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Abstract

Introduction: There has been little consensus for a specific definition of long
COVID, though several organizations have created varying ones. We sought to
examine the definition of long COVID used in ongoing clinical trials.

Methods: We searched ‘long COVID’ and related terms on both PubMed and
clinicaltrials.gov for randomized studies that either included patients with long
COVID or had a persistent or long-term COVID-related outcome and abstracted
long COVID definition components.

Results: Of the 92 studies, a laboratory-only confirmed diagnosis of COVID-19
was stipulated in 54.3% (n=>50) studies. We found eight different time durations
specified for how long symptoms needed to have occurred, ranging from 4 to
52weeks, with 12weeks being the most common (34.8%; n=32). 35.9% (n=33)
did not specify a time duration. There were 57 different symptoms specified in
total, with a median of one symptom identified per study (range 0-32). 8.7% of
trials adhered to NICE or WHO definitions.

Conclusion: Standardized definitions of long COVID should be applied in stud-
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1 | INTRODUCTION

Following the emergence of Sars-CoV-2, long COVID or
post-acute sequelae of COVID-19 has gained increasing
attention in both the media and scientific publications.’
A PubMed search of all articles for ‘long COVID’ (as of
13 December 2022) shows 4089 articles in 2020, 8965 ar-
ticles in 2021 and 9843 articles in 2022. There has been
little consensus of the specific definition of long COVID,
though the World Health Organization (WHO) and
National Institute for Health and Care Excellence (NICE)
have both created somewhat differing definitions.>?
Defining long COVID is limited by an ever growing list
of possible symptoms, unknown temporality of symp-
toms, and allusivity in formal diagnosis.** The American

ies assessing this condition to unify and harmonize research on this topic.

long COVID, COVID long-haulers, persistent COVID, randomized studies

College of Cardiology has provided a consensus defini-
tion of post-COVID-19 syndrome, which includes a new,
returning, or persistence of symptoms, such as fatigue,
shortness of breath, palpitations and chest pain, among
others, beyond 4weeks of SARS-CoV-2, lasting for at
least 3months, and not explained by any other illness.®
An earlier scoping review evaluated long COVID defini-
tions used in registered clinical trials, but information
on definitions used was reported in general terms.” We
sought to examine the definition of long COVID used in
ongoing clinical trials. Because randomized clinical trials
rely on a specific definition for outcomes and inclusion/
exclusion criteria for interventional and control groups,
we focused our analysis on randomized interventional
trials.
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2 | METHODS

We searched “long covid” OR “long hauler” OR “persis-
tent covid” OR “post-acute sequelae SARS-CoV-2 infec-
tion” OR “post COVID syndrome” AND “randomized”
on PubMed (through 31 August 2022). We also searched
the condition ‘long COVID’ on clinicaltrials.gov, restrict-
ing to interventional studies (same dates). We included
randomized interventional studies that either included
patients with long or persistent COVID or had outcome
related to persistent or long COVID.

We abstracted data on components of the definition of
long COVID, such as symptoms, duration of symptoms, if
symptoms needed to occur or worsen after acute COVID
infection, if there could be any other explanation(s) for the
symptom, number of symptoms needed to meet study defi-
nition of long COVID, how COVID was initially diagnosed
(laboratory, clinical or self-diagnosed), and questionnaires
used to define long COVID, including the World Health
Organization and National Institute for Health and Care
Excellence.

We grouped COVID diagnosis as laboratory (any type
of laboratory testing), clinical (physician/investigatory
assessed symptoms), laboratory and clinical, self-report,
or any combination. If a COVID-specific questionnaire
was used, we counted all symptoms listed in the question-
naire. We tabulated frequencies and percentages for long
COVID definition components in R statistical software

(version 4.2.0). We did not obtain institutional review
board approval because we used publicly available, non-
identifiable data.

3 | RESULTS

Our search resulted in 92 studies on PubMed and 137 on
clinicaltrials.gov. Of those, 18 PubMed articles and 79 ran-
domized studies on clinicaltrials.gov met our inclusion
criteria. We removed 5 clinicaltrials.gov reports because
they were duplicates of PubMed studies, leaving us with
92 studies.

A laboratory-only confirmed diagnosis of COVID-19
was stipulated in 54.3% (n=50) studies. There were eight
different time durations specified for how long symptoms
needed to have occurred, ranging from 4-52weeks, with
12weeks being the most common (34.8%; n=32). 35.9%
(n=33) did not specify a time duration for how long
symptoms needed to have occurred. 40.2% (n=37) did not
provide any specifics on long-COVID symptoms; 20.7%
(n=19) specified that symptoms needed to have occurred
or worsened since COVID-19 infection, and 12.0% (n=11)
stipulated that symptoms could not be explained by an-
other reason (Figure 1, Table 1).

The minimum number of symptoms was not speci-
fied in 88.0% (n=81) of studies, and 28.3% (n=26) used
a recognized symptom questionnaire or list to ascertain

Number of trials

4 weeks 5 weeks 6 weeks 8 weeks

12 weeks

24 weeks 26 weeks 52 weeks NI

Duration of symptoms

FIGURE 1 Duration of symptoms in long COVID definitions in interventional studies.
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TABLE 1 Presence of long COVID definition components in interventional studies (N=92 for all studies/trials; N=69 for studies/trials
with laboratory and/or clinical confirmed COVID-19 infection; and N=18 for trials with publications).

Trials/studies with laboratory

and/or clinical confirmed Published
All trials/studies N (%) COVID-19 infection N (%) studies N (%)
COVID-19 infection determination
Laboratory only 50 (54.3) 50 (72.5) 9 (50.0)
Laboratory and/or clinical 19 (20.7) 19 (27.5) 4(22.2)
Any, including self-diagnosis 5(5.4) 0 1(5.6)
Data not available 18 (19.6) 0 4(22.2)
Time
4weeks 15 (16.3) 12 (17.4) 5(27.8)
Sweeks 1(1.1) 1(1.4) 1(5.6)
6 weeks 3(3.3) 3(4.3) 0
8weeks 3(3.3) 2(2.9) 0
12weeks 32(34.8) 28 (40.6) 4(22.2)
24 weeks 1(1.1) 1(1.4) 0
26 weeks 2(2.2) 2(2.9) 2(11.1)
52weeks 2(2.2) 0 1(5.6)
Data not available 33(35.9) 20 (29.0) 5(27.8)
General definition (no specifics of symptoms) 37 (40.2) 26 (37.7) 8(44.4)
Symptoms only present or worsened after 19 (20.7) 17 (24.6) 6(33.3)
COVID
Symptoms could not be explained by another 11 (12.0) 9(13.0) 3(16.7)
reason
Minimum number of symptoms to meet definition
1 7(7.6) 6 (8.7) 2(11.1)
2 2(2.2) 2(2.9) 0
3 2(2.2) 2(2.9) 1(5.6)
Undefined 81 (88.0) 59 (85.5) 15(83.3)
Used a questionnaire 26 (28.3) 21(30.4) 6(33.3)
Most commonly used questionnaires
Post-COVID-19 functional status (PCFS) 6(6.5) 3(4.3) 0
National Institute for Health and Care 4(4.3) 3(4.3) 2(11.1)
Excellence (NICE)
Modified Medical Research Council 4(4.3) 4(5.8) 2(11.1)
Dyspnoea Scale (mMRC)
World Health Organization (WHO) 4(4.3) 4(5.8) 0
Functional Status Scale (FSS) 4(4.3) 3(4.3) 0
Vaccination status reported or inferred 10(10.9) 7(10.1) 3(16.7)
Symptoms?
Fatigue 36 (39.1) 32(46.4) 8(44.4)
Shortness of breath 25(27.2) 21 (30.4) 7 (38.9)
Cognitive impairment 22(23.9) 19 (27.5) 5(27.8)
Joint/muscular pain 22(23.9) 19 (27.5) 5(27.8)
Cough 20(21.7) 19 (27.5) 4(22.2)
Loss of smell/taste 20 (21.7) 17 (24.6) 7 (38.9)
(Continues)
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TABLE 1 (Continued)
Trials/studies with laboratory
and/or clinical confirmed Published
All trials/studies N (%) COVID-19 infection N (%) studies N (%)

Chest pain 17 (18.5) 16 (23.2) 3(16.7)
Headache 16 (17.4) 15 (21.7) 4(22.2)
Depression 16 (17.4) 14 (20.3) 5(27.8)
Anxiety 16 (17.4) 14 (20.3) 5(27.8)
Post-exertional malaise 15 (16.3) 13 (18.8) 0
Palpitations 15(16.3) 13 (18.8) 3(16.7)
Insomnia 15 (16.3) 13 (18.8) 3(16.7)
Dizziness 15 (16.3) 14 (20.3) 3(16.7)
Fever 14 (15.2) 12 (17.4) 4(22.2)
Memory deficit 13 (14.1) 11 (15.9) 3(16.7)
Paresthesia 12 (13.0) 10 (14.5) 3(16.7)
Diarrhoea 11 (12.0) 9 (13.0) 4(22.2)
Tinnitus 11 (12.0) 9 (13.0) 2(11.1)
Vertigo 10 (10.9) 9 (13.0) 3(16.7)
Vision changes 9(9.8) 8(11.6) 2(11.1)
Respiratory discharge 9(9.8) 7 (10.1) 3(16.7)
Weakness 9(9.8) 7(10.1) 0
Nausea 8(8.7) 7(10.1) 2(11.1)
Rash 8(8.7) 6(8.7) 3(16.7)
Sore throat 8(8.7) 7 (10.1) 2(11.1)
Difficulty concentrating 7(7.6) 5(7.2) 2(11.1)
Anorexia/loss of appetite 6 (6.5) 5(7.2) 2(11.1)
Abdominal pain 6(6.5) 6(8.7) 1(5.6)
Post-traumatic stress disorder 6(6.5) 4(5.8) 3(16.7)
Delirium 5(5.4) 3(4.3) 2(11.1)
Balance/gait issues 5(5.4) 3(4.3) 2(11.1)

*Symptoms that were listed 5 or fewer times in the total analytic sample: respiratory issues, menstrual issues, constipation, neuralgia, allergies, acid reflux,

functional impairment, difficulty swallowing, attention difficulties and symptoms have gotten worse, incontinence, mobility issues, personal care issues,
difficulty muti-tasking, changes/difficulty in speech, sweating, wheezing, confusion, blood pressure changes, oxygen desaturation, chills, irritability, vomiting,

earache, abdominal distension and sleep disturbances.

symptoms. There were 57 different symptoms specified
in total, with a median of 1 symptom identified per study
(range 0-32). The most common symptoms were fatigue
(39.1%; n=36), shortness of breath (27.2%; n=25), cog-
nitive impairment (23.9%; n=22), joint/muscular pain
(23.9% n=22) and cough (21.7%; n=20). 8.7% of trials ad-
hered to NICE or WHO definitions.

4 | DISCUSSION

We found the definition of long COVID used in scientific
studies has tremendous heterogeneity, with little consen-
sus on the symptoms included, the number of symptoms,
or their duration. Objective documentation of COVID-19

infection was lacking in approximately half of studies,
and most studies did not stipulate that symptoms had to
be new or exacerbated after a COVID-19 infection, or that
symptoms should not be attributed to a condition other
than COVID. Some of this heterogeneity stems from stud-
ies being implemented prior to developed definitions.
There is a great need to develop a standardized defi-
nition of long COVID, not only from a scientific stand-
point, but also from a societal standpoint. Using a more
liberal definition of long COVID, the condition is es-
timated to cost society $3.7 trillion dollars, which in-
cludes costs related to medical spending, quality of life
and reduced earnings.8 However, this estimate was cal-
culated from data of long COVID observational studies
that used poorly identified controls. Thus, the number is
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likely overestimated because of diagnosis misclassifica-
tion. A recent retrospective analysis by the US Centers
for Disease Control and Prevention (CDC) reported
that 1 in 5 patients who have had COVID experience
symptoms of long COVID.? The agency leverages elec-
tronic health—and does not use a comparable control
arm, does not assess for resolution of the infection, and
provides a 12month window for a symptom to arise.
Whether this estimate is compatible with the experience
of most Americans is unknown, and some doctors doubt
this estimate.'”

Because of this uncertainty, standardized definitions
should be developed by reputable organizations with
skills to critically evaluate study bias. Moreover, defi-
nitions should be based on studies that include control
groups that are comparable to cases except for having had
covip."

The definition of long COVID should at a minimum
specify a confirmed diagnosis of COVID-19, stipulate
that symptoms had not been present prior to COVID-19
infection, and rule out pre-existing or concomitant con-
ditions that could be causing symptoms thought to be
due to long COVID. Moreover, because more severe in-
fections of any type require longer recovery, the defini-
tion should also stipulate a duration of symptoms that
is at least commensurate with the severity of initial
COVID-19 infection.

It would also be important to separate post-intensive
care syndrome from that of long COVID.' It is expected
that patients with serious conditions requiring critical
care, including for the treatment of COVID, will have a
longer recovery and experience a greater number of as-
sociated lingering symptoms or sequelae. As such, it is
important to separate the effects of intensive treatment
for a critical condition from persisting symptoms of a less
serious infection.

Limitations include definitions coming from clinical-
trials.gov, where the final trial design has yet to be set, and
inconsistency in the names of symptoms. Using common
themes in long COVID consensus definitions as a start-
ing point, standardized definitions of long COVID should
be applied in studies assessing this condition to unify and
harmonize research on this topic.

AUTHOR CONTRIBUTIONS

VP and AH conceptualized study design; AH and TO re-
viewed and abstracted data; VP reviewed and confirmed
abstracted data; AH wrote first draft of manuscript; and
all authors reviewed and revised subsequent and finalized
draft of manuscript.

FUNDING INFORMATION
None.

WILEY->*

CONFLICT OF INTEREST STATEMENT

Vinay Prasad's Disclosures. (Research funding) Arnold
Ventures (Royalties) Johns Hopkins Press, Medscape, and
MedPage (Honoraria) Grand Rounds/lectures from uni-
versities, medical centres, non-profits, and professional
societies. (Consulting) UnitedHealthcare and OptumRX.
(Other) Plenary Session podcast has Patreon backers,
YouTube and Substack. All other authors have no finan-
cial nor non-financial conflicts of interest to report.

ORCID

Alyson Haslam @ https://orcid.org/0000-0002-7876-3978
Timothée Olivier (© https://orcid.
org/0000-0002-6936-5783

Vinay Prasad @ https://orcid.org/0000-0002-6110-8221

REFERENCES

1. Yong E. Long-haulers are fighting for their future. The Atlantic.
Accessed September 6, 2022. https://www.theatlantic.com/
science/archive/2021/09/covid-19-long-haulers-pandemic-
future/619941/

2. COVID-19 rapid guideline: managing the long-term effects of
COVID-19. National Institute for Health and Care Excellence
(NICE); 2020.

3. World Health Organization. A clinical case definition of
post COVID-19 condition by a Delphi consensus. Accessed
September 5, 2022. https://www.who.int/publications/i/item/
WHO-2019-nCoV-Post_COVID-19_condition-Clinical_case_
definition-2021.1

4. Munblit D, O'Hara ME, Akrami A, Perego E, Olliaro P, Needham
DM. Long COVID: aiming for a consensus. Lancet Respir Med.
2022;10(7):632-634. doi:10.1016/S2213-2600(22)00135-7

5. Wisk LE, Nichol G, Elmore JG. Toward unbiased evalua-
tion of Postacute sequelae of SARS-CoV-2 infection: chal-
lenges and solutions for the long haul ahead. Ann Intern Med.
2022;175(5):740-743. d0i:10.7326/M21-4664

6. Committee W, Gluckman TJ, Bhave NM, et al. 2022 ACC ex-
pert consensus decision pathway on cardiovascular sequelae of
COVID-19 in adults: myocarditis and other myocardial involve-
ment, post-acute sequelae of SARS-CoV-2 infection, and return
to play: a report of the American College of Cardiology Solution
set Oversight Committee. J Am Coll Cardiol. 2022;79(17):1717-
1756. doi:10.1016/j.jacc.2022.02.003

7. Ceban F, Leber A, Jawad MY, et al. Registered clinical tri-
als investigating treatment of long COVID: a scoping re-
view and recommendations for research. Infect Dis (Lond).
2022;54(7):467-477. d0i:10.1080/23744235.2022.2043560

8. Cutler DM. The economic cost of long COVID: an update. 2022.
Accessed March 27, 2023. https://scholar.harvard.edu/files/
cutler/files/long_covid_update_7-22.pdf

9. Bull-Otterson L, Baca S, Saydah S, et al. Post-COVID conditions
among adult COVID-19 survivors aged 18-64 and >65years—
United States, march 2020-November 2021. MMWR Morb
Mortal Wkly Rep. 2022;71(21):713-717. doi:10.15585/mmwr.
mm712lel

10. Mazer B. Long COVID could Be a ‘mass deterioration event.’
The Atlantic. 2022. Accessed January 11, 2023. https://www.

85UB01 7 SUOWIWIOD SA 181D 3(dfedtdde a1 Aq peuienob aJe ool VO ‘8sN JO S9|nJ 10} A%iq 1 8UlUQ A8]I/ UO (SUOIPUOD-PUR-SWLIBYW0D A8 |1 Ake.d|1|Bul JUO//SdnL) SUONIPUOD pue SWB | 8U1 89S *[£202/90/22] Uo AriqiTauliuo A8|im ‘Ues ‘eluio}ied JO AIseAluN AQ 686€T108/TTTT OT/I0PAL0Y A8 M ATeIq1jpuIuO//SdNY Woi) pepeojumod ‘0 ‘Z9EZS9ET


https://orcid.org/0000-0002-7876-3978
https://orcid.org/0000-0002-7876-3978
https://orcid.org/0000-0002-6936-5783
https://orcid.org/0000-0002-6936-5783
https://orcid.org/0000-0002-6936-5783
https://orcid.org/0000-0002-6110-8221
https://orcid.org/0000-0002-6110-8221
https://www.theatlantic.com/science/archive/2021/09/covid-19-long-haulers-pandemic-future/619941/
https://www.theatlantic.com/science/archive/2021/09/covid-19-long-haulers-pandemic-future/619941/
https://www.theatlantic.com/science/archive/2021/09/covid-19-long-haulers-pandemic-future/619941/
https://www.who.int/publications/i/item/WHO-2019-nCoV-Post_COVID-19_condition-Clinical_case_definition-2021.1
https://www.who.int/publications/i/item/WHO-2019-nCoV-Post_COVID-19_condition-Clinical_case_definition-2021.1
https://www.who.int/publications/i/item/WHO-2019-nCoV-Post_COVID-19_condition-Clinical_case_definition-2021.1
https://doi.org//10.1016/S2213-2600(22)00135-7
https://doi.org//10.7326/M21-4664
https://doi.org//10.1016/j.jacc.2022.02.003
https://doi.org//10.1080/23744235.2022.2043560
https://scholar.harvard.edu/files/cutler/files/long_covid_update_7-22.pdf
https://scholar.harvard.edu/files/cutler/files/long_covid_update_7-22.pdf
https://doi.org//10.15585/mmwr.mm7121e1
https://doi.org//10.15585/mmwr.mm7121e1
https://www.theatlantic.com/health/archive/2022/06/long-covid-chronic-illness-disability/661285/?utm_source=twitter&utm_medium=social&utm_campaign=share

MWI LEY

11.

12.

HASLAM ET AL.

theatlantic.com/health/archive/2022/06/long-covid-chronic-
illness-disability/661285/?utm_source=twitter&utm_mediu
m=social&utm_campaign=share

Wisk LE, Gottlieb MA, Spatz ES, et al. Association
of Initial SARS-CoV-2 test positivity with patient-
reported well-being 3 months after a symptomatic ill-
ness. JAMA Netw Open. 2022;5(12):e2244486. doi:10.1001/
jamanetworkopen.2022.44486

Jaffri A, Jaffri UA. Post-intensive care syndrome and
COVID-19: crisis after a crisis? Heart Lung. 2020;49(6):883-884.
doi:10.1016/j.hrtlng.2020.06.006

How to cite this article: Haslam A, Olivier T,
Prasad V. The definition of long COVID used in
interventional studies. Eur J Clin Invest.
2023;00:013989. d0i:10.1111/eci.13989

85UB01 7 SUOWIWIOD SA 181D 3(dfedtdde a1 Aq peuienob aJe ool VO ‘8sN JO S9|nJ 10} A%iq 1 8UlUQ A8]I/ UO (SUOIPUOD-PUR-SWLIBYW0D A8 |1 Ake.d|1|Bul JUO//SdnL) SUONIPUOD pue SWB | 8U1 89S *[£202/90/22] Uo AriqiTauliuo A8|im ‘Ues ‘eluio}ied JO AIseAluN AQ 686€T108/TTTT OT/I0PAL0Y A8 M ATeIq1jpuIuO//SdNY Woi) pepeojumod ‘0 ‘Z9EZS9ET


https://www.theatlantic.com/health/archive/2022/06/long-covid-chronic-illness-disability/661285/?utm_source=twitter&utm_medium=social&utm_campaign=share
https://www.theatlantic.com/health/archive/2022/06/long-covid-chronic-illness-disability/661285/?utm_source=twitter&utm_medium=social&utm_campaign=share
https://www.theatlantic.com/health/archive/2022/06/long-covid-chronic-illness-disability/661285/?utm_source=twitter&utm_medium=social&utm_campaign=share
https://doi.org//10.1001/jamanetworkopen.2022.44486
https://doi.org//10.1001/jamanetworkopen.2022.44486
https://doi.org//10.1016/j.hrtlng.2020.06.006
https://doi.org/10.1111/eci.13989

	The definition of long COVID used in interventional studies
	Abstract
	1|INTRODUCTION
	2|METHODS
	3|RESULTS
	4|DISCUSSION
	AUTHOR CONTRIBUTIONS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	REFERENCES




