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ABSTRACT

Background An estimated 10-30% of people with
COVID-19 experience debilitating long-term symptoms or
long covid. Underlying health conditions associated with
chronic inflammation may increase the risk of long covid.
Methods We conducted a systematic review and
meta-analysis to examine whether long covid risk was
altered by pre-existing asthma or chronic obstructive
pulmonary disease (COPD) in adults. We identified studies
by searching the PubMed and Embase databases from
inception to 13 September 2024. We excluded studies that
focused on children or defined long covid only in terms of
respiratory symptoms. We used random-effects, restricted
maximum likelihood models to analyse data pooled from
51 studies, which included 43 analyses of asthma and 30
analyses of COPD. The risk of bias was assessed using a
ROBINS-E table.

Results We found 41% increased odds of long covid with
pre-existing asthma (95% Cl 1.29 to 1.54); pre-existing
COPD was associated with 32% increased odds (95% Cl
1.16 to 1.51). Pre-existing asthma, but not COPD, was
associated with increased odds of long covid-associated
fatigue. We observed heterogeneity in the results of
studies of asthma related to hospitalisation status.
Potential confounding and inconsistent measurement of
exposure and outcome variables were among the identified
limitations.

Conclusions Our findings support the hypothesis that
pre-existing asthma and COPD increase the risk of long
covid, including chronic fatigue outcomes in patients with
asthma. Because COVID-19 targets the respiratory tract,
these inflammatory conditions of the lower respiratory
tract could provide mechanistic clues to a common
pathway for the development of long-term sequelae in
patients with long covid.

INTRODUCTION

As of December 2023, there have been over
770 million confirmed cases of COVID-19 and
approximately 7million related deaths, with
typically thousands of new cases reported each
week.' Approximately 10-30% of people with
COVID-19 experience debilitating long-term
symptoms, a disorder that has been called
long covid, post-COVID conditions (PCC) or
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= Long covid is fast becoming one of the world’s ma-
jor chronic diseases. Data from recent studies, along
with emerging information regarding the biologi-
cal underpinnings of long covid, suggest that pre-
existing inflammatory lung diseases may increase
the risk of long covid.

WHAT THIS STUDY ADDS

= Our findings support the hypothesis that asthma
and COPD increase the risk of long covid, including
chronic fatigue outcomes.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Millions of adults with asthma or COPD may be at
a higher risk of acquiring long covid after suffering
from COVID-19. Studies to determine the pathogen-
esis of this new condition are urgently needed, as
are measures to prevent and mitigate its effects.

people worldwide have suffered from long
covid, including as many as 23 million people
currently in the USA.?

According to the US Centres for Disease
Control and Prevention (CDC), long covid
is a wide range of new, returning or ongoing
health problems that people experience at
least 3 months after being infected with SARS-
CoV-2,” whereas the WHO defines long covid
as the continuation or development of new
symptoms 3months after the initial SARS-
CoV-2 infection, with these symptoms lasting
for at least 2 months with no other explana-
tion.* Most recently, the US National Acade-
mies of Sciences, Engineering and Medicine
defined long covid as an infection-associated
chronic condition that occurs after SARS-
CoV-2 infection and is present for at least
3 months as a continuous, relapsing and
remitting, or progressive disease state that
affects one of more organ systems.5 6 Symp-
toms of long covid may include persistent
cough, malaise, fatigue, breathing difficul-

Professor Rajiv Dhand; post-acute sequelae of SARS-CoV-2 infection ties, cardiovascular abnormalities, kidney
rdhand@utmck.edu (PASC). This suggests that 77-231million disease, diabetes, neurological, cognitive
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and/or mental health impairments.” Even mild cases of
COVID-19 can lead to long covid, and the pathogenic
mechanisms underlying the development of long covid
remain poorly understood.”

According to the US National Institutes of Health,
suspected and emerging risk factors for long covid include
older age, female sex, the severity of COVID illness, the
immune response to the initial SARS-CoV-2 infection
and certain underlying health conditions associated with
chronic inflammation, such as diabetes, autoimmune
disease and asthma.” Regarding asthma, multiple pro-
inflammatory pathways contribute to its development,’
and some investigators have suggested that the asso-
ciation between asthma and long covid is particularly
notable.'’ Therefore, we conducted a systematic review
and meta-analysis to determine whether adult patients
with asthma had altered risk of developing long covid.
Because immune dysregulation underlies both asthma
and long covid," " we separately examined whether
another chronic lower respiratory tract inflammatory
condition, pre-existing chronic obstructive pulmonary
disease (COPD), was associated with long covid. Indeed,
Tsampasian and colleagues'” have suggested that the pres-
ence of pre-existing COPD also increases the risk of long
covid. To account for different case definitions of long
covid, we analysed the association according to the length
of time symptoms were assessed after the initial COVID
infection. Because ‘fatigue’ was the most addressed non-
respiratory long covid outcome in published studies, we
also examined the associations of pre-existing asthma
and COPD with long covid-associated fatigue.

METHODS

This systematic review was conducted according to the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines. This review was
completed without a protocol and was not registered.
Electronic searching of the PubMed/MEDLINE and
Embase (Elsevier) databases took place on 13 September
2024 and included studies published from inception to
that date. The search strategy was first created in PubMed
(online supplemental appendix 1) and then translated
into Embase based on keywords and controlled vocabu-
lary for long covid, asthma and COPD. Manual searches
of reference lists were conducted on all eligible articles
following the screening.

All articles retrieved from the database searches
were imported into Covidence (Covidence systematic
review software, Veritas Health Innovation, Melbourne,
Australia; available at www.covidence.org). Covidence
identified 109 duplicates, and two additional dupli-
cates were marked and removed manually. One author
screened the titles and abstracts against the inclusion and
exclusion criteria. Titles meeting the inclusion criteria
had their full text retrieved for further screening by two
authors. If the full text continued to meet the study inclu-
sion criteria, data were extracted for analysis. The same

two authors extracted data from the included studies.
Any disagreements related to these tasks were discussed
among the two authors, with a third author available
to make a final decision if an agreement could not be
reached.

Eligible studies provided risk estimates that directly
addressed the association between pre-existing asthma
or COPD and the risk of long covid. When risk ratio
estimates were not published, we included studies that
provided raw data from which ratio estimates could be
calculated. We did not consider studies that focused
primarily on children, those that examined asthma
or COPD initiation or exacerbation due to long covid,
those with a study population that overlapped with that
of another publication, those that combined all chronic
lung diseases into a single exposure, those that defined
long covid only in terms of respiratory symptoms and
those that did not present measures of association for
asthma or COPD and did not present raw data sufficient
for their secondary calculation. In this way, we identi-
fied 51 studies of pre-existing lower respiratory tract
diseases and long covid'“*" that included 43 analyses
of asthma!*2! 2351 38 3436 3844 4853 5564 ) § 30) analyses of
COPD, 1722 24-2780 32 85 37 8043 4547 50-54 5650 6164 o o
yses examined asthma and COPD combined.” ** % % In
sensitivity analyses, the latter four studies were excluded
in both asthma and COPD analyses to determine whether
results were meaningfully altered by their exclusion. We
also ran a separate model including only those four
studies as a comparison with the results of the full anal-
yses for both asthma and COPD.

General information regarding the studies, including
study location, sample size, exposure and outcome assess-
ment, and possible sources of bias, was abstracted and
summarised (online supplemental table 1). The risk of
bias was more formally assessed using the ROBINS-E
(ROB, risk of bias in non-randomised studies of expo-
sure),” and the resulting table is shown in online supple-
mental appendix 2. ROB was completed by two authors.
Each study was assessed for the presence of subanalyses
according to specific long covid symptoms related to
chronic fatigue.

Patient and public involvement
Neither patients nor members of the public were involved
in the present study.

Statistical methods

The extrapolated data from the studies that met inclu-
sion and exclusion criteria were collated in an Excel
database for statistical purposes. Measures of relative
risk, including risk ratios, ORs and HRs, were extrap-
olated when presented in studies. We calculated risk
estimates when studies presented only the raw data
required for their calculation. The meta suite of
functions (forest plot, funnel plot and bias) in Stata
(College Station, TX: StataCorp, LCC) was used to
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perform a series of meta-analyses using the random-
effects, restricted maximum likelihood model. ORs
with 95% ClIs were the primary outcomes derived from
each of the studies and included in the meta-analyses.
We conducted sub-analyses of the data according to
the duration of symptoms after the initial diagnosis of
COVID-19 that each study used to define the presence
of long covid. For this analysis, categories of follow-up
time were 3+ weeks, 12+ weeks and 26+ weeks. To
examine the heterogeneity of study results according
to hospitalisation status, study populations in which
less than 25% had been hospitalised with COVID-19
in the weeks or months prior to the assessment of long
covid were considered ‘not hospitalised’, whereas
study populations in which more than 75% were hospi-
talised with COVID-19 were considered ‘hospitalised’.
Pooled effects for the OR and 95% CI were reported
and interpreted for each meta-analysis. Heterogeneity
across the studies examined in each meta-analysis was
assessed using Cochran’s Q and F* statistics. Publica-
tion bias was assessed using funnel plots and Begg’s
test. Forest plots were generated to present the results
of meta-analyses, along with the respective weighting
of each study expressed as a percentage. Sensitivity
analyses were specified in an a priori fashion. Statistical
significance was assumed at an alpha value of 0.05.

RESULTS

The PRISMA flow chart (figure 1) shows the number
of reports at each stage of the screening process. Data-
base searches identified 704 records, and an additional
two references were found through citation searches. An

Identification of studies via databases and registers

automation tool removed 111 records prior to screening,
and 463 were excluded at the end of the abstractscreening
stage. The remaining 130 records were evaluated based
on their full-text content, and an additional three dupli-
cate studies missed by automation were excluded, as well
as 72 records with the wrong outcome reported (ie, not
statistically reporting risk of long covid), five with inap-
propriate study design (ie, combining various chronic
lung diseases in analysis) and one report was not in
English language. A total of 51 articles were included in
the evaluation. These studies varied in their sample size,
the percentage of participants hospitalised due to their
initial infection with SARS-CoV-2, and the methods by
which information on exposure and outcome variables
were obtained (online supplemental table 1).
Pre-existing asthma was associated with a statistically
significant 41% increased odds of long covid in our meta-
analysis of data from 43 epidemiologic studies (pooled
OR=1.41, 95% CI 1.29 to 1.54, p<0.001; figure 2). Simi-
larly, pre-existing COPD was associated with a statistically
significant 32% increased odds of long covid in 30 epide-
miologic studies (pooled OR=1.32, 95% CI 1.16 to 1.51,
p<0.001; figure 3). Significant heterogeneity was detected
for the asthma pooled effect, Q(42) = 269.64, p<0.001,
and the COPD pooled effect, Q(42) = 269.64, p<0.001,
’=89.87%. There was no evidence of publication bias for
the asthma analysis, z=0.96, p=0.34 or the COPD analysis,
7z=0.54, p=0.59. The inclusion of the four studies that
combined asthma and COPD into a single exposure did
not meaningfully alter the results of these analyses. A
separate meta-analysis of these four studies did not yield
a significant effect, pooled OR=1.33, 95% CI 0.93 to 1.90;

Identification of studies via other methods

Figure 1

—
Records identified from*: ocorramousd e Records identified from:
Databases (n =704 ) screening: Websites (n =0)
é PubMed (n =150) — Duplicate records removed Organisations (n =0)
i Embase (n=554) (n=111) Citation searching (n =2)
| i
Records screened Records excluded
(n =593) " (n=463)
!
Reports sought for retrieval Reports not retrieved Reports sought for retrieval Reports not retrieved
,E (n=130) —*| (n=0) (n=2) * (n=0)
1 |
§ ! !
Reports assessed for eligibility Reports excluded: Reports assessed for eligibility
(n=130) I Duplicate study (n = 3) (n=2) —%| Reports excluded:
Wrong outcome (n =72) None (n = 0)
Wrong study design (n=5)
—J Non-English (n =1)
§ Reports of included studies
g (n=51)

Data acquisition Preferred Reporting Items for Systematic Reviews and Meta-Analyses 2020 flow diagram.
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exp(ES) Weight

Study with 95% ClI (%)
Adams 2023 [ ] 1.65[1.52, 1.79] 4.40
Alkwai 2022 e 1.86[0.78, 4.42] 0.85
Babicki 2024 - 1.46[1.03, 2.07] 267
Baris 2022 - 1.50[0.72, 3.13] 1.10
Barth 2024 - 1.80[0.91, 3.55] 1.24
Blomberg 2021 [ ] 1.14[1.03, 1.26] 4.32
Bobkova 2021 —— 1.95[1.26, 3.01] 2.17
Bonet 2023 3 2.01[1.51, 267] 3.10
Cervia 2022 9.74[0.86, 110.11] 0.13
Chudzik 2022 Hl- 1.31[0.96, 1.78] 295
Comelli 2022 — - 1.21[0.53, 2.78] 0.91
Daitch 2022 1.12[0.78, 1.61] 2.58
de Arriba Fernandez 2022 - 1.31[1.05, 1.63] 3.56
Desgranges 2022 1.11[0.58, 2.13] 1.31
Dryden 2022 H- 1.32[0.98, 1.78] 2.98
Ebbesen 2024 — 0.78[ 0.40, 1.52] 1.27
Eggert 2021 - 1.34[0.70, 2.56] 1.33
Fernandez 2021 - 1.71[0.72, 4.06] 0.85
Foer 2022 [ | 1.36[1.26, 1.47] 441
Gallant 2023 - 2.06[0.99, 4.28] 1.11
Hedberg 2022 [ ] 2.09[1.82, 240] 4.10
Hirschtick 2021 0.92[0.74, 1.14] 3.58
loannou 2022 | | 1.32[1.26, 1.38] 4.50
Jacobs 2023 - 1.48[1.06, 2.07] 2.74
Jones 2021 1.06[0.77, 1.46] 2.86
Kostev 2023 | | 1.38[1.19, 1.60] 4.06
Lim 2024 — 2.01[1.07, 3.78] 1.37
Miskowiak 2023 — 299[1.36, 6.57] 0.99
Moussa 2022 — - 1.48[0.68, 3.22] 1.01
Munblit 2021 i 1.41[0.95 2.10] 2.38
Nair 2023 —_— 3.80[1.43, 10.09] 0.70
Oelsner 2024 [ ] 1.01[0.91, 1.12] 4.31
Peghin 2021 — - 1.66[0.70, 3.96] 0.85
Sharif-Askari 2024 g 3 1.73[1.28, 2.34] 298
Shukla 2023 — - 261[1.09, 6.25] 0.84
Subramanian 2022 [ | 1.15[1.12, 1.18] 4.54
Sudre 2023 - 214[1.55, 2.96] 2.83
Sunata 2023 —— 3.52[1.43, 8.64] 0.80
Thompson 2022 1.14[0.83, 1.57] 2.86
Tleyjeh 2022 t 1.22[0.91, 1.63] 3.07
Wan 2023 3.39[1.09, 10.56] 0.54
Wu 2022 —_— 0.96[0.26, 3.58] 0.41
Zang 2024 [ ] 1.05[0.98, 1.12] 4.44
Overall (] 1.41[1.29, 1.54]
Heterogeneity: 12 = 0.04, |2 = 89.87%, H2 = 9.87
Test of 6, = 8;: Q(42) = 269.64, p = 0.00
Testof 8 =0:z=7.64, p=0.00

12 2 8 32

Random-effects REML model

Lower Risk <= wm——p Higher Risk

Pooled OR=1.41 (95% CI=1.29-1.54, p<0.001)
Figure 2 ORs of pre-existing asthma in adult patients with long covid.

there was no evidence of heterogeneity, Q(3) = 3.70,
p=0.30, P=18.16%, or publication bias, z=1.70, p=0.09.
In the analysis of data from a subset of eight studies,
pre-existing asthma was associated with a statistically
significant 30% increased odds of chronic fatigue-related
symptoms and disabilities related to COVID-19 (pooled
OR=1.30, 95%CI 1.14 to 1.49, p<0.001; figure 4).
There was significant heterogeneity associated with the
asthma pooled effect, Q(7) = 19.39, p=0.01, I’=56.99%.
No evidence of publication bias was detected for the

association with asthma-related fatigue, z=0.37, p=0.71.
Six studies focused on pre-existing COPD and led to a
statistically non-significant 13% increased odds of long
covid-related chronic fatigue (pooled OR=1.13, 95% CI
0.68 to 1.89, p=0.63; significant heterogeneity, Q(5) =
19.88, p<0.001, P=83.29; there was no evidence of publi-
cation bias, z=—1.50, p=0.26; figure 5).

The minimum duration of long covid-defining symp-
toms following the initial COVID diagnosis to be consid-
ered ‘long covid’ also varied among studies (online
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exp(ES) Weight

Study with 95% ClI (%)
Adams 2023 [ | 146[1.31, 1.62] 6.86
Baris 2022 —a— 3.39[1.48, 7.78] 1.90
Bonora 2024 ———— 0.32[0.03, 3.21] 0.32
Chudzik 2022 0.98[0.55, 1.75] 3.04
Comelli 2022 % 1.21[0.53, 2.78] 1.90
Daitch 2022 1.12[0.78, 1.61] 4.70
de Arriba Fernandez 2022 —— 1.85[1.10, 3.10] 3.46
Ebbesen 2024 —a— 0.33[0.15, 0.73] 2.01
Fang 2022 — 0.55[0.22, 1.40] 1.60
Fumagalli 2022 ——=—10.74 [ 1.58, 73.12] 0.46
Gelhorn 2024 —— 434153, 12.33] 1.34
Hirschtick 2021 1.07[0.80, 1.43] 5.39
loannou 2022 T- 1.42[1.38, 1.47] 7.14
Jacobs 2023 —— 0.67[0.24, 1.89] 1.35
Jones 2021 +il— 1.53[0.85, 2.75] 3.01
Kostev 2023 0.89[0.76, 1.04] 6.52
Liu 2021 TI 2.01[1.40, 2.88] 4.71
Martinez-Ayala 2023 L] 1.34[1.10, 1.63] 6.21
Menezes 2022 = 4.30[0.34, 54.95] 0.27
Munblit 2021 L 3 1.68[1.21, 2.33] 5.03
Nair 2023 T 1.19[0.44, 3.24] 142
Oelsner 2024 1.14[0.97, 1.33] 6.52
Peghin 2021 —I - 1.66[0.70, 3.96] 1.78
Perez 2022 5.01[1.32, 19.01] 0.88
Subramanian 2022 || 1.55[1.47, 1.64] 7.08
Sunata 2023 ———— 0.68[0.07, 6.26] 0.35
Tleyjeh 2022 L 1.35[1.13, 1.61] 6.38
Wan 2023 3.39[1.09, 10.56] 1.16
Wu 2022 3.05[0.18, 52.22] 0.21
Zang 2024 [ | 0.98[0.91, 1.06] 7.00
Overall ('] 1.32[1.16, 1.51]
Heterogeneity: 12 = 0.06, I = 90.78%, H? = 10.84
Test of 8, = 8: Q(29) = 186.19, p = 0.00
Testof 6 =0:z=4.12, p=0.00

116 112 a 32

Random-effects REML model

Lowerrisk < =——)p Higherrisk

Pooled OR=1.32 (95% CI=1.16-1.51, p<0.001)
Figure 3 ORs of pre-existing chronic obstructive pulmonary disease in adult patients with long covid.

supplemental table 1). Studies of asthma that considered
a minimum of 3 weeks of symptoms to be long covid
showed a significant pooled effect (pooled OR=1.44,
95% CI 1.23 to 1.70, p<0.001; significant heterogeneity,
Q(15) = 77.65, p<0.001, I’=85.69%), as well as with a
minimum of 12+ weeks (pooled OR=1.40, 95% CI 1.24 to
1.58, p<0.001; significant heterogeneity, Q(18) = 175.32,
p<0.001, ’=91.39%) and at a minimum of 26+ weeks
(pooled OR=1.47, 95% CI 1.09 to 1.98, p<0.001; signif-
icant heterogeneity, Q(7) = 16.00, p=0.03, I’=60.33%;
table 1). There was no significant evidence of publication
bias for the asthma results at 3+ weeks, z=0.77, p=0.44,
12+weeks, 2=—0.14, p=0.94, or 26+weeks, z=1.36, p=0.17.
The results according to follow-up time in studies of
COPD were weaker and less consistent regarding their

statistical significance (4+ weeks pooled OR=1.22, 95% CI
1.02 to 1.46, p=0.03; 12+ weeks pooled OR=1.41, 95% CI
1.16 to 1.72, p<0.001; and 26+weeks pooled OR=1.19,
95% CI10.71 to 1.98, p=0.51) (table 1). Significant hetero-
geneity was detected at 4+ weeks, Q(7) = 21.43, p<0.001,
P=61.35%, 12+ weeks, Q(10) = 63.72, p<0.001, I’=95.19%
and 26+ weeks, Q(10) = 32.30, p<0.001, P=80.30% for the
COPD analyses. There was no evidence of publication
bias for the COPD studies at 4+ weeks, z=0.62, p=0.054;
13+ weeks, 2=0.62, p=0.53; or 26+ weeks, z=-0.16, p=1.00.

We found significant heterogeneity of results in
studies of asthma according to whether patients were
hospitalised due to COVID-19. Ten studies that exam-
ined asthma among patients who were mostly hospital-
ised with COVID-19%0 2! 2729 30 36495059 g1 306 d a pooled
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exp(ES) Weight

Study with 95% ClI (%)
Blomberg 2021 | ] 1.14[1.03, 1.26] 29.48
Bobkova 2021 —a— 1.95[1.26, 3.01] 7.64
Chudzik 2022 —— 1.32[0.99, 1.76] 13.59
Daitch 2022 — 1.12[0.78, 1.61] 10.02
Ebbesen 2024 —a 0.78[0.40, 1.52] 3.71
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Figure 4 ORs of pre-existing asthma in adult patients with long covid defined by fatigue.

OR of 1.55 (95% CI 1.30 to 1.86), whereas 14 studies in
which participants were mostly not hospitalised for their
COVID-19'7 161819243440 42515256 60 61 ¢ e 3 pooled OR
of 1.32 (95% CI 1.16 to 1.49). The meta-analysis for non-
hospitalised patients showed significant heterogeneity
(Q[18]=121.27 p<0.001, I’=94.22%, but no heterogeneity

was found for hospitalised patients, Q[9] = 15.63, p=0.08,
I’=38.71%. There was no evidence of publication bias for
either group (not hospitalised, z=0.88, p=0.38; hospital-
ised, z=0.89, p=0.37). With regard to non-hospitalised
patients with COPD, there was a pooled OR of 1.38,
95% CI 1.24 to 1.55, p<0.001; significant heterogeneity,

exp(ES) Weight
Study with 95% CI (%)
Chudzik 2022 T 1.17[0.66, 2.07] 18.00
Daitch 2022 1.12[0.78, 1.61] 20.81
Ebbesen 2024 —i— 0.33[0.15, 0.73] 14.82
Liu 2021 —- 2.01[1.40, 2.88] 20.83
Munblit 2021 - 1.68[1.21, 2.33] 21.24
Sunata 2023 = 0.68[0.07, 6.26] 4.31
Overall - 1.13[0.68, 1.89]

Heterogeneity: 12 = 0.29, I2 = 83.29%, H? = 5.98
Test of 6, = 8: Q(5) = 19.88, p = 0.00
Testof 6 =0:z=0.49, p=0.63

Random-effects REML model
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Pooled OR=1.13 (95% CI=0.68-1.89 p=0.63)

Figure 5 ORs of pre-existing chronic obstructive pulmonary disease in adult patients with long covid defined by fatigue.
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Table 1
duration of follow-up for long covid

Results of epidemiologic studies in adults with asthma and chronic obstructive pulmonary disease according to the

Pooled OR (95% Cl)
Pre-existing diagnosis Weeks of follow-up long covid P value
Asthma
3+ weeks (16 studies) 1.44 (1.23-1.70) < 0.001
12+ weeks (19 studies) 1.40 (1.24-1.58 < 0.001
26+ weeks (eight studies) 1.47 (1.09-1.98) < 0.001
COPD
4+ weeks (eight studies) 1.22 (1.02-1.46) 0.03
12+ weeks (11 studies) 1.41 (1.16-1.72) < 0.001
26+ weeks (11 studies) 1.19 (0.71-1.98) 0.51

COPD, chronic obstructive pulmonary disease.

Q7] =22.79, p<0.001, P=79.98%; there was no evidence
of publication bias, z=1.11, p=0.27. In hospitalised COPD
patients, a non-significant effect was detected (pooled
OR=1.34, 95% CI 0.72 to 2.51, p=0.36; significant hetero-
geneity, Q[8] = 31.33, p<0.001, P=85.32; there was no
evidence of publication bias, z=-0.31, p=0.92) (data not
shown).

DISCUSSION

The results of our meta-analysis of 51 epidemiological
studies support the hypothesis that pre-existing asthma
and COPD confer moderate, approximately 30-40%
increased risks of long covid in adults. Although most
of the studies we analysed did not distinguish which of
the long covid-defining symptoms were associated most
directly with these exposures, eight studies that sepa-
rately examined chronic fatigue showed a statistically
significant 30% increased risk among COVID patients
with pre-existing asthma.

Globally, there are approximately 300million people
living with asthma®™ and approximately 400million
people living with COPD.”” We found that asthma and
COPD are associated with approximately 30% to 40%
increased odds of developing long covid. As such, millions
of adults with asthma or COPD have acquired and/or
are at higher risk of acquiring long covid after suffering
from COVID-19. Although results were not statistically
significant, a recently published meta-analysis found that
pre-existing asthma increased odds of long covid by 42%
in children and adolescents, which is similar to the 41%
increased odds we observed among adults in our meta-
analyses.”® Studies to determine the pathogenesis of this
new condition are urgently needed, as are measures to
prevent and mitigate its effects.

Possible causes suggested for the development of long
covid include persisting SARS-CoV-2 in tissues; reactiva-
tion of dormant viruses; deleterious alterations in the
microbiota; microvascular blood clotting with endothe-
lial dysfunction; dysfunctional signalling in the brain-
stem and/or vagus nerve; and immune dysregulation

and autoimmunity and consequent long-term inflamma-
tion.” " However, the mechanisms by which pre-existing
lower respiratory tract diseases, such as asthma or COPD,
may increase the risk of long covid remain speculative.
Because inflaimmation and immune system abnormal-
ities underlie asthma, COPD and long covid, investiga-
tors have speculated that shared immuno-inflammatory
mechanisms may explain asthma patients’ predisposition
to the long-term neurological sequelae of COVID-19. For
example, laboratory findings linked to an inflammatory
profile have also been found to increase the risk of long
covid, such as a significant decrease in total lymphocyte
counts—especially CD4+T cells and CD8+T cells—and
an increase in LDH, CRP and IL-6 levels, as well as 1L-1,
TNF-a, IP10 and mast cell activation,69 172 factors that
have also been shown to underlie sub-types of asthma
and/or COPD.” ™ Additionally, our analyses suggest that
pre-existing asthma increases the risk of COVID-related
chronic fatigue. Asthma-related type 2 cytokines (eg, IL-4,
IL-5 and IL-13) can reach the anterior cingulate cortex,
basolateral amygdala and other brain regions, and acti-
vate microglia and astrocytes, which has led investigators
to speculate that the lung-brain axis may increase suscep-
tibility to persistent fatigue in long covid in patients with
asthma.”™

Heterogeneity of study results was detected in several
of our primary and sensitivity analyses and should be
considered when making inferences based on the subse-
quent pooled effects. Asthma patients who were hospital-
ised with COVID-19 showed a higher risk of long covid
than those who were not hospitalised during the acute
illness phase, which is a notable source of heterogeneity
observed in our analyses. Indeed, the CDC states that
COVID-19 severity is associated with a risk of long covid,
including related autoimmune conditions.” However,
whether asthma or its inflammatory underpinning
may interact synergistically in the development of long
covid with factors that determine COVID-19 severity, as
is suggested by our previous observations,” "® remains
unclear. In a previous publication, we noted that severe
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or uncontrolled asthma increased the severity and poten-
tial fatality of COVID.” Likewise, the use of biologicals
for the treatment of asthma appeared to increase the
risk. Inhaled corticosteroids, on the other hand, had a
dual effect. There was an associated increased severity of
COVID-19 with ICS use, but paradoxically, mortality was
reduced.” This discrepancy could be due to differences
in pharmacodynamic and pharmacokinetic properties of
ICS.” In the present study, we found an increased odds
of long covid in patients with asthma, but we were unable
to categorise the odds by the severity of illness, other
than hospitalisation status, and the dose and therapeutic
indices of ICS used to treat the disease in the studies
were not provided. However, asthma patients treated with
monoclonal drugs and/or corticosteroids during the
acute phase of COVID-19 were found to have decreased
risk and duration of long covid in two European cohort
studies,” ™ which further suggests a link between lung
inflammation and long covid. In addition, the presence
of eosinophils is related to autoimmune and allergic
diseases, which is consistent with the pathophysiology of
long covid and may also help to explain the increased
risk in patients with asthma and COPD.?' ™

The studies we analysed had several limitations. Indi-
vidual studies were susceptible to bias from several
courses (online supplemental table 1; Online supple-
mental appendix 2). Among the potentially most influ-
ential of these, not all studies used multivariable models
to adjust risk estimates for potential confounding;
however, studies that did use multivariable adjustment
did not tend to show meaningful differences in results
from those that did not. In addition, the measurement of
COVID-19, asthma, COPD and long covid varied among
studies. For example, the type of asthma (atopic, non-
atopic) was rarely specified, a limitation because patients
with atopic asthma may be at a higher risk of long covid.*'
The severity of asthma and COPD and the use of medica-
tions to control these conditions were also rarely assessed.
Studies also did not address severity of long covid symp-
toms, whether participants were reinfected with SARS-
CoV-2 during follow-up so that treatment or symptoms of
reinfections were not misclassified as long-COVID or the
influence of intercurrent conditions on long covid assess-
ment. Moreover, studies did not identify the predom-
inant SARS-CoV-2 variants that infected their study
populations. In the past 3 years, COVID-19 has evolved
through several strains and sub-strains that caused illness
of varying severity.”’ Because factors that influence the
course or severity of COVID-19 may modify associations
of lower respiratory conditions with long covid, evolving
SARS-CoV-2 variants may be a source of heterogeneity in
study results. Along these lines, few studies have consid-
ered study participant vaccination status or the use of
anti-viral medications during the initial infection. Given
these limitations, we recommend additional longitu-
dinal studies conducted in well-defined populations with
outcomes assessed prospectively and repeatedly during
follow-up. Standardised measures of long covid are also

recommended, including its various physical, neuro-
logical, behavioural and psychological manifestations,
study participants’ vaccine and treatment status, and the
underlying SARS-CoV-2 variants.

In conclusion, our analyses of data pooled from studies
published over the past 3 years supports the hypothesis
that chronic inflammatory diseases of the lower respi-
ratory tract, namely, asthma and COPD, increase the
risk of developing long covid, including chronic fatigue
outcomes. Because COVID-19 primarily targets the
respiratory tract, these highly prevalent inflammatory
conditions of the lower respiratory tract could provide
mechanistic clues to a common pathway for the devel-
opment of the long-term sequelae in patients with long
covid.
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