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A B S T R A C T

The COVID-19 pandemic significantly affected global health and social care, leading to unmet needs, especially
among vulnerable groups. Using data from the English Longitudinal Study of Ageing (ELSA), we investigate
disruptions in home care for individuals over 50. We evaluate how the pandemic changed home care use at the
extensive and intensive margins; the relative risk of reporting unmet need; and access to acute and primary care
for different socio-demographic groups. We find decreases in home care use (extensive margin), mostly driven
by informal care, which were partially offset by an increase in the amount of care received among those who
were using home care during the pandemic (intensive margin). However, the relative risk of reporting unmet
need rose, particularly among ethnic minorities, individuals with musculoskeletal and mental health conditions,
and those not in work or retirement (due to long-term sickness or disability, home or family responsibilities,
or unemployment). Individuals living alone and those aged 50–59 faced higher unmet needs for home care,
but maintained primary care access as opposed to their counterparts. Our findings suggest that while aiming
to protect the most vulnerable groups, pandemic containment policies negatively affected access to vital health
and social care services, thereby increasing unmet care needs and exacerbating existing inequalities.

Introduction

Access to long-term care, also known as social care, becomes in-
creasingly important as people age. As many older adults have to deal
with chronic mental and physical health conditions, which affect their
ability to perform daily tasks, social care services are key to ensure
these individuals live as independently as possible, with high levels of
well-being and life satisfaction.

Domiciliary care, or home care, is a vital element of social care.1

It offers a wide range of support services to individuals in their own
homes, from healthcare monitoring to mobility assistance and meal
preparation. This assistance may be provided formally, i.e. by a trained
professional, or informally by a family member, friend, neighbour
or volunteer. Utilisation of formal and informal care is determined
by a wide range of factors. First, individual characteristics such as
preferences, age, type and severity of the chronic illness or disability,

∗ Correspondence to: Centre for Health Economics, University of York, Heslington, York YO10 5DD, UK.
E-mail address: anastasia.arabadzhyan@york.ac.uk (A. Arabadzhyan).

1 Within the remit of this work, we use the terms ‘domiciliary care’ and ‘home care’ interchangeably and as an umbrella term for any type of care an individual
receives at home.

drive the need and demand for care (Jarling et al., 2022). Second,
the features of the social and institutional environment shape formal
and informal care supply. For example, frequent contact with adult
children is likely to lead to higher informal care use, while individuals
with limited social support more often resort to formal care (Kjær and
Siren, 2020). Formal care is typically used instead of, or in combination
with, informal care in countries with more extensive welfare provisions
(Suanet et al., 2012), while reductions in publicly-funded formal care
was found to result in increased informal care utilisation (Zigante et al.,
2021). This suggests that socio-economic inequality, by shaping the
need for and ability to access home care, manifests itself in inequalities
in formal and informal care use. For example, in the EU context,
formal care was found to be concentrated in households with high
socio-economic status, while informal care was more common among
economically disadvantaged individuals (Lera et al., 2021). In light
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of this, it is important to ensure that the most vulnerable groups of
society have timely access to alternative forms of care where there
are disruptions to informal care provision, as switching to formal care
might not be a feasible option for these individuals.

The COVID-19 pandemic in 2020 brought additional challenges
for vulnerable and older adults. The introduction of lockdowns, social
distancing, shielding, and other measures to contain the spread of the
virus had a profound impact on both the provision of all types of
care and the perceived effectiveness of care in meeting existing and
newly emerging care needs. Older adults and those with chronic health
conditions and weakened immune systems faced unique challenges
trying to meet their care needs. Studies investigating the impact of the
pandemic on formal and informal domiciliary care in various contexts
generally find a decline in the reported use of formal care (Vislapuu
et al., 2021; Tur-Sinai et al., 2021). Evidence on informal care is more
mixed. In most countries, informal care provision and receipt appear to
have been more resilient during the pandemic than that for formal care
(Tur-Sinai et al., 2021). Some studies suggest an increased intensity of
informal care provision and receipt (Vislapuu et al., 2021; Evandrou
et al., 2020; Bergmann and Wagner, 2021), while others report no
change (Rodrigues et al., 2021). In countries such as Denmark, the
Netherlands and the US, however, the proportion of people with dif-
ficulties with activities of daily living who received informal care was
lower during the pandemic than preceding it (Chen et al., 2022). Such
differences are explained, in part, by a wide range of factors inherent
to different study designs and settings, populations of interest (older
or younger age groups, those living alone or with families, those with
specific health conditions), use of different measures of informal care,
lockdown rules and COVID-related policies put in place in different
countries. Our study expands on the existing literature by investigating
ways in which the COVID-19 pandemic impacted formal and informal
care utilisation and subjective unmet care needs among older people
in England. We make use of the English Longitudinal Study of Ageing
(ELSA) due to its focus on community-dwelling respondents above
50 years of age, its longitudinal design, and the availability of data on
use of care and whether respondents’ needs have been met. We make
three contributions. First, we evaluate the impact of the pandemic on
formal and informal home care utilisation across both the extensive
and intensive margins.2 Existing studies on the impact of the pandemic
on formal and informal care use (Vislapuu et al., 2021; Di Novi et al.,
2023) employ utilisation measures which do not allow decomposition
across both margins. However, this is an important step to understand
the mechanism of the changes brought about by the pandemic. Certain
subgroups may be less likely to use home care during the pandemic
than before but conditional on receiving home care, they may receive
more of it compared to the pre-pandemic period, or vice versa.

Second, we study how disruption in home care use manifests itself
in respondents’ perception of how well care received met their needs
before and during the pandemic. This is particularly important, since
during the pandemic unmet healthcare needs were found to have a
negative impact on older individuals’ health outcomes (Bergeot and
Jusot, 2024).

Third, we explore whether disruptions to home care use observed
during the pandemic were also present in primary and acute care set-
tings. Specifically, we examine which population groups were affected
by the pandemic in terms of cancellations of hospital operations and
treatments and access to primary care. If substitution exists across care
settings, we might expect to observe decreases in domiciliary care use
being offset by increases in primary care use. The alternative is that
the pandemic exacerbated existing inequalities in accessing care by
limiting access to all care settings. For example, COVID-19 containment

2 Changes to the extensive margin refer to a change in the likelihood of
using domiciliary care, while the intensive margin reflects whether conditional
on receiving care an individual is using more or less care.

policies that aim to protect the most vulnerable groups may have both
decreased home care provision and limited access to other health and
care services for these same groups. Some evidence for the latter is
provided by Topriceanu et al. (2021) who investigated the cancellation
of surgical and medical appointments and concluded that the pandemic
deepened health inequalities, with larger negative impacts on women,
ethnic minorities and those with chronic conditions.

We find that community-dwelling respondents above 50 years of age
experienced a decrease in the probability of receiving domiciliary care,
mostly driven by a reduction in informal care use, during the pandemic.
This effect was partially offset by a positive change on the intensive
margin: on average, a majority of respondents using home care during
the pandemic reported having received more care than pre-pandemic.
However, we find an increase in the probability of reporting unmet
need conditional on having care needs across many socio-economic and
demographic sub-groups. Those most affected were ethnic minorities,
individuals with certain health conditions (musculoskeletal and mental
health), or permanently sick or disabled - groups more prone to unmet
need (Spiers et al., 2022). Individuals living alone and the youngest
age group (50–59 years), who have also been previously shown to be
more susceptible to developing unmet need (Dunatchik et al., 2019),
also saw a considerable increase in the risk of reporting unmet need for
home care, but did not experience similar reductions in primary care
access as their counterparts (i.e. those in multi-occupancy households
and older cohorts). Taken as a whole, the results suggest that socio-
demographic groups were impacted differently by the pandemic in
their use of domiciliary care, unmet need and access to healthcare,
potentially widening and entrenching pre-existing inequalities.

Institutional background

Unlike healthcare provision, most social care services in England
are not funded by the state. Social care is managed primarily by
local authorities, which perform assessments of an individual’s needs
and financial position to determine eligibility for access to publicly
funded services and eligibility for financial assistance to cover the
costs of social care. However, a very large number of individuals pay
for social care out-of-pocket. Lyu et al. (2023) suggest that, for home
care specifically, the proportion of people who cover all their related
expenditures lies between 33% and 50%. Additionally, cuts in funding
since 2010 have limited the range of services that can be provided.
Coupled with an ageing population increasing the demand for social
care, reductions in the availability of funded care provision results
in unmet need. According to Bottery and Mallorie (2024), the gap
between the number of individuals requesting social care support from
local authorities has been consistently growing since 2015, while the
number of individuals accessing this support has been falling — a trend
which was exacerbated during the pandemic.

When formal care is not accessible, individuals tend to rely on
informal care provision, as the two care types are often found to serve
as substitutes for each other (Zigante et al., 2021; Saloniki et al.,
2024). This increases the proportion of the population with caring
responsibilities. In 2019, 19% of the English population older than 50
were informal carers — a two percentage point increase since 2015
(OECD, 2023, 2018). Given that informal care provision decreases
caregivers’ labour market participation, this comes at a cost: Hu et al.
(2023) estimate the economic cost of informal care in England in 2019
to be £54.2 billion, which was three times larger than expenditure on
formal long-term care, and projected to rise to £101.4 billion by 2039.

Data

ELSA is a biennial panel study of individuals aged 50 and above and
their partners, living in English households, which has been running
since 2002. The most recent wave preceding the pandemic was wave
9, the fieldwork for which was conducted during June 2018–July
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2019. The survey provides detailed information on respondents’ socio-
demographic characteristics, health status and behaviours, and health-
care utilisation. During the COVID-19 pandemic, instead of the regular
data collection, two COVID-specific modules were run: the first during
June–July 2020, and the second during November–December 2020.
These modules do not include the full set of questions asked in the
waves prior to the pandemic, but aim instead to assess the impact
of COVID-19 and the related policies on health and wellbeing, and
access to healthcare of ELSA respondents. Due to the restrictions in
place during the pandemic, the COVID waves were conducted by online
questionnaire or telephone interview. In total 7040 respondents were
interviewed in the first wave and 6794 in the second, with about 17%
of questionnaires completed via a telephone survey. To construct our
estimation sample we use information from both COVID survey waves
together with information from the last wave prior to the pandemic
(wave 9). To ensure that the sample is representative and consistent
throughout, and to mitigate possible effects of attrition, we apply
longitudinal weights to both descriptive and statistical analyses. Since
we rely on the information from the three consecutive waves (wave 9
and both waves 1 and 2 of the COVID period), we use the longitudinal
population weights derived for core members who participated in all
three waves. For more detail on the methodology behind the ELSA wave
9 and COVID waves weights see Addario et al. (2020).

Our core outcome variables of interest can be grouped into three
categories: formal and informal domiciliary care utilisation; the change
in the amount of care received conditional on using domiciliary care
during the pandemic; and the respondent’s subjective evaluation of how
well their needs were met by the domiciliary care they received. A sum-
mary of outcome variables and the survey questions used to construct
these can be found in Table A.1 in the Appendix. For informal care in
the pre-pandemic period, we rely on the set of questions in Module 4
(‘‘Social care’’) of the survey recording informal care utilisation as 1
if the respondent reported having received help with at least one of
the activities of daily life in the past month from a relative, neighbour
or friend, and zero otherwise.3 If help was received from a homecare
worker, council handyman, cleaner, etc, this analogously is recorded
as receiving formal care. For the pandemic period, formal and informal
care use was inferred from the question ‘‘Over the past month have you
received care at home?’’ and responses ‘‘Yes, formal (paid, provided
from an agency)’’ and ‘‘Yes, informal (friend or relative)’’ respectively,
for each wave. For each of the waves (pre-pandemic wave 9, and COVID
waves 1 and 2) we constructed a categorical variable equal to 0 if no
help/care was reported; 1 if only informal care was reported; 2 if only
formal care use was reported; and 3 if use of both types of care was
reported.

In addition to the home care use question, which reflects domiciliary
care utilisation at the extensive margin, we look into whether those re-
ceiving care during the pandemic experienced an increase, a decrease,
or no change in the amount of care, thus evaluating the change at
the intensive margin. To this end, based on the question ‘‘Since the
coronavirus outbreak started is the amount of care you receive...’’ we
construct a categorical variable equal to 1 if a person responded ‘‘less
than it was’’; 2 if the response was ‘‘about the same’’; and 3 if ‘‘more
than it was’’.4 Finally, we are interested in how well respondents’ needs
are met when using domiciliary care. For the pre-pandemic period, this
is measured through responses to the question ‘‘Thinking about all the
help you receive, would you say that the help you receive (a) Meets
your needs all the time, (b) usually meets your needs, (c) sometimes

3 Activities of daily life include walking, going up and down the stairs,
getting in and out of bed, dressing, using the toilet and bathing/showering,
eating, housework or gardening tasks, shopping, taking medications, managing
money (e.g. paying bills).

4 Note that this question was only asked if a person claimed to have
received some form of home care during the pandemic.

meets your needs or, (d) hardly ever meets your needs?’’. Similarly,
for the pandemic waves we use the question ‘‘Since the coronavirus
outbreak started, have your care needs been met (a) All of the time (b)
Most of the time (c) Some of the time (d) Hardly ever’’. We construct
a categorical variable equal to 1 if the respondent did not have care
needs; 2 if, conditional on having care needs, they reported needs met
all the time or usually/most of the time; and 3 if they reported needs
being met only sometimes or hardly ever.5

In addition, we explore acute and primary care utilisation outcomes
to investigate possible substitution or complementarity between health
care and domiciliary care use. Acute and primary care utilisation
includes two outcomes. The first is a binary indicator equal to 1 if the
respondent answered ‘‘yes’’ to the question ‘‘Since the coronavirus out-
break, have you had a hospital operation or treatment cancelled?’’, and
0 otherwise. This question is asked in both COVID waves. The second
outcome relates to access to primary care. For the pre-pandemic period,
this is measured via a binary variable equal to 1 if the person answered
‘‘yes’’ to the question ‘‘During the four weeks ending yesterday, did you
talk to a family doctor (GP) about your own health either in person or
by telephone?’’, and 0 otherwise. For the first wave of the pandemic
survey, we construct a similar indicator from the question ‘‘Have you
been able to see or talk to a GP?’’, conditional on answering ‘‘yes’’ to
the question "Since the coronavirus outbreak, have you wanted to see
or talk to a GP?’’. For those who were able to see or talk to the GP, the
indicator is equal to 1, and 0 for everyone else.6

Our control variables include a large set of characteristics of re-
spondents sourced from the pre-pandemic wave 9 survey. This includes
age (as categories), sex, ethnicity, living in a rural area, job classi-
fication, employment status, number of household members, quintile
of equalised income,7 presence of health conditions, and region of
residence. Finally, we also include a control variable indicating whether
a respondent had a positive COVID-19 test in waves 1 and 2 of the
COVID survey.

Overall, the variables are very well-populated: the shares of obser-
vations with missing values range between 0 and 1.56%. The variables
most affected by missing values are GP access before the pandemic
(1.56% missing observations) and household income (1.36% missing
observations). We note, however, that the occupation class variable has
a considerable share (around 27%) of missing values. We therefore de-
cided to retain the missing observations under the ‘unknown’ category
of the occupation class variable. After cleaning the data and applying
weights, our sample comprises 5033 individuals.

Empirical approach

Domiciliary care utilisation

We first analyse how the COVID-19 pandemic changed domiciliary
care use across individuals with different socio-demographic and clin-
ical characteristics. We focus on three categorical outcome variables:
(1) domiciliary care use, with categories ‘none’, ‘informal care only’,
‘formal care only’, and ‘both’; (2) change in the amount of care received
as compared to pre-pandemic, conditional on having used some type
of domiciliary care during the pandemic, with categories ‘less than
before’, ‘no change’, and ‘more than before’; (3) unmet need categorised
as ‘no need’, ‘needs met always or usually’, and ‘needs met some of
the time or hardly ever’. As an empirical strategy, we adopt a multino-
mial logistic regression models for outcomes (1) and (3). While more

5 We opted for categorising the responses this way to ensure all categories
are substantially populated.

6 In wave 2 of the pandemic survey, the question is framed differently,
precluding construction of a comparable indicator.

7 Adjusted for the number of people in the household using the OECD
equivalence scale.
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complex (e.g. two-stage) approaches could be conceived, we opted for
a more parsimonious way of modelling the outcome variables which
allows us to account for dependencies between not using home care
(not having care needs) and using specific types of home care (having
meeds met most of the time or some of the time). Outcome (2) is a set of
ordered alternatives, we therefore adopt an ordered logistic regression
to model it. For all models we evaluate predicted probabilities of each
alternative for each of the individual characteristics. Accordingly, to
investigate how the pandemic altered utilisation of domiciliary care at
the extensive margin, we adopt the following specification:

𝑃 (𝑦𝑖𝑡 = 𝑘) = 𝛬(𝛼+𝒙′
𝒊
𝜷𝒌 + 𝜂ℎ𝑎𝑑_𝑐𝑜𝑣𝑖𝑑𝑖𝑡 + 𝛾𝑝𝑎𝑛𝑑𝑒𝑚𝑖𝑐𝑡 +𝒙′

𝒊
×𝒑𝒂𝒏𝒅𝒆𝒎𝒊𝒄𝒕𝜹𝒌),

(1)

where 𝑦𝑖𝑡 takes value 0 if no domiciliary care was used, 1 if only
informal care was used, 2 if only formal care was used, and 3 if
both types of home care were used, thereby representing four alter-
natives (𝑘 = {0, 1, 2, 3}). 𝛬 denotes the standard logistic cumulative
distribution function. Since we observe the outcome over three periods
(pre-pandemic, first, and second wave of the COVID ELSA survey), 𝑡 =
{1, 2, 3}. The 𝑝𝑎𝑛𝑑𝑒𝑚𝑖𝑐𝑡 variable takes value 1 if the observation belongs
to one of the COVID waves, and 𝒙′

𝒊
× 𝒑𝒂𝒏𝒅𝒆𝒎𝒊𝒄𝒕 is the interaction be-

tween the vector of a respondent’s characteristics 𝒙′
𝒊
and the pandemic

indicator.8 The ℎ𝑎𝑑_𝑐𝑜𝑣𝑖𝑑𝑖𝑡 variable takes value 1 if the individual
reported having tested positive for COVID-19 in one of the COVID
surveys. Note that although we include it in all the models, it cannot
be considered a characteristic with respect to which a difference with
the pandemic period is assessed, since no one had COVID before the
pandemic. We then evaluate predicted probabilities of each alternative
for each of the covariates, and analyse how much they differ when
comparing the pre-pandemic and pandemic periods.

Next, we study the changes induced by the pandemic in home care
utilisation at the intensive margin. This seeks to assess the extent that
the amount of care received during the pandemic compares with that
prior to the pandemic for respondents receiving domiciliary care. We
specify and estimate a model of the form:

𝑃 (𝑦𝑖𝑡 = 𝑘) = 𝛬(𝛼 + 𝒙′
𝒊
𝜷𝒌 + 𝜂ℎ𝑎𝑑_𝑐𝑜𝑣𝑖𝑑𝑖𝑡 + 𝛾𝑤𝑎𝑣𝑒𝑡), (2)

where 𝑦𝑖𝑡 takes value 1 if the respondent reports having received less
care, 2 if the same amount of care was received, and 3 if the care
received during the pandemic was more than what the respondent used
to receive before. Note that Eq. (2) differs from Eq. (1) in that the
outcome is represented by three alternatives, therefore 𝑘 = {1, 2, 3},
and the question is only asked during the pandemic waves, so only
two periods are observed (the two pandemic waves of the survey),
hence 𝑤𝑎𝑣𝑒 is a dummy variable indicating an observation belonging
to COVID wave 1. We then report predicted probabilities of receiving
less, the same amount or more care for each individual characteristic.

Finally, we study whether the pandemic changed the extent to
which domiciliary care received met respondents’ needs. We estimate
a multinomial regression similar to Eq. (1), but the outcome 𝑦𝑖𝑡 now
represents three alternatives (𝑘 = {1, 2, 3}: not having care needs, needs
met all the time or most of the time/usually, and care needs met hardly
ever or sometimes. We present the results in terms of risk ratios (i.e. the
relative risk of reporting unmet need conditional on having care needs)
and the difference in risk ratios between pandemic and pre-pandemic
periods. For each respondent group/characteristic 𝑗, the risk ratio for
the pre-pandemic period is calculated as follows:

𝑅𝑅
𝑝𝑟𝑒

𝑗
=

𝑃 (𝑦 = 3|𝑥𝑗 = 1,𝒙−𝒋 , 𝑝𝑎𝑛𝑑𝑒𝑚𝑖𝑐 = 0)

𝑃 (𝑦 = 3|𝑥𝑗 = 1,𝒙−𝒋 , 𝑝𝑎𝑛𝑑𝑒𝑚𝑖𝑐 = 0) + 𝑃 (𝑦 = 2|𝑥𝑗 = 1,𝒙−𝒋 , 𝑝𝑎𝑛𝑑𝑒𝑚𝑖𝑐 = 0)

(3)

8 Note that respondents’ characteristics are measured at wave 9 of the
survey and hence do not change in COVID waves surveys.

Here 𝑃 (𝑦 = 3|𝑥𝑗 = 1,𝒙−𝒋 , 𝑝𝑎𝑛𝑑𝑒𝑚𝑖𝑐 = 0) is the predicted probability
of reporting unmet need for socio-demographic group 𝑗 (e.g. indi-
viduals of 50–59 years of age) pre-pandemic, while 𝑃 (𝑦 = 2|𝑥𝑗 =

1,𝒙−𝒋 , 𝑝𝑎𝑛𝑑𝑒𝑚𝑖𝑐 = 0) is the corresponding probability of reporting
needs reasonably met. The denominator, therefore, is the predicted
probability of having care needs for group 𝑗 in the pre-pandemic period.
The analogous metric for the pandemic period is derived as follows:

𝑅𝑅
𝑝𝑜𝑠𝑡

𝑗
=

𝑃 (𝑦 = 3|𝑥𝑗 = 1,𝒙−𝒋 , 𝑝𝑎𝑛𝑑𝑒𝑚𝑖𝑐 = 1)

𝑃 (𝑦 = 3|𝑥𝑗 = 1,𝒙−𝒋 , 𝑝𝑎𝑛𝑑𝑒𝑚𝑖𝑐 = 1} + P̂{𝑦 = 2|𝑥𝑗 = 1,𝒙−𝒋 , 𝑝𝑎𝑛𝑑𝑒𝑚𝑖𝑐 = 1)

(4)

When reporting results, we present both risk ratios and their differ-
ences, 𝑅𝑅𝑑𝑖𝑓𝑓

𝑗
= 𝑅𝑅

𝑝𝑜𝑠𝑡

𝑗
− 𝑅𝑅

𝑝𝑟𝑒

𝑗
.

Cancelled treatment or procedures and access to GP services

To assess the degree of complementarity or substitutability between
home care use and health care use we extend the above analysis to
consider the use of several health care access variables. In particular,
we exploit indicators available in ELSA for whether an operation or
treatment was cancelled and whether an individual was able to access
GP services.

To study the relationship between respondents’ characteristics and
the probability of a cancelled treatment or procedure, we specify the
following logistic regression model:

𝑃 (𝑦𝑖𝑡 = 1) = 𝛬(𝛼 + 𝒙′
𝒊
𝜷 + 𝜂ℎ𝑎𝑑_𝑐𝑜𝑣𝑖𝑑𝑖𝑡 + 𝛾𝑤𝑎𝑣𝑒𝑡), (5)

where 𝑦𝑖𝑡 is a binary variable equal to 1 if individual 𝑖 surveyed in
COVID wave 𝑡 (here 𝑡 = {1, 2}) reported a cancellation of treatment
or procedure since the start of the pandemic and 0 otherwise. 𝑥𝑖 is a
vector of the respondent characteristics, and 𝑤𝑎𝑣𝑒𝑡 is a dummy variable
equal to 1 if the response relates to the second wave of the COVID ELSA
survey, and 0 otherwise. Following estimation of Eq. (5) we calculate
the predicted probability of a cancellation for each respondent, 𝑖, based
on their set of characteristics, 𝑥.

We then study which groups of respondents were most affected by
the pandemic in their access to GP services. For this, we are able to
compare the use of GP services before and during the pandemic (note
that this was not possible when looking at cancelled operations and/or
treatments) and specify a logistic regression model of the form:9

𝑃 (𝑦𝑖𝑡 = 1) = 𝛬(𝛼+𝒙′
𝒊
𝜷+𝜂ℎ𝑎𝑑_𝑐𝑜𝑣𝑖𝑑𝑖𝑡+𝛾𝑝𝑎𝑛𝑑𝑒𝑚𝑖𝑐𝑡+𝒙′

𝒊
×𝒑𝒂𝒏𝒅𝒆𝒎𝒊𝒄𝒕𝜹) (6)

In Eq. (6) 𝑦𝑖𝑡 represents a binary variable equal to 1 if individual
𝑖 surveyed in period 𝑡 reported having accessed GP services (that is,
either in the four weeks prior to the survey for the pre-pandemic period
wave, or since the start of the pandemic for wave 1 of the COVID
ELSA survey) and 0 otherwise. 𝑝𝑎𝑛𝑑𝑒𝑚𝑖𝑐𝑡 is a dummy variable equal
to 1 if the response was received during the pandemic (first wave
of the COVID ELSA survey) and 0 otherwise; and 𝒙′

𝒊
× 𝒑𝒂𝒏𝒅𝒆𝒎𝒊𝒄𝒕 is

the interaction between the respondents’ characteristics and the pan-
demic indicator. Having estimated this model, we obtain and compare
predicted probabilities of accessing GP services before and during the
pandemic.

All analyses are performed in Stata 18.

Results

Table 1 presents descriptive statistics for our sample. For the utilisa-
tion of domiciliary care, informal care use decreased substantially, from
11% of respondents to about 7% during the pandemic. Interestingly, the
share of individuals using only formal care did not change substantially,

9 Note that we were able to construct reasonably comparable variables only
for the pre-pandemic period and COVID wave 1, so COVID wave 2 is excluded
from this analysis.
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Table 1
Variable means (relative frequencies) for the weighted sample used for estimation.

Panel A: Outcome variables

Domiciliary care use Pre-pandemic
N = 5,033

COVID W1
N = 5,031

COVID W2
N = 5,033

Total
N = 15,097

Informal care only 0.112 0.065 0.065 0.081
Formal care only 0.016 0.011 0.016 0.014
Both 0.019 0.002 0.006 0.009

Change in the amount of care received (care recipients only) COVID W1
N = 391

COVID W2
N = 383

Total
N = 774

Less care than before 0.170 0.157 0.164
No change 0.543 0.638 0.590
More care than before 0.287 0.205 0.246

Whether care needs are met Pre-pandemic
N = 5,033

COVID W1
N = 5,030

COVID W2
N = 5,031

Total
N = 15,094

All the time or usually 0.136 0.169 0.191 0.165
Sometimes or hardly ever 0.017 0.042 0.036 0.032
No needs 0.847 0.789 0.773 0.803

COVID W1
N = 5,032

COVID W2
N = 5,030

Total
N = 10,062

Operation/treatment cancelled 0.169 0.116 0.143

Pre-pandemic
N = 4,955

COVID W1
N = 5,033

Total
N = 9,988

GP access 0.281 0.083 0.181

Panel B1: Control variables (measured at pandemic waves; N = 5,033)

COVID W1 COVID W2
Had a positive COVID-19 test 0.004 0.015

Panel B2: Control variables (measured at wave 9; N = 5,033)

Variable mean Variable mean

Age: 50–59 0.361 Rural 0.231
Age: 60–69 0.304 Ethnic minority 0.073
Age: 70–79 0.224
Age: 80+ 0.111 Health conditions
Job class.: Routine/manual 0.288 Ophthalmic condition 0.264
Job class.: Intermediate 0.193 Respiratory condition 0.136
Job class.: Managerial/admin 0.248 Musculoskeletal condition 0.310
Job class.: Unknown 0.271 Cancer 0.030
Employment status: Employee 0.346 Mental/behavioural disorder 0.081
Employment status: Self-employed 0.090 Region 0.052
Employment status: Retired 0.467 North East 0.134
Employment status: Sick/disabled 0.048 North West 0.134
Employment status: Other 0.049 Yorkshire and The Humber 0.100
Number of HH members: 1 0.222 East Midlands 0.090
Number of HH members: 2 0.523 West Midlands 0.105
Number of HH members: 3+ 0.255 East of England 0.115
Female 0.528 London 0.119
Income 640.3 South East 0.171
Equalised income 447.6 South West 0.114

Notes: Control variables are taken from wave 9 of the survey, except for testing positive for COVID-19. When entering the models, all control variables are binary indicators, hence the table
does not report standard deviations as they are directly derived from the mean. Interpretation of results for categories with very low frequencies should be done with caution. The equalised
income variable quintile dummies are used in regressions. For the purposes of descriptive statistics, the income variable has a standard deviation of 611 and ranges from 0 to 16,236; the
corresponding values for equalised income are 395 and 0–10,824. Variables recorded pre-pandemic are taken from wave 9 of ELSA. The ‘Other’ employment status includes the unemployed
and those looking after home or family. Longitudinal weights (linking the pre-pandemic wave and waves one and two of the survey) are applied throughout. W1 and W2 stand for waves
1 and 2 of the COVID surveys.

whereas the proportion of those using both types of home care fell
from 2% to less than 1%. Around 60% of those who were receiving
some form of domiciliary care during the pandemic reported no change
in the amount of care received, 16%–17% experienced a decrease,
and 29% (first wave) and 21% (second wave) of respondents reported
an increase in the amount of care received. Finally, in the pandemic
period we observe larger shares of respondents whose needs were met
compared to those whose needs were only sometimes or never met
by the care they received. However, this is in the context of a larger
proportion of respondents having care needs during the pandemic (15%
pre-pandemic and approximately 22% during the pandemic). If we
consider how well the needs of those reporting having care needs were
met before and during the pandemic, the share of respondents reporting

sometimes or hardly ever increased from about 11% (pre-pandemic) to
20% in the first COVID survey wave, and to 16% in the second wave,
indicating that a greater proportion of individuals experienced unmet
needs.

With regards to acute and primary care outcomes, on average, about
17% and 11% of respondents reported having an operation or treatment
cancelled during the first and the second survey waves respectively. The
share of respondents who accessed GP services fell dramatically in the
first wave of the pandemic.

In terms of respondent characteristics (our control variables), the
age distribution is skewed towards younger age groups amongst the
sample, 47% of individuals are retired, although a significant propor-
tion are still employed (35%) or self-employed (9%). Most individuals
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Fig. 1. Differences in predicted probabilities of different types of domiciliary care use before and during the pandemic. Note: differences in conditional predicted probabilities
derived from model (1) and their 95% CIs.

live in two-person households (52%), but a substantial proportion live
alone (22%). Slightly more than a half of the sample are female and
nearly a quarter live in a rural area. The majority of respondents are of
white ethnic group, with 7% being of other ethnicity. The average net
weekly household income is approximately £640 with equalised income
of £448. Finally, approximately a third of respondents reported having
a musculoskeletal condition, with ophthalmic (27%) and respiratory
(15%) conditions also being relatively common.

Domiciliary care utilisation

Fig. 1 presents differences in the probability of domiciliary care
utilisation before and during the pandemic, derived from estimation
of Eq. (1). For each individual characteristic the figure depicts differ-
ences in the predicted probability of use for each of the three types of
domiciliary care, as well as the probability of using any type of home
care (the sum of the three), together with 95% confidence intervals
for these differences. Original predicted probabilities for the outcomes
are presented in Table A.2, and their differences in Table A.3, in the
Appendix.10

In general, across most characteristics the probability of using in-
formal care decreased in the pandemic period. This is not the case for
the exclusive use of formal domiciliary care where the vast majority

10 We note that this model does not pass the formal requirements of the
independence of irrelevant alternatives assumptions. Appendix B explains why,
and shows that alternative specifications which pass formal tests yield very
similar results.

of characteristics do not display statistically significant differences in
predicted probabilities, which is partly due to a low prevalence of
an exclusive use of formal care in all periods. The decrease in the
simultaneous use of both informal and formal care is possibly driven
by the negative change in informal care use. It is also plausible that
some of those individuals who previously would have used both types
of care and lost access to informal care shifted to using only formal care
following the onset of the pandemic, which would explain little to no
change of sole formal care use.

From Fig. 1, the largest decreases in informal care use were ob-
served for permanently sick or disabled respondents (−22 percentage
points (pp)), ethnic minorities (−9.5 pp) and individuals with can-
cer (−10.8 pp) and mental health/behavioural disorders (−9.4 pp).
If we consider the probability of using any type of domiciliary care
(see column (4) in Table A.3), the same groups were among those
most affected, but also including individuals with a musculoskeletal
condition. We do not find pronounced gradients across age and rural–
urban dimensions, but there appears to be a relationship with respect
to equalised income (larger decreases for respondents with a lower in-
come) and occupational class (those with unknown and routine/manual
occupations experienced larger reductions in informal care than those
with intermediate and managerial occupations).

Individuals living alone were the only group that experienced a
statistically significant decrease in formal care use. Such individuals
were amongst those most reliant on formal home care prior to the
pandemic. Across geographical regions, the most affected area was East
Midlands, while Yorkshire and The Humber was the least impacted
region.
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Amount of care used by care recipients
The results described above refer only to changes at the extensive

margin, i.e. whether individuals were more or less likely to use home
care during the pandemic than before. Table 2 presents results from
estimation of Eq. (2). This analyses whether respondents who were
receiving home care during the pandemic received more or less care
compared to the pre-pandemic period. Table 1 shows that the majority
of respondents reported no change in the amount of care received; ap-
proximately 24% reported receiving more care and about 16% reported
having received less care than before. While this pattern generally holds
across most of the individual respondent characteristics in which we are
interested, some notable differences are apparent.

Some of the groups most affected by the negative change in home
care use at the extensive margin, similarly experienced a negative
impact on the intensive margin. Of those who were still able to access
care during the pandemic, people from ethnic minority groups had the
highest likelihood of reporting a decrease in care received (34%), which
is three times as high as the likelihood of reporting an increase in
care. Respondents of white ethnicity were 2.3 times less likely to report
receiving less care than ethnic minority counterparts. As might be
expected, individuals living alone had a higher likelihood of reporting
a decrease in home care received than those living with another house-
hold member, also reinforcing the negative change observed at the
extensive margin. In contrast, the self-employed, who appeared to be
unaffected in terms of the probability of receiving home care, had the
highest probability of reporting an increase in home care (47%). This
might be due to the nature of work and flexibility to work from home,
or spend more time at home. Residents in North East had the lowest
predicted probability of reporting a decrease in care compared to other
regions. For individuals with a mental health condition or cancer the
effect on home care use at the intensive margin might have partially
counteracted the large decrease observed at the extensive margin. For
individuals reporting a musculoskeletal condition, however, we observe
a slightly higher than average probability of receiving less care during
compared to before the pandemic.

Finally, an interesting pattern emerges across age groups. At the ex-
tensive margin we observe a negative change of similar magnitude for
all age groups. However, there are stark differences across the intensive
margins. For respondents aged 60 and above who were receiving care
during the pandemic, the predicted probability of reporting an increase
in care was about 1.7 times the probability of reporting a decrease in
care. This contrasts with the youngest group (50–59), who had similar
predicted probabilities of receiving more or less care, implying older
age groups generally received more care conditional on receiving care.

Did care meet respondents needs?
Across the majority of characteristics examined, the share of re-

spondents receiving home care reduced during the pandemic, but at
the same time for those who were receiving care in the pandemic
period, a larger proportion were likely to report an increase, rather
than a decrease, in the amount of care received. Taking into account
the differential effects across both the extensive and intensive margins,
the overall impact of the pandemic on the change in domiciliary care
utilisation is ambiguous. Further insight can be gained by considering
how respondents perceived whether the care they received met their
needs.

First, we note that the proportion of respondents who indicated
having care needs was higher during the pandemic (see Tables 1 and
A.4 in the Appendix). This is likely due to lockdown rules creating
a need for additional assistance (e.g. groceries or medicines delivery,
which a respondent might previously have done themselves). To enable
comparisons between periods we estimate risk ratios — the probability
of reporting unmet need (for needs being met only some of the time
or hardly ever, conditional on having care needs) as per Eqs. (3)
and (4). These are presented in Table 3 for the pre-pandemic and
pandemic periods in columns (1) and (2), followed by their difference

in column (3). The larger the difference between the pandemic and pre-
pandemic risk ratios, the more substantial the impact of the pandemic
on reporting unmet need.

For the majority of characteristics, we observe an increase in the rel-
ative risk of reporting unmet need, although in many cases the change
is not statistically significant. As shown above, for some characteristics
(ethnicity, living alone, being 50–59 years of age) the effect at the
extensive and intensive margin operate in the same (negative) direc-
tion, so we expect to see an increase in the relative risk of reporting
unmet need among these categories. Indeed, ethnic minorities saw the
largest (by almost 30 pp.) increase in the relative risk of reporting
unmet need. Respondents aged 50–59 and those living in single-person
households also experienced large and statistically significant increases
in the likelihood of reporting unmet need. An interesting exception are
employed individuals. While this group experienced a reduction in care
at both the extensive and intensive margin, this was not reflected in
their propensity to report unmet need, possibly due to them having a
lower level and complexity of care needs in general.

Among other substantially affected groups were individuals with
‘other’ employment status (unemployed and looking after home or fam-
ily). Although this group did not see a statistically significant decrease
at extensive margin, they were much more likely to report a decrease
in the amount of care received. Those living in East Midlands saw some
of the largest decreases at the extensive margin, and also experienced
a large increase in unmet needs, possibly due to peculiarities of social
care provision in the region. Similarly, individuals with a routine/man-
ual occupation also experienced a considerable increase in the relative
risk of reporting unmet need. However, this group was not among those
with particularly high decreases in the probability of using domiciliary
care or a negative change on the intensive margin.

Individuals with cancer did not report a change in unmet need.
A potential explanation of this finding could be that starting from
summer 2020 NHS England rolled out ‘COVID-friendly’ cancer treat-
ments, allowing patients to receive some of the medications at home
(NHS England, 2020). Although this was a replacement for secondary
care services rather than a social care initiative, it may have led to some
respondents perceive an increase in care received at home, leaving the
relative risk of reporting unmet need unchanged.

However, respondents with a mental health/behavioural disorder or
musculoskeletal condition experienced increases in the relative risk of
reporting unmet need by 10.4 pp. and 15,3 pp. respectively. In addition,
those with an ophthalmic condition had statistically significant increase
in unmet need of 8.3 pp.

Taken together, the results suggest that even though in many cases
respondents were likely to report an increase in the amount of care
received during the pandemic, conditional on having received care in
that period, the impact of the overall decrease in the probability of
receiving any type of care during the pandemic led to an increase in
unmet need.

Cancelled treatment or procedures, and access to general practice

This section investigates whether the patterns revealed for home
care use are repeated for healthcare utilisation. Table 4 provides pre-
dicted probabilities obtained from estimating models in Eqs. (5) and
(6). In the first column we report predicted probabilities and their
standard errors of a treatment or procedure cancellation in the full
sample. In the second column the results presented are obtained from
a restricted sample, which includes only those individuals from the
second wave of the COVID survey who reported having a treatment
or procedure scheduled (it is not possible to identify those individuals
in the first wave of the COVID survey). The final column represents
the difference in the probability of accessing GP services prior to and
during the pandemic. Our analysis of home care use revealed that
individuals with certain socio-demographic and clinical characteristics
were particularly affected by the pandemic in their access to home
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Table 2
Predicted probabilities of change in domiciliary care received during the pandemic (N = 774)

(1) (2) (3)

Less than before Same More than before

prob s.e. prob s.e. prob s.e.

Age: 50–59 0.240** 0.095 0.599*** 0.033 0.162** 0.071
Age: 60–69 0.155*** 0.030 0.597*** 0.024 0.248*** 0.038
Age: 70–79 0.131*** 0.024 0.583*** 0.024 0.286*** 0.035
Age: 80+ 0.154*** 0.030 0.596*** 0.024 0.250*** 0.038
Job class.: Routine/manual 0.177*** 0.026 0.595*** 0.023 0.228*** 0.026
Job class.: Intermediate 0.160*** 0.027 0.590*** 0.024 0.251*** 0.032
Job class.: Managerial/admin 0.155*** 0.031 0.587*** 0.025 0.258*** 0.039
Job class.: Unknown 0.156*** 0.052 0.588*** 0.036 0.256*** 0.079
Employment status: Employee 0.270** 0.111 0.592*** 0.047 0.138** 0.070
Employment status: Self-employed 0.062* 0.035 0.470*** 0.108 0.468*** 0.141
Employment status: Retired 0.155*** 0.020 0.599*** 0.023 0.245*** 0.020
Employment status: Sick/disabled 0.147*** 0.037 0.596*** 0.031 0.258*** 0.058
Employment status: Other 0.291*** 0.111 0.583*** 0.054 0.126** 0.061
Number of HH members: 1 0.174*** 0.029 0.601*** 0.023 0.225*** 0.031
Number of HH members: 2 0.140*** 0.018 0.586*** 0.023 0.275*** 0.024
Number of HH members: 3+ 0.192*** 0.029 0.603*** 0.023 0.205*** 0.029
Equalised income quintile: 1 lowest 0.146*** 0.024 0.584*** 0.026 0.270*** 0.035
Equalised income quintile: 2 0.172*** 0.023 0.595*** 0.024 0.233*** 0.028
Equalised income quintile: 3 0.156*** 0.031 0.589*** 0.025 0.255*** 0.040
Equalised income quintile: 4 0.213*** 0.038 0.599*** 0.024 0.187*** 0.033
Equalised income quintile: 5 highest 0.136*** 0.029 0.577*** 0.027 0.287*** 0.044
Male 0.172*** 0.023 0.594*** 0.023 0.234*** 0.027
Female 0.159*** 0.020 0.590*** 0.023 0.251*** 0.021
Urban 0.164*** 0.017 0.592*** 0.023 0.245*** 0.019
Rural 0.164*** 0.033 0.592*** 0.023 0.244*** 0.037
White 0.147*** 0.017 0.601*** 0.022 0.252*** 0.018
Ethnic minority 0.338*** 0.113 0.559*** 0.068 0.104** 0.048
Had COVID 0.000 0.000 0.000 0.000 1.000*** 0.000
Health conditions

Ophthalmic condition 0.181*** 0.021 0.598*** 0.023 0.220*** 0.020
Respiratory condition 0.175*** 0.027 0.595*** 0.023 0.229*** 0.029
Musculoskeletal condition 0.187*** 0.021 0.599*** 0.023 0.214*** 0.020
Cancer 0.179*** 0.056 0.597*** 0.026 0.224*** 0.067
Mental/behavioural disorder 0.166*** 0.039 0.593*** 0.027 0.241*** 0.054

Region
North East 0.121*** 0.034 0.570*** 0.037 0.309*** 0.063
North West 0.171*** 0.033 0.599*** 0.023 0.230*** 0.037
Yorkshire and The Humber 0.144*** 0.026 0.588*** 0.025 0.268*** 0.037
East Midlands 0.171*** 0.047 0.599*** 0.026 0.231*** 0.057
West Midlands 0.211*** 0.048 0.602*** 0.024 0.187*** 0.043
East of England 0.148*** 0.028 0.590*** 0.025 0.262*** 0.038
London 0.179*** 0.040 0.600*** 0.025 0.220*** 0.048
South East 0.150*** 0.030 0.591*** 0.026 0.259*** 0.043
South West 0.156*** 0.043 0.594*** 0.026 0.251*** 0.055

The analysis is conducted on a sub-sample of individuals who reported having received home care during the pandemic. Standard errors for predicted
probabilities in parentheses. Significance levels: *** 𝑝 < 0.10, ** 𝑝 < 0.05, * 𝑝 < 0.01.

care and the likelihood of having unmet needs. Individuals aged 50–59

experienced a more pronounced disruption in domiciliary care use than

older groups. However, Table 4 suggests that this group were less likely

to experience a cancellation of treatment or procedure, nor a decrease

in the probability of accessing GP services when compared to older co-

horts. This is likely due to the older population being more vulnerable

to COVID-19 and hence potentially benefiting from avoiding attending

health care services. A similar pattern, possibly indicating some degree

of substitution between home care and health care, emerges across

regional area groups. East Midlands residents were most affected by

the pandemic in the use of home care, but had the lowest probability

of a cancellation and were generally not affected in terms of GP access.

Individuals living alone experienced larger reductions in home care use

and an increase in unmet need, but their ability to access GP services

did not change during the pandemic compared to individuals living in

larger households.

However, for some groups the pandemic had a pronounced negative
impact on both domiciliary care and healthcare utilisation. Ethnic
minorities experienced the largest decrease in home care use and the
largest increase in unmet need, but also experienced a large reduction
(about 12 pp. — the largest across all groups) in the likelihood of
contacting a GP during the pandemic. Similarly, across employment
groups, individuals in the ‘other’ category (includes unemployed, and
looking after home or family) experienced a 10.1 pp. reduction in GP
access, while permanently sick or disabled individuals saw were the
most likely to be affected by cancellations.

Having a health condition was associated with a higher probability
of a cancellation. This effect is plausibly due to individuals with health
conditions being more vulnerable to COVID-19 compared to healthier
counterparts. Those with a respiratory and musculoskeletal condition
were most likely to have a treatment/procedure cancelled (with re-
spective probabilities %31.6 and %30.8, conditional on treatment/pro-
cedure planned), and experienced the largest reductions accessing GP
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Table 3
Risk ratios of reporting unmet need among those with care needs, before and during the pandemic (N = 15,094)

(1) (2) (3)

𝑅𝑅𝑝𝑟𝑒 s.e 𝑅𝑅𝑝𝑜𝑠𝑡 s.e. 𝑅𝑅𝑑𝑖𝑓𝑓 s.e.

Age: 50–59 0.097*** 0.037 0.284*** 0.055 0.187*** 0.067
Age: 60–69 0.126*** 0.034 0.139*** 0.019 0.013 0.040
Age: 70–79 0.151** 0.059 0.151*** 0.023 0 0.060
Age: 80+ 0.111** 0.052 0.119*** 0.024 0.008 0.055
Job class.: Routine/manual 0.077*** 0.017 0.21*** 0.027 0.132*** 0.033
Job class.: Intermediate 0.11*** 0.032 0.184*** 0.030 0.074* 0.044
Job class.: Managerial/admin 0.081*** 0.030 0.162*** 0.029 0.081* 0.042
Job class.: Unknown 0.167*** 0.045 0.14*** 0.027 −0.028 0.050
Employment status: Employee 0.202** 0.092 0.167*** 0.041 −0.034 0.095
Employment status: Self-employed 0.317* 0.182 0.189*** 0.066 −0.127 0.189
Employment status: Retired 0.097*** 0.027 0.166*** 0.019 0.069** 0.031
Employment status: Sick/disabled 0.066*** 0.025 0.152*** 0.034 0.086** 0.042
Employment status: Other 0.033 0.036 0.278*** 0.099 0.245** 0.107
Number of HH members: 1 0.149*** 0.032 0.25*** 0.028 0.101** 0.041
Number of HH members: 2 0.109*** 0.020 0.159*** 0.020 0.05 0.030
Number of HH members: 3+ 0.068*** 0.026 0.128*** 0.026 0.060* 0.035
Equalised income quintile: 1 (lowest) 0.18*** 0.042 0.248*** 0.033 0.068 0.050
Equalised income quintile: 2 0.081*** 0.022 0.178*** 0.024 0.097*** 0.031
Equalised income quintile: 3 0.104*** 0.028 0.121*** 0.022 0.017 0.038
Equalised income quintile: 4 0.053** 0.026 0.174*** 0.033 0.121*** 0.042
Equalised income quintile: 5 (highest) 0.062* 0.033 0.079*** 0.018 0.016 0.037
Male 0.113*** 0.029 0.191*** 0.023 0.078** 0.032
Female 0.109*** 0.019 0.171*** 0.017 0.061** 0.026
Urban 0.117*** 0.017 0.184*** 0.015 0.068*** 0.022
Rural 0.081*** 0.029 0.15*** 0.026 0.068* 0.038
White 0.11*** 0.015 0.154*** 0.012 0.044** 0.020
Ethnic minority 0.091** 0.042 0.389*** 0.075 0.298*** 0.082
Health conditions

Ophthalmic condition 0.109*** 0.027 0.192*** 0.022 0.083** 0.034
Respiratory condition 0.16*** 0.036 0.16*** 0.026 0 0.046
Musculoskeletal condition 0.082*** 0.018 0.235*** 0.030 0.153*** 0.034
Cancer 0.289*** 0.111 0.248*** 0.076 −0.041 0.078
Mental/behavioural disorder 0.133*** 0.038 0.236*** 0.050 0.104* 0.062

Region
North East 0.263*** 0.084 0.184*** 0.044 −0.079 0.097
North West 0.089*** 0.030 0.173*** 0.037 0.084* 0.048
Yorkshire and The Humber 0.069* 0.036 0.148*** 0.047 0.08 0.058
East Midlands 0.068** 0.033 0.247*** 0.049 0.179*** 0.062
West Midlands 0.141*** 0.042 0.194*** 0.036 0.053 0.056
East of England 0.101** 0.042 0.151*** 0.027 0.05 0.047
London 0.178*** 0.061 0.216*** 0.043 0.038 0.072
South East 0.057** 0.025 0.134*** 0.025 0.077** 0.036
South West 0.09** 0.041 0.109*** 0.030 0.019 0.051

Risk ratios are calculated as per expressions (3) and (4). Standard errors for risk ratios and differences are derived via delta method. Due to the low
prevalence of individuals reporting a nervous system condition in the pre-pandemic period we were not able to evaluate standard errors for the risk
ratio. Significance levels: *** 𝑝 < 0.10, ** 𝑝 < 0.05, * 𝑝 < 0.01.

services (by 6.3 pp. and 4.2 pp. respectively). Overall, individuals with
a musculoskeletal condition experienced a decrease in both home care
use and healthcare use.

Taken as a whole, the results suggest that across some dimen-
sions (age, number of household members, region) the pandemic had
opposing effects, indicating a substitution, on home care and health-
care use. For other groups who experienced a decrease in domiciliary
care use, and a resulting increase in unmet need (ethnic minorities,
those with ‘other/unknown’ employment status, individuals with a
musculoskeletal condition), their use of healthcare similarly decreased.

Discussion and conclusions

Using the English Longitudinal Study of Ageing (ELSA), we study
disruptions in home care for individuals over 50. Our work contributes
to existing evidence by distinguishing changes in home care use at
extensive and intensive margins, relating those changes to perceived

unmet need, and investigating whether the pandemic led to similar
changes in the healthcare use domain.

Our analyses indicate that the pandemic led to differential changes
in home care use and unmet needs for social care across socio-economic
and demographic groups within older adults in England. First, we eval-
uate the impact of the pandemic on the probability of using informal
care (only), formal care (only), or both types of care across different
characteristics of respondents. We interpret these results as revealing
the impact on the extensive margin. Second, for those who reported
having received home care during the pandemic, we investigate which
groups were more likely to report a decrease or an increase in the
amount of care received on the intensive margin. Third, we investigate
variation in how the pandemic changed patterns of self-reported unmet
need. Finally, we check whether the groups who were most negatively
affected in terms of home care had substituted towards more healthcare
service use (acute and primary care). Table 5 summarises our findings.

The pandemic led to decreases in the use of informal care and in
the simultaneous use of both informal and formal care. The probability
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Table 4
Predicted probabilities of cancelled treatment, and GP use before and during the pandemic.

(1) (2) (3)
Cancellation Cancel. restricted GP difference

prob s.e. prob s.e. diff s.e.

Age: 50–59 0.112*** 0.013 0.218*** 0.032 0.012 0.028
Age: 60–69 0.142*** 0.010 0.239*** 0.020 −0.004 0.019
Age: 70–79 0.171*** 0.013 0.284*** 0.025 −0.063*** 0.022
Age: 80+ 0.176*** 0.018 0.325*** 0.038 −0.089*** 0.032
Job class.: Routine/manual 0.150*** 0.010 0.271*** 0.024 −0.003 0.020
Job class.: Intermediate 0.133*** 0.010 0.208*** 0.021 −0.026 0.021
Job class.: Managerial/admin 0.138*** 0.009 0.232*** 0.019 −0.005 0.020
Job class.: Unknown 0.147*** 0.017 0.294*** 0.036 −0.056** 0.028
Employment status: Employee 0.142*** 0.013 0.246*** 0.028 −0.044* 0.023
Employment status: Self-employed 0.180*** 0.026 0.353*** 0.053 0.017 0.036
Employment status: Retired 0.127*** 0.007 0.229*** 0.016 −0.003 0.017
Employment status: Sick/disabled 0.266*** 0.045 0.364*** 0.066 −0.048 0.073
Employment status: Other 0.149*** 0.029 0.263*** 0.056 −0.101** 0.049
Number of HH members: 1 0.146*** 0.011 0.294*** 0.027 0.000 0.022
Number of HH members: 2 0.143*** 0.007 0.254*** 0.016 −0.024* 0.014
Number of HH members: 3+ 0.140*** 0.013 0.221*** 0.026 −0.038 0.025
Equalised income quintile: 1 lowest 0.138*** 0.012 0.258*** 0.026 −0.028 0.025
Equalised income quintile: 2 0.144*** 0.012 0.244*** 0.025 −0.001 0.023
Equalised income quintile: 3 0.158*** 0.011 0.286*** 0.026 −0.017 0.021
Equalised income quintile: 4 0.141*** 0.012 0.257*** 0.029 −0.051** 0.023
Equalised income quintile: 5 highest 0.133*** 0.012 0.221*** 0.025 −0.011 0.024
Male 0.146*** 0.009 0.262*** 0.019 −0.035** 0.016
Female 0.140*** 0.007 0.248*** 0.015 −0.010 0.014
Urban 0.142*** 0.006 0.253*** 0.013 −0.030*** 0.012
Rural 0.146*** 0.011 0.258*** 0.025 0.008 0.021
White 0.143*** 0.005 0.251*** 0.012 −0.014 0.011
Ethnic minority 0.147*** 0.027 0.288*** 0.067 −0.122** 0.049
Health conditions

Ophthalmic condition 0.169*** 0.011 0.265*** 0.021 −0.020 0.020
Respiratory condition 0.190*** 0.015 0.316*** 0.035 −0.063** 0.030
Musculoskeletal condition 0.190*** 0.012 0.308*** 0.023 −0.042** 0.019
Cancer 0.239*** 0.047 0.288*** 0.074 −0.004 0.059
Mental/behavioural disorder 0.140*** 0.017 0.260*** 0.038 −0.041 0.039

Had COVID 0.222** 0.096 0.442*** 0.101
Region

North East 0.169*** 0.022 0.281*** 0.044 −0.020 0.042
North West 0.154*** 0.018 0.236*** 0.035 −0.042 0.033
Yorkshire and The Humber 0.152*** 0.016 0.264*** 0.033 −0.013 0.032
East Midlands 0.107*** 0.012 0.234*** 0.034 0.009 0.032
West Midlands 0.130*** 0.015 0.213*** 0.031 −0.024 0.029
East of England 0.127*** 0.013 0.237*** 0.029 −0.059** 0.026
London 0.198*** 0.021 0.328*** 0.042 −0.016 0.034
South East 0.124*** 0.011 0.227*** 0.031 −0.026 0.026
South West 0.140*** 0.015 0.274*** 0.034 0.015 0.026

N 10,062 2,321 9,988

Standard errors for predicted probabilities and differences are derived via delta method. Significance levels: *** 𝑝 < 0.10, ** 𝑝 < 0.05, * 𝑝 < 0.01.

of informal care use decreased from approximately 11% to 7%, while

the use of both types of care fell from 2% to about 0.4%. However,

the propensity to use formal care alone remained fairly stable, at about

1.4%. We hypothesise that the decrease in informal care use was driven

by lockdown, social distancing rules and shielding, when individuals

were advised to minimise interactions with each other. The negative

impact on overall care received was, to an extent, mitigated across

the intensive margin: among those who were receiving care during

the pandemic, a higher proportion of respondents reported an increase

in the amount of care received compared to those who reported a

decrease. The overall net impact, however, across both margins is

unclear.

It is notable that respondents were more likely to report having a

need for home care during the pandemic (15% pre-pandemic and 22%

during the pandemic).11 This is likely due to inaccessibility of other
services (e.g. primary care) during lockdown periods, and needing
assistance with activities of daily living that would otherwise expose an
individual to the virus (e.g. grocery shopping). Unsurprisingly, higher
levels of needs and difficulty in accessing domiciliary care resulted
in higher levels of unmet need. Prior to the pandemic, the share of
those needing home care whose needs were met only some of the
time or hardly ever was 11%. This increased to about 18% in the
pandemic period. It is also plausible that individuals started perceiving
care received as less effective in meeting their needs, e.g. because com-
munication became more difficult with face masks, or social distancing

11 The numbers are inferred from Table 1 by deducting the share of
respondents with no home care needs from unity.
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Table 5
Changes in domiciliary care use, likelihood to report unmet home care need, and changes in acute and primary care access.

Domiciliary care
Acute care GP accessVariable Extensive Intensive Likelihood to

margin change margin change report unmet need

Age: 50–59 – – + – No change
Age: 60–69 – + No change – No change
Age: 70–79 – + No change – –
Age: 80+ – + No change – –
Job class.: Routine/manual – + + – No change
Job class.: Intermediate – + + – No change
Job class.: Managerial/admin – + + – No change
Job class.: Unknown – + No change – –
Employment status: Employee – – No change – –
Employment status: Self-employed No change + No change – No change
Employment status: Retired – + + – No change
Employment status: Sick/disabled – + + – No change
Employment status: Other No change – + – –
Number of HH members: 1 – + + – No change
Number of HH members: 2 – + No change – –
Number of HH members: 3+ – + + – No change
Equalised income quintile: 1 (low) – + No change – No change
Equalised income quintile: 2 – + + – No change
Equalised income quintile: 3 – + No change – No change
Equalised income quintile: 4 – – + – –
Equalised income quintile: 5 (high) – + No change – No change
Male – + + – –
Female – + + – No change
Urban – + + – –
Rural – + + – No change
White – + + – No change
Ethnic minority – – + – –
Health conditions
Ophthalmic condition – + + – No change
Respiratory condition – + No change – –
Musculoskeletal condition – + + – –
Cancer – + No change – No change
Mental/behavioural disorder – + + – No change
Region
North East – + No change – No change
North West – + + – No change
Yorkshire and The Humber – + No change – No change
East Midlands – + + – No change
West Midlands – – No change – No change
East of England – + No change – –
London – + No change – No change
South East – + + – No change
South West – + No change – No change

Extensive margin change is inferred from column (4) in Table A.3 in the Appendix, and recorded as ‘No change’ if the difference is not statistically
significant at 10% level. Intensive margin change is assumed to be positive if the predicted probability of reporting less care received is lower than that
of reporting more care received, and negative if it is the other way around. Differences below 1 percentage point are considered as No change. The
change in the likelihood of reporting unmet need is inferred from column (3) in Table 3 and recorded as ‘No change’ if the difference in risk ratios
is not statistically significant at 10% level. Change in acute care is recorded as negative if the probability of cancellation is statistically significantly
different from zero (column (1) in Table 4). GP access is inferred from column (4) in Table 4 and recorded as ‘No change’ if the difference is not
statistically significant at 10% level.

made respondents feel neglected. Since the unmet need measure we use
is a self-reported one, it may suffer from this kind of bias. A more com-
prehensive understanding of need arguably requires both objective and
subjective perspectives (Bradshaw, 1972). Pre-pandemic, in addition
to subjective perception, needs were assessed through an interview,
measured by difficulties with mobility, Activities of Daily Living (ADL)
such as washing, dressing and feeding, and Instrumental Activities of
Daily Living (IADLs) such as shopping or housework (Vlachantoni et al.,
2011). However, in the COVID waves of the survey only the subjective
measure was recorded. Although it is an imperfect measure, it appears
to be valid as in many instances groups most affected in terms of
receiving home care appear to be the ones more likely to report unmet
need.

Our findings suggest that ethnic minorities were the group most
affected by the pandemic. This group experienced the largest decrease

in home care use across both the extensive and the intensive mar-
gins, and consequently were the group most likely to report unmet
need. Importantly, the same group also experienced a pronounced
decrease in primary care use. Accordingly, unmet need for home care
was not compensated via other health care utilisation. This is in line
with (Topriceanu et al., 2021) and suggests that the pandemic ex-
acerbated existing inequalities, particularly by ethnicity, in access to
care. Among other groups negatively impacted were some of the most
vulnerable: those with certain health conditions (musculoskeletal and
mental health); or the unemployed and those looking after home or
family (the ‘other’ employment status group). These groups suffered
substantial increases in the probability of needs becoming unmet. As
with ethnic minority groups, these negative effects were not counter-
balanced by greater access to primary care. The COVID-19 pandemic
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affected vulnerable groups disproportionately and this extends to the
use of domiciliary care, a crucial component of support for elderly
people. Our findings suggest that existing inequalities in the need for
and access to care services that persisted prior to the pandemic where
exacerbated leading to greater unmet needs and highlighting groups
where health and care resources are most required.

Finally, the pandemic affected individuals across the age spectrum
differently. The youngest age group (50–59) was among those expe-
riencing the highest increase in the relative probability of reporting
unmet need due to the pandemic. This was driven by negative changes
to both the extensive and the intensive margins. However, being less
vulnerable than their older counterparts, this group did not see a
decrease in the likelihood of accessing GP services during the pandemic
period. The older age groups, in contrast, did not see a statistically
significant increase in the relative probability of reporting unmet need.
Despite having experienced a decrease in overall care, and particularly
informal care, these groups were among those most likely to report
receiving more care, given care was received, than prior to the pan-
demic, which might have counteracted the extensive margin effect.
This finding is in line with (Evandrou et al., 2020), and suggests that
certain measures to assist the elderly population (such as volunteering
to deliver grocery shopping) were effective.

Also of note are those least affected by the pandemic; those in work.
Despite the negative impact of the pandemic on home care use at both
margins, employees did not report an increase in unmet need. Finally,
self-employed individuals did not see a substantial negative change to
home care utilisation on either margin and their unmet need levels
remained very similar to levels observed pre-pandemic. Moreover, this
group did not see a decrease in the probability of accessing primary
care.

Our study is subject to several limitations. First, the formal and
informal care use and primary care access variables are constructed us-
ing survey questions with different formulations across waves (namely,
the pre-pandemic and pandemic periods). While this may have led to
a distortion in estimating absolute levels of domiciliary and primary
care use, it is less likely to have affected our conclusions on about the
heterogeneous impact across respondent characteristics, which is our
main focus. Second, it is difficult to quantify the changes brought by
the pandemic in the absence of data on the number of hours of care
received, as well as the value/quality of care provided to respondents.
While we are not able to properly measure these two aspects, we

expect them to come together and manifest through unmet need.
Finally, our analysis does not provide insight into the reasons why
some socio-demographic groups were more affected than others. This
is an extremely important question which warrants further research
and would help to better understand, and therefore inform policies to
reduce any long-term inequalities in formal and informal use of home
care.
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Appendix A

Table A.1
Construction of the outcome variables from the survey data.

Outcome variable Values Source question(s) Survey wave

Domiciliary care
pre-pandemic

1 if informal only
(either response from 1
to 9 from Q1 and 96
for Q2), 2 if formal
only (either response
from 1 to 95 from Q2
and 96 for Q1), 3 if
both (either response
from 1 to 9 from Q1
and 1 to 95 for Q2), 0
otherwise

Q1 INFORMAL: In the last month, who has helped you with walking 100 yards/climbing stairs/walking across a
room/getting in or out of bed/ using the toilet/ dressing/ bathing or showering/eating/ shopping for
groceries/doing work around the house or garden/taking medications/managing money? Please only think about
help received because of a physical, mental, emotional or memory problem. 1. Husband/ Wife/ Partner 2. Son
(including step son, adopted son or son in law) 3. Daughter (including step daughter, adopted daughter or
daughter in law) 4. Grandchild (including Great Grandchildren) 5. Sister (including step sister, adopted sister or
sister in law) 6. Brother (including step brother, adopted brother or brother in law) 7. Other relative 8. Friend
9. Neighbour 96. None of these Q2 FORMAL: Now, please tell me about all of the people from this list who
have helped you with walking 100 yards/climbing stairs/walking across a room/getting in or out of bed/ using
the toilet/ dressing/ bathing or showering/eating/ shopping for groceries/doing work around the house or
garden/taking medications/managing money in the last month? 1. Home care worker/ home help/ personal
assistant 2. A member of the reablement/intermediate care staff team 3. Voluntary helper 4. Warden/Sheltered
housing manager 5. Cleaner 6. Council’s handyman 7. Member of staff at the care/nursing home 95. Other -
please specify 96. None of these

W9

Domiciliary care W1 Over the past month have you received care at home? 1. Yes, formal (paid, provided from an agency) 2. Yes,
informal (friend or relative) 3. No

COVID W1
Domiciliary care W2 COVID W2

Change in the amount
of care received W1

1 if less than before, 2
if No change, 3 if more
than before

If used formal and/or informal care: Since the coronavirus outbreak started is the amount of care you
receive. . . 1. Less than it was 2. About the same 3. More than it was 4. no longer receive help

COVID W1

Change in the amount
of care received W2

COVID W2

Whether care needs are
met pre-pandemic

1 if no needs, 2 if all
the time or usually, 3
if sometimes or hardly
ever

Thinking about all the help you receive, would you say that the help 1. Meets your needs all the time 2.
usually meets your needs 3. Sometimes meets your needs 4. Hardly ever meets your needs?

W9

Whether care needs are
met W1

1 if no needs, 2 if all
of the time or most of
the time, 3 if some of
the time or hardly ever

Since the coronavirus outbreak started, have your care needs been met. . . 1. All of the time 2. Most of the time
3. Some of the time 4. Hardly ever 5. do not have any care needs

COVID W1

Whether care needs are
met W2

COVID W2

Operation/treatment
cancelled W1

1 if had a cancellation,
0 otherwise

Since the coronavirus outbreak, have you had a hospital operation or treatment cancelled? 1. Yes 2. No COVID W1

Operation/treatment
cancelled W2

Since the coronavirus outbreak, have you had a hospital operation or treatment cancelled? 1. Yes 2. No 3. I did
not have a hospital operation or treatment booked

COVID W2

GP access pre-pandemic 1 if yes, 0 otherwise During the four weeks ending yesterday, did you talk to a family doctor (GP) about your own health either in
person or by telephone? 1. Yes 2. No

W9

GP access W1 1 if wanted to see a GP
and was able to contact
them, 0 otherwise

Since the coronavirus outbreak, have you wanted to see or talk to a GP? 1. Yes 2. No if yes: Have you been
able to see or talk to a GP? 1. Yes 2. No 3. I did not attempt to contact them 4. I did not need to contact them

COVID W1
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Table A.2
Predicted probabilities of home care use before and during the pandemic.

Pre-pandemic Pandemic

(1) (2) (3) (4) (5) (6)
Informal Formal Both Informal Formal Both

prob/s.e. prob/s.e. prob/s.e. prob/s.e. prob/s.e. prob/s.e.

Age: 50–59 0.096*** 0.016** 0.009 0.048*** 0.008*** 0.000***
(0.016) (0.007) (0.007) (0.010) (0.003) (0.000)

Age: 60–69 0.096*** 0.003** 0.010*** 0.044*** 0.008*** 0.002**
(0.008) (0.001) (0.003) (0.005) (0.002) (0.001)

Age: 70–79 0.122*** 0.015*** 0.015*** 0.066*** 0.012*** 0.004***
(0.011) (0.005) (0.003) (0.007) (0.003) (0.002)

Age: 80+ 0.153*** 0.041*** 0.052*** 0.119*** 0.038*** 0.021***
(0.019) (0.014) (0.012) (0.013) (0.008) (0.007)

Job class.: Routine/manual 0.125*** 0.012*** 0.019*** 0.065*** 0.013*** 0.003***
(0.009) (0.004) (0.004) (0.005) (0.002) (0.001)

Job class.: Intermediate 0.090*** 0.022*** 0.023*** 0.072*** 0.012*** 0.003**
(0.009) (0.006) (0.005) (0.007) (0.003) (0.001)

Job class.: Managerial/admin 0.077*** 0.017*** 0.020*** 0.055*** 0.011*** 0.004***
(0.008) (0.004) (0.005) (0.006) (0.002) (0.001)

Job class.: Unknown 0.146*** 0.017*** 0.014 0.068*** 0.020*** 0.010***
(0.018) (0.005) (0.009) (0.011) (0.005) (0.004)

Employment status: Employee 0.049*** 0.010 0.014* 0.017*** 0.002* 0.003
(0.010) (0.007) (0.008) (0.005) (0.001) (0.003)

Employment status: Self-employed 0.057** 0.009 0.006 0.033*** 0.009 0.000***
(0.023) (0.007) (0.006) (0.012) (0.008) (0.000)

Employment status: Retired 0.118*** 0.014*** 0.019*** 0.071*** 0.016*** 0.003***
(0.009) (0.003) (0.002) (0.006) (0.003) (0.001)

Employment status: Sick/disabled 0.461*** 0.080** 0.059*** 0.237*** 0.040*** 0.029**
(0.050) (0.034) (0.023) (0.035) (0.015) (0.013)

Employment status: Other 0.075*** 0.007 0.007 0.051*** 0.018* 0.004
(0.022) (0.006) (0.007) (0.016) (0.009) (0.005)

Number of HH members: 1 0.074*** 0.027*** 0.020*** 0.066*** 0.014*** 0.004***
(0.008) (0.005) (0.004) (0.006) (0.003) (0.001)

Number of HH members: 2 0.128*** 0.009*** 0.019*** 0.058*** 0.014*** 0.004***
(0.008) (0.003) (0.003) (0.005) (0.002) (0.001)

Number of HH members: 3+ 0.137*** 0.010* 0.016*** 0.084*** 0.012*** 0.001
(0.015) (0.005) (0.006) (0.011) (0.004) (0.001)

Equalised income quintile: 1 (lowest) 0.123*** 0.017*** 0.017*** 0.060*** 0.014*** 0.002**
(0.012) (0.006) (0.005) (0.007) (0.003) (0.001)

Equalised income quintile: 2 0.132*** 0.013*** 0.021*** 0.078*** 0.012*** 0.003**
(0.013) (0.004) (0.004) (0.007) (0.003) (0.001)

Equalised income quintile: 3 0.108*** 0.013*** 0.026*** 0.069*** 0.013*** 0.005***
(0.010) (0.004) (0.005) (0.007) (0.003) (0.002)

Equalised income quintile: 4 0.092*** 0.017*** 0.016*** 0.059*** 0.020*** 0.007***
(0.010) (0.005) (0.005) (0.008) (0.005) (0.002)

Equalised income quintile: 5 (highest 0.081*** 0.022*** 0.013*** 0.046*** 0.010** 0.004*
(0.012) (0.007) (0.004) (0.008) (0.004) (0.002)

Male 0.094*** 0.016*** 0.015*** 0.062*** 0.012*** 0.003***
(0.007) (0.004) (0.004) (0.005) (0.002) (0.001)

Female 0.126*** 0.015*** 0.022*** 0.067*** 0.015*** 0.005***
(0.007) (0.003) (0.003) (0.005) (0.002) (0.001)

Urban 0.112*** 0.015*** 0.020*** 0.065*** 0.014*** 0.003***
(0.006) (0.003) (0.003) (0.004) (0.002) (0.001)

Rural 0.110*** 0.020*** 0.016*** 0.066*** 0.013*** 0.010***
(0.011) (0.006) (0.004) (0.007) (0.003) (0.003)

White 0.107*** 0.014*** 0.020*** 0.064*** 0.013*** 0.004***
(0.005) (0.002) (0.002) (0.003) (0.002) (0.001)

Ethnic minority 0.180*** 0.052* 0.003 0.086*** 0.017* 0.003
(0.033) (0.027) (0.004) (0.017) (0.010) (0.003)

Health conditions
Ophthalmic condition 0.125*** 0.017*** 0.023*** 0.073*** 0.012*** 0.004***

(0.009) (0.004) (0.004) (0.006) (0.002) (0.001)
Respiratory condition 0.155*** 0.013*** 0.028*** 0.088*** 0.016*** 0.005**

(0.013) (0.004) (0.006) (0.009) (0.004) (0.002)
Musculoskeletal condition 0.156*** 0.023*** 0.028*** 0.083*** 0.016*** 0.006***

(0.011) (0.006) (0.004) (0.006) (0.002) (0.001)
Cancer 0.209*** 0.018 0.011* 0.101*** 0.017** 0.007

(0.046) (0.013) (0.007) (0.027) (0.008) (0.005)
Mental/behavioural disorder 0.163*** 0.042*** 0.042*** 0.069*** 0.025*** 0.004*

(0.022) (0.016) (0.013) (0.012) (0.007) (0.002)
Had COVID 0.059 0.000* 0.029

(0.041) (0.000) (0.020)

(continued on next page)
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Table A.2 (continued).

Pre-pandemic Pandemic

(1) (2) (3) (4) (5) (6)
Informal Formal Both Informal Formal Both

prob/s.e. prob/s.e. prob/s.e. prob/s.e. prob/s.e. prob/s.e.

Region
North East 0.129*** 0.005 0.021** 0.071*** 0.022** 0.006*

(0.024) (0.004) (0.009) (0.013) (0.011) (0.004)
North West 0.125*** 0.023** 0.026*** 0.083*** 0.011*** 0.009**

(0.014) (0.010) (0.007) (0.011) (0.003) (0.004)
Yorkshire and The Humber 0.083*** 0.011 0.006** 0.068*** 0.005** 0.002

(0.012) (0.007) (0.003) (0.010) (0.002) (0.001)
East Midlands 0.112*** 0.016*** 0.029** 0.047*** 0.020*** 0.003*

(0.014) (0.006) (0.012) (0.008) (0.006) (0.002)
West Midlands 0.120*** 0.010* 0.013*** 0.064*** 0.004* 0.001

(0.015) (0.006) (0.004) (0.009) (0.002) (0.001)
East of England 0.117*** 0.011** 0.019*** 0.054*** 0.014*** 0.004

(0.014) (0.005) (0.006) (0.008) (0.004) (0.002)
London 0.122*** 0.009 0.013** 0.080*** 0.015*** 0.012**

(0.019) (0.006) (0.006) (0.013) (0.005) (0.005)
South East 0.103*** 0.021*** 0.020*** 0.053*** 0.018*** 0.002

(0.013) (0.005) (0.005) (0.007) (0.005) (0.001)
South West 0.103*** 0.026*** 0.027*** 0.063*** 0.016*** 0.002*

(0.014) (0.009) (0.007) (0.010) (0.005) (0.001)

The ‘No care’ outcome probability is omitted from the table but can be derived as [1 - (columns (1)–(3))] and [1 - (columns (4)–(6)) ] for the
pre-pandemic and pandemic periods respectively. The probability of using any type of home care is the sum of columns (1)–(3) and (4)–(6) for the
pre-pandemic and pandemic, and can be found in Table A.2 in the Appendix (columns (1)–(2)). Standard errors for predicted probabilities in parentheses.
Number of observations: 15,097. Significance levels: *** 𝑝 < 0.10, ** 𝑝 < 0.05, * 𝑝 < 0.01.
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Table A.3
Differences in predicted probabilities of domiciliary care use.

(1) (2) (3) (4)
Informal Formal Both Total

diff s.e. diff s.e. diff s.e. diff s.e.

Age: 50–59 −0.048*** 0.015 −0.009 0.007 −0.009 0.007 −0.065*** 0.018
Age: 60–69 −0.051*** 0.008 0.005** 0.002 −0.009*** 0.003 −0.055*** 0.008
Age: 70–79 −0.056*** 0.011 −0.003 0.005 −0.011*** 0.003 −0.070*** 0.011
Age: 80+ −0.033* 0.019 −0.003 0.015 −0.030*** 0.012 −0.066*** 0.021
Job class.: Routine/manual −0.060*** 0.009 0.001 0.005 −0.016*** 0.004 −0.075*** 0.010
Job class.: Intermediate −0.019** 0.009 −0.009* 0.006 −0.020*** 0.005 −0.049*** 0.009
Job class.: Managerial/admin −0.022** 0.009 −0.006 0.005 −0.016*** 0.005 −0.044*** 0.010
Job class.: Unknown −0.078*** 0.017 0.003 0.007 −0.004 0.008 −0.079*** 0.018
Employment status: Employee −0.032*** 0.009 −0.007 0.007 −0.010 0.008 −0.050*** 0.012
Employment status: Self-employed −0.024 0.021 0.000 0.010 −0.006 0.006 −0.030 0.019
Employment status: Retired −0.047*** 0.009 0.002 0.004 −0.016*** 0.002 −0.061*** 0.009
Employment status: Sick/disabled −0.224*** 0.050 −0.041 0.035 −0.030 0.020 −0.295*** 0.052
Employment status: Other −0.024 0.021 0.011 0.010 −0.003 0.009 −0.016 0.025
Number of HH members: 1 −0.008 0.008 −0.012*** 0.004 −0.016*** 0.004 −0.036*** 0.009
Number of HH members: 2 −0.070*** 0.007 0.005 0.004 −0.015*** 0.003 −0.081*** 0.007
Number of HH members: 3+ −0.053*** 0.014 0.002 0.006 −0.015*** 0.006 −0.066*** 0.015
Equalised income quintile: 1 (lowest) −0.062*** 0.011 −0.004 0.007 −0.015*** 0.005 −0.081*** 0.012
Equalised income quintile: 2 −0.053*** 0.012 −0.001 0.004 −0.018*** 0.004 −0.072*** 0.012
Equalised income quintile: 3 −0.039*** 0.010 −0.001 0.004 −0.021*** 0.005 −0.061*** 0.010
Equalised income quintile: 4 −0.033*** 0.011 0.003 0.005 −0.009** 0.005 −0.040*** 0.012
Equalised income quintile: 5 (highest) −0.035*** 0.013 −0.012* 0.007 −0.009** 0.005 −0.056*** 0.012
Male −0.031*** 0.007 −0.004 0.004 −0.012*** 0.004 −0.048*** 0.008
Female −0.059*** 0.007 −0.001 0.004 −0.017*** 0.003 −0.077*** 0.007
Urban −0.048*** 0.006 −0.001 0.003 −0.018*** 0.003 −0.066*** 0.006
Rural −0.044*** 0.011 −0.007 0.007 −0.006 0.005 −0.057*** 0.012
White −0.043*** 0.005 −0.001 0.002 −0.016*** 0.002 −0.060*** 0.005
Ethnic minority −0.095*** 0.029 −0.034 0.029 0.000 0.005 −0.129*** 0.036
Health conditions

Ophthalmic condition −0.052*** 0.009 −0.005 0.004 −0.019*** 0.004 −0.075*** 0.009
Respiratory condition −0.067*** 0.014 0.003 0.005 −0.023*** 0.006 −0.088*** 0.014
Musculoskeletal condition −0.073*** 0.010 −0.006 0.007 −0.022*** 0.004 −0.101*** 0.011
Cancer −0.108*** 0.034 −0.001 0.009 −0.004 0.008 −0.113*** 0.034
Mental/behavioural disorder −0.094*** 0.019 −0.018 0.016 −0.038*** 0.013 −0.149*** 0.024

Region
North East −0.058** 0.024 0.018 0.011 −0.015* 0.008 −0.055** 0.024
North West −0.042*** 0.015 −0.012 0.009 −0.017** 0.007 −0.071*** 0.016
Yorkshire and The Humber −0.015 0.013 −0.006 0.007 −0.004 0.003 −0.025* 0.015
East Midlands −0.066*** 0.013 0.004 0.008 −0.026** 0.012 −0.088*** 0.018
West Midlands −0.056*** 0.016 −0.006 0.005 −0.012*** 0.004 −0.074*** 0.016
East of England −0.064*** 0.014 0.002 0.006 −0.016*** 0.006 −0.077*** 0.014
London −0.042** 0.018 0.005 0.008 0.000 0.006 −0.037** 0.016
South East −0.051*** 0.012 −0.002 0.006 −0.018*** 0.005 −0.071*** 0.012
South West −0.039*** 0.014 −0.010 0.010 −0.025*** 0.007 −0.074*** 0.014

Differences in predicted probabilities for each characteristic followed by standard errors of the differences. The ‘Had COVID’ indicator is omitted from the
table since it is not possible to derive differences in predicted probabilities for it as it is only relevant for the pandemic period. Number of observations:
15,097. Significance levels: *** 𝑝 < 0.10, ** 𝑝 < 0.05, * 𝑝 < 0.01.

The Journal of the Economics of Ageing 31 (2025) 100552 

16 



A. Arabadzhyan et al.

Table A.4
Predicted probabilities of care needs being met before and during the pandemic (N = 15,094).

Pre-pandemic Pandemic

(1) (2) (3) (4) (5) (6)
No needs Always or Sometimes or No needs Always or Sometimes or

usually hardly ever usually hardly ever

prob/s.e. prob/s.e. prob/s.e. prob/s.e. prob/s.e. prob/s.e.

Age: 50–59 0.869*** 0.118*** 0.013*** 0.819*** 0.129*** 0.051***
(0.020) (0.019) (0.005) (0.016) (0.013) (0.012)

Age: 60–69 0.887*** 0.098*** 0.014*** 0.798*** 0.174*** 0.028***
(0.009) (0.008) (0.004) (0.011) (0.010) (0.004)

Age: 70–79 0.843*** 0.133*** 0.024** 0.762*** 0.202*** 0.036***
(0.012) (0.011) (0.010) (0.013) (0.013) (0.006)

Age: 80+ 0.739*** 0.232*** 0.029** 0.652*** 0.306*** 0.042***
(0.022) (0.020) (0.014) (0.023) (0.023) (0.008)

Job class.: Routine/manual 0.839*** 0.149*** 0.012*** 0.783*** 0.172*** 0.046***
(0.010) (0.010) (0.003) (0.011) (0.009) (0.007)

Job class.: Intermediate 0.861*** 0.124*** 0.015*** 0.788*** 0.173*** 0.039***
(0.010) (0.010) (0.005) (0.011) (0.011) (0.007)

Job class.: Managerial/admin 0.880*** 0.111*** 0.010*** 0.810*** 0.159*** 0.031***
(0.010) (0.009) (0.004) (0.010) (0.009) (0.006)

Job class.: Unknown 0.812*** 0.156*** 0.031*** 0.740*** 0.223*** 0.036***
(0.019) (0.018) (0.009) (0.018) (0.017) (0.007)

Employment status: Employee 0.927*** 0.058*** 0.015* 0.828*** 0.143*** 0.029***
(0.012) (0.011) (0.008) (0.014) (0.012) (0.008)

Employment status: Self-employed 0.925*** 0.051** 0.024 0.823*** 0.144*** 0.034**
(0.024) (0.020) (0.017) (0.022) (0.020) (0.013)

Employment status: Retired 0.841*** 0.143*** 0.015*** 0.775*** 0.188*** 0.037***
(0.010) (0.010) (0.005) (0.010) (0.009) (0.005)

Employment status: Sick/disabled 0.378*** 0.581*** 0.041*** 0.449*** 0.467*** 0.084***
(0.052) (0.053) (0.015) (0.048) (0.047) (0.019)

Employment status: Other 0.891*** 0.106*** 0.004 0.836*** 0.118*** 0.046**
(0.027) (0.027) (0.004) (0.026) (0.023) (0.019)

Number of HH members: 1 0.870*** 0.111*** 0.019*** 0.790*** 0.158*** 0.053***
(0.010) (0.009) (0.004) (0.012) (0.010) (0.007)

Number of HH members: 2 0.839*** 0.144*** 0.018*** 0.787*** 0.179*** 0.034***
(0.008) (0.007) (0.003) (0.008) (0.007) (0.005)

Number of HH members: 3+ 0.832*** 0.157*** 0.011** 0.756*** 0.213*** 0.031***
(0.015) (0.015) (0.004) (0.015) (0.015) (0.007)

Equalised income quintile: 1 (lowest) 0.839*** 0.132*** 0.029*** 0.773*** 0.171*** 0.056***
(0.014) (0.012) (0.008) (0.014) (0.012) (0.009)

Equalised income quintile: 2 0.828*** 0.158*** 0.014*** 0.772*** 0.188*** 0.041***
(0.013) (0.013) (0.004) (0.013) (0.012) (0.005)

Equalised income quintile: 3 0.844*** 0.140*** 0.016*** 0.780*** 0.193*** 0.027***
(0.011) (0.010) (0.005) (0.013) (0.012) (0.005)

Equalised income quintile: 4 0.863*** 0.129*** 0.007** 0.806*** 0.160*** 0.034***
(0.011) (0.011) (0.004) (0.012) (0.011) (0.007)

Equalised income quintile: 5 (highest) 0.883*** 0.109*** 0.007* 0.787*** 0.196*** 0.017***
(0.013) (0.012) (0.004) (0.013) (0.013) (0.004)

Male 0.874*** 0.112*** 0.014*** 0.775*** 0.182*** 0.043***
(0.008) (0.008) (0.004) (0.009) (0.008) (0.006)

Female 0.828*** 0.153*** 0.019*** 0.785*** 0.178*** 0.037***
(0.007) (0.007) (0.003) (0.008) (0.007) (0.004)

Urban 0.849*** 0.134*** 0.018*** 0.782*** 0.178*** 0.040***
(0.006) (0.006) (0.003) (0.006) (0.006) (0.004)

Rural 0.844*** 0.144*** 0.013*** 0.777*** 0.189*** 0.033***
(0.011) (0.011) (0.005) (0.012) (0.011) (0.006)

White 0.853*** 0.131*** 0.016*** 0.784*** 0.183*** 0.033***
(0.005) (0.005) (0.002) (0.006) (0.006) (0.003)

Ethnic minority 0.761*** 0.217*** 0.022** 0.754*** 0.150*** 0.096***
(0.036) (0.035) (0.010) (0.032) (0.026) (0.023)

Health conditions
Ophthalmic condition 0.830*** 0.151*** 0.019*** 0.760*** 0.194*** 0.046***

(0.010) (0.009) (0.005) (0.011) (0.010) (0.006)
Respiratory condition 0.796*** 0.171*** 0.033*** 0.721*** 0.235*** 0.045***

(0.014) (0.013) (0.008) (0.015) (0.015) (0.008)
Musculoskeletal condition 0.787*** 0.195*** 0.018*** 0.736*** 0.202*** 0.062***

(0.012) (0.012) (0.004) (0.012) (0.010) (0.009)
Cancer 0.762*** 0.170*** 0.069** 0.660*** 0.256*** 0.084***

(0.042) (0.032) (0.033) (0.044) (0.038) (0.030)
Mental/behavioural disorder 0.750*** 0.217*** 0.033*** 0.729*** 0.207*** 0.064***

(0.026) (0.026) (0.010) (0.025) (0.023) (0.015)
Had COVID 0.698*** 0.302*** 0.000*

(0.082) (0.082) (0.000)

(continued on next page)
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Table A.4 (continued).

Pre-pandemic Pandemic

(1) (2) (3) (4) (5) (6)
No needs Always or Sometimes or No needs Always or Sometimes or

usually hardly ever usually hardly ever

prob/s.e. prob/s.e. prob/s.e. prob/s.e. prob/s.e. prob/s.e.

Region
North East 0.838*** 0.119*** 0.043** 0.766*** 0.191*** 0.043***

(0.027) (0.020) (0.017) (0.022) (0.020) (0.011)
North West 0.818*** 0.165*** 0.016*** 0.747*** 0.209*** 0.044***

(0.017) (0.017) (0.005) (0.018) (0.017) (0.010)
Yorkshire and The Humber 0.892*** 0.101*** 0.007* 0.828*** 0.146*** 0.025***

(0.014) (0.014) (0.004) (0.015) (0.013) (0.009)
East Midlands 0.839*** 0.150*** 0.011** 0.781*** 0.165*** 0.054***

(0.018) (0.017) (0.005) (0.019) (0.016) (0.013)
West Midlands 0.841*** 0.137*** 0.022*** 0.790*** 0.169*** 0.041***

(0.016) (0.017) (0.007) (0.017) (0.015) (0.008)
East of England 0.853*** 0.132*** 0.015** 0.800*** 0.170*** 0.030***

(0.013) (0.013) (0.006) (0.013) (0.013) (0.006)
London 0.853*** 0.121*** 0.026*** 0.725*** 0.215*** 0.059***

(0.019) (0.018) (0.010) (0.021) (0.020) (0.013)
South East 0.849*** 0.142*** 0.009** 0.803*** 0.171*** 0.026***

(0.013) (0.013) (0.004) (0.013) (0.013) (0.005)
South West 0.844*** 0.142*** 0.014** 0.791*** 0.186*** 0.023***

(0.015) (0.015) (0.007) (0.017) (0.017) (0.006)

Standard errors for predicted probabilities in parentheses. Significance levels: *** 𝑝 < 0.10, ** 𝑝 < 0.05, * 𝑝 < 0.01.
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Appendix B

Alternative specifications of the domiciliary care use model

Formal tests (Hausman and suest-based Hausman) suggest that the
IIA (independence of irrelevant alternatives) assumption does not hold
for model (1). This is due to inclusion of the last category, ‘both types
of care’. If one type of home care becomes disproportionately more/less
available, the independence between this type of care and the use of
both types of care is violated. To understand how this impacts our
results, we conducted two robustness checks. First, we dropped the
‘both types of care’ category and estimated the multinomial logistic
regression with three categories in the outcome variable: no care,
informal care only, formal care only. This model passes the IIA tests.
The results are presented in Table B.1, and are very similar to our
baseline findings quantified in Table A.3.

Another specification we consider involves re-categorisation of the
outcome variable into ‘no care’, ‘informal care only’, ‘formal care or
both types of care’. This also allows the model to meet the requirements
of IIA tests. The results are presented in Table B.2, and are as expected.
Specifically, analysing the differences in predicted probabilities of using
various types of care before and during the pandemic, we see that the
figures obtained for the new ‘formal care or both types of care’ category
turned out to be a sum of those previously obtained for ‘formal care
only’ and ‘both types of care’ (columns 3 and 5 in Table A.3), with
very minor discrepancies. We therefore confirm that the results of our
baseline model are very similar to those from alternative specifications
which pass the formal IIA tests.

Table B.1
Differences in predicted probabilities of domiciliary care use.

(1) (2) (3)
Informal Formal Total

diff s.e. diff s.e. diff s.e.

Age: 50–59 −0.046*** 0.015 −0.009 0.007 −0.055*** 0.016
Age: 60–69 −0.055*** 0.008 0.005** 0.002 −0.050*** 0.008
Age: 70–79 −0.060*** 0.011 −0.003 0.005 −0.062*** 0.011
Age: 80+ −0.047** 0.020 −0.005 0.016 −0.052** 0.021
Job class.: Routine/manual −0.065*** 0.009 0.000 0.005 −0.064*** 0.010
Job class.: Intermediate −0.023*** 0.009 −0.011* 0.006 −0.033*** 0.009
Job class.: Managerial/admin −0.025*** 0.009 −0.007 0.005 −0.032*** 0.010
Job class.: Unknown −0.083*** 0.017 0.003 0.007 −0.080*** 0.018
Employment status: Employee −0.034*** 0.009 −0.007 0.007 −0.041*** 0.010
Employment status: Self-employed −0.026 0.022 0.000 0.010 −0.026 0.018
Employment status: Retired −0.050*** 0.009 0.001 0.004 −0.049*** 0.009
Employment status: Sick/disabled −0.253*** 0.052 −0.041 0.036 −0.294*** 0.054
Employment status: Other −0.024 0.020 0.011 0.010 −0.013 0.024
Number of HH members: 1 −0.010 0.008 −0.013*** 0.005 −0.023*** 0.008
Number of HH members: 2 −0.076*** 0.007 0.004 0.004 −0.072*** 0.008
Number of HH members: 3+ −0.059*** 0.014 0.001 0.007 −0.058*** 0.014
Equalised income quintile: 1 (lowest) −0.066*** 0.011 −0.005 0.007 −0.071*** 0.012
Equalised income quintile: 2 −0.061*** 0.012 −0.002 0.005 −0.062*** 0.012
Equalised income quintile: 3 −0.043*** 0.010 −0.001 0.004 −0.044*** 0.010
Equalised income quintile: 4 −0.035*** 0.011 0.003 0.005 −0.033*** 0.012
Equalised income quintile: 5 (highest) −0.036*** 0.013 −0.012* 0.007 −0.048*** 0.012
Male −0.034*** 0.007 −0.005 0.004 −0.039*** 0.008
Female −0.065*** 0.007 −0.001 0.004 −0.066*** 0.007
Urban −0.052*** 0.006 −0.002 0.003 −0.054*** 0.006
Rural −0.046*** 0.011 −0.008 0.007 −0.054*** 0.012
White −0.048*** 0.005 −0.001 0.002 −0.049*** 0.005
Ethnic minority −0.094*** 0.029 −0.034 0.028 −0.128*** 0.035
Health conditions

Ophthalmic condition −0.057*** 0.009 −0.005 0.004 −0.062*** 0.009
Respiratory condition −0.075*** 0.014 0.002 0.005 −0.073*** 0.015
Musculoskeletal condition −0.079*** 0.010 −0.007 0.007 −0.086*** 0.011
Cancer −0.109*** 0.034 −0.002 0.010 −0.112*** 0.034
Mental/behavioural disorder −0.110*** 0.020 −0.021 0.017 −0.131*** 0.023

Region
North East −0.060** 0.025 0.017 0.011 −0.043* 0.025
North West −0.046*** 0.015 −0.013 0.009 −0.059*** 0.016
Yorkshire and The Humber −0.016 0.013 −0.007 0.007 −0.022 0.014
East Midlands −0.069*** 0.014 0.002 0.008 −0.067*** 0.015
West Midlands −0.060*** 0.016 −0.006 0.005 −0.066*** 0.017
East of England −0.070*** 0.014 0.002 0.006 −0.068*** 0.014
London −0.045** 0.018 0.006 0.008 −0.039** 0.016
South East −0.058*** 0.012 −0.003 0.007 −0.061*** 0.013
South West −0.044*** 0.014 −0.011 0.010 −0.055*** 0.015

Differences in predicted probabilities for each characteristic followed by standard errors of the differences. The ‘Had COVID’ indicator is omitted from the
table since it is not possible to derive differences in predicted probabilities for it as it is only relevant for the pandemic period. Number of observations:
14,987. Significance levels: *** 𝑝 < 0.10, ** 𝑝 < 0.05, * 𝑝 < 0.01.
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Table B.2
Differences in predicted probabilities of domiciliary care use.

(1) (2) (3)
Informal Formal or both Total

diff s.e. diff s.e. diff s.e.

Age: 50–59 −0.046*** 0.015 −0.023** 0.010 −0.068*** 0.018
Age: 60–69 −0.051*** 0.008 −0.004 0.003 −0.055*** 0.008
Age: 70–79 −0.057*** 0.011 −0.013** 0.005 −0.069*** 0.011
Age: 80+ −0.033* 0.020 −0.033** 0.016 −0.067*** 0.020
Job class.: Routine/manual −0.060*** 0.009 −0.016** 0.006 −0.076*** 0.010
Job class.: Intermediate −0.019** 0.009 −0.030*** 0.007 −0.049*** 0.009
Job class.: Managerial/admin −0.021** 0.010 −0.022*** 0.007 −0.044*** 0.009
Job class.: Unknown −0.078*** 0.017 −0.001 0.009 −0.080*** 0.018
Employment status: Employee −0.032*** 0.009 −0.018* 0.010 −0.050*** 0.012
Employment status: Self-employed −0.025 0.022 −0.005 0.013 −0.030 0.018
Employment status: Retired −0.047*** 0.009 −0.016*** 0.004 −0.062*** 0.009
Employment status: Sick/disabled −0.221*** 0.050 −0.078** 0.033 −0.299*** 0.052
Employment status: Other −0.025 0.021 0.009 0.013 −0.016 0.025
Number of HH members: 1 −0.008 0.008 −0.026*** 0.006 −0.035*** 0.009
Number of HH members: 2 −0.070*** 0.008 −0.011** 0.005 −0.081*** 0.007
Number of HH members: 3+ −0.053*** 0.015 −0.014 0.010 −0.066*** 0.015
Equalised income quintile: 1 (lowest) −0.062*** 0.011 −0.019** 0.008 −0.081*** 0.012
Equalised income quintile: 2 −0.053*** 0.012 −0.020*** 0.006 −0.072*** 0.012
Equalised income quintile: 3 −0.039*** 0.010 −0.022*** 0.006 −0.061*** 0.010
Equalised income quintile: 4 −0.033*** 0.011 −0.006 0.007 −0.039*** 0.012
Equalised income quintile: 5 (highest) −0.036*** 0.013 −0.020*** 0.008 −0.055*** 0.012
Male −0.031*** 0.007 −0.017*** 0.006 −0.048*** 0.008
Female −0.059*** 0.007 −0.018*** 0.004 −0.077*** 0.007
Urban −0.048*** 0.006 −0.019*** 0.004 −0.066*** 0.006
Rural −0.043*** 0.011 −0.014* 0.008 −0.058*** 0.012
White −0.043*** 0.005 −0.017*** 0.003 −0.060*** 0.005
Ethnic minority −0.095*** 0.030 −0.033 0.032 −0.128*** 0.037
Health conditions

Ophthalmic condition −0.052*** 0.009 −0.024*** 0.005 −0.076*** 0.009
Respiratory condition −0.067*** 0.014 −0.021*** 0.007 −0.089*** 0.014
Musculoskeletal condition −0.073*** 0.010 −0.029*** 0.007 −0.101*** 0.011
Cancer −0.108*** 0.034 −0.005 0.012 −0.113*** 0.035
Mental/behavioural disorder −0.093*** 0.019 −0.056*** 0.019 −0.149*** 0.024

Region
North East −0.059** 0.024 0.002 0.012 −0.057** 0.024
North West −0.043*** 0.015 −0.028** 0.012 −0.071*** 0.016
Yorkshire and The Humber −0.015 0.013 −0.010 0.007 −0.025* 0.014
East Midlands −0.065*** 0.013 −0.023* 0.013 −0.089*** 0.018
West Midlands −0.055*** 0.016 −0.020** 0.008 −0.074*** 0.016
East of England −0.063*** 0.014 −0.014** 0.007 −0.077*** 0.014
London −0.041** 0.018 0.002 0.009 −0.039** 0.016
South East −0.051*** 0.012 −0.020*** 0.007 −0.071*** 0.012
South West −0.040*** 0.014 −0.035*** 0.012 −0.075*** 0.014

Differences in predicted probabilities for each characteristic followed by standard errors of the differences. The ‘Had COVID’ indicator is omitted from the
table since it is not possible to derive differences in predicted probabilities for it as it is only relevant for the pandemic period. Number of observations:
15,097. Significance levels: *** 𝑝 < 0.10, ** 𝑝 < 0.05, * 𝑝 < 0.01.
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