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Abstract

Introduction

Following the acute phase of the COVID-19 pandemic, a record number of people became
economically inactive in the UK. We investigated the association between coronavirus
infection and subsequent economic inactivity among people employed pre-pandemic, and
whether this association varied between self-report versus healthcare recorded infection
status.

Methods

We pooled data from five longitudinal studies (1970 British Cohort Study, English Longi-
tudinal Study of Ageing, 1958 National Child Development Study, Next Steps, and Under-
standing Society), in two databases: the UK Longitudinal Linkage Collaboration (UKLLC),
which links study data to NHS England records, and the UK Data Service (UKDS), which
does not. The study population were aged 25-65 years between April 2020 to March 2021.
The outcome was economic inactivity measured at the time of the last survey (November
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analysis of longitudinal study data with linked
routine records. These data cannot be used or
shared outside this environment. Researchers
can apply to use UKLLC’s resource using the
procedure outlined in the UKLLC Data Access
and Acceptable Use Policy (https://ukllc.ac.uk/
governance/). The UKLLC uses a system of
managed open access for researchers who
demonstrate their project is intended to
improve the public good. For the survey data,
anonymised datasets with corresponding
documentation can be de downloaded from the
UK Data Service. More information for each
longitudinal population study is available in
Appendix A in S1 File.

Funding: The UKLLC is an initiative of

the UKRI-funded Longitudinal Health and
Wellbeing National Core Study led by University
College London (Grant code: MC_PG_20059).
COVID-19 Longitudinal Health and Wellbeing
National Core Study was funded by the Medical
Research Council (MC_PC_20030). RJSh
was funded by Health Data Research UK
(SS005). SVK acknowledges funding from a
NRS Senior Clinical Fellowship (SCAF/15/02)
and the European Research Council (949582).
RJSh, SVK, OKLH, MG and ED acknowl-

edge funding from the Medical Research
Council (MC_UU_00022/2) and the Scottish
Government Chief Scientist Office (SPHSU17).
RR acknowledges funding from the Medical
Research Council (MR/W021277/1). SP
acknowledges funding from the Economic
and Social Research Council (ES/W010321/1
and ES/S007407/1). JW is funded under the
Belgian National Scientific Fund (FNRS) CQ
grant n°40010931. Understanding Society is
an initiative funded by the Economic and Social
Research Council and various Government
Departments, with scientific leadership by the
Institute for Social and Economic Research,
University of Essex, and survey delivery by
NatCen Social Research and Kantar Public.
The Understanding Society COVID-19 study is
funded by the Economic and Social Research
Council (ES/K005146/1) and the Health
Foundation (2076161). The research data

are distributed by the UK Data Service. Next
Steps, British Cohort Study 1970 and National
Child Development Study 1958 are funded by
the Economic and Social Research Council
supported through the Centre for Longitudinal
Studies, Resource Centre 2015-20 grant (ES/
M001660/1) and a host of other co-founders.
The COVID-19 data collections in these three
cohorts were funded by the UKRI grant
Understanding the economic, social and

2020 to March 2021). The exposures were COVID-19 status, indicated by a positive
SARS-CoV-2 test in NHS records (UKLLC sample only), or by self-reported measures of
coronavirus infection (both samples). Logistic regression models estimated odds ratios
(ORs) adjusting for potential confounders including sociodemographic variables and
pre-pandemic health.

Results

Within the UKLLC sample (N=8,174), both a positive SARS-CoV-2 test in NHS records
(5.9% of the sample; OR 1.08, 95%CI 0.68-1.73) and self-reported positive tests (6.5%

of the sample; OR 1.07, 95%CI 0.68-1.69), were marginally and non-significantly associ-
ated with economic inactivity (5.3% of the sample) in adjusted analyses. Within the larger
UKDS sample (n=13,881) reliant on self-reported ascertainment of infection (6.4% of
the sample), the coefficient indicated a null relationship (OR 0.98, 95%CI 0.68-1.40) with
economic inactivity (5.0% of sample).

Conclusions

Among people employed pre-pandemic, testing positive for SARS-CoV-2 was not asso-
ciated with increased economic inactivity, although we could not exclude small effects.
Ascertaining infection through healthcare records or self-report made little difference to
results. However, processes related to record linkage may introduce small biases.

Introduction

Considerable economic disruption occurred internationally following the start of the COVID-
19 pandemic [1], with many people leaving or losing their jobs [2]. In the USA this led to

a drop in the labour force participation rate of nearly 1 percentage point, with the greatest
drop in average yearly hours worked (around 23 hours) being for men with more than a high
school education [2]. In the UK, coinciding with the spread of COVID-19, the number of eco-
nomically inactive people increased dramatically, with 500,000 additional people being eco-
nomically inactive in 2022 [3]. Driven principally by people over the age of 50, the number of
older workers on unemployment-related benefits nearly doubled as a result of the pandemic,
with the claimant count among the over 50s increasing by 280,000 between February 2020
and June 2020 [4]. This represents the largest increase in economic inactivity since records
began in 1971 [5]. At the macro-level, UK labour market shortages have increased. At the
individual-level, those affected face devastating financial and personal consequences [6].Neg-
ative health consequences of severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2)
infection may have contributed to increased numbers of people leaving the workforce. Post-
COVID-19 condition (also known as long COVID’) has been linked to reductions in working
capacity [7], substantial absences from work [8-10], and disrupted finances [11]. However,
the studies in this area are generally limited, with most being based on small samples of people
who have been hospitalised for COVID-19 [12], treated by primary care services [13], or
based on cross-sectional surveys of people who were recruited because they reported having
had COVID-19 [8, 9]. In addition, post-COVID-19 condition is partly defined on the basis
that symptoms impact aspects of everyday functioning including work [14]. For some people,
therefore, post-COVID-19 condition could be partly a consequence, as opposed to a cause, of
their employment status [5].Longitudinal population surveys (LPS) are an important source
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not only of economic activity data following the pandemic, but also socioeconomic conditions
and health status prior to the pandemic, allowing for better adjustment of confounding. How-
ever, neither economic inactivity nor SARS-CoV-2 infection are typically common enough
for analyses to be conducted using data from a single longitudinal study. A solution to these
challenges is to pool data from multiple surveys and link them to National Health Service
(NHS) data to provide standardised measures for SARS-CoV-2 positivity across studies. The
UK Longitudinal Linkage Collaboration (UK LLC) Trusted Research Environment (TRE),
which has linked NHS data to many major UK longitudinal surveys [15], makes pooled analy-
sis feasible.

Using samples of LPS respondents who reported being employed or self-employed
just before the pandemic, we aim to understand the relationship between two measures of
COVID-19 status (a positive test for SARS-CoV-2 and a self-reported infection measure) and
economic inactivity. When used to indicate COVID-19 status, both NHS records for SARS-
CoV-2 tests and self-report of tests should provide similar results. Recall and specificity of test
results have been shown to be high [16]. However, self-reported COVID-19 symptoms and
test results have been demonstrated to show different relationships with symptoms [17] and
this may be the case with employment related outcomes.

Firstly, we test associations between measures of COVID-19 status and economic activity
in a sample from the UK LLC, which includes both COVID-19 status measures. However, as
linkage consent limits the availability of data for some LPSs in the UK LLC, it is possible that
this sample is subject to bias [18]. Secondly, therefore, we aimed to evaluate the consequences
of potential consent bias by repeating analyses of the self-reported COVID-19 status measures
using a larger sample from UK Data Service (UKDS).

Methods

We use self-reported sociodemographic, economic and COVID-19 data on individuals from
five UK LPSs, which are described in Table 1 and Appendix A in the S1 File: three age-
homogenous cohort studies (the 1970 British Cohort Study; BCS70 [19], the 1958 National
Child Development Study; NCDS [20] and Next Steps; NS [21]), and two population-based
studies (Understanding Society; USoc [22, 23] and the English Longitudinal Study of Age-
ing; ELSA [24]). Each of these datasets included demographic, health and COVID-19 related
variables, and information on employment status just before the pandemic, and employment
status and economic activity during the pandemic. We pooled data across the five LPSs and
derived two analytic samples, one within the UK LLC and the other within the UKDS:

(1) Within the UK LLC TRE we selected people in England who consented to linkage to NHS
data, were in employment just before the pandemic (see Appendix B in S1 File for defini-
tion), aged 25 years and over in the first COVID-19 survey they participated in, and aged
65 or under at the last COVID-19 survey they took part in (“UKLLC sample”; see Table 1
for further information on survey timings). The younger age limit was selected to exclude
those of younger ages when education would be a common alternative to employment.
The older limit reflects statutory retirement age. The UK LLC links data to NHS health
records, so contains both the test-confirmed SARS-CoV-2 and the self-reported COVID-
19 status variables in a sample restricted to those who have consented to record link-
age. NHS records include positive tests for SARS-CoV-2 from the English NHS Digital
COVID-19 Second Generation Surveillance (COVIDSGSS), NHS Digital Npex, and NHS
Digital Covid-19 UK Non-hospital Antibody Testing Results [15].

(2) The UKDS sample differs from the UKLLC sample in three main ways: 1) data are not
linked to NHS records, therefore, the sample is larger as it is not limited by consent to
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Table 1. Showing the Study design and pre-pandemic and COVID-19 survey dates for each of the longitudinal population studies.

Longitudinal popu- | Study design Pre-pandemic survey date Details of COVID-19 surveys
lation study (response rate)
1970 British Cohort | Children born in the UK in one week in 1970, with regular July 2016 to July 2018 (Wave 10) & | Three surveys: May 2020 (40.4%),
Study follow-up surveys from birth May 2020 (retro-recalled data) September-October 2020 (43.9%),
(BCS70) February-March 2021 (40.0%)
National Child Children born in the UK in one week in 1958, with regular September 2013 - March 2014 Three surveys: May 2020 (57.9%),
Development Study | follow-up surveys from birth (Wave 9) & May 2020 (retro- September-October 2020 (53.9%),
(NCDS) recalled data) February-March 2021 (52.0%)
Next Steps Sample recruited via secondary schools in England at around 13 | August 2015 - September 2016 Three surveys May 2020 (20.3%),
(NS) years old, with regular follow-up surveys thereafter (Wave 8) & May 2020 (retro- September-October 2020 (31.8%),
recalled data) February-March 2021 (29.0%)
Understanding Nationally representative longitudinal household panel survey, | January 2015 —February 2020 (Par- | Eight surveys: April (42.0%), May
Society based on a clustered-stratified probability sample of UK house- | ticipants most recent data before (35.1%), June (33.5%), July (32.6%),
(USoc) holds, with participants surveyed annually March 2020 from waves K to G) September (30.6%), November 2020
(28.6%), January (28.5%), March 2021
(30.2%)
English Longitudinal | Nationally representative population study of individuals aged | June 2018 - July 2019 (Wave 9) Two surveys: June-July 2020 (75%),
Study of Ageing 50+ years living in private households in England, with biennial November-December 2020 (73%)
(ELSA) surveys and periodic refreshing of the sample to maintain

representativeness

https://doi.org/10.1371/journal.pone.0321201.t1001

linkage; 2) because the data are not linked, they do not include SARS-CoV-2 test records,
only the self-reported COVID-19 measure; 3) the UKDS sample includes people from

all four UK nations, not just England. For our primary analyses, we derived a sample by
applying the same age restrictions as above to residents of all four UK nations. To aid
comparability with the UKLLC sample, we then repeated analyses in the UKDS, restrict-
ing the sample to residents of England only.

Variables

Outcomes. The primary outcome is economic inactivity, which categorises participants

into the reference category of economically active (i.e., those who are in paid employment,
or seeking paid employment), or economically inactive (i.e., those who are neither in paid
employment, nor looking for work). Further sensitivity analyses were conducted, using

employment status as the outcome, categorised as those in paid employment (reference
category) versus those not in employment. The distinction between the two measures is
that being economically active includes those who are in paid employment and those who

are unemployed but actively seeking work. In contrast, for the employment status measure,
the non-employed category includes not only economically inactive people, e.g., retired or
long-term sick but also unemployed people who are looking for work and who would be

classified as economically active. To aid consistency, outcome data are taken from a single

wave for approximately the same period of each longitudinal cohort survey, which ranged

from November/December 2020 to March 2021 (details are given in Table 1). More extensive

details on how the outcome variables were defined are provided in Appendix C in S1 File.
Exposures. Two measures of COVID-19 status were used:

(1) An NHS record indicating that participants tested positive for SARS-CoV-2 prior to the
survey during which economic inactivity or employment status was ascertained (UKLLC

sample only).

(2) A self-reported COVID-19 status variable, whereby participants were categorised as not
having COVID-19, having suspected COVID-19, or having test-confirmed COVID-19,
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according to self-reported measures up to and including the survey used to record the
outcome (see Appendix D in S1 File; both UKLLC and UKDS samples).

Potential confounding variables

We had available the following demographic variables: age at time of outcome (standardised
linear and quadratic terms); sex (male versus female); household composition at start of
pandemic (alone, partner no children, partner and children/grandchildren, no partner and
children/grandchildren, other (e.g., living with housemate(s)); self-reported key worker

status during the pandemic (no/yes); and ethnicity (White, Asian, Black, Mixed, Other). NHS
records, if available, were used if ethnicity data were missing (5.4% of the UKLLC sample). For
the UKDS analyses ethnicity was not used. BCS70 ethnicity data was restricted to participants
of a sweep that occurred in the year 2000, and only a binary ethnicity measure was available
for ELSA. Adjusting for ethnicity would have led to a smaller sample size for the addition of

a variable of limited utility. The pre-pandemic socioeconomic confounders were the National
Statistics Socio-Economic Classification (NS-SEC: higher management and professional,
lower management and professional, intermediate, small employer, lower supervisory and
technical, semi-routine, routine, unclassifiable) and the highest level of education (harmon-
ised using National Vocational Qualifications (NVQ) or academic equivalents see Schneider
2011 [25] into NVQ4 or 5, NVQ3, NVQ2 or 1, none, unclassifiable). To adjust for health, we
used pre-pandemic self-rated health (excellent, very good, good, fair or poor) and whether

a person reported having been advised to ‘shield’ (i.e., self-isolate; no versus yes) during the
pandemic, based on whether or not they reported receiving a letter from the NHS indicating
that they were at risk of severe illness if they caught coronavirus. NS-SEC and self-rated health
data for ELSA and USoc were collected prior to the pandemic, whereas retrospective measures
collected during the first pandemic sweep were used for NCDS, BCS70 and NS.

Statistical analyses

We carried out logistic regression models to test the following associations:
In the UK LLC

Model 1: NHS test records for SARS-CoV2 ~ economic activity + potential confounding
variables

Sensitivity analysis 1: NHS test records for SARS-CoV2 ~ employment status + potential
confounding variables..

Model 2: Self-reported COVID-19 status ~ economic activity + potential confounding variables

Sensitivity analysis 2: Self-reported COVID-19 status ~ employment status + potential con-
founding variables

In the UKDS:
Model 3: Self-reported COVID-19 status ~ economic activity + potential confounding variables

Sensitivity analysis 3: Self-reported COVID-19 status ~ employment status + potential con-
founding variables

Sensitivity analysis 4 (England-only sample): Self-reported COVID-19 status ~ economic
activity + potential confounding variables.

Sensitivity analysis 5 (England only sample): Self-reported COVID-19 status ~ employment
status + potential confounding variables
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In addition, we carry out analyses stratifying the full UKDS sample by the following character-
istics: age (under 50 years versus 50 and over), sex and NS-SEC (higher management, admin-
istrators, and professionals versus intermediate, service and routine), and self-rated health
(excellent, very good, good versus fair or poor). We formally tested for effect modification by
these characteristics using likelihood ratio tests.

We used complete case analysis to address missing data. Regression analyses tend to be
robust to missing data and more appropriate than other alternatives such as weighting and
multiple imputation which could amplify biases when the data is missing not at random
[26, 27].The code to derive all the variables and carry out the analyses is available from the UK
LLC Github repository (https://github.com/UKLLC/llc_0010). The analyses and coding of the
survey data were carried out using Stata 17.0, while the graphs and coding of NHS data were

carried out using R 4.3.1

Ethics statement

The analyses use secondary data obtained from the UK LLC and the UKDS, ethical clearance
was obtained by the UK LLC and the studies held within it. The UK LLC is a Trusted Research
Environment developed and operated by the Universities of Bristol and Edinburgh using an
underlying ‘Secure eResearch Platform’ infrastructure (https://serp.ac.uk/) provided by Swan-
sea University for longitudinal research. The UK LLC TRE is designed to host de-identified
data from many interdisciplinary, longitudinal population studies; to systematically link these
to participants’ health, administrative and environmental records; and to provide a secure
analysis environment. This project has been approved by the UK LLC and its contributing
data owners and information on this project and its outputs can be accessed via UK LLC’s
website (Data Use Register | UK Longitudinal Linkage Collaboration (ukllc.ac.uk)) and UK
LLC’s GitHub (UK Longitudinal Linkage Collaboration GitHub). The UK LLC has ethical
approval from the Health Research Authority Research Ethics Committee (Haydock Commit-
tee; ref: 20/N'W/0446). More information on ethical approval for each longitudinal population
study is available in the Appendix A in S1 File.

Results

The UKLLC sample included 8,174 people with complete data (full details on the selection
process are given in Fig 1 in S1 File), of whom 479 people (5.9%) had an NHS record of a posi-
tive test for SARS-CoV-2, 528 (6.5%) self-reported having had COVID-19 confirmed by a test,
and 1,164 (14.3%) suspected they had had COVID-19 (Table 2).

The full UKDS sample included 13,881 people (see S2 Fig in S1 File). Proportions of partic-
ipants reporting COVID-19 confirmed by a test or suspected COVID-19 were slightly lower
than the UKLLC sample (6.4% and 13.8% respectively).

The percentage of people reporting that they were economically inactive was similar in
the UKLLC and UKDS samples (UKLLC: 5.3%, n= 429; UKDS: 5.0%, n = 689), as was the
case for people reporting that they were unemployed (UKLLC: 10.4%, n = 847; UKDS: 9.9%,
n = 1,380). The majority of the UKLLC and UKDS samples were over the age of 50 (UKLLC:
71.5%, n = 5,841; UKDS: 68.8%, n = 9,547). Both samples also over-represented females
(UKLLC: 56.7%, n = 4,6315; UKDS: 57.4%, n = 7,964).

Associations between NHS-record of SARS-CoV-2 and economic inactivity

For the UKLLC sample, results of adjusted analyses indicated that having an NHS record of
a positive test for SARS-CoV?2 resulted in a weak non-significant increased risk of economic
inactivity (OR 1.08, 95% CI 0.68 to 1.73; see panel A, Fig 1 and Table 1 in S1 File).
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A) Economic Inactivity
Positve test | Py
(NHS Records)
Test confirmed | = A
(Self-reported) ]
Suspected | — Sample
(Self-reported) + UKLLC. n = 8.128
B) Non—employment + UKLLC, n = 8,174
. B UKDS AIl UK, n = 13,881
Positve test | PY
(NHS Records) -+ UKDS England, n = 11,745
Test confirmed | A
(Self-reported) -‘
Suspected | = A
(Self-reported) N ... N
0.50 0.75 1.00 125 150 2.00
Odds Ratio

Fig 1. Odds ratios for economic inactivity and non-employment by COVID-19 status in four subsamples of five UK Longitudinal Popu-
lation Studies. Analyses were adjusted for age, sex, household composition, ethnicity (UKLLC only), longitudinal study, country (UKDS only),
shielding status, self-rated health, NS-SEC, keyworker status and education.

https://doi.org/10.1371/journal.pone.0321201.9001

Associations between self-reported COVID-19 status and economic
inactivity

In the UKLLC sample, relative to those who did not report having COVID-19, those who
self-reported having had test confirmed COVID-19, had a weak non-significant increased risk
of economic inactivity (OR 1.07, 95% CI 0.68 to 1.69), which was very close to the associations
indicated by NHS test records. In the full UKDS sample, associations between self-reported
test-confirmed COVID-19 and economic activity were closer to 1 (OR 0.98, 95% CI 0.68 to
1.40, see Table 1 in S1 File). Results were similar in the UKDS England-only sensitivity analy-
ses (OR 0.96, 95% CI 0.65 to 1.41).

In the UKLLC sample, self-reported suspected COVID-19 was associated with a possible
albeit non-significant increased risk of economic inactivity (OR 1.15, 95% CI 0.86 to 1.54).
Estimates for the whole UKDS sample (OR 1.03, 95% 0.81 to CI 1.30; see Table 1 in S1 File)
and the UKDS England (OR 1.04 95% 0.81 to 1.34) sample were much closer to 1.

Sensitivity analyses: associations between measures of COVID-19 status
and non-employment

Associations between different measures of COVID-19 status and non-employment were
comparable to the above described associations with economic inactivity, in the UKLLC and
both full and England-only UKDS samples (see panel b of Fig 1).

Stratified analyses

The relationship between COVID-19 status and the economic inactivity stratified by age, sex,
NS-SEC and self-reported health are shown in Table 3. While there are modest variations
between the strata, neither the stratified results nor formal testing supported the idea that the
relationship between COVID-19 and economic inactivity varied by any of these factors.
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Table 2. Characteristics of participants in the UKLLC and UKDS analytic samples.

Variable UKLLC UKDS Variable UKLLC UKDS
n % n % n % n %
Outcome Potential confounders cont...
Economic activity Age categories
Active 7,718 94.4 13,141 94.7 25 to 29 years 156 1.9 349 2.5
Inactive 429 53 689 5.0 30 to 39 years 1,385 16.9 2,362 17.0
Missing 27 0.3 51 0.4 40 to 49 years 792 9.7 1,623 11.7
50 to 59 years 3,378 41.3 5,757 41.5
Employment status 60 to 65 years 2,463 30.1 3,790 27.3
Employed 7,296 89.3 12,433 89.6
Non-employed 847 10.4 1,380 9.9 Sex
Missing 31 0.4 68 0.5 Male 3,543 43.3 5917 42.66
Female 4,631 56.7 7,964 57.4
Exposures
Positive test in NHS COVID-19 records Household composition
No 7,695 94.1 NA NA Alone 1,198 14.7 2,039 14.7
Yes 479 5.9 NA NA Partner 2,722 33.3 4,441 32.0
Partner & children 3,347 41.0 5,838 42.1
Self-reported COVID-19 Children without partner 493 6.0 874 6.3
No COVID-19 6,436 78.7 11,082 79.8 Other person 414 5.1 689 5.0
Suspected 1,164 14.2 1,918 13.8
Test confirmed 528 6.5 881 6.4 Ethnicity
Missing 46 0.6 NA NA White 7,657 93.7 NA NA
Asian 258 3.2 NA NA
Potential confounders Black 105 1.3 NA NA
Shielding Mixed 106 1.3 NA NA
No 7,811 95.6 13,325 96.0 Other 48 0.6 NA NA
Yes 363 4.4 556 4.00
Education
Self-rated health NVQ4or5 4,080 49.9 6,606 47.6
Excellent 1,099 13.5 1,875 13.5 NVQ3 1,193 14.6 1,852 13.3
Very Good 3,350 41.0 5,677 40.9 NVQ1or2 1,969 24.1 3,167 22.8
Good 2,701 33.0 4,565 32.9 None 596 7.3 1,135 8.2
Fair 894 10.9 1,538 11.1 Unclassifiable 336 4.1 1,121 8.1
Poor 130 1.6 226 1.6
Longitudinal sample
NS-SEC BCS70 1,832 22.1 2,960 21.1
Higher manager/professional 1,472 18.0 2,452 17.7 ELSA 815 9.9 949 6.8
Lower manager/professional 2,568 31.4 4,411 31.8 NCDS 1,636 19.8 2,468 17.8
Intermediate 1,326 16.2 2,262 16.3 Next Steps 907 11.0 1,328 9.6
Small employer 541 6.6 940 6.8 Understanding Society 3,086 37.3 6,176 44.5
Lower supervisory/technical 377 4.6 678 4.9
Semi-routine 952 11.7 1,716 12.4 Country
Routine 478 5.9 819 59 England 8,276 100 11,745 84.6
Unclassifiable 460 5.6 603 4.3 Scotland 1,017 7.3
Wales 4.3
(Continued)
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Table 2. (Continued)

Variable UKLLC UKDS Variable UKLLC UKDS
Keyworker status Northern Ireland 290 2.1
No 4,558 55.8 7,742 55.2 Elsewhere 233 1.7
Yes 3,616 44.2 6,297 449

https://doi.org/10.1371/journal.pone.0321201.t002

Table 3. Adjusted' associations between self-reported COVID-19 status and economic stratified by age, sex, NS-SEC, self-reported health and keyworker status
using the UKDS full sample.

COVID-19 status Economic Inactivity

Ref = No Covid Odds Ratio 95% CI p
Age

People under 50

Suspected 0.93 0.53 1.63 0.794
Test confirmed 1.35 0.68 2.67 0.393
People 50 and over

Suspected 1.03 0.79 1.34 0.835
Test confirmed 0.92 0.60 1.40 0.699
Sex

Male

Suspected 1.06 0.71 1.56 0.789
Test confirmed 0.91 0.48 1.72 0.765
Female

Suspected 1.01 0.74 1.36 0.971
Test confirmed 1.05 0.68 1.62 0.830
NS-SEC

Higher occupations

Suspected 1.28 0.92 1.79 0.144
Test confirmed 1.14 0.67 1.95 0.629
Intermediate and routine occupations

Suspected 0.80 0.55 1.17 0.250
Test confirmed 0.97 0.60 1.62 0.940
Self-rated health

Excellent or good health

Suspected 1.10 0.84 1.42 0.492
Test confirmed 0.87 0.57 1.32 0.513
Fair or poor health

Suspected 0.76 0.41 1.40 0.373
Test confirmed 1.67 0.81 3.44 0.167
Key worker status

Not keyworkers

Suspected 1.10 0.83 1.45 0.504
Test confirmed 1.16 0.78 1.85 0.409
Key workers

Suspected 0.83 0.51 1.34 0.440
Confirmed 0.72 0.37 1.39 0.329

!Analyses were adjusted for age, sex, household composition, longitudinal study, country, shielding status, self-rated health, NS-SEC, keyworker status, and education
(stratification variable was omitted).

https://doi.org/10.1371/journal.pone.0321201.t003
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Discussion

Using data from five UK-based LPSs, our analyses aimed to understand the relationship
between two measures of COVID-19 status (a positive test for SARS-CoV-2 and a self-
reported infection measure) and economic inactivity. Results suggest that having SARs-CoV-2
confirmed by a test is either not associated or only confers a small increased risk of being
economically inactive. Despite reasonably large sample sizes (approximately 8,000 in the
UKLLC and 14,000 in the UKDS), the width of confidence intervals does not rule out stronger
associations. There was little evidence to suggest that this varied by important characteristics
such as age, sex, education or socio-economic classification.

Comparing samples, we find slightly higher risks of economic inactivity in the UKLLC
sample as opposed to the UKDS sample. This small difference is unlikely to be the result
of using different indicators for COVID-19 status. Within the UKLLC sample, the results
using both the self-reported and NHS records are almost the same. Similarly, the differ-
ences between the UKLLC and UKDS samples are unlikely to be due to the geographic
differences between the samples. There was little difference between the associations for
the self-reported measure of COVID-19 between the UKDS sample restricted to England
and the sample for the whole of the UK. One possible explanation is the requirement for
consent to NHS linkage. For some of the studies included in the UKLLC, linkage to NHS
records was based on consent. For most studies, including BCS70, NCDS, ELSA, and NS,
consent for record linkage was collected prior to the COVID-19 pandemic. USoc local
governance requirements demanded specific consent for inclusion in UK LLC, and this
was acquired during the 8" pandemic survey in March 2021. It is possible that differences
between those who consented to linkage and those who did not may have introduced
a small bias, which would be consistent with other studies [28]. Given that data in the
UKLLC sample is only available for those who consented, it is not currently possible to
model those biases directly. However, there are plans to obtain consent for more people.
Given the current data limitations, we believe that the sensitivity analysis comparing the
UKDA sample and UKLLC sample is a reasonable alternative.

For people employed prior to the pandemic, we found odds ratios for the association
between testing positive for COVID-19 and economic activity that are close to one, albeit
with wide confidence intervals. The current literature is focused on post-COVID condition
(PCC). A non-peer reviewed initial rapid scoping review suggests that the socioeconomic
consequences of PCC are considerable [12]. However, the review also indicated that long-
term absences from work may only occur for 20% of people with PCC. A more recent study
from the USA found only a modest increased risk of unemployment (OR 1.23 95% CI
1.02-1.48) among people with PCC compared to those who only had acute infection [29].
Another study from British Columbia [30] found strong evidence of PPC being related
to any health-related adverse work outcome (OR 2.6 95% CI 1.7 to 4.0). However, more
modest associations with a high degree of uncertainty were found for outcomes indicating
a departure from the labour force, for example “retiring earlier than planned” (OR 1.6 95%
0.2 to 11.8) and “going on indefinite sick leave “(1.6 95% CI 0.5 to 5.0). PPC only arises in
a small proportion of COVID-19 cases [31], and any possible impact on the workforce is
potentially due to large numbers of people being infected with COVID-19 rather than a par-
ticular strong association [12]. It is therefore unsurprising that our study finds point esti-
mates that are close to 1. It is possible that the consequences of COVID-19 may be greater
for those on the periphery of the labour market, and an alternative approach would be to
focus studies on high-risk groups for whom the outcome and/or the exposure might be
more common. The principal initial drivers of the rise in economic inactivity appear to be
age and poor health [3]. We included these as potential confounders and found associations
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consistent with this. Evaluating the economic impacts of COVID-19 is considered a priority
[32]. Large-scale administrative data sets may be the only resource that provides sufficient
precision to evaluate what may be small widespread effects. It should also be noted that

the individual-level economic consequences of COVID-19 may be country specific due to
differing labour markets and welfare systems.

Strengths and limitations

A strength of our study is that we used two distinct measures of COVID-19 status: a
directly observed positive test for SARS-CoV-2 derived from NHS digital data and a
self-reported measure of test-confirmed COVID-19. Conceptually, test-confirmed SARS-
CoV-2 is much more common than other potential measures related to COVID-19 such as
post COVID-19 condition, which is experienced by only a small proportion of those who
are infected [31]. In addition, test-confirmed SARS-CoV-2 is not dependent on criteria
related to daily functioning which may include employment [14], which are likely to be
the result of multiple causes not just COVID-19, and could introduce biases. However,

the use of a test to ascertain COVID-19 means that poorer access to testing is a possible
source of bias that could lead to an underestimation of effects [33]; we hope that adjusting
for keyworker status minimised any impact of this. The use of test-confirmed SARS-CoV-2
will include asymptomatic, mild cases of COVID-19, and may exclude those unable or
unwilling to be tested, thus would be expected to have weaker associations than measures
of more severe COVID-19.

A further strength of our study is that the use of longitudinal survey data meant we could
control for important pre-pandemic potential confounding factors such as education and
occupational class. However, it is possible that we could not fully adjust for factors that might
lead to behavioural changes that reduce the risk of exposure to the SARs-CoV-2 virus and
labour market engagement. To mitigate against this, we did adjust for shielding, keyworker
status, age and self-rated health. The UK LLC is planning to add linked administrative
employment data which may extend the scope and period of employment outcomes that can
be investigated.

Finally, pooling data across studies has enabled a much larger sample size than any of
the individual studies alone would have allowed. Using the UK LLC TRE, pooling data has
enabled the use of more detailed ethnicity information than is commonly available for BCS70,
ELSA and NCDS, and a more detailed level of education and social class than employed in
other approaches such as pooled meta-analysis, which have been used to combine longitudi-
nal population studies in other papers [34].

One limitation of our work was that we did not have consistent Standard Occupational
Classification (SOC) codes available across the cohorts. However, by adjusting for key-
worker status we aimed to reduce any biases arising from increased exposure to COVID-19
among those in jobs which were more secure during this period. We only have information
on COVID-19 status, economic inactivity and employment status covering the early pan-
demic periods, until March 2021. This was before most people had access to vaccines and
was when COVID-19 posed the greatest health risk. However, it was also a period during
which other policies and practices were in place such as furlough [35] and homeworking
[34], and these may have enabled people to stay economically active. The economic conse-
quences of SARS-CoV-2 infection for individuals may be different after March 2021, and
the restricted period for which we have data also limited our ability to investigate longer
term consequences.

For the included LPSs, the UKLLC sample only included people who consented to having
their survey data linked to NHS records. In addition, despite being embedded within long
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standing cohorts, survey responses during the pandemic were lower than typically achieved.
Thus, there may be some selection biases restricting generalisability of results. In line with
this, we did find slightly higher point estimates for the associations between suspected
COVID-19 and the outcomes in the UKLLC sample, than the more general population sample
in the UKDS. Regression analyses tend to be robust to missing data and more appropriate
than other alternatives such as weighting and multiple imputation, which could amplify biases
when the data is missing not at random [26,27]. There is also the possibility that linkage errors
and other errors with administrative data could potentially result in misclassification bias [18].
It should be noted that for the UKLLC sample, slightly more people (see Table 2 in S1 File)
reported having had COVID-19 confirmed with a test in the self-reported data, than in the
NHS test records.

Interpretation and conclusions

Among people employed immediately prior to the COVID-19 pandemic, positive SARS-
CoV-2 infection status was either weakly or not associated with increased economic inactivity.
Whether the COVID-19 status measure was based on NHS records, or a self-report survey
made little difference to results. It is possible that effect sizes could be biased by processes
related to data linkage. Definitive answers may require investments in well-designed studies
that evaluate population health on a scale that was inconceivable prior to the pandemic.

Supporting information

S1 File. The supplementary materials contain ethics and data access statements for each
study. They also contain explanations of how pre-pandemic employment, economic activ-
ity, employment status, and self-reported COVID-19 were measured for each study. Also
included are two tables of additional results, and two flow charts showing how the analytic
samples were derived.
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