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ABSTRACT

Objective To determine whether COVID-19 has a
significant impact on adequacy of household income to
meet basic needs (primary outcome) and work absence
due to sickness (secondary outcome), both at the onset of
iliness (short term) and subsequently (long term).

Design Multilevel mixed regression analysis of self-
reported data from monthly online questionnaires,
completed 1 May 2020 to 28 October 2021, adjusting for
baseline characteristics including age, sex, socioeconomic
status and self-rated health.

Setting and participants Participants (n=16910) were
UK residents aged 16 years or over participating in a
national longitudinal study of COVID-19 (COVIDENCE UK).
Results Incident COVID-19 was independently associated
with increased odds of participants reporting household
income as being inadequate to meet their basic needs

in the short term (adjusted OR (aOR) 1.39, 95% Cl 1.12

to 1.73) though this did not persist in the long term (aOR
1.00, 95% Cl 0.86 to 1.16). Exploratory analysis revealed

a stronger short-term association among those who
reported long COVID, defined as the presence of symptoms
lasting more than 4 weeks after disease onset, than those
reporting COVID-19 without long COVID (p for trend 0.002).
Incident COVID-19 associated with increased odds of
reporting sickness absence from work in the long term
(aOR 4.73, 95% Cl 2.47 10 9.06) but not in the short term
(aOR 1.34,95%Cl 0.52 to0 3.49).

Conclusions We demonstrate an independent association
between COVID-19 and increased risk of economic
vulnerability among COVIDENCE participants, measured by
both household income sufficiency and sickness absence
from work. Taking these findings together with pre-existing
research showing that socioeconomic disadvantage
increases the risk of developing COVID-19, this may
suggest a ‘vicious cycle’ of impaired health and poor
economic outcomes.

Trial registration number NCT04330599.

INTRODUCTION

The COVID-19 pandemic has caused global
health devastation, with huge mortality and
morbidity worldwide. Socioeconomic depri-
vation was recognised as a major risk factor
for incidence and severity of disease prior

,! Florence Tydeman,' Alec Miners,? Kate Pyper,®

STRENGTHS AND LIMITATIONS OF THIS STUDY

= Prospective longitudinal study design facilitated
identification of temporal relationships between ex-
posures and outcomes.

= Detailed demographic data allowed adjustment for
multiple potential confounding factors in multivari-
able analyses.

= Rich dataset included two indicators of economic
vulnerability to corroborate findings.

= Reliance on self-reported variables including
COVID-19 test results and sufficiency of income for
household needs.

= Although large (n=16910), our study sample
was imperfectly representative of the overall UK
population.

to the development and roll-out of vaccina-
tion against SARS-CoV-2, mediated via factors
including increased occupational and house-
hold SARS-CoV-2 exposure and greater phys-
ical vulnerability due to comorbidities.'™
This association persists in the vaccination
era, with lower socioeconomic status associ-
ated with increased incidence and severity
of breakthrough COVID-19.* However, the
potential for COVID-19 to act as a cause,
rather than a consequence, of economic
vulnerability has received less research atten-
tion, despite the fact that sustained symptoms
following an acute episode (long COVID) are
common, with potential to impact negatively
on people’s daily activities and capacity to
work.”

One of the challenges in characterising
effects of COVID-19 on economic well-being
relates to the fact that societal measures to
control the spread of COVID-19 are detri-
mental to employment and economic partic-
ipation, and may therefore have negative
economic impacts even in those who do not
experience disease themselves.! ® Prepan-
demic analyses showed a relationship between
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economic downturns and increased mortality from causes
including mental illness, cancer and postulated ‘deaths
of despair’ arising from suicide, drug overdose or alco-
holism.”™ This relationship is not straightforward, as
parallel evidence found a decline in cardiovascular and
traffic accident mortality during recessions.'” Nonethe-
less, it is likely that pandemic-related economic contrac-
tions affect both health and economic well-being. The
Brookings Institute draws a direct link from economic
vulnerability to the COVID-19 pandemic, with particular
harms from COVID-19-related poverty observed among
populations who were already poor."!

In order to dissect out impacts of disease from the
consequences of the societal response to the pandemic,
we conducted a longitudinal cohort study that was initi-
ated at the start of the pandemic, to determine whether
incident COVID-19 was associated with key markers of
economic vulnerability. We define economic vulner-
ability as either the existence or threat of poverty, with
the former implying current economic hardship and
the latter due to a lack of means to cope with negative
economic shocks.'” We capture these aspects of economic
vulnerability through two distinct outcomes. Our primary
outcome was self-report of whether household income
was sufficient to meet basic needs; this outcome captures
individuals who consider themselves below the poverty
line due to an adverse event."” Our secondary outcome
captured participants’ ability to earn income working by
asking whether individuals who developed COVID-19
were more likely to report absence from work due to sick-
ness. Associations between incident COVID-19 and both
outcomes were explored contemporaneously (hence-
forth ‘short term’, ie, at the time when a positive SARS-
CoV-2 test result was reported) and subsequently (ie, in
the long term).

METHODS

Study design, setting and participants

COVIDENCE UK is a prospective cohort study (n=16910)
of COVID-19 in the UK population.'* Its aims are to deter-
mine risk factors for incident COVID-19 in the UK popu-
lation; to characterise the natural history of COVID-19 in
the UK population; to evaluate the impact of COVID-19
on the physical, mental and economic well-being of the
UK population; and to provide a resource from which
to identify potential participants for future clinical trials
of interventions to prevent or treat acute respiratory
infections.

Inclusion criteria were age >16 years and UK residence
at the point of enrolment. Recruitment was via a national
media campaign across print newspapers, radio, television
and online advertising in order to reach a broad sample of
the UK population across ages, ethnicities, socioeconomic
groups and other correlates of economic vulnerability.
Participants initially completed an online baseline ques-
tionnaire capturing COVID-19 status and a wide range of
demographic, socioeconomic and clinical characteristics

described below. Follow-up questionnaires at monthly
intervals captured incidence of RT-PCR- or lateral flow
test-confirmed SARS-CoV-2 infection, long-term symp-
toms of COVID-19 (long COVID) and indicators of
economic status. The survey comprised a combination of
validated demographic questions based on the 2021 UK
census,” self-reported general health'® and other ques-
tions developed to specifically capture data relating to
COVID-19. These questions were piloted with members of
the patient and public involvement group, across a range
of ethnicities and other demographic variables. Specific
questions from baseline and monthly questionnaires
whose responses contributed data to the current analysis
are displayed in online supplemental table 1 and online
supplemental table 2. The study launched on 1 May 2020,
and this paper reports analyses of data collected up to 28
October 2021. All participants who responded to the base-
line questionnaire and provided data on SARS-CoV-2 test
status and adequacy of household income to meet basic
needs in at least 1 monthly follow-up questionnaire were
eligible for inclusion in this analysis. Exclusion criteria for
this analysis were self-report of a positive SARS-CoV-2 test,
long COVID or hospitalisation for COVID-19 prior to
completion of the baseline questionnaire, and self-report
of long COVID in the absence of a positive RI-PCR or
lateral flow test result for SARS-CoV-2.

Definition of variables

Our primary outcome variable was self-report of a partici-
pant’s household income being insufficient to meet their
basic needs. This was derived as a binary variable based
on responses to the question: ‘Since you last checked in
with us, has your household income been sufficient to
cover the basic needs of your household, such as food
and heating?’. Any answer other than ‘yes’ (namely: ‘no’,
‘sometimes’ or ‘mostly’) was coded as indicating insuf-
ficient income, while answering ‘yes’ was coded as indi-
cating sufficient income. We also considered a secondary
outcome associated with economic vulnerability, namely
the ability to participate in the workforce. This was repre-
sented by a binary variable derived from responses to the
question: ‘Which of the following best describes your
current occupational status?’. Participants selecting ‘not
working due to sickness, disability or illness’ from a drop-
down menu were coded as being absent from work due
to sickness.

The following covariates were selected prior to anal-
ysis based on their potential to act as confounders of
the relationship between incident COVID-19 and study
outcomes'": age (classified as ‘working age’ (16 to 65
years) or ‘not working age’ (>65 years)), sex (male vs
female, defined by sex assigned at birth), ethnicity (clas-
sified as white or minority ethnic origin), country of resi-
dence (England, Scotland, Wales or Northern Ireland),
Index of Multiple Deprivation (IMD) quartile of residen-
tial area,' baseline occupational status (employed, self-
employed, retired, furloughed, unemployed, student,
never employed, not working due to sickness/disability/
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illness or ‘other’), housing status (owns home outright,
mortgage holder, private rental, renting from council or
other) and self-reported general health (poor, fair, good,
very good or excellent).

The principal independent variable of interest for our
analysis main model was SARS-CoV-2 test positivity. This
was defined by a binary indicator where ‘yes’ included any
self-reported positive lateral flow or RI-PCR SARS-CoV-2
test result, and ‘no’ included either a self-reported nega-
tive lateral flow or RT-PCR SARS-CoV-2 test result or no
report of any test taken. Associations between this vari-
able and our two outcomes of interest were considered
over two time periods. First, we built a short-term model
to examine contemporaneous effects of COVID-19 by
asking whether SARS-CoV-2 test positivity was associated
with increased risk of reporting insufficient income or
sickness absence in the same month as the positive result
was recorded. Second, we built a ‘long-term’ model to
test whether a positive SARS-CoV-2 test result was associ-
ated with increased risk of reporting insufficient income
or sickness absence in subsequent months, excluding the
month of infection.

We also conducted two exploratory analyses to deter-
mine whether there was a dose-response relationship
for associations between COVID-19 severity and risk of
reporting insufficient income. This was implemented by
categorising participants reporting a positive SARS-CoV-2
test result according to their response to the question
“Would YOU say that you currently have long COVID,
that is, ongoing symptoms more than four weeks after the
onset of proven or suspected COVID-19?”. We compared
those reporting long COVID and those reporting a posi-
tive SARS-CoV-2 test result but no long COVID to those
without a positive SARS-CoV-2 test result (the referent
category). Second, we categorised participants reporting
a positive SARS-CoV-2 test result according to whether or
not they were hospitalised, comparing those reporting
hospitalisation for COVID-19 and those reporting
COVID-19 not requiring hospitalisation to those without
a positive SARS-CoV-2 test result (the referent category).
Both of these exploratory analyses were conducted for
the short-term and long-term models as described above.

Statistical analysis

Multilevel mixed effects logistic regression models were
applied to assess the relationship between positive SARS-
CoV-2 test results (RT-PCR or lateral flow) and reported
insufficient income at any point prior to 28 October 2021
in the main analysis. A random effect of unique partic-
ipant identifier was included in all models to account
for repeated measures, allowing assessment of within-
participant variability. These analyses were adjusted for
baseline socio-demographic characteristics as outlined
above.

For analyses exploring potential impacts of long COVID
and disease precipitating hospitalisation, a random effect
for a unique participant identifier was also included to
account for repeated measures, with adjustment for

baseline characteristics as before, and substitution of
the monthly varying binary principal independent vari-
able indicating SARS-CoV-2 test status with one of the
other three-level key independent variables as previ-
ously defined above (ie, positive SARS-CoV-2 test result
with subsequent long COVID, positive SARS-CoV-2 test
result without long COVID vsno positive SARS-CoV-2 test
result, OR positive SARS-CoV-2 test result with hospital-
isation, positive SARS-CoV-2 test result without hospital-
isation vs no positive SARS-CoV-2 test result). The models
including these 3-level variables were evaluated twice,
first as standard categorical variables and then second
exchanging categorical versions for numerical integers,
which provided a p value for trend for long COVID and
hospitalisation due to COVID-19, respectively, for both
short-term and long-term models. Models for each of
these monthly varying exploratory analyses were built
separately from one another, and from the main model
which categorised incident COVID as a binary indepen-
dent variable.

Mixed effects logistic regression models were also
applied to assess the relationship between a positive SARS-
CoV-2 test result and reported absence from work due to
sickness at any point prior to 28 October 2021. The insuf-
ficient income variable was not included in this secondary
outcome model, and long COVID and hospitalisation
were also not considered. Missing data were assumed to
be missing completely at random and were handled with
listwise deletion in the generalised linear mixed models
so that unbiased estimates were obtained. All statistical
analyses were conducted using R V.4.1.1 with the mixed
effects models conducted using R-package Imer4.

Subgroup analyses

We tested for effect modification by including interac-
tion terms for SARS-CoV-2 test positivity and age (cate-
gorised as <65 or >65 years) and sex (categorised as male
or female at birth) in multivariable models investigating
determinants of our primary outcome.

Patient and public involvement

Three patient and public involvement representatives
were involved in development of the research questions
and the choice of outcome measures specified in the
study protocol. One of them also led on development
and implementation of strategies to maximise participant
recruitment. Results of work will be disseminated to indi-
vidual participants via a webinar.

RESULTS

A total of 19980 participants completed the COVIDENCE
UK baseline questionnaire between 1 May 2020 and 29
October 2021, of whom 1412 did not complete any subse-
quent monthly questionnaire. Of the remaining 18568
participants, 16910 (91.2%) contributed data to the
current analysis. Reasons for exclusion of the 1658 partic-
ipants who did not contribute data to this analysis are
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Table 1 Participant characteristics at baseline
No participants (%)
Sex Male 5106 (30.2)
Female 11804 (69.8)
Working age Yes (16 to 65) 10338 (61.1)
No 6570 (38.9)
Ethnicity Minority ethnic 894 (5.3)
White 16015 (94.7)
Country Scotland 1029 (6.1)
Wales 604 (3.6)
Northern Ireland 314 (1.9)
England 14956 (88.4)
IMD quartile 1 (most deprived) 3990 (23.6)
2 4191 (24.8)
3 4299 (25.4)
4 (least deprived) 4410 (26.1)
Claiming universal Yes 464 (2.7)
credit No 16390 (96.9)
Occupation Self-employed 1554 (9.2)
Retired 7547 (44.6)
Furloughed 386 (2.3)
Unemployed 296 (1.8)
Student 345 (2.0)
Other 394 (2.3)
Never employed 10 (0.01)
Not working due to 281 (1.7)
sickness
Employed 6097 (36.1)
Housing Mortgage 4250 (25.1)
Private renting 1227 (7.3)
Renting council 531 (3.1)
Other 724 (4.3)
Owns home 10174 (60.2)
Self-reported general  Poor 480 (2.8)
sl Fair 1808 (10.7)
Good 4537 (26.8)
Very good 6691 (39.6)
Excellent 3394 (20.1)
Income sufficient to Yes 15749 (93.1)
cover basic needs Mostly 617 (3.6)
Sometimes 147 (0.9)
No 396 (2.3)

1 Missing data: working age (N=2, 0.01%), ethnicity (N=1, <0.01%),
country (N=7, 0.04%), IMD quartile (N=20, 0.12%), housing (N=4,
0.02%), universal credit (N=56, 0.3%), income sufficient (N=1,
<0.01%).

IMD, Index of Multiple Deprivation.

detailed in the participant flow diagram (online supple-
mental figure S1). Table 1 presents baseline characteris-
tics of participants contributing data to this analysis: their
median age was 63 years, 69.8% were female, 94.7% were
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of White ethnic origin, 2.7% were receiving universal
credit payments, 6.9% reported their household income
as being ‘sometimes’, ‘mostly’ or ‘not’ sufficient to meet
their basic needs in the month prior to enrolment, and
1.7% reported not working due to sickness. Figure 1 illus-
trates response flows in sufficiency of income to meet
basic household needs over time.

A total of 1120 participants reported a positive SARS-
CoV-2 test result at least once between enrolment and the
end of follow-up (28 October 2021). Of these, 39/1120
(3.5%) were hospitalised for COVID-19, and 308/1120
(27.5%) reported long COVID. A total of 7310/16,910
(43.3%) participants reported insufficient income on
one or more occasions and 398/16 910 (2.4%) reported
absence from work due to sickness on one or more occa-
sions during follow-up (online supplemental table 3).

Incident COVID-19 was independently associated
with increased odds of participants reporting household
income as being inadequate to meet their basic needs
in multivariable analyses in the short term (adjusted
OR (aOR) 1.39, 95%CI 1.12 to 1.73) though this did
not persist in the long term (aOR 1.00, 95% CI 0.86
to 1.16) (table 2). Of the eight covariates included in
each model, independent associations with increased
risk of reporting insufficient income were also seen for
non-white versus white ethnicity, younger versus older
age (<65vs >65 years), higher versus lower deprivation
quartile, poorer versus better health at baseline, being
self-employed, furloughed, other (including sick) or
unemployed versus being employed at baseline, and
having a mortgage, privately renting, or renting from the
council versus owning their home outright. Neither sex
nor age modified the association between SARS-CoV-2
test-positivity and reporting insufficient income (for
sex, p for interaction=0.23and 0.51 for short-term and
long-term models, respectively; for age, p for interac-
tion=0.48 and 0.14 for short-term and long-term models,
respectively).

To explore these findings further, we investigated
whether associations between incident COVID-19 and
income insufficiency were stronger for the subset of
participants who either reported long COVID or who
were hospitalised for COVID-19 treatment. Results are
shown in table 3: point estimates for aORs in the short-
term model were higher for those who reported long
COVID or hospitalisation than for those who did not (p
values for trend 0.002 for both long COVID and hospital-
isation). We also note clinical interest in the direction of
association shown in the long term long COVID model
(aOR 1.26, 95% CI 0.98 to 1.61) with a CI crossing 1 but
leaning in positive direction.

Finally, we examined whether incident COVID-19 was
associated with our secondary outcome of absence from
work due to sickness. Results are presented in table 4:
incident COVID-19 was associated with increased odds of
reporting sickness absence from work in the long term
(aOR 4.73,95% CI 2.47 t0 9.06) but not in the short term
(aOR 1.34, 95% CI 0.52 to 3.49).
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Figure 1 Sankey diagram illustrating response flows in sufficiency of income to meet basic household needs over time.

DISCUSSION

To our knowledge, this study is the first to investigate the
impact of COVID-19 on subsequent risk of becoming
economically vulnerable. We report that incident
COVID-19 was independently associated with increased
risk of participants reporting insufficient household
income in the short term, though not in the long term.
This increased odds in the short-term model equates to
a 32% increase in risk when the aOR is converted to an
adjusted risk ratio (1.32, 95% CI 1.10 to 1.58). The short-
term association was stronger where COVID-19 precipi-
tated long COVID or hospitalisation, supporting causal
interpretation. Incident COVID-19 was also associated
with increased risk of participants reporting absence
from work due to sickness in the long term.

Our findings accord with those of studies that have
investigated the impact of other infectious diseases on
economic outcomes. People living with HIV have been
reported to experience higher rates of severe poverty,
employment loss and impaired physical and mental func-
tioning.'""®" Similar analyses revealed a link between
tuberculosis and increased poverty in both the UK and
India.?? % However, these studies were all cross-sectional
in design, leaving uncertainty as to whether the diseases
in question were a cause or consequence of the observed
poverty.

Our analysis aimed to identify whether there is evidence
of an association between these outcomes in a specific
direction of causality, that is, from disease to economic
vulnerability. The prospective design employed in the
current study was valuable to this end, as it allowed us to
focus on the timing of onset of the relationship between
incident COVID-19 and subsequent economic vulner-
ability. Demonstration of a dose-response relationship
between severity of COVID-19 and the primary outcome,
along with consistency of association for two different
measures of economic vulnerability (inadequate income
and sickness absence) both strengthen the case for causal
interpretation.**

Taking these findings together with other research
showing that socioeconomic disadvantage increases
the risk of developing COVID-19,"* our current study
represents an important advance by indicating that the

relationship between COVID-19 and socioeconomic
deprivation may be bidirectional. This suggests a ‘vicious
cycle’ of poor health and economic vulnerability which
individuals could be pushed into, or accelerated along,
by COVID-19. The poorer someone was, is the more likely
they were to fall sick. If they did fall sick, they were more
likely to experience poverty during the pandemic, with
further health risks.

It is notable that incident COVID-19 had a significant
negative impact on self-assessed adequacy of house-
hold income in the short term, whereas the impact on
work absence due to sickness was only evident in the
long term. One potential reason for this is that those ill
with COVID-19 would still self-classify as ‘employed’ but
on temporary leave in the short term, while persistent
COVID-19 symptoms might lead to a change in status to
official sickness absence. This raises the possibility that
COVID-19 may impact economic vulnerability through
multiple mechanisms including non-employment-based
mechanisms in the short term, such as increased health-
related costs and employment-based mechanisms in the
longer term. Early, decisive policy interventions could
help prevent this potential vicious cycle, with employ-
ment advice and other economic support offered along-
side healthcare follow-up at hospital discharge.

Our study has several strengths. Its large size afforded
ample power to detect potential impacts of COVID-19 on
our primary and secondary outcomes, while its population-
based recruitment and prospective design maximises
generalisability of our findings while allowing us to
characterise temporal relationships between exposures
and outcomes. Detailed characterisation of participants
allowed us to adjust for multiple potential confounding
factors in multivariable analyses, and to explore two
different indicators of economic vulnerability.

This work also has limitations. First, the variables of
interest are all self-reported, including both SARS-CoV-2
test results and indicators of economic vulnerability.
Participants were unaware of the hypotheses tested in
this work, however, reducing potential for reporter bias
to operate. We also relied on reports of voluntary tests,
which allows the possibility that some COVID-positive
individuals did not receive a test and thus were treated
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Table 2 Determinants of reporting insufficient income during follow-up

Short-term responses

Long-term responses

Variable Response Adjusted OR (95% CI) P value Adjusted OR (95% CI) P value

Incident COVID-19 Yes 1.39 (1.12t0 1.73) 0.002 1.00 (0.86 to 1.16) 0.977
No 1.00 - 1.00 —-

Sex Male 1.03 (0.90to 1.11) 0.548 1.03 (0.93 to 1.15) 0.564

Female 1.00 - 1.00 -

Age, years 16-65 1.63 (1.41 to 1.87) <0.001 1.59 (1.39 to 1.83) <0.001
>65 1.00 - 1.00 -

Ethnicity Minority ethnic 1.83 (1.49 to 2.27) <0.001 1.85 (1.49 to 2.27) <0.001
White 1.00 - 1.00 -

Country Scotland 1.01 (0.80 to 1.28) 0.916 1.01 (0.80 to 1.28) 0.942
Wales 0.82 (0.61 to 1.09) 0.164 0.82 (0.61 to 1.10) 0.187
Northern Ireland 0.91 (0.62 to 1.31) 0.588 0.91 (0.63 to 1.32) 0.611
England (ref) 1.00 - 1.00 -

IMD quartile 1 (most deprived) 1.51 (1.27 to 1.79) <0.001 1.37 (1.17 to 1.60) <0.001
2 1.26 (1.10 to 1.44) <0.001 1.20 (1.06 to 1.4536) 0.005
3 1.04 (0.91 to 1.20) 0.535 1.04 (0.91 to 1.18) 0.571
4 (least deprived, ref)  1.00 - 1.00 -

Occupation Self-employed 1.73 (1.45 to 2.06) <0.001 1.84 (1.54 t0 2.19) <0.001
Retired 0.63 (0.55 to 0.72) 0.031 0.82 (0.71 to 0.96) 0.013
Furloughed 2.18 (1.60 to 2.97) <0.001 2.17 (1.59 to 2.96) <0.001
Unemployed 7.76 (56.50 to 11.0) <0.001 7.66 (5.43 to 10.83) <0.001
Student 1.15(0.81 to 1.64) 0.558 1.12 (0.78 to 1.59) 0.549
Other/never employed/ 2.08 (1.59 to 2.62) <0.001 2.07 (1.61 to 2.66) <0.001
sick
Employed (ref) 1.00 - 1.00 -

Housing Mortgage 1.66 (1.45 to 1.89) <0.001 1.53 (1.34 to 1.74) <0.001
Private renting 4.55 (3.75 to 5.53) <0.001 4.35 (3.58 t0 5.28) <0.001
Renting council 11.6 (8.81 to 15.30) <0.001 11.5(8.72 to 15.10) <0.001
Other 2.94 (2.28 t0 3.79) <0.001 2.77 (2.15 t0 3.57) <0.001
Owns home (ref) 1.00 - 1.00 -

Self-reported general health Poor 5.32 (3.94 t0 7.18) <0.001 5.38 (3.98 to 7.26) <0.001
Fair 3.41 (2.84 to 4.09) <0.001 3.47 (2.88 to 4.14) <0.001
Good 1.98 (1.72 to 2.29) <0.001 2.01 (1.74 t0 2.33) <0.001
Very good 1.21 (1.06 to 1.39) 0.003 1.23 (1.07 to 1.40) 0.003

IMD, Index of Multiple Deprivation.

Excellent (ref)

1.00

1.00

as negative. However, testing was readily available and
mandatory for many workplaces and all individuals with
symptoms throughout the study period. Participant exclu-
sion criteria also included self-report of long COVID
in the absence of a positive RT-PCR or lateral flow test
result for ‘SARS-CoV-2’. This minimises the likelihood of
a symptomatic individual classified as test-negative. None-
theless, some with asymptomatic infection may still have
been misclassified.

Second, the study population was not perfectly represen-
tative of the adult UK population as awhole: males, younger
people, people of minority ethnic origin and those with

lower educational attainment were all underrepresented.
Limitations of non-random sampling include potential
undetected sampling error, selection bias or motivation
bias of participants to engage with the study. Caution
is therefore required when extrapolating conclusions
beyond the sample population. Further, internet access
was a prerequisite to take part, which could limit generalis-
ability of results particularly among the most economically
deprived. While this may have limited our power to detect
associations within subgroups, we highlight that represen-
tativeness is not necessarily a barrier to identification of
causal associations in observational epidemiology.”
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Table 3 Impact of self-reported long COVID and hospitalisation for COVID-19 on reporting insufficient income during follow-
up
Short-term responses Long-term responses
Variable Response Adjusted OR (95%CIl) P value Adjusted OR (95% Cl) P value
Self-report of long COVID No COVID-19 (ref) 1.00 = 1.00 =
COVID-19, no long COVID 1.44 (1.15 to 1.80) 0.003 0.90 (0.75 to 1.08) 0.263
Long COVID 1.50 (1.14 to 1.95) 0.002 1.26 (0.98 to 1.61) 0.067
P for trend - 0.002 — 0.477
Hospitalisation due to COVID-19 No COVID-19 (ref) 1.00 - 1.00 =
COVID-19, not hospitalised 1.37 (1.10to 1.71) 0.002 0.99 (0.85 to 1.16) 0.942
COVID-19, hospitalised 1.91 (0.694 to 5.25) 0.220 1.38 (0.69 to 2.78) 0.365
P for trend - 0.002 - 0.902

Multivariable regression models fully adjusted for the following baseline variables: sex, age, ethnicity, country, IMD quartile, occupation, housing and
self-reported general health.
IMD, Index of Multiple Deprivation.

Fourth, we acknowledge that the precise order of COVID-19
and economic events cannot be guaranteed by our short
term model. We cannot rule out the theoretical possibility

that a negative economic shock in the same month preceded
COVID-19 infection for some individuals. Nonetheless, this
is unlikely to drive the majority of the effect identified, as we

Table 4 Determinants of reporting 'not working due to sickness’ during follow-up

Short-term response

Long-term response

Variable Response Adjusted OR (95% ClI) P value Adjusted OR (95% Cl) P value

Incident COVID-19 Yes 1.34 (0.52 to 3.49) 0.54 4.73 (2.47 to 9.06) <0.001
No 1.00 - 1.00

Sex Male 0.58 (0.52 to 2.24) 0.433 0.58 (0.15 to 2.24) 0.427
Female (ref) 1.00 - 1.00 -

Working age Yes (16 to 65) 14.5 (1.57 to 134.0) 0.018 13.82 (1.48 to 129.30) 0.021
No (ref) 1.00 - 1.00 -

Ethnicity Minority ethnic 0.76 (0.08 to 6.75) 0.814 0.75 (0.15 to 11.53) 0.805
White (ref) 1.00 = 1.00 =

Country Scotland 0.44 (0.04 to 5.03) 0.508 0.47 (0.04 to 5.51) 0.550
Wales 0.98 (0.07 to 14.80) 0.992 0.95 (0.06 to 14.64) 0.972
Northern Ireland 0.59 (0.03 to 12.11) 0.731 0.57 (0.03 to 12.25) 0.717
England (ref) 1.00 - 1.00 -

IMD quartile 1 (most deprived) 1.59 (0.31 to 8.24) 0.587 1.57 (0.30 to 8.28) 0.594
2 1.06 (0.21 to 5.29) 0.948 1.08 (0.21 to 5.46) 0.923
3 1.03 (0.19 to 5.49) 0.970 1.02 (0.19 to 5.47) 0.986
4 (least deprived, ref) 1.00 - 1.00 -

Housing Mortgage 0.76 (0.19 to 3.07) 0.702 0.74 (0.18 to 3.00) 0.671
Private renting 1.60 (0.30 to 8.64) 0.587 1.58 (0.29 to 8.58) 0.595
Renting council 8.62 (1.96 to 37.8) 0.004 8.56 (1.92 to 38.19) 0.005
Other 1.56 (0.22 to 11.1) 0.042 1.53 (0.21 to 10.98) 0.673
Owns home (ref) 1.00 - 1.00 -

Self-reported general health Poor 94.6 (5.82 to 1540.0) 0.001 101.80 (6.13 to 1689.72)  0.001
Fair 17.6 (1.12 to 276.0) 0.042 17.93 (1.12 to 287.80) 0.042
Good 3.86 (0.23 to 66.0) 0.352 3.94 (0.23 to 68.90) 0.348
Very good 2.24 (0.12 to 40.8) 0.587 2.28 (0.12 to 42.57) 0.580
Excellent (ref) 1.00 = =

IMD, Index of Multiple Deprivation.
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do not see a plausible mechanism for an economic shock
to precipitate COVID-19 infection in a matter of days. The
reverse relationship, where infection precedes economic
vulnerability, remains more plausible. We also note that the
findings of this short-term model are consistent with both the
long COVID and long-term sickness absence models, which
increases confidence that COVID-19 infection preceded
economic vulnerability for the vast majority of participants
considered.

Finally, as with any observational study, residual or
unmeasured confounding cannot be ruled out as an
explanation for the associations we observe. We handled
missing data under the assumption that survey data were
missing at random, but it is possible that data were more
likely to be missing if someone had COVID-19 or became
economically vulnerable. In the most extreme case, fatal
or very severe COVID-19 would prevent questionnaire
completion; alternatively, someone may have become ill
or lost their job then no longer have the cognitive or phys-
ical capacity to complete the questionnaires. Conversely,
it is possible that SARS-CoV-2 test positivity may have
increased the likelihood of participants completing their
monthly follow-up questionnaires.

Our findings highlight the need for further research
in three areas. First, analogous studies should be done in
other populations to determine whether our findings can
be replicated; ideally such studies should capture details
of longitudinal earnings to introduce greater objectivity
and quantification of impacts while reducing reporting
bias. Second, further work is needed to understand the
specific mechanisms by which COVID-19 may lead to
economic vulnerability, investigating the relative impor-
tance of factors including lost employment, long COVID
symptoms and stigmatisation. Third, our findings suggest
the need for further work to explore bidirectional rela-
tionships between illness and deprivation more generally.

In conclusion, we report independent associations
between incident COVID-19 and subsequent develop-
ment of economic vulnerability, exposing a previously
hidden human cost of the pandemic. Our findings have
potentially significant policy implications, given the
economic imperative to plan COVID-19-related spending
in the most efficient way possible. While a ‘vicious cycle’
of sickness and poverty presents a major threat to well-
being, its recognition could also offer an opportunity for
effective, early-stage circuit-breaker interventions with
potential to avert greater costs in the future.
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