logistic regression analysis.
TP value using an independent t-test.

certain chronic illnesses have been associated with a more
severe COVID-19 and higher mortality,'* there have also
been questions about whether recent vaccinations can be
protective,15 1% and cohort data should help address this.
Important questions about why pregnant women and
children seem to be relatively protected will also be anal-
ysed. Finally, it will be possible to look at genetic factors
in detail as ~18 000 of the 71 922 COVID-19 participants
who completed at least one questionnaire have been
genotyped through the UMCG Genetics Lifelines Initia-
tive. Next steps include identifying participants who were
also participants in the Lifelines cohorts for which we
have more detailed data, for example, participants with
gut microbiome data, currently available for >10 000 Life-
lines participants.

Mental health problems are known to increase in
times of physical and psychological distress. The current
COVID-19 pandemic is accompanied by strict govern-
ment measures of social distancing and quarantine. As
these events place significant stress on society and increase
isolation and loneliness, close monitoring of mental well-
being is important for both short-term and long-term
public health policies and individual-level care. Alertness
in clinical systems and tailored mental healthcare may
be needed during and after such a mass traumatic event.
The data from the Mini International Neuropsychiatric
Interview major depressive disorder (MD) and general
anxiety disorder (GAD) " modules and the societal impact
modules of the questionnaire will allow researchers to:
(1) longitudinally track the prevalence of symptoms and
diagnoses of MD and GAD during the pandemic in the
Lifelines and LLNEXT populations, (2) associate symp-
toms with COVID-19 severity and outcome, (3) identify
at-risk groups and individuals and (4) measure the impact
of government policies on the overall mental health in
the cohort.

The questionnaire will also help address the major
impact the pandemic has had on the working lives of
people in the Netherlands. Healthcare workers are a
particularly vulnerable group due to their higher risk of
being infected by SARS-CoV-2 and their working condi-
tions during the height of infections included long work
hours, cancelled holidays, adverse physical and psycho-
social work conditions, that is, high psychological and
emotional demands and low control.'® ' These working
conditions, together with moral distress in relation to
the family situation, may increase the risk for mental

health problems and sickness absence in this female-
dominated occupational group with a high baseline risk.
Other ‘essential’ occupational groups are experiencing
unprecedented changes in their working environments
that may affect their physical and mental health as well as
their labour market attachment. For many ‘non-essential’
occupational groups that are now encouraged to work
from home, the home working environment might not
be suitable, and many families now have to combine
working from home with caring for children. This will
likely impact the productivity and quality of their work
and their level of stress.

The lockdown has led to a sudden disruption of the
economy, with several economic sectors effectively
brought to a standstill. The Lifelines COVID-19 ques-
tionnaire is monitoring changes in people’s current work
situation by asking if they lost their job because of the
crisis, if they are working in an essential job and whether
they have to work from home. The answers to these ques-
tions will be used to monitor both the impact of the crisis
on the short-term and longer term labour market and to
identify workers most at risk of losing their job. This is
essential information for policymakers to be able to target
measures to the most vulnerable groups in society and
mitigate the financial impact of the crisis.

Strengths and limitations

One of the main strengths of this cohort is its embed-
ding within the long-running Lifelines prospective popu-
lation cohort, which provides a rich data background
about participants and the knowledge, infrastructure and
relationship with participants necessary to recruit and
engage participants during an evolving crisis. The high
and sustained rate of response and the weekly question-
naires mean that the cohort can provide a detailed longi-
tudinal prospective view of both the outbreak and the
long-term impacts of the crisis. Another strength is the
collaboration of researchers across a range of disciplines
in designing and implementing a questionnaire that can
be used to address a wide range of research questions,
can have immediate impact on policy and can be used
to help design new policies to prevent and/or manage
renewed outbreaks. Finally, Lifelines will continue to
follow its participants for the coming decade and beyond,
providing opportunities to examine the long-term health
impacts of SARS-CoV-2 infection and of the pandemic.
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The Lifelines COVID-19 questionnaire was also designed
to make comparisons with similar projects throughout
Europe. Direct cross-national comparisons with projects
in Denmark and France are possible, as they are using
nearly identical questionnaires and will provide unique
opportunities to examine the effects of different govern-
mental measures on mental health and well-being. The
cohort is part of COVID-MINDS network of longitudinal
studies on the global mental health impact of COVID-19
(https://Www.covidminds.org/),20 and the Lifelines
COVID-19 project is also participating in the COVID-19
Host Genetics Initiative,‘ an international collaboration
to share and analyse data to identify the genetic deter-
minants of SARS-CoV-2 susceptibility, COVID-19 severity
and outcomes. In addition, the Lifelines COVID-19 ques-
tionnaires have been requested by other (inter)national
researchers as a basis for designing their own question-
naires, for example, separate research has been done on
the experiences of COVID-19 patients, making use of the
Lifelines COVID-19 questions.

The timing and nature of the COVID-19 outbreak in
the Northern Netherlands, which diverged from that in
other parts of the country, is both a strength and a limita-
tion. The relatively low number of cases in the region,
even accounting for undiagnosed cases, may seem to pose
difficulties for statistical association analyses looking at
COVID-19 related factors. However, as of June 2020, >800
participants reported having had COVID-19, as confirmed
by a positive test or a doctor’s diagnosis, which permits a
wide number of statistical association analyses. Moreover,
the impact of the societal steps taken to reduce the rate of
infection in more heavily impacted regions of the Neth-
erlands and the impact of the associated economic crises
should have similar psychological and social impacts in
the Lifelines population. The fact that the initial outbreak
in the north was effectively capped by public health steps
now puts the questionnaire programme in an interesting
position to monitor the immediate health and societal
impacts of the lockdown measures and the impact of
coming out of lockdown. It also lays the groundwork for
steps to be taken if there is a resurgence of COVID-19
infections, and the data generated while local infection
rates were low could work as baseline values if subsequent
outbreaks in the northern provinces are more intense.
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