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Abstract e ————————
Background: Longitudinal studies are crucial for identifying potential ~ version 2 v
risk factors for infection with, and consequences of, COVID-19, but (revision) _
relationships can be biased if they are associated with invitation and 08 Jul 2022 e
response to data collection. We describe factors relating to
questionnaire invitation and response in COVID-19 questionnaire data .

o ; . : o version 1 v ?
collection in a multigenerational birth cohort (the Avon Longitudinal 19,01 2021 Vew Vew
Study of Parents and Children, ALSPAC).

Methods: We analysed online questionnaires completed between the = m————"—
beginning of the pandemic and easing of the first UK lockdown by 1. Claire Infante-Rivard "=, McGill University,
participants with valid email addresses who had not actively Montréal, Canada

disengaged from the study. We assessed associations of pre-

pandemic sociodemographic, behavioural, anthropometric and 2. Dipesh P Gopal "%/, Barts and The London

health-related factors with: i) being sent a questionnaire; ii) returning
a questionnaire; and iii) item response (for specific questions).
Analyses were conducted in three cohorts: the index children born in Any reports and responses or comments on the
the early 1990s (now young adults; 41 variables assessed), their
mothers (35 variables) and the mothers’ partners (27 variables).
Results: Of 14,849 young adults, 41% were sent a questionnaire, of
whom 57% returned one. Item response was >95%. In this cohort,
78% of factors were associated with being sent a questionnaire, 56%
with returning one, and, as an example of item response, 20% with
keyworker status response. For instance, children from mothers
educated to degree-level had greater odds of being sent a
questionnaire (OR=5.59; 95% CI=4.87-6.41), returning one (OR=1.60;
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article can be found at the end of the article.
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95% CI=1.31-1.95), and responding to items (e.g., keyworker status
OR=1.65; 95% CI=0.88-3.04), relative to children from mothers with
fewer qualifications. Invitation and response rates and associations
were similar in all cohorts.

Conclusions: These results highlight the importance of considering
potential biases due to non-response when using longitudinal studies
in COVID-19 research and interpreting results. We recommend
researchers report response rates and factors associated with
invitation and response in all COVID-19 observational research
studies, which can inform sensitivity analyses.

Keywords

COVID-19, COVID-19 risk factors, Selection Bias, Longitudinal Study,
ALSPAC, Missing Data, Questionnaire Invitation, Questionnaire
Response.
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113783’ Amendments from Version 1

The revised version of our manuscript has taken into
consideration the helpful and constructive comments of the
reviewers (detailed in our responses to the reviewers). The main
update that we have made to this version has been to clearly
define our target population and ensure that the links between
the study sample and target population are more apparent
throughout the manuscript.

Any further responses from the reviewers can be found at
the end of the article

Introduction

Severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2)
has infected more than 181 million individuals worldwide
and is responsible for over 3.9 million global deaths to date
(1 July 2021, WHO). Due to their wealth of pre-pandemic
data, prospective longitudinal studies are making important
contributions to understanding the mechanisms of both infection
and disease (COVID-19), and the impact of the pandemic and
its management on future health'°. However, sociodemographic,
behavioural and health-related factors may shape not only
who gets infected, progression to COVID-19 and disease severity,
but also health-seeking behaviour, who gets tested, and their
wider response to the pandemic (e.g., mental health impact).
Furthermore, these factors may be associated with, or even
influence, who is assessed or sent a questionnaire, and who
responds to questionnaires or items they contain. This can result
in selection bias™'', which may be exacerbated by the ways in
which data collection has changed during the pandemic, for
example, with the increased use of online questionnaires'>'".
This selection bias can lead to incorrect (or biased) estima-
tions of the effect of a risk factor on an outcome, in this case
COVID-19 and its related impacts. Importantly, having an
available and rich collection of pre-pandemic data in exist-
ing longitudinal cohorts can be useful in efforts to explore
potential selection pressures that lead to bias'“"".

The aim of this study was to describe questionnaire invitation and
response rates and to explore factors associated with (i) being
sent a COVID-19 questionnaire (i.e., participants who were
invited to complete a questionnaire because they had not with-
drawn from the study, agreed to participate in questionnaires
and had a valid email address); (ii) returning a COVID-19
questionnaire; and (iii) item response (for six key variables:
self-reported COVID-19 status, predicted COVID-19 cases
based on symptoms'®, three mental health outcomes [depres-
sion, anxiety and well-being] and keyworker status), in the
Avon Longitudinal Study of Parents And Children (ALSPAC), a
multi-generational longitudinal study based in the South West
of England established in the early 1990s. Throughout this
paper we use ‘being sent a questionnaire’ and ‘questionnaire
invitation’ synonymously, and include both returning a ques-
tionnaire and item completion as ‘response’. We focused on
the three adult cohorts over two generations: the index partici-
pants born in the early 1990s, Generation-1 (G1); their mothers,
Generation-0 (GO) mothers; and the mothers’ partners (GO part-
ners). For each outcome, we examined multiple candidate pre-
dictors of invitation and response encompassing a range of
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sociodemographic, behaviour, anthropometric and health-
related factors. We focused our analyses on the first two online
COVID-19 questionnaires, the first completed between 9"
April and 15™ May 2020, and the second between 26" May and
5% July 20202

Methods

Study design

ALSPAC is a three-generation birth cohort that started recruit-
ing pregnant women resident in the former county of Avon
(centred around the city of Bristol, UK), with delivery dates
between April 1991 and December 1992. A total of 14,541 preg-
nancies were initially enrolled (14,676 foetuses), resulting in
13,988 children alive at one year of age. Those women (GO
mothers), their partners (GO partners) and their index children
(G1) have been followed with regular assessments since this
time. Since the oldest children were approximately 7 years of
age, the study has recruited 913 additional G1 children who did
not join originally, but were part of the original target popu-
lation based on date and location of birth. Hereafter we will
refer to the participants where the G1 index child was alive at
one year of age and who did not withdraw consent for their data
to be used as the “whole cohort” (14,849 G1 children; 14,282
GO mothers; 14,275 GO partners). The target population there-
fore comprises pregnancies leading to children born in the
early 1990s in the former county of Avon, in addition to their
mothers and the mothers’ partners. This initial enrolled sam-
ple included approximately 75% of the target population
and was broadly representative of the wider Avon population
(albeit somewhat biased towards mothers who were mar-
ried and from higher socioeconomic backgrounds, and biased
away from ethnic minorities); further details can be found in
the published cohort profiles'**?>, The study website con-
tains details of all the data available through a fully searchable
data dictionary and variable search tool.

Since the start of the pandemic, participants have been sent four
online COVID-19 questionnaires to assess diagnoses, symp-
toms, and behavioural and environmental factors related to
COVID-19, and the impact of the pandemic on health!*>0->,
Questionnaires were sent to all participants who had not with-
drawn from the study or declined to participate in questionnaires,
and had a valid email address in the ALSPAC administrative
records. Some participants would have provided updated email
address information or re-engaged with the study between
the questionnaires, while other participants may have with-
drawn from the study during this time. Therefore, the number of
participants invited to these questionnaires may differ. Data
for the COVID-19 questionnaires were collected and man-
aged using REDCap electronic data capture tools hosted at the
University of Bristol”. In this study we focused on the first two
questionnaires'**, Analyses were conducted for each COVID-19
questionnaire separately (COVIDQI and COVIDQ2) and
combined (data from both COVIDQI and COVIDQ?2, and data
from either COVIDQ1 or COVIDQ?2).

COVID-19 questionnaire invitation, return and
completion

We described invitation and response rates, and examined asso-
ciations with the following three outcomes (Table 1; Figure 1
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CovIDQ1 not sent
(N =9,005; 60.6%)

G1 cohort
(N =14,849)

COVIDQ2 not sent
(N =8,712; 58.7%)

Reason:
- Withdrawn from study or declined questionnaires
(N =4,832; 32.5% [53.7% of those not sent])
- No valid email address
(N =4,173; 28.1% [46.3% of those not sent])

Reason:
- Withdrawn from study or declined questionnaires
(N =4,842; 32.6% [55.6% of those not sent])
- No valid email address
- (N=3,870; 26.1% [44.4% of those not sent])

covipal covipQ1l/Q2 covIDQ1+Q2 covIDQ2
Sent (N = 5,844; 39.4%) (N = 6,139; 41.3%) (N = 5,842; 39.3%) (N = 6,137; 41.3%)
covipQ
Returned covipQl covipQ1l/Q2 covIDQ1+Q2 covIDQ2
covipa (N = 2,970; 20.0% (N =3,489; 23.5% (N =2,188; 14.7%; (N =2,707; 18.2%;
[50.8% of those sent]) [56.8% of those sent]) [37.5% of those sent]) [44.1% of those sent])

Figure 1. Flowchart of COVID-19 questionnaire invitation and response in the G1 cohort. COVIDQ1 and COVIDQ?2 refer to the
first and second COVID-19 questionnaires, respectively, COVIDQ1/Q2 refers to being sent/returning either COVIDQ1 or COVIDQ2, and
COVIDQ1+Q2 refers to being sent/returning both COVIDQ1 and COVIDQ2. Details of reasons why participants were not sent a COVIDQ1

or COVIDQ2 questionnaire are also given.

- Gl cohort, Figure 2 - GO mothers cohort, Extended data®:
Figure S1 - GO partners cohort):

1.  Outcome: Being sent a COVID-19 questionnaire

Sample: All enrolled participants for which the G1 child
was alive at 1 year old and who had not withdrawn
consent for their data to be used.

Reference group: Participants who were not sent a
COVID-19 questionnaire because they had withdrawn
from the study, declined to participate in questionnaires
or did not have a valid email address.

2.  Outcome: Returning a COVID-19 questionnaire
Sample: Participants who were sent a COVID-19
questionnaire.

Reference group: Participants who, having been sent
a COVID-19 questionnaire, did not return it.

3.  Outcome: Completing items that define six
key variables which may be relevant to wider
COVID-19 research (item response)

Sample: Participants who returned a COVID-19

questionnaire.

Reference group: Participants who returned the ques-
tionnaire but did not provide data on the relevant
questionnaire items that define the key variable.

The variables examined are listed below. The original ALSPAC
variable names, along with additional details, are provided
in Table 1 (see the Wellcome Open Research Data notes

of COVIDQI and COVIDQ2 for full information on the
corresponding questions and how the variables were derived'*").

a.  Self-reported COVID-19 diagnosis.

b. COVID-19 case prediction using the Menni

algorithm'®, based on self-reported symptoms.

c. Total score on the Short Mood and Feelings
Questionnaire (SMFQ)” to assess depression.

d. Total score on the Generalised Anxiety Disorder
seven-item Assessment (GAD-7)% to assess anxiety.

e. Total score on the Warwick-Edinburgh Mental
Wellbeing Scale (WEMWBS)* to assess well-being.

f Self-reported keyworker status.

Candidate predictors of selection

We examined associations of pre-pandemic characteristics
(41, 35 and 27 variables for the G1, GO mother and GO partner
cohorts, respectively; Extended data®: Tables S1 and S2) with the
pre-specified outcomes defined above. Hereafter we will refer
to these as “candidate predictors of selection”, acknowledging
that we are not studying all possible sources of selection bias
in ALSPAC and its COVID-19 data. We selected those
variables a priori based on our knowledge of ALSPAC, COVID-19
and factors that are hypothesised to, or are known to, shape
patterns of invitation and response'*!**'“, For analyses involving
continuous variables, these were transformed into standard
deviation (SD) units in order for all odds ratios to be interpretable
on the same scale.
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CovIDQ1 not sent
(N =9,682; 67.8%)

GO mothers cohort
(N =14,282)

COVIDQ2 not sent
(N =9,638; 67.5%)

Reason:
- Withdrawn from study or declined questionnaires
(N =3,937; 27.6% [40.7% of those not sent])
- No valid email address
(N = 5,745; 40.2% [59.3% of those not sent])

Reason:
- Withdrawn from study or declined questionnaires
(N =3,941; 27.6% [40.9% of those not sent])
- No valid email address
- (N=5,697;39.9% [59.1% of those not sent])

covipal covipQi/Q2 coviDQ1+Q2 coviDQ2
Sent (N = 4,600; 32.2%) (N = 4,647; 32.5%) (N = 4,597; 32.2%) (N = 4,644; 32.5%)
covipQ
Returned covipal covipQ1/Q2 covipQ1+Q2 CovIDQ2
covipq (N = 2,705; 18.9% (N =3,041; 21.3% (N =2,302; 16.1%; (N =2,638; 18.5%;
[58.8% of those sent]) [65.4% of those sent]) [50.1% of those sent]) [56.8% of those sent])

Figure 2. Flowchart of COVID-19 questionnaire invitation and response in the GO mothers cohort. COVIDQ1 and COVIDQ?2 refer to
the first and second COVID-19 questionnaires, respectively, COVIDQ1/Q?2 refers to being sent/returning either COVIDQ1 or COVIDQ2, and
COVIDQ1+Q2 refers to being sent/returning both COVIDQ1 and COVIDQ2. Reasons why participants were not sent a COVIDQ1 or COVIDQ2

questionnaire are also given.

Statistical analysis

We used unadjusted logistic regression to quantify associations
between each candidate predictor of selection and the outcomes
detailed above. As we were interested in raw associations
between variables, rather than estimating potential causal
relationships, we did not perform multivariable analyses to adjust
for potential confounders. We did not analyse any outcome with
10 or fewer participants in the reference or sent/returned/item
response group (depending on the outcome being assessed).
Note that, to aid interpretability of the figures displaying these
results, we present a range of key candidate predictors of selec-
tion in the main text, with additional predictors displayed
in the extended data. All analyses were conducted using R
version 4.0.3%".

To describe the results in the main text, we established an arbi-
trary criterion based on p-values of the associations using
a threshold of 0.05. This threshold has been used in similar
studies to summarise large numbers of associations'. Weaker,
but still potentially relevant, associations may be overlooked
using this criterion, so we further described associations where
the absolute z-value (log point estimate divided by the log
standard error) was greater than 1 (equivalent to a p-value
<0.32). As these thresholds are arbitrary and p-values (or
z-values) do not inform about the magnitude of the association®,
we recommend readers consider the magnitude, direction and
uncertainty of each association when interpreting these results
and when undertaking COVID-19 research using ALSPAC
data.

Ethical considerations

Ethical approval for the study was obtained from the ALSPAC
Ethics and Law Committee and the Local Research Ethics
Committees. Informed consent for the use of data collected
via questionnaires and clinics was obtained from participants
following the recommendations of the ALSPAC Ethics and
Law Committee at the time. Study participants have the right
to withdraw their consent for elements of the study or from
the study entirely at any time. Full details of the ALSPAC
consent procedures are available on the study website.

Results

The results of the combined questionnaires are presented in
the main text, while the separate COVIDQ1 and COVIDQ2
results are presented in the Extended data®. Results for the
GO partners are also presented in the Extended data®, as part-
ners of the GO mothers may change over time, the amount
of data for GO partners is lower than for G1 and GO mothers
(meaning that estimation in this cohort will be less precise),
and the GO partners’ data are used less frequently than the G1
and GO mothers’ data. Figure S2 (Extended data®) shows the
overlap among those who replied to either or both questionnaires,
for each cohort.

Candidate predictors of selection and invitation/
response outcomes in the G1 cohort - Combined
COVID-19 questionnaires

Amongst the G1 participants, 41% were sent either COVID-19
questionnaire (with 39% sent both), of whom 57% returned at
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least one (37% returned both). Of those not invited to complete
a questionnaire, ~55% had previously withdrawn from the
study or declined to receive questionnaires, while ~45% had
not actively disengaged but did not have a valid email address.
Key variable response was >95% of those who returned either
questionnaire for all of the six key variables, with fewer than five
participants missing data on self-reported COVID-19 sta-
tus and predicted COVID-19 status based on symptoms. Gl
participant numbers for questionnaire invitation, return and
completion are shown in Table 2 and Figure 1.

In the whole G1 cohort, the proportion of missing data for the
candidate predictors of selection ranged from no missingness
(age and sex) to three-quarters of data missing for some of the
more recently collected data (e.g., education). In the G1 sample
who were sent either questionnaire, completeness was generally
higher, with most variables having less than 25% missingness.
In the G1 sample that returned either questionnaire, completeness

Wellcome Open Research 2022, 6:184 Last updated: 18 JUL 2022

was higher still, with most individual variables missing less than
17% data. Figure 3 shows the proportion of missing data for
each candidate predictor of selection for the three G1 samples.
However, when multiple candidate predictors of selection are
considered jointly, the sample size will naturally reduce fur-
ther (e.g., in the whole G1 cohort, 66% of participants would be
excluded from models adjusting for recent body mass index
(BMI), recent smoking status, maternal education, maternal
age and maternal parity; while in the ‘sent either questionnaire’
and ‘returned either questionnaire’ samples the percentage of
excluded participants would be 31% and 24%, respectively).

Differences between the associations of the 41 candidate pre-
dictors with being sent or returning either questionnaire (i.e.,
COVIDQI1 or COVIDQ2) and those with being sent or return-
ing both questionnaires (i.e., COVIDQ1 and COVIDQ2) were
minimal (Figure 4; Extended data®: Figure S3a), so we focus
on being sent and returning either questionnaire here. For

Table 2. Descriptive statistics of the outcomes from the combined COVID-19 questionnaires for the G1 cohort.

Outcome

Sent either questionnaire®

Sent both questionnaires?

Returned either questionnaire

Returned both questionnaires

Having self-reported COVID-19 status data®

Having predicted COVID-19 status (from symptoms; Menni algorithm) data®

Having SMFQ total score (depression) data®

Having GAD-7 total score (anxiety) data®

Having WEMWBS total score (well-being) data®

Having keyworker status data®

n Yes (%) No (%)
6,139 8,710
14,849
(41.34%) (58.66%)
14,849 5,842 9,007
(39.34%) (60.66%)
3,489 2,650
6,139
(56.83%) (43.17%)
2.1
5842 ,188 3,654
(37.45%) (62.55%)
>3,484 <5¢
3,489
(>99.86%)  (<0.14%)
>3,484 <5¢
3,489
(>99.86%)  (<0.14%)
3,332 157
3,489
(95.5%) (4.5%)
3,349 140
3,489
(95.99%) (4.01%)
3,330 159
3,489
(95.44%) (4.56%)
3,343 146
3,489
(95.82%) (4.18%)

SMFQ, Short Mood and Feelings Questionnaire; GAD-7, Generalised Anxiety Disorder seven-item Assessment; WEMWBS, Warwick-

Edinburgh Mental Wellbeing Scale.

* Sample based on all enrolled G1 participants where G1 child was alive at one year of age and had not withdrawn consent for their data to

be used.

" These item/variable response outcomes are based on whether the participant returned either COVID-19 questionnaire (i.e., having data in

either questionnaire).

¢ Actual numbers withheld due to small cell counts (<5).
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Sociodemographic factors
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Samples . Whole G1 cohort (n = 14,849). Sent either questionnaire (n = 6,139) T Returned either questionnaire (n = 3,489)

Figure 3. Proportion of missing data in each candidate predictor of selection for the three samples of the G1 cohort. These
samples are the whole ALSPAC G1 cohort (green), the subsample who was sent either COVID-19 questionnaire (red), and the subsample
who returned either COVID-19 questionnaire (blue). To facilitate the interpretation of the results, variables of related categories are
presented in the same panel (a.- health-related variables, which include comorbidities, and behavioural and anthropometric factors;
b.- sociodemographic factors; and c.- perinatal factors) and are ordered by the total amount of missing data in the whole sample.
SMFQ, Short Mood and Feelings Questionnaire; CVD, Cardiovascular Disease; BMI, Body Mass Index; BP, Blood Pressure; CIS-R, Clinical
Interview Schedule - Revised; GAD-7; Generalised Anxiety Disorder seven-item assessment; IMD, Index of Multiple Deprivation; TDI,

Townsend Deprivation Index; occup., occupational.

the purpose of description and at a p-value threshold of <0.05,
32 (78%) and 23 (56%) of the 41 candidate predictors were
associated with being sent and returning a questionnaire, respec-
tively. Equivalent results using the criteria of an absolute
z-value >1 were 39 (95%) and 32 (78%). Being female, having a
higher socioeconomic position, greater BMI, and older maternal
age at birth were associated with higher odds of being sent a
questionnaire, while ethnicity other than white, higher mater-
nal parity, maternal perinatal depression and mother smok-
ing during pregnancy were associated with lower odds. Similar
patterns were seen for associations with returning a
questionnaire, but overall effect sizes were smaller.

Figures S3b and S3c (Extended data®) show associations
between the 41 candidate predictors of selection with the out-
come variables defined by completion of key questionnaire
items. We did not analyse those with COVID-19 outcomes (self-
reported COVID-19 status and predicted COVID-19 status
based on symptoms) as most participants responded to those
questions (<5 participants with missing data for these outcomes).
Compared to the analyses of being sent and returning a ques-
tionnaire, few factors were associated with any of the remaining
four outcomes, and results for all four outcomes were similar.
For example, of 41 candidate predictors of selection, only

8 (20%) were associated with keyworker item response
(at a p-value <0.05; 32 [56%] had an absolute z-value >1). Higher
educational attainment and lower maternal age at birth were
associated with higher odds of variable response, while cur-
rent smoking, maternal perinatal depression and being a parent
were associated with lower odds.

Candidate predictors of selection and invitation/
response outcomes in the GO mothers cohort

- Combined COVID-19 questionnaire

In total, 33% of GO mothers were sent at least one COVID-19
questionnaire (32% were sent both), of whom 65% returned at
least one (50% returned both; Table 3 and Figure 2). Of those
not invited to complete a questionnaire, ~40% had previously
withdrawn from the study or declined to receive question-
naires, while ~60% had not actively disengaged but did not
have a valid email address. Key variable response was >95%
of those who returned either questionnaire for all six key
variables, with fewer than five participants missing data on
self-reported COVID-19 status and predicted COVID-19
status based on symptoms.

In the whole GO mothers cohort, the proportion of miss-
ing data for the candidate predictors of selection ranged from
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Behavioural factors

Comorbidities

Outcome

+ Sentany
+ Sent both

Perinatal factors

. 3.0 5.0
OR (95% Cl)

118 JUL 2022

Returned any
Returned both

Figure 4. Associations between candidate predictors of selection and being sent and returning either or both of the
COVID-19 questionnaires in the G1 cohort. For ease of presentation some candidate predictors of selection are presented in this figure,
while others are displayed in Figure S3a. The x-axis is displayed on the logarithmic scale. Means and standard deviations (SD) of continuous
variables: Age (months; mean =337.0, SD = 5.89), BMI (kg/m? mean = 24.43, SD = 5.05), SBP (mmHg; mean = 117.09, SD = 11.45) and DBP
(mean =65.99, SD = 7.75). Ref, reference; (G)CSE, (General) Certificate of Secondary Education; IMD, Index of Multiple Deprivation; Occup.,
occupation; Prof., professional; BMI, Body Mass Index; BP, Blood Pressure; CVD, Cardiovascular Disease; SMFQ, Short Mood and Feelings
Questionnaire; CIS-R, Clinical Interview Schedule - Revised; GAD-7, Generalised Anxiety Disorder seven-item Assessment.
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Table 3. Descriptive statistics of the outcomes from the combined COVID-19 questionnaires for the GO

mothers cohort.

Outcome

Sent either questionnaire®

Sent both questionnaires?

Returned either questionnaire

Returned both questionnaires

Having self-reported COVID-19 status data®

Having predicted COVID-19 status (from symptoms; Menni algorithm) data®

Having SMFQ total score (depression) data®

Having GAD-7 total score (anxiety) data®

Having WEMWBS total score (well-being) data®

Having keyworker status data®”

n Yes (%) No (%)
4,647
14,282 & 9635
(32.54%) (67.46%)
4
14,282 ,597 9,685
(32.19%) (67.81%)
4647 3,041 1,606
(65.44%) (34.56%)
2
4,597 ,302 2,295
(50.08%) (49.92%)
> C
3,041 3,036 <5
(>99.83%)  (<0.17%)
> C
3,041 3,036 <5
(>99.83%)  (<0.17%)
2,914 127
3,041
(95.82%) (4.18%)
2,944
3,041 2 97
(96.81%) (3.19%)
2,913 128
3,041
(95.79%) (4.21%)
2,951
3,041 9 90
(97.04%) (2.96%)

SMFQ, Short Mood and Feelings Questionnaire; GAD-7, Generalised Anxiety Disorder seven-item Assessment; WEMWBS, Warwick-

Edinburgh Mental Wellbeing Scale.

@ Sample based on all enrolled GO mothers where G1 child was alive at one year of age and had not withdrawn consent for their data to

be used.

b These item/variable response outcomes are based on whether the participant returned either COVID-19 questionnaire (i.e., having data

in either questionnaire).

< Actual numbers withheld due to small cell counts (<5).

low/minimal (<20%, for age and most baseline covariates) to
two-thirds of data missing for more recently collected data
(e.g., alcohol abuse, smoking status, BMI and blood pressure).
In the GO mothers sample that were sent either questionnaire,
completeness was generally higher, with all variables having
less than 32% missingness. In the GO mothers sample that
returned either questionnaire, completeness was higher still,
with most individual variables missing less than 21% data.
Figure 5 shows the proportion of missing data in each candidate
predictors of selection for the three GO mothers samples.

As with the G1 cohort, differences between the associations
of the 35 candidate predictors with being sent or returning
either questionnaire and those with being sent or returning both
questionnaires were minimal (Figure 6; Extended data™:
Figure S4a), so we focus on being sent and returning either
questionnaire here. For the purpose of description and at a
p-value threshold of <0.05, 27 (77%) and 22 (63%) of the
35 candidate predictors were associated with being sent and

returning a questionnaire, respectively. Equivalent results
using the criteria of an absolute z-value >1 were 30 (86%) and
26 (74%). Results were broadly similar to the G1 cohort, with
factors associated with GO mothers being sent a questionnaire
including: education, area deprivation, occupational social
class, older age, White ethnicity, no history of smoking, lower
BMI, lower diastolic and systolic blood pressure (DBP and
SBP), and several sociodemographic variables measured at
baseline (e.g., home ownership status, marital status, parity and
financial difficulties). As with the G1 cohort, similar patterns
were seen for the associations with returning a questionnaire,
but overall effect sizes were smaller.

Figures S4b and S4c (Extended data®) show associations
between the 35 candidate predictors with the key variables
defined by completion of key questionnaire items. We did not
analyse those with COVID-19 outcomes as most participants
responded to those questions (<5 participants with missing
data for these outcomes). Results were broadly similar to the
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B Sociodemographic factors

Age

Urban/Rural

TDI

IMD

Education
Ethnicity -

Occupational social class

o
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Missing data in ALSPAC GO mothers (%)

Gestational age

Perinatal depression
Smoking during pregnancy
Marital status

Urban/Rural in 1993
TDI'in 1993

Housing status
IMD in 19931

Parity at G1 birth
Financial difficulties

it

BMI before pregnancy 1
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Missing data in ALSPAC GO mothers (%)

Samples . Whole GO mothers cohort (n = 14,282). Sent either questionnaire (n = 4,647)\ \ Returned either questionnaire (n = 3,041)

Figure 5. Proportion of missing data in each candidate predictor of selection for the three samples of GO mothers. These
samples are the whole ALSPAC cohort of GO mothers (green), the subsample who was sent either COVID-19 questionnaire (red), and the
subsample who returned either COVID-19 questionnaire (blue). To facilitate the interpretation of the results, variables of related categories
are presented in the same panel (a. health-related variables, which include comorbidities, and behavioural and anthropometric factors;
b. sociodemographic factors; and c. perinatal factors) and are ordered by the total amount of missing data in the whole sample comparison.
STA, State-Trait Anxiety Inventory; CVD, Cardiovascular Disease; EPDS, Edinburgh Postnatal Depression Scale; BMI, Body Mass Index; BP,
Blood Pressure; IMD, Index of Multiple Deprivation; TDI, Townsend Deprivation Index.

G1 cohort, with few strong associations between the assessed
factors and item response observed, although higher educa-
tion, lower BMI and no history of smoking were associated
with response.

Candidate predictors of selection and invitation/
response outcomes - GO partners cohort, and first and
second COVID-19 questionnaires separately

Compared to the Gl participants and the GO mothers, a
smaller proportion of GO partners were sent and returned
either questionnaire (13% sent either questionnaire, of which
65% returned one; Extended data’®: Table S3 and Figure S1), and
the missingness of the candidate predictors of selection was
more substantial (Extended data®: Figure S5). While these
results therefore contain greater uncertainty than the G1 and
GO mothers cohorts, there were several candidate predic-
tors of selection associated with being sent and returning a
questionnaire among GO partners, with effect sizes larger for
being sent than for returning a questionnaire (Extended data™:
Figure S6). Few factors were strongly associated with item
response, and effect estimates were somewhat inconsistent
with substantial uncertainty (Extended data®: Figure S7). Full
details for the GO partners’ data and results for their analyses
using the combined COVID-19 questionnaires are given in the
Extended data® (Table S3; Figures S1 and S5-S7).

Results for the first and second COVID-19 questionnaires sepa-
rately (for G1, GO mothers and GO partners) are presented in the
Extended data®® (Tables S4-S9; Figures S8-S25). They were not
materially different to those presented above for the combined
datasets.

Discussion

Associations between participant characteristics and COVID-19
questionnaire invitation and response matter because they can
bias associations of those factors with COVID-19 outcomes.
A comprehensive description of the analysed data and
relationships with missing data allow informed inferences
from association studies; this is possible in longitudinal stud-
ies in which missing data can be characterised using previously
collected data. In a UK-based multigenerational birth
cohort, we have demonstrated that many sociodemographic,
behavioural and health-related factors were associated with
(i) being sent and (ii) returning COVID-19 questionnaires, and
(iii) completion of questions within these questionnaires related
to six key variables for COVID-19 research. Generally, the
magnitude of associations for being sent a questionnaire were
larger than for returning a questionnaire. Of those who returned
a questionnaire, there were fewer predictors of item response,
but, due to the smaller sample size and generally high response
rates, effect sizes were estimated with greater uncertainty
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Figure 6. Associations between candidate predictors of selection and being sent and returning either or both of the COVID-19
questionnaires (Q) in the GO mothers cohort. For ease of presentation some candidate predictors of selection are presented in this
figure, while others are displayed in Figure S4a. The x-axis is displayed on the logarithmic scale. Means and standard deviations (SD) of
continuous variables: Age (years; mean = 56.14, SD = 5.01), BMI (kg/m? mean = 26.80, SD = 5.47), SBP (mmHg; mean = 119.93, SD = 14.28)
and DBP (mean = 71.36, SD = 9.56). Ref, reference; CSE, Certificate of Secondary Education; IMD, Index of Multiple Deprivation; Occup.,
occupational; Prof,, professional; BMI, Body Mass Index; BP, Blood Pressure; CVD, Cardiovascular Disease; EPDS, Edinburgh Postnatal
Depression Scale; STAI, State-Trait Anxiety Inventory.
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than for being sent or returning a questionnaire. Results were
similar in all three ALSPAC cohorts (G1, GO mothers and
GO partners).

Our findings show that — on average — participants who were
invited and responded to these COVID-19 questionnaires are
different in several key characteristics from those who were
not invited, did not return a questionnaire and did not com-
plete all its items. In all cohorts, fewer than half of participants
were sent a questionnaire (41% in G1, 33% in GO mothers and
13% in GO partners). While questionnaire return rates were
relatively high (57% of Gl participants, and 65% of partici-
pants in both GO cohorts, returned either questionnaire) with
mostly complete item/variable response (all >95%), together
this results in considerable levels of missing data (e.g., for
Gl and GO mothers only ~20% of the whole cohort have
COVID-19 questionnaire data; <10% for GO partners). Recruit-
ment was intended to be representative of the target population;
however, due to loss to follow-up, the analytic samples with
COVID-19 questionnaire data are no longer representative of
the original ALSPAC study sample (and hence the target popu-
lation, of which the original ALSPAC sample is broadly rep-
resentative). Selection bias may therefore be a potential risk
when using ALSPAC COVID-19 questionnaire data and we
encourage researchers to carefully consider the results presented
here to inform their work.

Two key points are worth highlighting when interpreting these
findings. First, as we were interested in the raw associations
between variables, we did not account for any confounding
between the candidate predictors of selection, and our findings
should not be interpreted as evidence for a certain factor to be
independently associated with the outcomes assessed. Sec-
ond, the impact of missing data needs to be considered care-
fully as variables from more recent data collections are biased
towards certain groups (e.g., higher socioeconomic position
[SEP], older GO mothers, female G1 participants), which may
result in selection bias in the observed associations. We also
note that there may be selection bias when examining
candidate predictors of returning a questionnaire (as this is
conditional on being sent a questionnaire) and item response (as
this is conditional on being sent and returning a questionnaire)
due to unmeasured confounders of questionnaire invitation and
response.

To illustrate these two key points, we selected a history of
cancer among GO mothers, which was associated with both
being sent and returning a questionnaire. These associa-
tions may be due to confounding, as age and SEP both predict
questionnaire invitation and response and may also predict can-
cer diagnosis (since older people are more likely to suffer from
cancer and people from higher SEP backgrounds may also
be more likely to engage in health-seeking behaviours* and,
therefore, potentially be diagnosed with cancer). When we adjusted
for age and education (a proxy for SEP), these associations were
somewhat — although not completely — attenuated (Extended
data®: Table S10).

Additionally, data on cancer is missing for ~30% of GO moth-
ers, and it is likely that missing data is associated with charac-
teristics such as age and SEP (Extended data®: Figure S26),
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which may result in biased associations. We present an example
to illustrate this. When the associations of age (a nearly fully-
observed predictor) with being sent or receiving either ques-
tionnaire were analysed in all participants regardless of having
cancer data (an unbiased estimate), or only in those with recorded
cancer data, the odds ratio estimates for being sent a ques-
tionnaire differed, indicating potential bias (Extended data™:
Table S11). Candidate predictors of selection with missing data
may therefore result in biased associations with questionnaire
invitation and response due to selection bias.

We have not aimed to mitigate selection bias in this paper, but
rather to illustrate how it can be identified. Methods such as
multiple imputation, inverse probably weighting, g-formula
approaches,  simulations, and bounds and parameter
searches!*!“033% can be used to help explore and overcome
potential selection bias. For instance, in the case of inverse
probability weighting, weights should be derived according to
the target population of the study (or using the total enrolled
ALSPAC sample as a proxy, if weights derived from the
target population cannot be constructed). For some examples
of such methods applied in ALSPAC to mitigate potential
selection bias, see 16,39-42. Researchers need to assess the
assumptions when using these approaches as it is not possi-
ble to dictate a ‘one-size-fits-all’ approach when working with
cohort data such as ALSPAC, as different research questions
will be addressed using different variables and methods.
However, the number of potential predictors of selection and
magnitude of their associations with being sent a questionnaire
were larger than for questionnaire and item response, suggesting
that much — although by no means all — of the potential selection
bias reported here could be minimised by using these variables
as weights (if using inverse probability weighting), or auxiliary
variables (if using multiple imputation) when analysing these
data. In addition, as questionnaire invitation could not have
been affected by the COVID-19 pandemic — since disengage-
ment from the study and having a valid email address largely
occurred prior to the pandemic — selection due to being sent a
questionnaire cannot be caused by COVID-19 outcomes. That
said, promotion of ALSPAC’s COVID-19 data collections could
have prompted some participants to re-engage and provide
the study with an up-to-date email address. In the period of
interest for this study (between 9" April 2020 and 5" July
2020), we estimate that this may have been the case for a few
hundred participants.

This descriptive study also demonstrates that longitudinal stud-
ies allow researchers to utilise their rich detailed pre-pandemic
data as potential predictors of selection in COVID-19 studies
that inform their research. While some characteristics may have
a similar impact on selection across various studies (such as
SEP predicting selection, as found in ALSPAC and the 1958
British birth cohort'”), others are likely to be study-specific.
For instance, in the ALSPAC GI1 cohort, participants enrolled
during their mother’s pregnancy or as children, while in other
cohorts participants may have enrolled as adults (e.g. UK
Biobank). We therefore cannot assume that the results described
here will apply to other studies with different demographic pro-
files, enrolment strategies and data collection mechanisms.
Additionally, given the target population (defined above),
ALSPAC is not necessarily representative of the general
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UK population or non-UK populations, as: i) at time of
recruitment, the Bristol area comprised mainly White Europeans;
and ii) the cohort that includes both females and males is
a young population (G1, aged ~28 years old), while the
sex-specific GO cohorts are older populations (mean GO mothers’
age ~56 years [range: 41-75]; mean GO partners’ age ~61
years [range: 41-89]). Furthermore, the reported associa-
tions in the ALSPAC COVID-19 questionnaire data are likely
to be specific to the data collection process (i.e. voluntary par-
ticipation in a long-running birth cohort study), and may not be
generalised to studies that acquired COVID-19 data from
other sources (e.g. medical records linkage). However, birth
cohorts do tend to be more representative of their target
population than other study designs, which may minimise poten-
tial biases due to selection relative to these other studies (for
instance, initial recruitment into ALSPAC included ~75% of
the target population', while UK Biobank only achieved a 5%
recruitment rate’). Although we cannot extrapolate findings
across cohorts, confidence in any conclusions would be ampli-
fied if we found similar results using comparable data from
multiple studies/cohorts with different demographics, enrolment
processes and data collection strategies (see, for example,
work on the impact of COVID-19 on mental health in both
ALSPAC and Generation Scotland cohorts'). We therefore
encourage other longitudinal studies to perform similar analyses
to these, to help researchers plan analyses and interpret their
findings.

Nonetheless, we consider that the issues related to selection
bias in COVID-19 research described throughout this paper
are relevant to all COVID-19 observations studies globally.
This is because being infected by SARS-CoV-2, experiencing
COVID-19 and the measures that have been used to limit
the spread of infection (e.g., lockdowns) will influence who
responds to invitations to participate in COVID-19 research. At
the same time, who got tested and diagnosed would have been
influenced by characteristics such as age, sex, occupation, socio-
economic position and existing co-morbidities, among other
factors. However, as the distribution of these characteristics,
and the management of the pandemic (e.g., whether universal
or selected testing is used) will vary widely between countries,
we must be careful in making inferences from our specific results
to other populations. Indeed, even within the UK we have shown
that many of the characteristics related to response in ALSPAC
also do so in UK Biobank, but for several factors the magni-
tude, and sometimes even the direction, of the associations
differed”. The aim of this paper was to highlight key sources of
selection bias in COVID-19 research; we feel that most observa-
tional studies (including genome-wide association studies and
those using genetic data for causal inference, such as Mende-
lian randomization studies), exploring causes or consequences
of COVID-19 are likely to have such biases and thus our con-
clusions and suggestion that this should be explored in other
studies are widely relevant.

It is also possible that rates of response to future COVID-19
questionnaires and associations of candidate predictors may change
over time within a cohort like ALSPAC (for instance, because
of increased understanding in the importance of COVID-19
research and changes in the restrictions used to manage
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COVID-19). In our supplementary analyses, we compared
candidate predictors of questionnaire invitation and response
in the two COVID-19 questionnaires separately. Overall, they
appeared similar, but more subtle differences are important to
consider when using repeated data across multiple waves of
COVID-19 data collection. For instance, among ALSPAC par-
ticipants who returned the first COVID-19 questionnaire, those
who returned the second COVID-19 questionnaire were more
likely to be older (i.e., GO participants), had higher educa-
tional qualifications, and had fewer recent financial worries
in the first COVID-19 questionnaire”. As we only focused on
questionnaires completed early in the pandemic, repeating these
analyses with subsequent rounds of COVID-19 questionnaires
will be important for researching impacts of the long-term
effects of COVID-19 and its management, new variants and on
long-COVID.

We also note some specific caveats when interpreting these
results and working with these ALSPAC data. First, we could not
investigate whether those who reported having had COVID-19
were more (or less) likely to respond to these questionnaires,
which may result in selection bias when using this as an expo-
sure or outcome. This risk of bias may be especially concern-
ing as we only have COVID-19 questionnaire data for ~20%
of the G1 and GO mother cohorts (~10% for GO partners), mean-
ing that COVID-19 status data is missing for ~80% of the
cohorts. Additional linkage data — such as from Public Health
England COVID-19 testing data — or data from other sources
is required to answer such questions”. For instance, recent
research using ALSPAC COVID-19 serology test data demon-
strates that individuals consenting to have a COVID-19 anti-
body test were more likely to report having had COVID-19%.
Questionnaire completion may have been similarly biased,
thus increasing the risk of selection bias in studies where
COVID-19-related outcomes are the outcome of interest.

Second, as ALSPAC data was collected repeatedly using the
same questions/instruments, appropriate methods to model
this repeated data should be used. Here, for repeated measures
we chose a simple method consisting of using the most recent
observation, and, if missing, back-filling with previous data.
However, if the time-points are not comparable, this may result
in bias (e.g., different rates of depression or anxiety at differ-
ent ages, or different ‘smoking status’ at age 18 vs age 24).
Nonetheless, using G1 depression and asthma as examples, we
compared different approaches to define these variables (such
as using single time-points, forward-filling data and averag-
ing), and found that they were broadly consistent (Extended
data®®: Table S12; although for depression using data from sin-
gle time-points gave slightly lower estimates relative to col-
lating over repeated measures). However, we noted that using
‘any history of X’ to derive these variables biased cases to those
with more data, effectively turning these variables into meas-
ures of repeated participation, so we recommend researchers
not to use this approach. As such, we suggest that research-
ers apply appropriate statistical techniques when working with
these (possibly missing) longitudinal data, such as longitudinal
multiple imputation®, latent variable/structural equation mod-
elling (e.g., 44), and/or sensitivity analyses using different
variable derivations.
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Finally, as 913 GI1 children (6% of the whole G1 cohort) were
enrolled after the age of seven years, candidate predictors of
selection measured during pregnancy and in early childhood
will be missing for these children and their GO parents. This
includes potentially important factors associated with selection
such as parental education, parental occupational social class,
gestational age, maternal parity, maternal age at birth, maternal
smoking in pregnancy and parental perinatal depression. Therefore
these variables cannot be used to derive weights for these
participants if using inverse probability weighting; while if there
are few observed auxiliary variables associated with these
factors, then multiple imputation will have little information to
draw upon when predicting these variables, resulting in greater
uncertainty in parameter estimates.

Conclusion

Missing data from not being sent an invitation or questionnaire
and not responding (as well as other sources of missing data)
can lead to spurious inferences and counterintuitive results due
to selection bias, which may result in incorrect policy recom-
mendations. This is particularly important in the fast-moving
area of COVID-19 research. We found several factors associ-
ated with selection due to questionnaire invitation and response
that may bias findings in COVID-19 research in ALSPAC. This
work can be used as a basis for future research using ALSPAC
COVID-19 data and highlights the importance of using longi-
tudinal pre-pandemic data to assess potential selection pres-
sures in observational COVID-19 research, and make informed
inferences.

Data availability

Underlying data

ALSPAC data access is through a system of managed open
access. The steps below highlight how to apply for access to
the data included in this study and all other ALSPAC data. The
datasets presented in this article are linked to ALSPAC project
number B3543, please quote this project number during your
application. The ALSPAC variable codes highlighted in the
dataset descriptions can be used to specify required variables.

1. Please read the ALSPAC access policy which describes the

process of accessing the data and samples in detail, and outlines
the costs associated with doing so.
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2. You may also find it useful to browse our fully searchable
research proposals database, which lists all research projects that
have been approved since April 2011.

3. Please submit your research proposal for consideration by the
ALSPAC Executive Committee. You will receive a response
within 10 working days to advise you whether your proposal
has been approved.

If you have any questions about accessing data, please email
alspac-data@bristol.ac.uk.

Please note that a standard COVID-19 dataset will be made
available at no charge (see'®”); however, costs for required
paperwork and any bespoke datasets required additional
variables will apply.

Extended data
Open Science Framework: Questionnaire Invitation/Response
and Selection Bias, https://doi.org/10.17605/0OSEIO/TP45V?%,

This project contains the following extended data:

- ALSPACSelectionBias_SupplInfo.pdf  (supplementary
information file: Tables S1-12; Figures S1-26)

Reporting guidelines

Open Science Framework: STROBE checklist for ‘Bias from
questionnaire invitation and response in COVID-19 research:
an example using ALSPAC’, https://doi.org/10.17605/OSE.I10/
TP45V,

Data are available under the terms of the Creative Commons
Attribution 4.0 International license (CC-BY 4.0).
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comments; we were expecting a further review before revising the paper, but this never
materialised. We have responded to the reviewer's comments in turn below (with the
reviewer's original comments in italics).

However, it is unclear what this research adds to the literature especially since previous ALSPAC
work showed that people from low socio-economic backgrounds have lower response rates (BM/
Open. 2017 Mar 14;7(3):e014238.).1

While socioeconomic position (SEP) is indeed a key predictor of response, we also explored
other factors which could inform future work using this data. We show that the assessed
factors (which are not limited to SEP) predict response to COVID-19 data collections
specifically, which may be different from previous ALSPAC data collections. For example, the
analysed COVID-19 data was collected through online-only questionnaires (unlike the
reference provided) and during a pandemic (which is an additional selection pressure on
top of those arising from different data collections and a different time point).

The data presented graphically is difficult to follow and much of the data referenced in the text is
in 'Extended data’ section. Hugely frustrating for the reader. Could it all be organised so the
relevant data is presented?

We understand that the amount of data described may be overwhelming for the reader.
Therefore, we tried to be clear giving enough information in the main text to get the overall
take-home message. Additional details and further depictions are shown in the extended
data for those readers interested in exploring the finer details of this work. We have added
a sentence in the ‘statistical analysis' section of the results (previously just in figure
footnotes) to make this clearer:

“Note that, to aid interpretability of the figures displaying these results, we present a
range of key candidate predictors of selection in the main text, with additional
predictors displayed in the extended data.”

We would appreciate more specific feedback on suggestions on how to improve the
organisation of the paper; we would be happy to revise the paper accordingly if those
suggestions improved clarity.
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v

Claire Infante-Rivard
Department of Epidemiology, Biostatistics and Occupational Health, Faculty of Medicine, McGill
University, Montréal, QC, Canada

The authors study selection bias while investigating COVID-19 issues with online questionnaires in
the ALSPAC cohorts.

The results of this descriptive study are important and particularly useful; selection bias, a rather
complex and misunderstood bias, is often ignored in the interpretation of results or addressed
informally, while potentially present in most studies. The report is very clearly written, the study
methods are impeccably presented and thus provide an intelligible model for investigators
concerned with the bias but uncertain about how to go about uncovering its presence in their
data.

I have a minor comment about the wording of one aspect of the report. I would strongly suggest
changing the wording around the issue of bias related to “being sent a questionnaire”. This is
initially interpreted as a meaning bias originating from the research team when selecting who is to
be sent a questionnaire whereas it has nothing to do with that. I am sure the authors can come up
with a less ambiguous formulation: for example, “subjects who were reachable” or “subjects who
could be contacted”, etc.

My main comment though is about the need for a more advanced discussion with regards to the
effects of selection bias; briefly, the effect can be biased in the sample (and therefore in the target
population) or an unbiased in the sample but biased for the target. Without getting into the
specific, and sometimes subtle, aspects of these observations, for sure, the reader would benefit
from an enhanced discussion on the issue of generalizability from sample results to the target.

All studies have the goal of interpreting results from the sample to the target population of
inferential interest. Few investigators are interested in biomedical results in a few hundred or even
a few thousand children or mothers (i.e., the study sample). All are interested in knowing if sample
results are generalizable to a well characterized population of children and/or mothers. Whereas
the report recognizes that “ALSPAC is not necessarily representative of the general UK population
or non-UK population” the target populations at any of the analyses time points in this report
remain undefined, with the possible exception of recruitment time, assuming a sampling frame
allowed the enumeration of eligible subjects. With the successive follow-ups and the marked
losses at each step, defining the target at these steps is a challenge. However, this knowledge
impacts on the usefulness of study results, including the ones shown in this report.

While the issue of defining the target population of inferential interest may seem theoretical, it
becomes very concrete when it comes to generalizing results from a sample meeting the
identification conditions. For example, if one were to use IPW or a G-formula approach (which by
the way should be added to the list of methods in the report), distribution of key selection-
influencing variables from the target would be needed (let's assume no confounding for
simplicity). Should the distribution of these selection-influencing factors be from the eligible at
recruitment or from those remaining in the study at later follow-up times? These may well
represent different target populations. There are many possible selection models: at entry, at
follow-up, at death, for item response. Using IPW for example, should the weights be specific to
each mechanism or is the use of a simpler average weight over the mechanisms interpretable?
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More concretely, from a public health standpoint, assuming generalizations from the sample
could be applied, how would the target populations be defined in these applications?

Another problem arises when the authors use additional children in the G1 cohort; they are
defined as eligible but non-participant children: from the ALSPAC literature, it seems impossible to
define a sampling frame for these, so the target remains undefined. Generalization with methods
previously mentioned could not be performed. Adding these children only makes the results less
interpretable with respect to generalization.

In summary, I think the paper would gain considerable depth if it at least addressed some of the
issues raised in the previous paragraphs in the discussion.

Finally, whereas the authors are prudent about the variables used as driving selection, stating that
they are not studying all possible sources of selection bias in ALSPAC, I believe that providing
additional insight from the ALSPAC experience could be useful to the readership. What would a
reasonable strategy be to choose the selection-influencing variables for identification (and used
with IPW and the G-formula for example). This can be a complex task but most likely best
addressed by investigators with an intimate knowledge of the study. Apart from these variables, a
reflection on confounders is also needed for identification. Non-causal paths from confounders
are familiar but non-causal paths created by selection bias, probably less so. In summary, based
on the authors’ profound knowledge of the ALSPAC data and the present study results, what
suggestions can they make to investigators with respect to measuring key variables needed for
identification and eventually generalization in a cohort study such as ALSPAC.

Is the work clearly and accurately presented and does it cite the current literature?
Yes

Is the study design appropriate and is the work technically sound?
Yes

Are sufficient details of methods and analysis provided to allow replication by others?
Yes

If applicable, is the statistical analysis and its interpretation appropriate?
Yes

Are all the source data underlying the results available to ensure full reproducibility?
Yes

Are the conclusions drawn adequately supported by the results?
Yes
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expertise to confirm that it is of an acceptable scientific standard.

Daniel Smith, University of Bristol, Bristol, UK

We are delighted with the positive review and thank the reviewer for their constructive
comments. We also apologise for the length of time taken to respond to the reviewer’s
comments; we were expecting a further review before revising the paper, but this never
materialised. We have responded to the reviewer's comments in turn below (with the
reviewer's original comments in italics).

I have a minor comment about the wording of one aspect of the report. I would strongly suggest
changing the wording around the issue of bias related to “being sent a questionnaire”. This is
initially interpreted as a meaning bias originating from the research team when selecting who is
to be sent a questionnaire whereas it has nothing to do with that. I am sure the authors can come
up with a less ambiguous formulation: for example, “subjects who were reachable” or “subjects
who could be contacted”, etc.

We appreciate this suggestion and understand the confusion this unusual wording may
introduce. However, ‘being sent a questionnaire’ seems our best choice for this outcome for
a few reasons. First, it works as a nice counterpoint to the next outcome, ‘returning a
questionnaire’. Second, ‘subjects who were reachable’ is not technically accurate, as some
participants were reachable but were not sent a questionnaire (if they had declined to
participate in questionnaires, for example). As we are comparing participants who were
sent vs “not sent” a questionnaire, we feel this is the most appropriate label for this
outcome.

To try and avoid any potential confusion, in the second paragraph of the introduction where
we first mention the outcome ‘being sent a questionnaire’, we have expanded the definition
to say:

“The aim of this study was to describe questionnaire invitation and response rates and to
explore factors associated with (i) being sent a COVID-19 questionnaire (i.e., participants
who were invited to complete a questionnaire because they had not withdrawn from
the study, agreed to participate in questionnaires and had a valid email address); {ii)
returning a COVID-19 questionnaire...”

My main comment though is about the need for a more advanced discussion with regards to the
effects of selection bias; briefly, the effect can be biased in the sample (and therefore in the target
population) or an unbiased in the sample but biased for the target. Without getting into the
specific, and sometimes subtle, aspects of these observations, for sure, the reader would benefit
from an enhanced discussion on the issue of generalizability from sample results to the target.

We appreciate this comment and thank the reviewer for raising this important issue. First,
we added a sentence in the first paragraph of the introduction to briefly extend the
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implications of selection bias:

“...This can result in selection bias [7- 11], which may be exacerbated by the ways in which
data collection has changed during the pandemic, for example, with the increased use of
online questionnaires [12, 13]. This selection bias can lead to incorrect (or biased)
estimations of the effect of a risk factor on an outcome, in this case COVID-19 and its
related impacts. Importantly, having an available and rich collection of pre-pandemic data
in existing longitudinal cohorts can be useful in efforts to explore potential selection
pressures that lead to bias [14- 17]."

In the ‘study design’ section of the methods, we have also included an sentence explicitly
defining the target population:

“The target population therefore comprises pregnancies leading to children born in
the early 1990s in the former county of Avon, in addition to their mothers and the
mothers’ partners. This initial enrolled sample included approximately 75% of the
target population and was broadly representative of the wider Avon population (albeit
somewhat biased towards mother who were married and from higher socioeconomic
backgrounds, and biased away from ethnic minorities); further details can be found in
the published cohort profiles [14, 21, 22]"

In addition to clearly defining the target population, we have also expanded our discussion
with respect to representativeness. While our conclusions regarding selection bias are
widely applicable globally for any studies concerned with COVID-19 research, we
acknowledge that the patterns of selection are likely to vary for different populations that
we would want to make inference to, and have tried to clarify this in the discussion:

“Nonetheless, we consider that the issues related to selection bias in COVID-19
research described throughout this paper are relevant to all COVID-19 observations
studies globally. This is because being infected by SARS-CoV-2, experiencing COVID-19
and the measures that were used to limit the spread of infection (e.g., lockdowns) will
influence who responds to invitations to participate in COVID-19 research. At the same
time, who got tested and diagnosed would have been influenced by characteristics
such as age, sex, occupation, socioeconomic position and existing co-morbidities,
among other factors. However, as the distribution of these characteristics, and the
management of the pandemic (e.g., universal or selected testing) will vary widely
between countries, we must be careful in making inferences from our specific results
to other populations. Indeed, even within the UK we have shown that many of the
characteristics related to response in ALSPAC also do so in UK Biobank, but for several
factors the magnitude, and sometimes even the direction, of the associations differed
[https://www.medrxiv.org/content/10.1101/2021.12.10.21267363v1]. The aim of this
paper was to highlight key sources of selection bias in COVID-19 research; we feel that
most observational studies (including genome-wide association studies and those
using genetic data for causal inference such as Mendelian randomization studies)
exploring causes or consequences of COVID-19 are likely to have such biases, and thus,
our conclusions and suggestion that this should be explored in other studies are
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widely relevant.”

All studies have the goal of interpreting results from the sample to the target population of
inferential interest. Few investigators are interested in biomedical results in a few hundred or
even a few thousand children or mothers (i.e., the study sample). All are interested in knowing if
sample results are generalizable to a well characterized population of children and/or mothers.
Whereas the report recognizes that “ALSPAC is not necessarily representative of the general UK
population or non-UK population” the target populations at any of the analyses time points in
this report remain undefined, with the possible exception of recruitment time, assuming a
sampling frame allowed the enumeration of eligible subjects. With the successive follow-ups and
the marked losses at each step, defining the target at these steps is a challenge. However, this
knowledge impacts on the usefulness of study results, including the ones shown in this report.

Thank you for raising this point. As mentioned above, we introduced a definition of the
target population (children and associated mothers and their partners born in Avon in the
early 1990s), which we believe helps to clarify things. We have now amended the sentence
highlighted in the discussion to make it clearer that, as the ALSPAC target population is a
relatively small geographically- and temporally-defined area, results may not be
generalisable to wider UK and non-UK populations:

“Additionally, given the target population (defined above), ALSPAC is not necessarily
representative of the general UK population or non-UK populations”

In addition, in the second paragraph of the discussion we have made it clear that, due to
selection at each successive stage explored here (sent a questionnaire vs returned a
questionnaire vs item non-response), samples using this COVID-19 questionnaire data are
not representative of the target population, and therefore at risk of selection bias:

“Recruitment was intended to be representative of the target population; however,
due to loss to follow-up, the analytic samples with COVID-19 questionnaire data are no
longer representative of the original ALSPAC study sample (and hence the target
population, of which the original ALSPAC sample is broadly representative). Selection
bias may therefore be a potential risk when using ALSPAC COVID-19 questionnaire data and
we encourage researchers to carefully consider the results presented here to inform their
work."

While the issue of defining the target population of inferential interest may seem theoretical, it
becomes very concrete when it comes to generalizing results from a sample meeting the
identification conditions. For example, if one were to use IPW or a G-formula approach (which by
the way should be added to the list of methods in the report), distribution of key selection-
influencing variables from the target would be needed (let's assume no confounding for
simplicity). Should the distribution of these selection-influencing factors be from the eligible at
recruitment or from those remaining in the study at later follow-up times? These may well
represent different target populations. There are many possible selection models: at entry, at
follow-up, at death, for item response. Using IPW for example, should the weights be specific to
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each mechanism or is the use of a simpler average weight over the mechanisms interpretable?
More concretely, from a public health standpoint, assuming generalizations from the sample
could be applied, how would the target populations be defined in these applications?

We appreciate this comment following the previous one. In addition to adding g-formula
approaches to our list of potential methods, we have given an example of how one could
apply inverse probability weights in this study (similar considerations would apply for
multiple imputation or g-formula approaches). Given that the enrolled ALSPAC sample
includes ~75% of the target population, using this ‘whole sample’ as a proxy for the target
population is likely to be a reasonable approximation (even though there are some
differences between those enrolled vs non-enrolled, as discussed above), especially given
the difficulties in obtaining external information on the non-enrolled pregnancies in the
target population:

"Methods such as multiple imputation, inverse probably weighting, g-formula approaches,
simulations, and bounds and parameter searches [11, 30, 34- 38] can be used to help
explore and overcome potential selection bias. For instance, in the case of inverse
probability weighting, weights should be derived according to the target population
of the study (or using the total enrolled ALSPAC sample as a proxy, if weights derived
from the target population cannot be constructed).”

Another problem arises when the authors use additional children in the G1 cohort; they are
defined as eligible but non-participant children: from the ALSPAC literature, it seems impossible
to define a sampling frame for these, so the target remains undefined. Generalization with
methods previously mentioned could not be performed. Adding these children only makes the
results less interpretable with respect to generalization.

We have added the following in the methods section to make clear these children were part
of the target population:

"Since the oldest children were approximately 7 years of age, the study has recruited 913
additional G1 children who did not join originally, but were part of the original target
population based on date and location of birth."

In summary, I think the paper would gain considerable depth if it at least addressed some of the
issues raised in the previous paragraphs in the discussion.

We have added the amendments explained above to make those important points clearer,
but we are concerned about the length of this manuscript, particularly the discussion. We
hope these modifications improve those previously unclear or misleading issues.

Finally, whereas the authors are prudent about the variables used as driving selection, stating
that they are not studying all possible sources of selection bias in ALSPAC, I believe that providing
additional insight from the ALSPAC experience could be useful to the readership. What would a
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reasonable strateqgy be to choose the selection-influencing variables for identification (and used
with IPW and the G-formula for example). This can be a complex task but most likely best
addressed by investigators with an intimate knowledge of the study. Apart from these variables, a
reflection on confounders is also needed for identification. Non-causal paths from confounders
are familiar but non-causal paths created by selection bias, probably less so. In summary, based
on the authors’ profound knowledge of the ALSPAC data and the present study results, what
suggestions can they make to investigators with respect to measuring key variables needed for
identification and eventually generalization in a cohort study such as ALSPAC.

As we state in the discussion, although we cannot dictate how researchers analyse ALSPAC
data, we agree that this might be useful to help guide some readers. In the original version
we did present a few suggestions to help researchers (paragraph 6 of the discussion).
However, given the length of the discussion already we are hesitant about providing much
more additional detail - which could easily fill multiple additional papers! - especially given
that we have referenced methods to mitigate selection bias already. Nonetheless, we have
introduced a couple of sentences in the discussion to make clear that this study aimed to
describe selection pressures in ALSPAC's self-reported COVID-19 data, and that it is beyond
its scope to describe in detail how to mitigate the subsequent bias, but have also provided
references to some ALSPAC studies which apply these methods in an effort to overcome
potential selection bias:

"We have not aimed to mitigate selection bias in this paper, but rather to illustrate
how it can be identified. Methods such as multiple imputation, inverse probably
weighting, g-formula approaches, simulations, and bounds and parameter searches [11, 30,
34- 38] can be used to help explore and overcome potential selection bias. [...] For some
examples of such methods applied in ALSPAC to mitigate potential selection bias, see
[references cited in updated manuscript]. Researchers need to assess the assumptions
when using these approaches as it is not possible to dictate a ‘one-size-fits-all’ approach
when working with cohort data such as ALSPAC, as different research questions will be
addressed using different variables and methods.”

These references giving examples of how such approaches have been used in ALSPAC to
overcome potential selection bias are:

Cornish RP et al. Factors associated with participation over time in the Avon Longitudinal
Study of Parents and Children: a study using linked education and primary care data. Int
Epidemiol. 2021;50(1):293-302. 33057662 10.1093/ije/dyaa192 7938505

Cornish RP et al. Using linked educational attainment data to reduce bias due to missing
outcome data in estimates of the association between the duration of breastfeeding and IQ
at 15 years. Int ] Epidemiol. 2015;44(3):937-45. 25855709 10.1093/ije/dyv035 4521129

Lee K] et al. Framework for the treatment and reporting of missing data in observational
studies: The Treatment And Reporting of Missing data in Observational Studies framework.

Journal of clinical epidemiology. 2021 Jun 1;134:79-88.

Cadman T et al. Joint associations of parental personality traits and socio-economic position
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with trajectories of offspring depression: Findings from up to 6925 families in a UK birth
cohort. JCPP advances. 2021 Oct;1(3):e12028.

Millard LAC et al. Exploring selection bias in COVID-19 research: Simulations and prospective
analyses of two UK cohort studies, MedRxiv. 2021.
(https://www.medrxiv.org/content/10.1101/2021.12.10.21267363v1)
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