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Summary The Lancet Regional
Background Long COVID is a major problem affecting patient health, the health service, and the workforce. To Health - Europe
.. ; . . . .. 2024;40: 100908

optimise the design of future interventions against COVID-19, and to better plan and allocate health resources, it is
critical to quantify the health and economic burden of this novel condition. We aimed to evaluate and estimate the :

. . . . . . . .. . https://doi.org/10.
differences in health impacts of long COVID across sociodemographic categories and quantify this in Quality- | '~ JiJanepe 2024
Adjusted Life-Years (QALYs), widely used measures across health systems. 100908
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Methods With the approval of NHS England, we utilised OpenPROMPT, a UK cohort study measuring the impact of
long COVID on health-related quality-of-life (HRQoL). OpenPROMPT invited responses to Patient Reported
Outcome Measures (PROMs) using a smartphone application and recruited between November 2022 and October
2023. We used the validated EuroQol EQ-5D questionnaire with the UK Value Set to develop disutility scores
(1-utility) for respondents with and without Long COVID using linear mixed models, and we calculated
subsequent Quality-Adjusted Life-Months (QALMs) for long COVID.

Findings The total OpenPROMPT cohort consisted of 7575 individuals who consented to data collection, with which
we used data from 6070 participants who completed a baseline research questionnaire where 24.6% self-reported
long COVID. In multivariable regressions, long COVID had a consistent impact on HRQoL, showing a higher
likelihood or odds of reporting loss in quality-of-life (Odds Ratio (OR): 4.7, 95% CI: 3.72-5.93) compared with
people who did not report long COVID. Reporting a disability was the largest predictor of losses of HRQoL (OR:
17.7, 95% CI: 10.37-30.33) across survey responses. Self-reported long COVID was associated with an 0.37 QALM
loss.

Interpretation We found substantial impacts on quality-of-life due to long COVID, representing a major burden on
patients and the health service. We highlight the need for continued support and research for long COVID, as
HRQoL scores compared unfavourably to patients with conditions such as multiple sclerosis, heart failure, and
renal disease.
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Research in context

Evidence before this study

We searched for research published between 1st January 2020
and 1st November 2023, published in English, for the Title/
Abstract terms (Post COVID-19 syndrome, PCS, long COVID,
post-acute-covid-19) AND (quality-adjusted life-years, QALYs)
with only 3 results. 1 described a theoretical framework, 1
estimated cost-effectiveness of COVID-19 self-testing, and 1
estimated the morbidity burden attributable to long COVID
symptoms compared to death. Long term assessment to
patients hospitalised with acute COVID-19 has been reported,
but relatively little research has been conducted across the
general population. It is also not known how long COVID
affects different patient demographics despite evidence
socioeconomically deprived individuals are more likely to
report long COVID.

Added value of this study

Utilising a combination of patient-reported measures and
historically recorded data in medical records highlights
disparities that exist in long COVID. 24.6% of respondents

Introduction

Following infection by SARS-CoV-2, the majority of
patients will recover within 4 weeks but 10-15% do not,
and may face significant impacts on their health-related
quality-of-life (HRQoL).! The National Institute for
Health and Care Excellence (NICE) in the UK developed
three clinical definitions for the effects following infec-
tion: ‘acute COVID-19’ for signs and symptoms of
COVID-19 between 0 and 4 weeks, ‘ongoing symp-
tomatic COVID-19’ for symptoms between 4 and 12
weeks, and ‘post COVID-19 syndrome’ with symptoms
persisting 12 weeks or longer not explained by an
alternative diagnosis.” The latter two definitions refer to
long COVID.

Persistent symptoms reported to occur after infec-
tion are wide-ranging, with the most common being
fatigue, shortness of breath, muscular, joint and chest
pains, headaches, persistent cough, and altered senses
of smell and taste.” As of 2nd January 2023, the Office
for National Statistics figures for the prevalence of self-
reported long COVID estimated 2 million people in the
UK were experiencing symptoms persisting longer than
four weeks, not explained by other diagnoses. An esti-
mated 1.5 million people (77%) with self-reported long
COVID reported symptoms adversely affected day-to-
day activities, and 380,000 (19%) reported ability to
undertake day-to-day activities had been ‘limited a lot’.*
With an estimated 22.2 million UK cases of COVID-
19 as of May 2022, the burden of long COVID may be
wide ranging for the NHS.” With the extensive symp-
toms of long COVID, the impact on HRQoL can be
significant, with Walker et al.° estimating EQ-5D scores

self-reported long COVID, with fewer than 10% having any
recorded diagnosis in electronic records. Few studies
previously estimated the impact of long COVID on quality-
adjusted life-years. By comparing resulting quality-adjusted
life-months to participants who do not self-report long
COVID emphasises the 0.37 QALM loss of HRQoL due to long
COVID. Self-reported long COVID was associated with worse
EQ-5D-5L utility scores than patients experiencing heart
failure, multiple sclerosis and end-stage renal disease.

Implications of all the available evidence

Highest quality-adjusted life loss being reported in individuals
who will participate in the workforce for longer requires
further research on the associated economic costs. The limited
recovery of participants affected by long COVID over three
months highlights where policymakers need to support
individuals. Targeted interventions with randomised
controlled trials may help to provide a positive outlook
specifically for a subset of individuals who have been heavily
impacted by long COVID for multiple months and years.

among patients referred to post-COVID clinics in En-
gland and Wales were worse than those among patients
with metastatic cancers.

Few studies have assessed Quality-Adjusted Life
Years (QALYs) attributable to long COVID as most
focused on the effect of acute COVID-19 on HRQoL.
Sigfrid et al.,” examined EQ-5D-5L survey results in
the UK at least 90 days after suspected SARS-CoV-2
hospitalisation between 17th January to Sth October
2020.54% reported they had not fully recovered at
time of follow-up, with 93% reporting persistent
symptoms. Previous studies of QALYs lost due to
COVID were limited to small numbers of re-
spondents, for example in Sandmann et al.® esti-
mating losses for 548 positive cases against a control
group of 651 respondents, and have not explored in-
equalities by patient characteristics.

This study addresses this gap, specifically identifying
the impact of long COVID, the contribution of
symptom-specific Patient Reported Outcomes Measures
(PROMs) to assessment of quality-of-life, and aims to
quantify how this results in QALY losses.

Methods

OpenPROMPT

We conducted a cohort study using Airmid, the in-house
smartphone application of TPP, which is the software
provider for 34% of all primary care providers in En-
gland.’ Full details of the study protocol and methods
have been previously published.® All adults in England
were eligible to take part in OpenPROMPT, if they could
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understand English and had a smartphone. Advertising
for participants was done using social media, and
through general practices. Therefore it is not possible to
give the numbers eligible or invited.® Participants were
requested to fill questionnaires in 30-day intervals: day
0 (the point of enrolment in the study), then days 30, 60,
and 90. Survey responses were categorised as falling in
these points of time if completed within 5 days of the
30-day intervals. There was also a questionnaire at
recruitment collecting demographic information.
Recruitment took place between November 11th 2022
and July 31st 2023.

The questionnaires consisted of existing validated
PROMS which covered a range of themes, with the
EuroQol EQ-5D-5L the primary outcome measure for
this study. To assess the impact of long COVID on other
aspects of HRQoL, symptom specific questionnaires
were used including the Medical Research Council
(MRC) Dyspnoea breathlessness Scale' and Functional
Assessment of Chronic Illness Therapy—Fatigue
(FACIT-F Fatigue) Scale.”” Patient-reported responses to
OpenPROMPT questionnaires were automatically linked
to primary care records managed by TPP SystmOne if the
patient was registered at a practice using TPP software,
and were stored in the patient health record. We accessed
these data via the OpenSAFELY research platform, where
all data were linked, stored and analysed securely
(https://opensafely.org/). All data, including coded di-
agnoses, medications and physiological parameters, are
pseudonymised. No free text data were included.

Due to the difficulties in assessing history of long
COVID from medical records, the experience of COVID-
19 required a specific questionnaire.”” Patients were
defined as self-reporting long COVID if they responded
both “No I still have symptoms” to the question
“Thinking of your last episode of COVID-19, have you
now recovered to normal?” and secondly that symptoms
lasted either 4-12 weeks, or more than 12 weeks to the
question “How long have you had/did you have COVID-
19 symptoms overall?”. Participants missing responses to
both these questions were defined as not stated.

This study had patient and public involvement from
an advisory panel of three individuals with different
experiences of long COVID which we met with every 6
months. To obtain feedback on the study, separate PPI
events were held in January and September 2023.
LSHTM developed a website with information about
OpenPROMPT, how to take part and how to contact us
regarding the project."” OpenSAFELY have developed a
publicly available website (https://opensafely.org/)
through which we invite any patient or member of the
public to contact us regarding this study or the broader
OpenSAFELY project.

Participant demographics and comorbidities

Participant characteristics were collected through the
recruitment questionnaire and linked clinical records.
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OpenSAFELY contains electronic health records (EHRs)
drawn from primary, secondary care (inpatient, outpa-
tient, emergency) and all prescriptions, allowing
in-depth assessment of patient comorbidities. The
presence of pre-existing comorbidities at baseline survey
response was based upon previous research within
OpenSAFELY on fifteen chronic comorbidities”
(Supplementary Table S1). To estimate socioeconomic
status, we used the 2019 Index of Multiple Deprivation
(IMD) for participants based on their postcode address.
The IMD is a measure using weightings across domains
of income, employment, health, education, crime,
housing and services, and the living environment to
measure deprivation at Lower Super Output Area,
neighbourhoods of roughly 1000-3000 people.'® Specific
assessments on the impact of COVID-19 were collected
from EHRs, including diagnosis or referral codes for
long COVID. The recruitment questionnaire collected
ethnicity, education level, and annual household in-
comes. Age, in bands of 18-29, 30-39, 40-49, 50-59,
60-69, and 70+, sex and NHS region were extracted
from the patients EHRs.

Outcomes

The EQ-5D-5L is a standardised measure widely used to
collect information on HRQoL across interventions and
conditions." It asks respondents to describe their health
on that day, covering five dimensions of quality-of-life:
mobility, self-care, usual activities, pain and discom-
fort, and anxiety and depression. Each dimension has
five possible responses: level 1: no problems, level 2:
slight problems, level 3: moderate problems, level 4:
severe problems, and level 5: extreme problems/unable
to. Responses return a five-digit descriptive code for
health state (e.g., 14,523).

Secondary symptom specific PROMs were collected
on Fatigue using the FACIT-F scale. Participants
responded to 13 statements related to daily functioning
and activities with a 7 day recall period. There are five
possible responses to each statement: not at all: a value
of 0, a little bit: value 1, somewhat: value 2, quite a bit:
value 3, and very much: a value of 4. These are summed
across the 13 statements, with a highest possible score
of 52 indicating severe fatigue.

We assessed breathlessness using the MRC Dysp-
noea Scale, which records the degree of breathlessness
relating to daily activities with no recall period. The scale
defines grade 1 as mild, grades 2-3 as moderate, and
grades 4-5 as severe breathlessness, producing a
descriptive score between 1 and 5.

EuroQol EQ-5D score

To estimate EQ-5D score, we used the EuroQol map-
ping function defined within Hernindez Alava et al.,”® to
obtain utility values from the three level (3 L) UK value
set by mapping to the five level (5 L) format collected in
OpenPROMPT using a development of the van Hout"”
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crosswalk function. The value set for the UK is derived
from population-based studies of valuation for health
states using time-trade-off, resulting in a preference
based score for each health state. Perfect health with no
problems in any dimensions of quality-of-life (i.e.,
11,111) returns a score of 1, with death anchored at zero
and states deemed worse than death returning negative
scores, with a minimum possible score of —0.594. We
used the utility score to generate disutility (1- EQ5D
utility) as the lost quality-of-life from a perfect health
state. Only data which was linked to TPP medical re-
cords were used, as the mapping function requires age
to derive utility scores. We excluded participants from
analysis who self-defined as non-binary gender because
the function accounts for only male/female responses.
Scores were compared to the population norms esti-
mated in McNamara et al.,” for the English population.

Statistical analysis

HRQoL EQ-5D disutility score

We used multivariable regression models for the impact
of long COVID on loss of utility from perfect health,
referred to as disutility and measured as 1 minus the
EQ-5D-5L utility value. To handle individuals with no
alteration to HRQoL, we used a two-part model, first
modelling the probability of any impact on quality-of-life
and secondly the effect on quality-of-life. The first part of
the model was a mixed effect logistic regression on the
probability of returning disutility greater than zero,
indicating loss of HRQoL, with adjustment for within-
participant correlation of EQ-5D-5L responses across
surveys. The second part of the model employed mixed
effects linear models on absolute disutility scores.
Missing data were assumed to be missing at random,
dependent on the covariates included in the regressions.
Models were adjusted for demographic indicators
including age, sex, ethnicity and IMD quintiles, and
used to assess the impact of variables such as household
income, education and previous COVID hospitalisations
on the outcome by inclusion in the mixed models. We
compared adjusted models including baseline scores as
part of the covariate vector, but due to the large pro-
portion of the cohort completing only a baseline set of
questionnaires, reported models have baseline scores as
part of the outcome vector. With the large proportion of
missing questionnaire responses over time, we used
multiple imputation by chained equations on the study
variables for participants who had completed at least one
set of questionnaire.”’ EQ-5D-5L responses were
imputed at the domain level.

Subsequent models included the secondary PROMs
(MRC-Dyspnoea Scale and FACIT-F scores) to explore
their contribution to long COVID related losses in
HRQoL. To match the relationship with disutility, we
reversed the FACIT-F scores. With a maximum possible
score of 52, higher values now indicate greater fatigue.
We sequentially added the PROMs in a stepwise

approach and assessed if overall model fit was improved
based on the Akaike Information Criterion (AIC). This
assessed the extent with which PROMs on symptom-
specific issues influenced the overall HRQoL
measured by EQ-5D-5L.

Quality-adjusted life-years (QALYs)

Using results from the longitudinal EQ-5D-5L survey
responses, we extrapolated the responses to estimate the
QALYs lost due to long COVID. QALYs were calculated
using the area under the curve method at individual
level using disutility scores.”” The relationship between
utility scores over time assumes linearity given the short
duration between EQ-5D-5L measurements. Because
respondents reported HRQoL for less than 12 months,
we did not apply discounting to the total QALYs. The
results are shown in quality-adjusted life-months
(QALMs) which do not reshape the time aspect of
QALYs in terms of years.

QALM losses using a complete case analysis for
completion of all surveys were compared to available
case analysis. We also separated by a long COVID
diagnosis in the participant’s EHRs, with consistent
evidence that individuals heavily impacted are more
likely to respond in data collection.”” We conducted
linear regression models to assess associations between
total QALMs lost, adjusting for age, sex, disability, the
number of comorbidities and baseline utility.

Data management was performed using Python 3 in
OpenSAFELY, with analysis conducted using Stata
version 16.1. Code for data management and analysis,
as well as codelists are online (opensafely/openprompt-
hrqol (github.com)).

Ethics

This research is part of the OpenPROMPT study
“Quality-of-life in patients with long COVID: harnessing
the scale of big data to quantify the health and economic
costs” which has ethical approval from HRA and Health
and Care Research Wales (HCRW) (IRAS project ID
304354). The Study Coordination Centre has obtained
approval from the LSHTM Research Ethics Committee
(ref 28,030), as well as a favourable opinion from the
South Central-Berkshire B Research Ethics Committee
(ref 22/SC/0198). Full ethical approval details are avail-
able online (Supplementary Methods).

Role of the funding source

This work is independent research funded by the Na-
tional Institute for Health and Care Research (NIHR)
[OpenPROMPT: COV-LT2-0073]. The OpenSAFELY
Platform is supported by grants from the Wellcome
Trust (222097/2/20/Z) and MRC (MR/V015737/1,
MC_PC_20059, MR/W016729/1). In addition, develop-
ment of OpenSAFELY has been funded by the
Longitudinal Health and Wellbeing strand of the Na-
tional Core Studies programme (MC_PC_20030:
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MC_PC_20059), the NIHR funded CONVALESCENCE
programme (COV-LT-0009), NIHR (NIHR135559,
COV-LT2-0073), and the Data and Connectivity National
Core Study, led by Health Data Research UK in part-
nership with the Office for National Statistics and fun-
ded by UK Research and Innovation (grant ref
MC_PC_20058) and Health Data Research UK
(HDRUK2021.000).

The views expressed in this publication are those of
the author(s) and not necessarily those of NIHR or The
Department of Health and Social Care. Funders had no
role in the study design, collection, analysis, and inter-
pretation of data; in the writing of the report; and in the
decision to submit the article for publication.

Results

Descriptive analysis

Overall, 6070 participants with linked TPP EHRs
completed the recruitment questionnaires and were
included in the analysis. 61% were female, with a me-
dian age of 53 (IQR 43-62) and the majority of partici-
pants were White (5765/6045, 95%) (Table 1). 1495/
3975 participants (24.6%) self-reported long COVID, but
only 6% had a long COVID diagnosis in their EHR
(Table 1). As not all questions were mandatory, we
treated non-responses to both questions required for
defining long COVID as not stated, corresponding to
2095/6070 (34.5%) participants.

705 respondents reported no problems across any
dimensions of EQ-5D-5L at baseline survey. The distri-
bution of EQ-5D disutility scores was positively skewed,
with a small number (<50) having severe losses on
HRQoL (Fig. 1la). The distribution of participant re-
sponses to each dimension of EQ-5D-5L shows greater
impact of long COVID for anxiety and depression and
pain and discomfort, with little impact on mobility and
self-care (Fig. 1f).

Health-related quality-of-life
Participants self-reporting long COVID were highly
likely to report loss of HRQoL compared to participants
who did not report long COVID (OR 4.7 (3.72; 5.93) for
returning a loss of HRQoL and 0.056 (0.04, 0.07) unit
lower quality of life) (Fig. 2). The largest odds ratio for
reporting a loss of HRQoL was for disability, but there
were also associations with presence of comorbidities
and gender. Coefficients for HRQoL loss were higher in
those with comorbidities and with lower incomes
(Fig. 2). Odds ratios for reporting any disutility and co-
efficients for disutility are given in Supplementary
Table S2. Similar results were found when we
compared the imputed models with a complete case
analysis for individuals with no missing data
(Supplementary Tables S4 and S5).

We found associations between the breathlessness
and fatigue PROMs and HRQoL (Fig. 3). A unit increase
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in FACIT-F, i.e., reporting higher levels of fatigue, is
estimated to have an odds ratio of 1.19 (95% CI: 1.17;
1.22) for reporting loss in HRQoL. Severe grades of
breathlessness (grades 4-5) were not significant in
predicting loss of quality-of-life, compared to reporting
no effect but caused substantial unit loss of HRQoL for
participants who had reported loss of HRQoL, at 0.14
(0.1; 0.17) and 0.24 (0.19; 0.3) units respectively. After
adjusting for breathlessness and fatigue, the remaining
estimated reduction in HRQoL due to reported long
COVID was lower. The OR fell from 4.7 (3.72; 5.93) to
1.46 (0.89; 2.38), with no effect on the unit loss of
HRQoL.

Individual QALM losses

People who self-reported long COVID had lower utility
scores for every month after recruitment (Fig. 4a).
Comparing utility scores for participants across survey
responses showed little variation with time for both long
COVID and non-long COVID respondents.

We estimated QALMs using a linear regression model
accounting for age, comorbidities, disability, baseline
utility and sex, to show predicted QALMs by age group
(Fig. 4Db). As QALMs were generated using disutility
scores, they follow the same relationship whereby higher
QALMs indicates the respondent had worse HRQoL
across timepoints. Lower ages represented the higher
QALMs for both long COVID and recovered participants.
Using the complete case approach, total QALMs for long
COVID amounted to 0.81 compared to 0.44 for in-
dividuals who did not report long COVID. For available
case data, QALMs amounted to 0.22 and 0.12 QALMs for
long COVID and recovered participants respectively. At
month 1, QALMs for long COVID respondents were
between 0.25 and 0.26 and between months 2 and 3 this
was between 0.17 and 0.28 (Table 2).

Discussion

We have shown the impact of self-reported long COVID
on HRQoL using a novel cohort study, which linked
PROMs directly to the patient’s EHR. The mean EQ-5D
score for those who self-reported long COVID was 0.49
compared to 0.71 among those without long COVID.
The difference exceeds the 0.063 minimally important
difference expected for EQ-5D-5L populations.” Re-
ported disabilities and number of diagnosed comorbid-
ities were also associated with lower quality-of-life. The
burden of long COVID was greatest in the working-age
population, with higher QALMs for respondents who
will participate in the labour market for longer.'s*
Comparing the utility of the whole cohort to the popu-
lation norms estimated in McNamara et al.,” quality-of-
life scores were slightly lower for non-long COVID
individuals in OpenPROMPT than the population norm
score of between 0.798 for females and 0.836 for males
for participants at the same age.
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Variable Study population N (%) EQ-5D-5L completed N (%) Long COVID N (%)
N = 6070 N = 4630 N = 1495
Age®
18-29 475 (7.8) 375 (8.1) 130 (8.7)
30-39 915 (15.1) 725 (15.7) 295 (19.7)
40-49 1365 (22.5) 1065 (23) 440 (29.3)
50-59 1625 (26.8) 1230 (26.5) 400 (26.9)
60-69 1200 (19.8) 890 (19. 3) 185 (12.5)
70+ 490 (8.1) 345 (7.5 45 (2.9)
Ethnicity”
White 5785 (95.4) 4430 (95.7) 1430 (95.5)
Mixed 85 (1.4) 65 (1.4) 25 (1.8)
Asian/Asian British 115 (1.9) 70 (1.5) 20 (1.5)
Black/African/Caribbean/Black British 30 (0.5) 25 (0.5) 0
Other/not stated 50 (0.8) 40 (0.9) 15 (0.9)
Sex”
Male 2055 (33.8) 1510 (32.6) 375 (24.9)
Female 3690 (60.8) 2880 (62.2) 1045 (70)
Intersex/non-binary/other/refused 325 (5.3) 240 (5.2) 75 (5.1)
Region”
East 1425 (23.5) 1110 (24) 340 (22.8)
East Midlands 1230 (20.3) 965 (20.8) 305 (20.3)
London 135 (2.2) 5 (2) 0 (1.5)
North East 260 (4.3) 210 (4.5) 5 (5.1)
North West 515 (8.5) 375 (8.1) 125 (8 4)
South East 395 (6.5) 310 (6.7) 105 (7)
South West 1000 (16.5) 755 (16.3) 240 (16.2)
West Midlands 185 (3) 130 (2.8) 45 (3.1)
Yorkshire and The Humber 920 (15.1) 685 (14.8) 235 (15.7)
Highest education”
Primary School/Less 30 (0.5) 20 (0.5) 0
Secondary/high school 1435 (23.6) 1075 (23.2) 335 (22.4)
College/University 3195 (52.7) 2475 (53.5) 835 (55.7)
Postgraduate qualification 1350 (22.3) 1015 (22) 305 (20.5)
Not stated 55 (0.9) 40 (0.9) 15 (0.9)
Household Income”
£6000-12,999 555 (9.2) 430 (9.3) 135 (9.2)
£13,000-18,999 515 (8.5) 410 (8.9) 160 (10.7)
£19,000-25,999 710 (11.7) 550 (11.9) 190 (12.8)
£26,000-31,999 625 (10.3) 470 (10.2) 160 (10.6)
£32,000-47,999 1060 (17.5) 780 (16.8) 230 (15.3)
£48,000-63,999 790 (13) 600 (13) 200 (13.4)
£64,000-95,999 645 (10.6) 490 (10.5) 135 (9)
£96,000 + 390 (6.4) 295 (6.3) 0 (4.5)
Not stated 780 (12.8) 605 (13) 215 (14.4)
IMD (quintiles)”
1st (most deprived) 920 (15.1) 705 (15.3) 280 (18.8)
2nd 1050 (17.3) 800 (17.3) 185 (19)
3rd 1215 (20.1) 940 (20.3) 290 (19.5)
4th 1215 (20) 930 (20) 275 (18.3)
5th (least deprived) 1375 (22.6) 1030 (22.2) 285 (19.2)
Missing 295 (4.8) 220 (4.8) 0 (5.2)
Disability”
No 3650 (60.1) 2765 (59.8) 690 (46.3)
Yes 2290 (37.7) 1770 (38.2) 765 (51)
(Table 1 continues on next page)
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Variable Study population N (%) EQ-5D-5L completed N (%) Long COVID N (%)
N = 6070 N = 4630 N = 1495
(Continued from previous page)
Not stated 130 (2.1) 95 (2) 40 (2.7)
Number of comorbidities®
0 3440 (56.7) 2615 (56.5) 775 (51.8)
1 2035 (33.5) 1575 (34) 580 (38.7)
2 470 (7.8) 355 (7.7) 115 (7.7)
3+ 125 (2) 85 (1.9) 25 (1.7)
Have you had COVID-19°
Yes (positive test) 3480 (57.3) 3480 (75.1) 1325 (88.5)
Yes (medical advice) 185 (3.1) 185 (4) 60 (3.9)
Unsure 105 (1.7) 105 (2.3) 15 (1)
No 725 (12) 725 (15.7) 0
Missing 1575 (25.9) 135 (2.9) 100 (6.6)
Number of COVID-19 episodes”
0 680 (11.2) 680 (14.7) 0
1 2120 (34.9) 2120 (45.8) 615 (41.1)
2 1295 (21.3) 1295 (28) 560 (37.4)
3+ 535 (8.8) 535 (11.6) 325 (21.5)
Missing 1440 (23.7) 0 0
COVID-19 Hospitalisation®
No 5890 (97.1) 4510 (97.4) 1425 (95)
Yes 180 (2.9) 120 (2.6) 75 (5)
Have you had a COVID-19 vaccine”
Yes 4510 (74.3) 4510 (97.4) 1450 (97)
No 120 (2) 120 (2.6) 45 (3)
Missing 1440 (23.8) 0 0
Number of long COVID records”
0 5710 (94.1) 4325 (93.4) 1235 (82.5)
1 180 (3) 160 (3.4) 130 (8.75)
2+ 180 (2.9) 150 (3.2) 130 (8.75)
?Indicates the use of EHRs. PIndicates questionnaire responses.
Table 1: Demographic characteristics reported in recruitment surveys and EHRs.

Sociodemographic groups of similar characteristics
to our cohort appear more likely to respond to research
related to long COVID.”* We found that when con-
trolling for long COVID, participants at higher levels of
socioeconomic status reported a substantially lower
impact on HRQoL. Research on non-pandemic health-
related conditions has found consistent inequalities
across socioeconomic status, incurring higher associ-
ated medical costs, lower life expectancy and higher
mortality in people of lower socioeconomic status.” To
prevent similar relationships developing for long
COVID, public health interventions should attempt to
address the inequalities in order to prevent the gap
widening following a global pandemic.

Together, breathlessness and fatigue appear to be
major contributors for the decreased HRQoL attribut-
able to long COVID, evidenced by the substantial
reduction in odds ratios when FACIT-F and MRC
Dyspnoea scales are included. This significant change
indicates that EQ-5D may be unable to capture the

www.thelancet.com Vol 40 May, 2024

impact within the stated dimensions of quality-of-life in
a population heavily impacted by both symptoms,
especially where fatigue has been previously highlighted
as the most persistent symptom impacting HRQoL.*?
As suggested within Sandler et al.,” further assess-
ment is needed in the interpretation of fatigue in
post-COVID-19 syndrome when using EQ-5D mea-
surements. Our results compare similarly to previous
use of FACIT-F in a population of post-COVID-19 syn-
drome (PCS) patients, with a mean non-reversed F-score
of 20.67 (SD: 12.12) slightly better than 19.6 in Walker
et al.,° both significantly lower than the population norm
value of 43.5.”

The EQ-5D quality-of-life index scores at baseline for
self-reported long COVID participants in Open-
PROMPT (0.49, SD: 0.31) were lower compared to some
previous long COVID research. This is consistent across
studies who have followed up patients referred to post-
COVID syndrome clinics in the UK (mean 0.54, SD
0.26),° online surveys completed in Belgium by self-
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Figure 1: Self-reported quality of life measures. Responses are shown for the 3975 non-missing self-reported long COVID respondents for
panels b-f. a) Frequency distribution of baseline EQ-5D-5L score (disutility), b) Mobility dimension of EQ-5D, c) Self-care dimension of EQ-5D,
d) Usual activities dimension of EQ-5D. e) Pain/discomfort dimension of EQ-5D, f) Anxiety/depression dimension of EQ-5D. Each dimension has
five possible responses: level 1: no problems, level 2: slight problems, level 3: moderate problems, level 4: severe problems, and level 5: extreme
problems/unable to. Blue marks the participant did not report long COVID, and red that they did.

reported PCS patients (mean 0.57, SD 0.23),” and in
previously hospitalised patients in Iran (mean 0.61, SD
0.006)." EQ-5D index scores are similar to a study
of patients defined as very severely impacted in
physical and mental impairment by combining re-
sponses to symptom questionnaires and physical per-
formance tests approximately 6 months after COVID-19
hospitalisation in the UK (mean 0.43, SD 0.27) which
also highlighted the impact of a disability.*> Our results
are therefore striking, supporting evidence from PPIE
sessions where a subset of participants reported expe-
riencing limited HRQoL over multiple years with little
recovery.

To put in perspective the loss of HRQoL from long
COVID, our results showed lower EQ-5D scores than
from patients experiencing heart failure (mean 0.60),*
multiple sclerosis (mean 0.59),** and end-stage renal
disease (mean 0.68).”° The significant difference we
found compared to utility scores of individuals with
chronic obstructive pneumonia disease (COPD) (mean
0.68)* which presents in similar symptoms to long
COVID highlights the importance of continued support
for patients reporting long COVID.

A key strength of this study was the linkage of
PROMS with the EHR in OpenSAFELY. This allowed
more granular research using the EHR with variables
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such as income (which is not routinely available in
EHRSs), reduced the burden on participants of collecting
extensive information about their medical history, and
has enabled validation of collected data against the EHR,
for example the number of COVID infections and hos-
pitalisations. Combining patient responses in a trusted
research environment directly into EHRs is a novel
research method, with flexible tooling of questionnaires
helping provide both additional information and
demonstrating the convergence with medical histories.
Our previous research demonstrated the difficulty of
utilising only EHR data in long COVID research,**” and
the present study shows further limitations of EHR data
for this condition: fewer than 10% of the cohort had a
recorded diagnosis of long COVID in their EHR,
compared to roughly 25% self-reporting long COVID.*
This has implications if patients are severely impacted
by long COVID, but feel unable to fully interact with
their primary healthcare.

Our cohort of 6070 respondents included in the
analysis is larger than previous research on HRQoL in
long COVID populations, with a higher proportion of
self-reported long COVID respondents.*** By collecting
information on HRQoL using the validated EuroQoL
EQ-5D questionnaire, and using validated instruments
on breathlessness and fatigue, we were able to deter-
mine the contribution of these symptoms to the impact
on quality-of-life. However, measurement of other
symptoms of long COVID (or their severity) were not
included in the study. Patients self-reporting their
condition may therefore raise the possibility that
symptoms may be unrelated to long COVID. Given the
difficulties associated with measuring fatigue in EQ-
5D-5L, it is possible that other symptoms are not well
suited to measurement across the five dimensions of
HRQoL in a population affected by post-COVID-19
syndrome.

Advertising for the study was among the general
population and long COVID groups. Importantly, the
cohort was self-selected and therefore people with long
COVID, or more severe long COVID, may have been
more likely to participate. Conversely, those with the
most severe long COVID may have been unable to
participate due to their symptoms. This study faces a
similar weakness to other recruited study cohorts
investigating long COVID, whereby individuals of low
socioeconomic deprivation are more likely to participate.
Compared to the wider OpenSAFELY population, the
OpenPROMPT cohort had higher representation of

individuals aged between 40 and 70, white participants,
and participants in less deprived areas.*** Given our
and other evidence® there is a socioeconomic relation-
ship with the risk of long COVID, the demographics of
the cohort do not show this in the sample population.
For example, we were unable to find any evidence on the
impact of ethnicity on HRQoL due to the low numbers
of non-white respondents. These factors may introduce
selection bias and impact the generalisability of the
findings to all long COVID patients, especially where
excess deaths from COVID-19 in ethnic minority groups
has been documented.*

The cohort also experienced high loss to follow-up
and it is possible that recovery from COVID or long
COVID led to loss of interest in completion across the
full 90 days. This may mean that any over-
representation of long COVID participants in the
cohort was exaggerated over time. The lack of a reduc-
tion in QALMs lost due to long COVID over time may
be attributable to this over-representation, or could have
been that the data collection period was too short: for
patients suffering long-term symptoms, 3 months is a
relatively short period where recovery would be unex-
pected.* Conversely, due to the symptoms of long
COVID, loss to follow-up may have been due to fatigue,
driven by severe long COVID symptoms. Further
development of QALYs lost attributable to long COVID
should consider the framework set out within Martin
et al.,* that separates populations into clearly defined
subgroups of long COVID vs. acute COVID-19 when
long-term measurements of HRQoL become available.
This relies on the level of missingness decreasing as
long-term assessments of long COVID become more
common.

A further limitation is our definition of long COVID,
which was based on questions relating to recovery from
long COVID and the most recent COVID episode. In
order to piece together HRQOL trajectories of long
COVID, it would also have been useful to know the date
of the episode of COVID which led to long COVID in
order to estimate the time between infection and
development of symptoms.

Long COVID has a major impact on HRQoL in our
cohort, comparatively worse than in patients experi-
encing heart failure.”> The effect was attenuated after
adjusting for breathlessness and fatigue, indicating that
these symptoms are partly responsible for the impact of
long COVID on quality-of-life. This resonates with the
input from our PPIE activity.

Fig. 2: Model outputs for disutility. a) Odds ratios for the probability of reporting disutility in the first part of the full model. Note that greater
odds ratio relates to a higher odds of reporting a negative change in HRQoL. b) Odds ratios for self-reported long COVID and disability in the
first part of the model shown separately to allow visualisation, due to their much higher odds ratios. c) Coefficients for the second part of the
model, interpreted as the unit decrease in EQ-5D-5L utility score compared to base level for factor variables for individuals who report loss of
HRQoL. Note that negative coefficients relate to lower disutility, i.e., higher quality-of-life.

www.thelancet.com Vol 40 May, 2024


http://www.thelancet.com

Articles

a FirSt Part Self-reported
Long COVID 7|

Disabled —{
Males —

é
T

18-29 (Base) —{
30-39

40-49 4

50-59

60-69

70+ —

Age

0 (Base) o
1 —

2 -

3+

Comorbidities

el Laddd,

Grade 1 (Base) —
Grade 2 —{ -
Grade 3
Grade 4

MRC Dyspnoea

%

¢

Grade 5

FACIT-F Reversed FACIT-F - @

$

b Second Part

5 10
Odds ratio

Self-reported
Long COVID 7}

Disabled —
Males —

18-29 (Base) -
30-39

40-49

50-59

60-69 —

70+

Age

Comorbidities 1

Grade 1 (Base) -
Grade 2
Grade 3
Grade 4 —{
Grade 5

MRC Dyspnoea

FACIT-F Reversed
FACIT-F

-1

A
Coefficient

Fig. 3: Model outputs for disutility including additional Patient Reported Outcome Measures (PROMS). a) Odds ratios for the probability of
reporting disutility in the first part of the full model including PROMs. Note that greater odds ratio relates to a higher odds of reporting a
negative change in disutility. b) Coefficients for the second part of the model include PROMs, interpreted as the unit decrease in EQ-5D-5L utility
score compared to base level for factor variables for individuals who report loss of HRQoL. Note that negative coefficients relate to lower

disutility, i.e., higher quality-of-life.

Given that the burden of long COVID on HRQoL
was heaviest in the working age population, our results
indicate important implications for both health services,
and the wider economy. A proportion of the UK popu-
lation seeking higher contact with health services places
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greater pressure on stretched public services.” Greater
economic costs can be incurred for a substantial part of
the UK workforce, with some individuals reducing their
labour output, and others leaving the labour
market altogether.” With no definitive treatment,
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Fig. 4: a) mean utility score in the long COVID vs non-long-COVID groups. Error bars mark 95% confidence intervals. b) Predicted Quality-
adjusted Life-Months stratified by long COVID status in the complete case analysis (CCA). The linear regression model also includes a

disability, number of comorbidities, and baseline utility.

Available case N = 6513 Long COVID Diagnosis N = 6513 Complete case N = 510
Long COVID No long COVID Long COVID No long COVID Long COVID No long COVID
Mean (sd)
1 Month 0.25 (0.15) 0.13 (0.12) 0.26 (0.14) 0.17 (0.15) 0.26 (0.13) 0.16 (0.13)
2 Months 0.2 (0.13) 0.1 (0.11) 0.17 (0.12) 0.13 (0.13) 0.28 (0.14) 0.15 (0.12)
3 Months 0.19 (0.14) 0.10 (0.09) 0.21 (0.12) 0.12 (0.12) 0.27 (0.16) 0.13 (0.12)
Total 0.22 (0.31) 0.12 (0.20) 0.22 (0.3) 0.12 (0.20) 0.81 (0.41) 0.44 (0.36)
Table 2: Mean and standard deviations of quality-adjusted life-months (QALMs) stratified by long COVID for available case analysis, EHR-coded long
COVID diagnosis, and complete case analysis (CCA). sd is standard deviation.
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targeted research on the holistic approach to community
treatment through symptom tracking, or modified pul-
monary and cardiac rehabilitation programmes would
help define the optimal method and duration of recovery
programmes.*’

Importantly, we know that there is a subset of people
with long COVID that experience debilitating symp-
toms, and our study had participants with long COVID
whose HRQoL was in a state ‘worse than death’. Though
these represent a minority of people with long COVID,
it is vital that support is provided to these people.

In summary, self-reported long COVID had a signif-
icant effect on quality-of-life across models accounting for
different demographics. Consistent low HRQoL scores
being reported across the 3-months by participants with
long COVID indicates the need for targeted interventions
for a cohort experiencing symptoms upwards of a year.
Fatigue and the relationship with EQ-5D requires further
specific research on the effectiveness of validated PROMs
to capture the severity of a significant symptom in a
developing condition with little current clinical treatment.
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