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ABSTRACT:

The association of long COVID with health-related quality-of-life (HrQOL) has not been
well-characterized. Participants who received blinded placebo in the ACTIV-2/A5401
outpatient COVID-19 treatment trial were included in an analysis of the association of
long COVID with HrQOL (both pre-specified exploratory trial endpoints) 9 months after
acute COVID-19. Long COVID was defined as presence of self-assessed COVID-19
symptoms and HrQOL was assessed with EQ-5D-5L and SF-36v2 questionnaires.
Associations were evaluated by Fisher’s exact tests and Wilcoxon rank-sum tests. Of
546 participants, 13% had long COVID. Long COVID was associated with greater risk of
reported problems in the EQ-5D-5L dimensions of mobility, usual activities,
pain/discomfort, and anxiety/depression (risk ratios 3.45-6.00, all p<0.001) and worse
self-reported health scores (median 80 vs 95, p<0.001). Participants with long COVID
also had worse SF-36v2 composite physical and mental component scores (both
p<0.001) and individual SF-3€ dornain scores (physical functioning, physical role, bodily
pain, general health, vitality, social functioning, emotional role, and mental health; all
p<0.001). Associations were similar regardless of baseline (pre-COVID-19) medical
history. Long COVID is associated with impaired HrQOL across multiple domains,
highlighting the need to develop preventative and therapeutic interventions for this

protean condition.
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INTRODUCTION:

Long COVID is a condition involving a variety of potentially debilitating, multi-
systemic symptoms following acute infection with severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2)'. Estimates of the frequency of long COVID vary across
studies, with an estimated incidence of 10-35% among non-hospitalized individuals?.
Clinical manifestations of long COVID span multiple organ systems, including the
respiratory, cardiovascular, gastrointestinal, musculoskeletal, and neurologic systems,
among others'3. Given the prevalence and morbidity of this condition’, a robust
understanding of the impact of long COVID on quality of life is crucial.

Health-related quality of life (HrQOL) metrics provide a multi-dimensional,
person-centered perspective on an individual’s physical, emotional, and social
functioning and well-being, offering valuable insight into the impact of iliness on
individuals’ lives not captured by traditicrial symptom-based tools*. A number of prior
studies have reported poor HrQOL cutcomes among persons with long COVID;
however, most of these studies focused on persons with a history of hospitalization for
COVID-19, and typically lacked a comparator group of individuals with SARS-CoV-2
infection who did not develop long COVID®3. In this study, we compared HrQOL
outcomes between individuals with vs. without long COVID among people who received
blinded placebo in the ACTIV-2/A5401 outpatient COVID-19 treatment trial®, providing a
rigorous, prospective evaluation of the impact of long COVID on HrQOL following

predominantly mild-moderate acute infection.

METHODS



Study population

This study included participants who received blinded placebo in the ACTIV-
2/A5401 trial, a phase 2/3 platform trial that evaluated investigational treatments for
people with mild-to-moderate COVID-19 (NCT04518410)°. Individuals eligible for
inclusion in ACTIV-2/A5401 were non-hospitalized adults (>18 years) who had a
positive COVID-19 antigen or nucleic acid test within 10 days prior to study entry, no
more than 10 days of COVID-19 symptoms at study entry, ongoing COVID-19
symptoms within one day prior to study entry, and resting peripheral oxygen saturation
levels > 92%, as previously described®'°. The trial was approved centrally for US sites
by the institutional review board (IRB) Advarra (Pro004526685), with approval by
additional local IRBs as required and local Ethics Comirittees for sites outside the US.
All research was conducted in accordance with relevant guidelines and regulations, and
in accordance with the Declaration of Helsinki. Written informed consent was obtained
from all participants.

Among participants who received blinded placebo, the study population was
further restricted to those who had both available study week 36 EQ-5D-5L or SF-36v2
questionnaire data and available week 36 symptom diary data. Supplementary Figure

1 depicts a flow diagram defining the study population.

Participant-Completed Symptom Diaries
Participants completed a long-term symptom diary (see Supplementary
Appendix 1) at 36 weeks after study entry, as previously described'"-'2. The long-term

diary included three global assessment questions, all completed by participant self-



report. The first evaluated overall severity of COVID-19 symptoms over the previous

” o« ” o«

four weeks (reported by the participant as “no symptoms,” “mild,” “moderate,” or

“severe”). The second evaluated general physical health over the previous 4 weeks

” o« ” o«

(reported by the participant as “excellent,” “very good,” “good,” “fair,” or “poor”). The
third asked about self-assessed return to usual (pre-COVID-19) health at the time of
diary completion (with options of “yes” or “no”). In addition to the three global
assessment questions, participants were also asked to indicate overall severity over the
previous 4 weeks of 27 individual symptoms. The 4-week assessment period in the
long-term diary was selected to align with the 4-week assessment period of questions in
the SF-36v2 questionnaire. The long-term diary and EQ-5D-51. and SF36-v2
questionnaires (described further below), intended to collect data on post-acute COVID-
19 symptoms and functional health status, were introduced partway through the trial,
and thus were only available for participants who enrolled later in the trial. All
instruments (long-term diary, EQ-5D-5L, and SF36v2) were completed either on paper

or electronically (Medidata eCOA platform, which linked directly to the trial Medidata

Rave electronic data capture system).

Long COVID definition

Long COVID was defined as the presence of self-reported overall COVID-19
symptoms (any of mild, moderate, or severe) within the last 4 weeks at week 36, as
determined by participants’ responses to the first global assessment question on the

long-term symptom diary. This participant-centered definition of Long COVID has been



utilized in prior ACTIV-2/A5401 analyses of post-acute COVID symptoms and is
supported by published analyses supporting the internal validity of this definition'-12.
Associations of HrQOL with participant-reported non-return to health (yes versus
no) at study week 36 (based on the third global assessment question in the long-term
symptom diary) were explored as a supportive analysis. Previous ACTIV-2/A5401
analyses have described concordance of non-return to pre-COVID health with long

COVID as defined above':12,

Health-related quality of life questionnaires

HrQOL was assessed at study week 36 by the EQ-5D-5L (EuroQol Research
Foundation, The Netherlands) and SF-36v2® Health Survey (QualityMetric, Johnson,
RI, USA) questionnaires. The EQ-5D-5L"3 assssses five dimensions: mobility, self-care,
usual activities, pain/discomfort, and anxiety/depression. For each dimension,
participants were asked to evaluate each category based on how they feel that day,
choosing from five severity levels: no problems, slight problems, moderate problems,
severe problems, and unable to/extreme problems. The primary outcome of adverse
HrQOL was defined as presence of any reported problems in each dimension (any of
slight, moderate, severe, or unable to/extreme), vs no problems. Additionally,
participants were asked to rate their health that day on a vertical visual analog scale
(VAS) from 0 (“worst health you can imagine”) to 100 (“best health you can imagine”).

The SF-36v2' consists of questions covering eight health domains: physical
functioning, role-physical (i.e. physical health-related role limitations), bodily pain,

general health, vitality (i.e. energy level and fatigue), social functioning, mental health,



and role-emotional (i.e. mental health-related role limitations). Each of these domains is
scored by the participant from 0 to 100, with higher scores indicating better health.
Additionally, the health domain scales are used to derive two aggregate component
summary measures, physical component summary and mental component summary,
which are both normalized metrics with a mean score of 50 and a standard deviation of

10, with higher scores again indicating better health.

Baseline Medical History Categories

To explore the impact of pre-existing medical conditions at the time of SARS-
CoV-2 infection on long COVID and HrQOL, baseline medical comiorbidity subgroups
were defined based on the presence or absence of mediczai conditions reported at study
entry (Supplementary Table 2). Medical history events (identified by MedDRA
preferred term'®) were considered if their start date was prior to COVID-19 diagnosis
and if they were ongoing at the time of study entry. Additionally, a select number of
clinician-selected historical events with resolution dates prior to study entry (denoted
with asterisks in Supplementary Table 2) were included as the events, such as acute
coronary syndrome, were expected to reflect ongoing underlying disease at the time of
study entry. Relevant baseline medical history events were classified into six broad
subgroups (selected based on clinical relevance to Long COVID"): cardiac and vascular
disorders, gastrointestinal disorders, musculoskeletal and connective tissue disorders,

neurologic disorders, psychiatric disorders, and pulmonary disorders.

Statistical analyses



Modified Poisson regression models and fisher’s exact tests were used to
compare the frequency of any reported problems in each of the five EQ-5D-5L
dimensions between participants with vs. without long COVID, as well as between
participants who had vs. had not returned to pre-COVID health. Wilcoxon rank-sum
tests compared scores on the EQ-5D-5L visual analog scale, SF-36v2 health domains,
and SF-36v2 physical and mental component summary measures between participants
with vs. without long COVID and participants who had vs. had not returned to pre-
COVID health. Each analysis was performed in the overall population as well as in
baseline medical history subgroups defined by presence or absence of selected medical
comorbidities at baseline (described above). Tests for interaction of baseline medical
comorbidities with long COVID on risk of EQ-5D-5L and SF-36v2 outcomes were also
assessed with binary regression models. All P values are two-sided and confidence
intervals are at the 95% level; statistical significance was set at P <0.05. As all analyses
were exploratory, adjustments for multiple comparisons were not performed. Analyses

were conducted using SAS version 9.4 (SAS Institute, Cary, North Carolina).

RESULTS:
Study population

The analysis population included 546 participants who received blinded placebo
treatment and were enrolled January — August 2021, who had both symptom diary data
and EQ-5D-5L or SF-36v2 questionnaire data available at week 36 (Supplementary
Figure 1). Median age was 45 years, 53% were female, 82% were from the United

States, 81% were white, 13% were Black, and 55% were Hispanic/Latino (Table 1).



Median days from symptom onset to study entry was 5 days, 57% met protocol criteria
for being at high-risk for COVID-19 progression, 17% were vaccinated, and 55% were
anti-nucleocapsid or anti-spike antibody positive at study entry (Table 1). Of 413
participants with an identified SARS-CoV-2 variant (variant calling described
previously'®), 35% had Delta and 65% pre-Delta variant infection (Table 1).

Long COVID was present at week 36 (approximately 9 months after acute
COVID-19) in 13% (69/546) of participants and non-return to pre-COVID overall health
status in 21% (113/546) of participants. Baseline demographic and clinical variables
were reasonably similar between groups with and without long-COVID, with the
exception of sex and risk category for severe COVID-19, consistent with the literature

on risk factors for long COVID'” (Table 1).

Association of Long COVID with EQ-5D-5L measures

Participants with vs. without long COVID were more likely to report problems in
EQ-5D-5L dimensions of mobility (36% vs 7%, risk ratio (RR) [95% CI] 4.9 [3.2, 7.7]),
usual activities (48% vs 8%, RR 6.0 [4.1, 8.9]), pain/discomfort (72% vs 18%, RR 4.0
[3.1, 5.0]), and anxiety/depression (48% vs 14%, RR 3.5 [2.5, 4.8]), all p<0.001 (Figure
1). Problems in the self-care dimension were also significantly more common in
individuals with long COVID, though the number of individuals reporting problems in
self-care was extremely small (N=21), and thus this dimension was not explored in
further detail. Overall, the majority of reported problems (69-77%) were “slight” in
severity. The distribution of severity levels for reported problems in EQ-5D-5L

dimensions among patients with and without long COVID are shown in Supplementary



Figure 2. Additionally, participants with vs without long COVID reported worse self-
reported health scores on EQ-5D-5L visual analogue scale (VAS) (median [IQR] 80 [70-
85] vs 95 [85-100], p<0.001) (Supplementary Figure 3A).

The association of long COVID with impaired EQ-5D outcomes persisted when
examining associations among medical comorbidity subgroups defined by the presence
vs absence of specific baseline medical comorbidities at study entry prior to the onset of
long COVID (Figure 1 and Supplementary Figure 3A). The impact of long COVID on
risk for problems in EQ-5D-5L domains appeared greater among participants without
baseline comorbidities than participants with baseline comorbidities (Supplementary
Table 1). Interaction analyses summarized in Supplementary Table 1 demonstrate
that in a number of instances, the presence vs absence of a given baseline comorbidity
and of long COVID modify each other’s association with problems in EQ-5D-5L domains
(all comorbidities with pain/discomfort damains; musculoskeletal/connective tissue
disorders with mobility and usua! activity problems; pulmonary disorders with mobility
problems; and cardiac/vascuiar disorders with anxiety/depression problems); however,
these analyses do not adjust for multiple comparisons and may be limited by small
numbers for some subgroups.

Self-assessed lack of return to pre-COVID health at week 36 was similarly
associated with significantly worse EQ-5D-5L VAS scores (Supplementary Figure 3B)
and increased risk of reported problems in individual EQ-5D-5L dimensions (RR range
1.9-5.9; Supplementary Figure 4), though with lower RR magnitudes compared to

those for long COVID.



Association of Long COVID with SF-36v2 measures

Looking at HrQOL outcomes captured by the SF-36v2 questionnaire, participants
with long COVID had significantly lower (worse) SF-36v2 composite physical
component scores (Figure 2A, median (IQR) 46.8 (39.4-54.4) vs. 58.7 (56.6-59.9),
p<0.001) and composite mental component scores (Figure 2B, median 49.0 (41.5-57.4)
vs. 57.6 (51.7-60.6), p<0.001) compared to those without long COVID. Scores were
also lower for participants with long COVID in each of the individual SF-36v2 domains of
general health, physical functioning, physical role, bodily pain, vitality, social functioning,
emotional role, and mental health (Supplementary Figure 5, all p<0.001). Stratifying by
presence or absence of baseline comorbidities, long COVID was associated with worse
physical and mental component scores regardless of presence of specific baseline
medical comorbidities (Figure 2). Differences in physical component scores between
participants with vs without long COVID were not significant among the subgroup with
baseline Gl disorders, and differerices in mental component scores between
participants with vs without iong COVID were not significant among those with baseline
neurological, Gl, pulmonary, and musculoskeletal / connective tissue disorders (Figure
2).

Self-assessed lack of return to pre-COVID health was also associated with
significantly worse SF-36v2 composite physical and mental component scores
(Supplementary Figure 6) and individual SF-36v2 domain scores (Supplementary

Figure 7).

Hospitalization status and HrQOL



Among n = 557 participants who had available week 36 EQ-5D-5L or SF-36v2
data (regardless of availability of long-term symptom diary data), 44 (8%) were
hospitalized prior to week 36. There was no association between hospitalization status
prior to week 36 and HrQOL at week 36 by either EQ-5D-5L or SF-36v2 (with the
exception of lower SF-36 physical role scores at week 36 among individuals who were

hospitalized prior to week 36, p=0.048).

DISCUSSION

In this study, we demonstrate that long COVID is associated with impairment in
HrQOL outcomes among prospectively assessed outpatients treated with blinded
placebo in the ACTIV-2/A5401 COVID-19 treatment trial during the Delta and pre-Delta
waves of infection. The detrimental effect of lcng COVID was observed to span multiple
HrQOL domains, including physical, emotional, and social dimensions, highlighting that
long COVID impacts numerous facets of day-to-day functioning and well-being. We also
found that most associations of long COVID with impaired HrQOL outcomes were not
significantly modified by the presence of pre-existing medical conditions at the time of
acute COVID-19, wherein risk of impaired HrQOL with long COVID was similar or
greater in persons without baseline comorbidities.

Our results provide a rigorous, prospective evaluation of how long COVID
following primarily mild-moderate acute infection influences HrQOL, strengthening
evidence from prior literature documenting poor HrQOL in individuals with long COVID.
A meta-analysis on long COVID and HrQOL by Malik et al. that included 12 studies

predominantly encompassing previously hospitalized populations reported poor quality



of life by EQ-5D-5L metrics, with pooled prevalence of problems in each EQ-5D-5L
domain and pooled EQ-VAS generally similar to that observed among individuals with
long COVID in our study®. The existing literature evaluating the impact of long COVID
on HrQOL among outpatients following mild-moderate COVID-19 is more limited. In
three cross-sectional, observational studies evaluating HrQOL among individuals with
long COVID following mild-moderate COVID-197-818 the observed HrQOL outcomes
were generally worse than those observed among participants with long COVID in our
study, with lower EQ-5D-5L VAS scores (mean / median scores 51-64, as opposed to a
median score of 80 in our study) and increased prevalence of problems in most EQ-5D-
5L domains. This difference may be because the participants in these studies were
drawn from populations seeking care at hospital-associated long COVID clinics, in the
case of two of the studies, or from individuals participating in long COVID patient
support groups, in the case of the third study, which may represent populations with
more severe long COVID marnifesiations than in our study. In a small prospective cohort
of individuals with non-severe COVID-19 in Sweden, individuals who had persistent
symptoms > 8 weeks had a more pronounced drop in their EQ-5D-VAS from their pre-
COVID levels than those without persistent symptoms'®. Our findings extend on
previously reported findings and corroborate the significant influence of long COVID on
HrQOL in a large, prospective cohort of outpatients within a clinical trial with diversity in
terms of geography, demographics, and medical history. The systematic assessment of
participants who were blinded to treatment and followed from documented acute

COVID-19 until a pre-specified post-acute COVID time point allowed characterization of



long COVID and the spectrum of HrQOL effects in a general population with reduced
bias.

There are several limitations to our study. Our study was conducted in 2021 prior
to widespread vaccination or modern variants, which may limit generalizability to the
present setting. The observational nature of this study also precludes establishing
causality between long COVID and the observed HrQOL deficits. Additionally, both the
presence of Long COVID and the HrQOL outcomes were evaluated by participant self-
report. This raises the possibility of common methods bias (i.e. bias introduced when
both the independent and dependent variables in an analysis are collected via the same
methods, for instance the same individual providing self-reported responses), which is a
common limitation in questionnaire-based research and could lead to over-estimation of
the association between long COVID and HrQOL.. Furthermore, we employed standard
HrQOL questionnaires (EQ-5D-5L and &F-36v2), which are used widely in quality-of-life
literature but not validated for COV!D-19-related or long COVID-specific quality-of-life
assessment. Other limitations include unmeasured confounders, the lack of pre-COVID
HrQOL data for comparison, missing HrQOL questionnaires and symptom diaries, and
the absence of adjustment for multiple comparisons in statistical analyses.

Ultimately, our study provides evidence for reduced HrQOL in the setting of long
COVID, a finding with important implications for long COVID management
considerations and research priorities. Our observation that long COVID influences
various dimensions of quality-of-life, including physical, mental, and social well-being,
suggests that attention should be given to each of these elements when caring for

individuals with long COVID in the clinic. Additionally, the prominence of diminished



HrQOL with long COVID suggests that as new therapeutic interventions for this
condition are developed and evaluated, the ability of these interventions to improve
HrQOL should be evaluated as a key study endpoint. Various recent studies of novel
interventions for long COVID have analyzed change in HrQOL measures as study
outcomes, including recent trials of outpatient pulmonary rehabilitation?°, vortioxetine?",
and group physical and mental rehabilitation programs?2. Change in HrQOL outcomes
should continue to be emphasized in future trials of long COVID therapeutic
interventions. Finally, given the significant HrQOL morbidity of long COVID and the
infancy of effective therapeutic options, our study underscores the crucial importance of

developing effective preventative strategies for long COVID
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N = 748 participants in the ACTIV-2/A5401 outpatient COVID-19
treatment trial who were randomized to blinded placebo

N = 37 participants from sites excluded due to data
integrity concerns
N = 12 participants did not receive intervention

v

A 4

N = 699 participants in the ACTIV-2/A5401 outpatient COVID-19
treatment trial who received blinded placebo

N = 137 participants without symptom diary data at week 36
* N =69 discontinued study prior to week 36

v > « N =231 missed the week 36 visit
* N =24 had a visit at week 36 but diary not filled out

* N =13 died prior to week 36

A 4

N = 562 participants with availabie symptom diary data at week 36

N = 16 participants without available EQ-5D
or SF-36 HrQOL data

v

A 4

N = 546 participants with available EQ-5D or SF-36 HrQOL data

Supplementary Figure 1. Flow diagram depicting the derivation of the study population.
Reasons for exclusion are indicated in the boxes adjacent to the horizontal arrows.
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Percentage and severity of reported mobility problems between

participants with vs. without Long COVID

B Percentage and severity of reported usual activity problems between

participants with vs. without Long COVID
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Supplementary Figure 2. Association of long COVID with EQ-5D dimensions, including severity levels for reported problems.
Percentage and severity of reported problems in the EQ-5D dimensions (A) mobility, (B) usual activity, (C) pain / discomfort, and (E) anxiety
/ depression between participants with vs. without long COVID. The distribution of severity levels for reported problems (slight, moderate,
severe, and extreme / unable to carry out the dimension) is depicted via color coding. Results are presented in the overall cohort (left-most
plot in each panel), as well as in baseline medical history subgroups defined by the presence or absence of selected medical comorbidity
categories at baseline (subsequent plots in each panel). Abbreviations: Gl: gastrointestinal, CT: connective tissue.



A EQ-5D Visual Analog Scale between patients with vs. without Long COVID
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EQ-5D Visual Analog Scale between those Not Returned vs. Returned to

pre-COVID health
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Supplementary Figure 3. Association of long COVID and lack of return to pre-
COVID health with EQ-5D Visual Analog Scale scores. Comparison of EQ-5D
Visual Analog Scale scores between (A) participants with vs. without long COVID
and (B) participants who have not vs. have returned to pre-COVID health. Results
are presented in the overall cohort (left-most plot in each panel), as well as in
baseline medical history subgroups defined by the presence or absence of selected
medical comorbidity categories at baseline (subsequent plots in each panel). P-
values are based on Wilcoxon rank-sum tests, with ** signifying P < 0.001 and *
signifying P < 0.05. Abbreviations: Gl: gastrointestinal, CT: connective tissue.
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Supplementary Figure 4. Association of lack of return to pre-COVID health with EQ-5D dimensions. Comparison of the percentage of
reported problems in the EQ-5D dimensions (A) mobility, (B) usual activity, (C) pain / discomfort, and (E) anxiety / depression between
participants who have not vs. have returned to pre-COVID health. Results are presented in the overall cohort (left-most plot in each panel),
as well as in baseline medical history subgroups defined by the presence or absence of selected medical comorbidity categories at baseline
(subsequent plots in each panel). P-values are based on Fisher’s exact tests, with ** signifying P < 0.001 and * signifying P < 0.05.

Abbreviations: Gl. gastrointestinal, CT: connective tissue.




SF-36 Physical Functioning Score between
participants with vs. without Long COVID
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SF-36 Physical Role Score between
participants with vs. without Long COVID
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Supplementary Figure 5. Association of long COVID with individual SF-36 domains. Comparison of scores in each of the individual SF-
36 domains between individuals with and without long COVID, including (A) physical functioning, (B) physical role, (C) bodily pain, (D)
general health, (E) vitality, (F) social functioning, (G) emotional role, and (H) mental health. Results are presented in the overall cohort (left-
most plot in each panel), as well as in baseline medical history subgroups defined by the presence or absence of selected medical
comorbidity categories at baseline (subsequent plots in each panel). Abbreviations: Gl: gastrointestinal, CT: connective tissue.




A SF-36 Physical Component Score between patrticipants
Not Returned vs. Returned to pre-COVID health
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SF-36 Mental Component Score between participants
Not Returned vs. Returned to pre-COVID health
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Supplementary Figure 6. Association of lack of return to pre-COVID health with
SF-36 Physical Component Score and Mental Component Score. Comparison of
(A) Physical Component Scores and (B) Mental Component Scores between
participants who have not vs. have returned to pre-COVID health. Results are
presented in the overall cohort (left-most plot in each panel), as well as in baseline
medical history subgroups defined by the presence or absence of selected medical
comorbidity categories at baseline (subsequent plots in each panel). P-values are
based on Wilcoxon rank-sum tests, with ** signifying P < 0.001 and * signifying P <
0.05. Abbreviations: Gl. gastrointestinal, CT: connective tissue.



SF-36 Physical Functioning Score between participants
Not Returned vs. Returned to pre-COVID health
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SF-36 Bodily Pain Score between patrticipants
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Supplementary Figure 7. Association of lack of return to pre-COVID health with individual SF-36 domains. Comparison of scores in
each of the individual SF-36 domains between individuals who have not vs. have returned to pre-COVID health, including (A) physical
functioning, (B) physical role, (C) bodily pain, (D) general health, (E) vitality, (F) social functioning, (G) emotional role, and (H) mental health.
Results are presented in the overall cohort (left-most plot in each panel), as well as in baseline medical history subgroups defined by the
presence or absence of selected medical comorbidity categories at baseline (subsequent plots in each panel). Abbreviations: Gl

gastrointestinal, CT: connective tissue.




Supplementary Table 1. Risk Ratios of reported problems in each EQ-5D-5L dimension comparing participants with vs.
without long COVID, stratifying by baseline comorbidity. Interaction p-values indicate how the presence / absence of a
given baseline comorbidity and of long COVID modify each other’s association with problems in EQ-5D-5L domains.

Mobility Problems Usual Activity Problems Pain / Discomfort Anxiety / Depression
Problems Problems
RR* Interaction RR* Interaction RR* Interaction RR* Interaction
(95% ClI) p-value (95% CI) p-value (95% ClI) p-value (95% ClI) p-value
Cardiac / Vascular
Disorder
Yes 4.2(2.3,7.9) 0.73 5.9 (3.4, 10.2) 0.84 2.6(1.9,3.7) 0.008 1.9 (0.9, 3.8) 0.02
No 5.0 (2.6, 9.4) 5.4 (3.1,9.5) 5.0 (3.6, 6.9) 4.6 (3.2, 6.6)
Gl Disorder -
Yes 2.7 (0.9, 8.3) 0.25 3.1(1.4,6.8) 0.08 1.5(0.8,2.8) | <0.001 1.7 (0.6, 4.8) 0.15
No 5.5 (3.4,9.0) 7.0 (4.5, 11.0) | 4.8 (3.6, 6.2) 3.8(2.7,5.4)
MSK / CT Disorder AY
Yes 2.1(1.2,3.8) 0.02 2.4 (15,3.9) 0.002 1.8(1.3,2.5) | <0.001 1.9 (0.9, 3.6) 0.07
No 5.8 (3.2, 10.5) 7.4(4.3,12.6) | 4.6 (3.4,6.2) 3.8 (2.6, 5.6)
Neurologic Disorder
Yes 2.2(0.9,4.9) 0.08 3.5 (1.6, 7.7) 0.26 1.9 (1.2, 3.0) 0.003 1.7 (0.9, 3.4) 0.05
No 5.2 (3.1, 8.8) 5.9 (3.7, 9.3) 4.2 (3.2,5.6) 3.7 (2.5, 5.4)
Psychiatric Disorder
Yes 2.9(1.5,5.6) 0.13 3.2(1.7,5.9) 0.04 2.6 (1.8, 4.0) 0.046 2.5(1.6,3.7) 0.31
No 5.7 (3.2, 10.3) 7.4(4.5,12.1) 4.4 (3.3,5.9) 3.4 (2.1,5.5)
Pulmonary Disorder '
Yes 1.9 (0.8, 4.5) 0.01 4 (1.8,6.5) 0.07 22(15,32)| 0.001 1.9 (1.0, 3.8) 0.06
No 6.8 (4.0, 11.7) 2 (4.5, 11.7) 4.8 (3.6, 6.4) 4.1 (2.8, 6.0)

*Risk ratios compare participants with vs. without Long COVID

Abbreviations: RR: risk ratio, Gl: gastrointestinal; MSK: musculoskeletal; CT: connective tissue




Supplementary Table 2. Summary of the specific medical history events (identified by
MedDRA preferred terms) included in each baseline medical comorbidity subgroup.

Baseline Medical Comorbidity Included Medical History Events
Subgroup (identified by MedDRA preferred terms)

Cardiac and Vascular Disorders e Acute myocardial infarction*
Angina pectoris

Aortic valve disease

Atrial fibrillation*
Bradyarrhythmia

Bradycardia

Cardiac failure

Cardiac failure congestive
Cardiac operation
Cardiomyopathy

Coronary angioplasty*
Coronary arterial stent insertion®
Coronary ariery bypass*
Coronary artery disease
Essential hypertension
Hypertension®

Left ventricular dilatation

Mitral valve prolapse
Myocardial bridging

Myocardial infarction*
Myocardial ischaemia

Oedema peripheral

Orthostatic hypotension
Palpitations

Percutaneous coronary intervention®
Peripheral swelling

Peripheral venous disease
Pulmonary valve incompetence
Pulmonary valve stenosis
Raynaud's phenomenon

Right ventricular dilatation
Right ventricular dysfunction
Systolic dysfunction
Tachycardia

Transposition of the great vessels
Varicose vein

Ventricular extrasystoles
Ventricular septal defect

e (6 6 6 o6 o6 o o o o o o o o o o o oo oo oo oo o -

Gastrointestinal Disorders Barrett's oesophagus




Coeliac disease
Constipation

Crohn's disease
Diverticulum intestinal
Dyspepsia

Eosinophilic oesophagitis
Flatulence

Gastric ulcer

Gastritis
Gastrooesophageal reflux disease
Haemorrhoids

Hiatus hernia

Irritable bowel syndrome
Nausea

Sleeve gastrectomy

Musculoskeletal and Connective
Tissue Disorders

® 6 6 o6 o o o o o o o o o o oo o oo o o o o O

Ankylosing spondylitis
Arthralgia

Arthritis

Back pain

Bone hypertrophy

Bursitis

£nthesopathy
Femoroacetabular impingement
Fibromyalgia

Intervertebral disc degeneration
Intervertebral disc disorder
Intervertebral disc protrusion
Joint dislocation

Joint injury

Muscle spasms

Muscular weakness
Musculoskeletal pain
Myofascial pain syndrome
Neck injury

Neck pain

Osteoarthritis

Osteopenia

Plantar fasciitis

Polyarthritis

Rheumatoid arthritis

Rotator cuff syndrome
Sarcoidosis

Scoliosis

Spinal osteoarthritis




Spinal stenosis

Systemic lupus erythematosus
Tendonitis

Tenosynovitis

Tenosynovitis stenosans
Trigger finger

Neurologic Disorders

e 6 o o o o o O

Amnesia

Autonomic nervous system imbalance
Cerebrovascular accident™
Cervicogenic headache
Circadian rhythm sleep disorder
Dementia

Diabetic neuropathy
Disturbance in attention
Dizziness

Headache

Hypoaesthesia

Lumbar radiculopathy
Lumbaosacral radiculopathy
Migraine*

Narcolepsy

Neuralgia

Ophthalmic migraine
Restless legs syndrome
Sciatica

Seizure

Thoracic outlet syndrome
Transient ischaemic attack*
Tremor

Vocal cord paralysis

Psychiatric Disorders

Alcohol abuse

Anxiety

Anxiety disorder

Attention deficit hyperactivity disorder
Bipolar Il disorder

Bipolar disorder

Borderline personality disorder
Bruxism

Depressed mood

Depression*®

Drug dependence*
Generalised anxiety disorder
Insomnia

Major depression




Nicotine dependence
Obsessive-compulsive disorder
Post-traumatic stress disorder
Sleep disorder

Suicidal ideation

Pulmonary Disorders Acquired diaphragmatic eventration
Asthma*

Asthma exercise induced
Bronchitis chronic

Chronic obstructive pulmonary
disease

Congenital pulmonary airway
malformation

Cough

Dyspnoea

Emphysema

Epistaxis

Hypoxia

Lung neopiasim malignant
Obstructive sleep apnoea syndrome
Orthopnoea

Pulmonary embolism*

| e Pulmonary mass

Pulmonary resection*

Rhinitis allergic

Rhonchi

Sinus pain

Sleep apnoea syndrome

e o o6 o o o o o o

*Select clinician-selected historical events with resolution dates prior to study entry that were
included as the events were expected to reflect ongoing underlying disease at the time of study
entry.
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Supplementary A==~
PARTICIPANT STUDY DIARY — Long Term Follow-up

Protocol Number: |A|5 4|01 Today’s Date: | | | || | || | | | |

MMM DD YYYY
Participant Number: .'.” _

This Diary will be used during Weeks 12, 24, 36, 48, and 72.
SYMPTOMS

1. Please choose the response below that best describes the overall severity of your COVID-19 symptoms over the
past 4 weeks.

[ No symptoms  [_]Mmild [l Moderate [ ] Severe
2. Please choose the response below that best describes your general physical health over the past 4 weeks.

[] Excellent []very good []Good (] Fair [_]Poor
3. Have you returned to your usual (pre-COVID) health?

(] Yes [ No

4. Indicate the overall severity of your symptoms over the past 4 weeks.

Symptoms Absent |  Mild Moderate | Severe

Cough o)\

Shortness of breath or difficulty breathing

Feeling feverish

Chills

Fatigue (low energy)

Body pain or muscle pain or aches

Diarrhea

Nausea

Vomiting

Headache

Sore throat

Nasal obstruction or congestion (stuffy nose)

Nasal discharge (runny nose)

Muscle Weakness

Insomnia

Hair loss

Smell disorder

Palpitations or fast heart beat

Joint Pain

Decreased appetite

Taste disorder

Dizziness/balance issues

Chest pain

Skin rash

Difficulty with concentration and thinking

Difficulty reasoning and solving problems

Memory loss (short or long term)
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PARTICIPANT STUDY DIARY - Long Term Follow-up

Protocol Number: |A|5(40 |1 | | | |||||||||

MMM DD YYYY

MEDICAL CARE

Since your last study visit, have you:

1. Gone to seek medical care at an emergency room or clinic for any of the above symptoms? [_JYes [ INo

2. Been diagnosed by a doctor with any of the following problems?

a. Pulmonary embolism (a blood clot in the lungs) [ JYes [ INo
b. Deep vein thrombosis (a blood clot in the veins) [ ]Yes [JNo
c. Myocardial infarction (Heart attack) [ ]Yes [JNo
d. Cerebrovascular accident (Stroke) [ Jyes [ ]No
3. Been newly prescribed any anticoagulant (blood thinning) medication? [lyes [INo

Examples include Heparin (Lovenox), Warfarin (Coumadin), Apixaban (Eliquis}, Dabigatran (Pradaxa),
Edoxaban (Savaysa) and Rivaroxaban (Xarelto)

4. Been newly prescribed any corticosteroid medication ? [ ]Yes [ JNo

Examples include Cortisone, Dexamethasone (Decadron), Hydrocortisone (Cortef),

Methylprednisolone (Medrol), Prednisone (Prednisone Intensol) and Prednisolone (Orapred, Prelone)
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Table 1. Demographic and clinical characteristics of N=546 included participants.

Characteristic Long COVID Long COVID Total
Present Absent (N=546)
(N=69) (N=477)
Age (years) (median, IQR) 46 (36, 58) 44 (35, 54) 45 (35, 55)
Sex (n, %)
Female 50 (72%) 240 (50%) 290 (53%)
Male 19 (28%) 237 (50%) 256 (47%)
Gender Identity (n, %)
Cisgender 68 (99%) 475 (100%) 543 (99%)
Transgender spectrum 1 (1%) 2 (<1%) 3 (1%)
Race (n, %)
White 52 (75%) 389 (82%) 441 (81%)
Black 9 (13%) 60 (13%) 69 (13%)
Asian 1(1%) 18 (4%) 19 (3%)
Other 7 (10%) 10 (2%) 17 (3%)
Ethnicity (n, %)
Hispanic or Latino 22 (32%) 276 (58%) 298 (55%)

Not Hispanic or Latino

201 (42%)

248 (45%)

Country of enrollment

Argentina 5(7%) 37 (8%) 42 (8%)
Brazil 1(1%) 11 (2%) 12 (2%)
Philippines 0 (0%) 1 (<1%) 1 (<1%)
South Africa 2 (3%) 43 (9%) 45 (8%)
United States 61 (88%) 385 (81%) 446 (82%)
Time from symptom onset (days) at
study entry (median, 1QR) 6(4.7) 5(3.7) 5@ 7)
Risk for COVID-19 progression (n,
%)
High Risk 46 (67%) 264 (55%) 310 (57%)
Low Risk 23 (33%) 213 (45%) 236 (43%)
SARS-CoV-2 Variant (n, %)’
Delta 15 (26%) 130 (37%) 145 (35%)
Pre-Delta 42 (74%) 226 (63%) 268 (65%)
Vaccination status (n, %)
No 54 (78%) 398 (83%) 452 (83%)
Yes 15 (22%) 79 (17%) 94 (17%)
Anti-nucleocapsid or anti-spike
antibody status at study entry (n,
%)’
Positive 38 (59%) 246 (54%) 284 (55%)
Negative 26 (41%) 209 (46%) 235 (45%)

"Data not available for all participants.




Percentage of reported mobility problems between

participants with vs. without Long COVID
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Figure 1. Association of long COVID with EQ-5D dimensions. Comparison of the percentage of reported problems in the EQ-5D

Percentage of reported usual activity problems between
participants with vs. without Long COVID
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Percentage of reported anxiety/depression problems between
participants with vs. without Long COVID
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dimensions (A) mobility, (B) usual activity, (C) pain / discomfort, and (E) anxiety / depression between participants with vs. without long
COVID. Results are presented in the overall cohort (left-most plot in each panel), as well as in baseline medical history subgroups defined
by the presence or absence of selected medical comorbidity categories at baseline (subsequent plots in each panel). P-values are based on
Fisher’s exact tests, with ** signifying P < 0.001 and * signifying P < 0.05. Abbreviations: Gl: gastrointestinal, CT: connective tissue.



A SF-36 Physical Component Score between those with vs. without Long COVID
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B SF-36 Mental Component Score between those with vs. without Long COVID
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Figure 2. Association of long COVID with SF-36 Physical Component Score
and Mental Component Score. Comparison of (A) Physical Component
Scores and (B) Mental Component Scores between participants with vs. without
long COVID. Results are presented in the overall cohort (left-most plot in each
panel), as well as in baseline medical history subgroups defined by the presence
or absence of selected medical comorbidity categories at baseline (subsequent
plots in each panel). P-values are based on Wilcoxon rank-sum tests, with **
signifying P < 0.001 and * signifying P < 0.05. Abbreviations: Gl: gastrointestinal,

CT: connective tissue.
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