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Abstract

Background Factors predisposing to increased mortality with COVID-19 infection have been identified as male

sex, hypertension, obesity, and increasing age. Early studies looking at airway diseases gave some contradictory
results. The purpose of our study was to determine global variation in studies in patients hospitalized with COVID-19
in the prevalence of COPD and asthma; and to determine whether the presence of asthma or COPD affected mortal-
ity in the same hospital population.

Methods A systematic review and meta-analysis of the published literature of COPD and asthma as co-morbidities
in patients hospitalized with COVID-19 was performed, looking firstly at the prevalence of these diseases in patients
hospitalized with COVID-19, and secondly at the relative risk of death from any cause for patients with asthma

or COPD.

Results Prevalence of both airway diseases varied markedly by region, making meaningful pooled global estimates
of prevalence invalid and not of clinical utility. For individual studies, the interquartile range for asthma preva-

lence was 4.21 to 12.39%, and for COPD, 3.82 to 11.85%. The relative risk of death with COPD for patients hospital-
ized with COVID-19 was 1.863 (95% Cl 1.640-2.115), while the risk with asthma was 0.918 (95% Cl 0.767 to 1.098)
with no evidence of increased mortality.

Conclusions For asthma and COPD, prevalence in patients hospitalized with COVID-19 varies markedly by region. We
found no evidence that asthma predisposed to increased mortality in COVID-19 disease. For COPD, there was clear
evidence of an association with increased mortality.

Trial registration The trial was registered with PROSPERQO: registration number CRD42021289886.
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virus, with particular reference to male sex, hyperten-
sion, obesity, and increasing age [2—4].

Three human coronaviruses (HCoVs) can cause pneu-
monia with fatal outcomes: these are Middle East Res-
piratory Syndrome Coronavirus (MERS-CoV), which
caused an outbreak of respiratory disease in 2012,
SARS-CoV, the cause of the SARS outbreak in 2003, and
SARS-Cov-2, the cause of the current pandemic: the cor-
responding diseases are MERS, SARS, and COVID-19.
The population affected by MERS had a much higher
incidence of preceding chronic lung disease when com-
pared to those affected by SARS-CoV: 13% versus 1.4%
[5]. Thus, it is not clear from prior experience of corona-
virus outbreaks whether the commonest airway diseases,
asthma and COPD, would be expected to predispose to
serious disease with SARS-Cov-2. Early in the current
epidemic, the opinion was expressed that COVID-19
might cause increased severity of disease in asthmatics
[6]. Since that time, multiple studies from most regions of
the world have been published.

We addressed the question of whether airways obstruc-
tion, either from COPD or asthma, predisposes to worse
outcomes in patients hospitalized with COVID-19 dis-
ease. We undertook a systematic review of published
literature and a meta-analysis. We performed a meta-
regression to examine heterogeneity in the prevalence
of these diseases in patients hospitalized with proven
COVID-19. We determined the following:

1. The regional variation in asthma recorded as a co-
morbidity in patients hospitalized with COVID-19
infection.

2. The regional variation in COPD recorded as a co-
morbidity in patients hospitalized with COVID-19
infection.

3. The relative risk of asthma in hospitalized patients
with COVID-19 who die in hospital compared with
those that survive.

4. The relative risk of COPD in hospitalized patients
with COVID-19 who die in hospital compared with
those that survive.

5. To determine what general conclusions can be made
about the risks of asthma and COPD as co-morbidi-
ties in patients hospitalized with COVID-19 infection.

Methods

We performed a systematic review and meta-analysis,
with meta-regression on the variables age, sex and region
of origin of study. The meta-analysis, meta-regression
and calculation of prediction intervals was performed
using the software Comprehensive Meta-analysis version
3. The principal analyses were performed used random
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effects analysis. The studies were weighted using the
inverse of the sum of the within study variance and the
between studies variance (tau squared, calculated using
the method of moments). For clarity of presentation and
clinical relevance, the results of the odds ratio analyses
were reported after transformation to risk ratios. For the
asthma prevalence data, a weighted correlation between
prevalence of asthma in hospitalised patients by coun-
try in our analysis against published data on national
asthma prevalence by country was performed used Stata
17 software. The study was performed in accordance with
the Preferred Reporting Items for Systematic Reviews
and Meta-analyses (PRISMA) statement [7]. The trial
was registered with PROSPERO: registration number
CRD42021289886.

Search strategy and study selection

A search of databases using Healthcare Databases for
the NHS in England (HDAS) was performed. The search
dates were from the beginning of 2019 until Novem-
ber 2021. For both asthma and COPD, the databases
searched were PubMED, Cinahl, and Web of Science,
while additional references were sought from previous
systematic reviews and meta-analyses.

For asthma: PubMed search using the following
search string: ((“covid 19”[MeSH Terms] OR “SARS-
CoV?2”[Title/Abstract] OR “coronavirus”[MeSH Terms]
OR “Novel coronavirus”[Title/Abstract] OR “Coro-
navirus disease 19”[Title/Abstract] OR “2019-nCoV”
[Title/Abstract]) AND (“Hospital Admission”[Title/
Abstract] OR “Hospitalisation”[Title/Abstract] OR
“Hospitalization”[Title/Abstract]) AND (“asthma’[MeSH
Terms] OR “asthma”[All Fields] OR “asthmas”[All Fields]
OR “asthma s”[All Fields] OR “Bronchial Asthma”[Title/
Abstract] OR “Chronic respiratory disease”[Title/ Abstract]
OR “Chronic Airway Inflammation”[Title/Abstract]))
AND ((humans(Filter]) AND (English[Filter])).

Cinahl: the search term used for CINAHL on the same
date was: (MH “COVID-19”) OR (MH “Coronavirus”)
OR (TI “SARS-CoV-2") OR (AB “SARS-CoV-2") OR (TI
“Novel coronavirus”) OR (AB “Novel coronavirus”) OR
(AB “Coronavirus disease 19”) OR (TI “Coronavirus dis-
ease 19”) OR (TI “2019-nCoV”) OR (AB “2019-nCoV”))
AND ((TT “Hospital Admission”) OR (AB “Hospital
Admission”) OR (TI “Hospitalisation”) OR (AB “Hos-
pitalisation”) OR (TI “Hospitalization”) OR (AB “Hos-
pitalization”) OR (TI “Admitted to hospital”) OR (AB
“Admitted to hospital”)) AND ((Asthma) OR (TI “Bron-
chial Asthma”) OR (AB “Bronchial Asthma”) OR (TI
“Chronic respiratory disease”) OR (AB “Chronic respira-
tory disease”) OR (TI “Chronic Airway Inflammation”
OR (AB “Chronic Airway Inflammation”)).
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Web of Science: the following search string to be used
in Web of Science: TS=((COVID-19 OR SARS-CoV-2
OR Coronavirus OR “Novel coronavirus” OR “Coronavi-
rus disease 19”) AND (“Hospital Admission” OR Hospi-
talisation OR Hospitalization OR “Admitted to hospital”)
AND (Asthma OR “Bronchial Asthma” OR “Chronic res-
piratory disease” OR “Chronic Airway Inflammation”)).

For COPD, the same strategy was used, substituting
the following alternatives for asthma: pulmonary disease,
chronic obstructive; pulmonary emphysema; bronchi-
tis, chronic (the preceding being MeSH terms used in
PubMed); chronic obstructive pulmonary disease; copd;
emphysema; and chronic bronchitis.

Data inclusion and exclusion

The primary eligibility criteria were observational stud-
ies including longitudinal studies, cross-sectional studies,
prospective and retrospective Cohort studies and case-
control studies published in English. Hospitalised adults
(> 16years) regardless of gender or geographical location
were eligible for inclusion. SARS-CoV-2 infection had to
have been confirmed with reverse transcription - poly-
merase chain reaction (RT-PCR). People diagnosed with
COVID-19 had to have been confirmed on laboratory
testing and admitted to hospital. The study population
was geographically unrestricted.

Studies which enrolled without RT-PCR confirmation
of cases, or included only children’s cases were excluded.
Other reasons for study exclusion included: the number
of patients with an identified airways disease admitted to
the hospital due to COVID-19 was not provided; asthma
or COPD patients were grouped together with other
chronic respiratory disease patients without extractable
data on asthma and COPD; and adults and children part
of the same cohort where information on adult popula-
tion could not be extracted. Other criteria for exclusion
were: duplicate publications, clinical trials, case reports,
case series, editorials, letters to the editor, reviews, sys-
tematic reviews, meta-analyses, unpublished grey litera-
ture, and full text not provided in the English language.
Studies containing data on groups not able to be gener-
alised to general population (e.g. in pregnant women,
chronic renal failure) were also excluded.

Data extraction

The following data were extracted using a Microsoft
Excel template: study name/title, author, year of pub-
lication, dates covered by study, country, study design,
patient characteristics, mean age, males %, number of
participants, number of hospitalised COVID-19 patients,
number of hospitalized COVID-19 patients with asthma
(or COPD), and number of deaths recorded in those.
The information on mean age and sex were specified by
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protocol to be used as regressors in meta-regression.
AP, ABMAH, HK and AA independently performed
the searches and AP and JF adjudicated on selection of
papers for inclusion in the meta-analysis.

Quality assessment

The Newcastle-Ottawa quality assessment scale for
cohort studies was used: the total score possible for the
selection, comparability and outcome domains was eight.
AP and JF scored the studies independently, and the final
scores were agreed upon by informal discussion.

Results

Forty-two studies were identified for inclusion in the
analysis of asthma prevalence and mortality, and 38
were identified for inclusion in the analysis of COPD
prevalence and mortality. Some studies included data on
both asthma and COPD, so that in total 55 studies were
included in the analyses [8—62] (Supplementary tables 1
and 2). Using the Newcastle-Ottawa scale, of the 42 stud-
ies included for asthma analysis, two studies were given
a score of 4, 11 scores of 5, and the remainder were 6 to
8. For the COPD studies, three studies were scored 4,
one study was scored 5 and all the rest were 6 to 8. The
PRISMA flow charts are provided in Figs. 1 and 2.

Asthma prevalence

A global prevalence based on a random effects analy-
sis was obtained, of 6.5% (CI 5.5-7.8%). There was clear
evidence of heterogeneity, with I of 99.23%. The point
estimate expressed as logit was —2.659, with tau of 0.580
(tau being the estimate of the SD of the population of
true study effect sizes). Assessment for publication bias
was performed by inspection of funnel plot and using
the technique of Trim and Fill to estimate the effect of
any missing studies [63]: asymmetry was evident but
this was evident among studies with low standard error
and was not a small study effect. The results are shown
in Supplementary Fig. 1, which demonstrates marked
heterogeneity. Meta-regression using either or both of
the variables mean age of study participants and propor-
tion of study participants who were male did not explain
any of the variance observed. Meta-regression using
sub-region of study origin, with data from all 42 stud-
ies, was performed, regressing over the 9 subregions of
origin observed in the studies pooled. The test of the
model was highly statistically significant: Q=113.27,
df=8, p<0.0001: this indicates that we can reject the
null hypothesis of no variance being explained by the
covariates; and tau reduced to 0.396. The proportion of
between-study variance explained by the model (R* ana-
logue) was 53%. The prevalence of asthma in patients
hospitalized with COVID-19 expressed by subregion is
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Fig. 1 Prisma flow-chart for search on Asthma studies

given in Table 1, with the difference between the pooled
prevalence for North America and East Asia being most
marked (p <0.0001).

Estimates of expected national asthma prevalence
were obtained using the World Health Organisation esti-
mates from their World Health Survey [64] and other
sources for the US, Nigeria, Japan, and Korea [65-68].
A regression was performed, assuming no intercept, of
the observed values in hospitalized patients in pooled
data for each country (using a fixed effects meta-analy-
sis) as the dependent variable, weighing the outcome for
each country by the sum of subjects in included studies,
against the national prevalence figures as the independ-
ent variable, using Stata. Adjusted R? was 0.80 giving R of
0.90 (p <0.0001). The coefficient for the slope of the graph
was 0.738 (95% CI 0.736-0.739), suggesting that the
prevalence of asthma in hospitalized patients is less than
that expected from the population prevalence (Fig. 3).

Asthma mortality
The analysis on in-hospital all-cause mortality in
COVID-19 comparing patients with asthma ver-
sus non-asthmatics was conducted on a subset of 17
of the 42 studies above from which the data could be
extracted. The prevalence of asthma in studies analysed
for mortality (5.8%) was similar to the prevalence in the
studies not used in that analysis (7.3%) (p=0.22).
Meta-regression showed no significant effect of sub-
regions (test of the model: Q=1.76, df=5, p=0.88),
and the same was true for mean age and sex ratio.
Analysis of the data by random effects analysis showed
a pooled risk ratio of 0.918 (95% CI 0.767 to 1.098),
p=0.348, with no evidence of asthma predisposing to
increased mortality (Fig. 4). The prediction interval (the
true risk ratio for 95% of comparable studies) lies in the
interval 0.46 to 1.81.
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— 3| Reports excluded: 91
Reasons: study biased, or
data could not be extracted

8 Studies added by cross-
reference with asthma search

Table 1 Prevalence of asthma in patients hospitalized with COVID-19

Subregion Number of studies Random model pooled prevalence 95% Confidence P for difference from
(expressed as percentage) Intervals reference subregion

North America 12 11.4 9.5-13.5 Reference region

North Europe 6 12.5 10.1-11.3 0.59, NS

South Europe 11 4.5 3.6-5.5 <0.0001*

Western Europe 4 9.2 5.9-14.0 0.33,NS

East Asia 4 1.7 0.6-5.1 <0.0001*

subregions with 2 or fewer studies excluded. * signifies statistically significant, two tailed at the 5% level

Assessment for publication bias was performed by
inspection of funnel plot as above. The results of shown
in supplementary Fig. 2. With studies imputed to the
right of the mean, the point estimate for the pooled point
estimate for risk ratio remained less than 1 (or log risk

ratio less than 0, which is the equivalent). No important
publication bias was identified.

Meta-regression of the asthma studies for mortal-
ity was performed, using age, proportion male, and UN
subregion of study as regressors. Using UN sub-regions
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Fig. 3 Scatterplot of observed versus expected asthma prevalence. Observed asthma prevalence in 42 individual studies (weighted by number
in study) plotted against estimated national adult asthma prevalence. The line is the line of identity

Random effects analysis for Asthma mortality risk

Study name Statistics for each study

Risk Lower Upper

ratio limit limit  p-Value
Aveyard, Paul et al 2021 1.219 1154 1.288 0.000
Bloom C. | etal 0715 0686  0.746 0.000
Pandita et al 2021 0206 0029 1449 0.113
Calmes Det al 2021 045 0174 1197 0.111
Castilla J et al 2021 0.841 05%  1.185 0.322
Guan WJ et al 2021 1102 0662  1.836 0.708
Gupta Ret al 2021 1.552 1205  2.000 0.001
Huang BZ et al 2021 0792 0656 0.956 0.015
Mertos-Benitez et al 2021 1.009 0847 1203 0.917
Hernandez-Galdamez, Det al 1.161 1.081 1.246 0.000
Gude-Sanrpedro, F., etal 0736 0429 1.263 0.266
Ho, K S, etal 0799 0630 1.014 0.065
Lenrus-Calderon et al 1423 0944 2145 0.092
Rosenthal, J. A., etal 1121 0603 2083 0.718
Terada, M, et al 0744 0389 1421 0.370
Valverde-Monge, Marcela, et al 0.621 0.329 1.173 0.142
ForsblomEet al. 0409 0169  0.991 0.048
Pooled 0918 0767  1.098 0.348

Risk ratio and 95%Cl

0.01 0.1 1 10

Reduced risk

100

Increased risk

Fig. 4 Forest plot for studies in Asthma mortality risk. A risk ratio of 1 indicates no increased mortality risk with asthma. Risk ratios greater than 1
represent increased risk. The black diamond gives the pooled risk ratio and the width of the 95% confidence interval

alone, the model was not statistically significant: Q=1.76,
df 5, p=0.88, R* analogue =0%. Similarly negative results
were obtained for the other regressors.

COPD prevalence

The pooled effect size from 38 studies using a random
effects model gave a point estimate for the prevalence
of 6.6% (95% CI 5.5 to 7.8%) (p<0.001). This can be

expressed as the logit event rate, giving a point estimate
of —2.651, I of 99.4%, and tau (SD of underlying true dis-
tribution of global studies separate from sampling error)
of 0.559. There is therefore considerable heterogeneity
in the outcomes of globally distributed studies estimat-
ing prevalence of COPD in patients hospitalized with
COVID-19 (see funnel plot in Supplementary Fig. 3). A
meta-regression using sub-region of origin of the studies
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was performed (Table 2). The model gave statistically sig-
nificant coefficients (p <0.0001). Tau fell to 0.4232. The
proportion of between-study variance explained by the
model (R? analogue) was 43%.

COPD mortality

The analysis on in-hospital all-cause mortality in
COVID-19 comparing patients with COPD versus non-
COPD patients was conducted on a subset of 20 of the
38 studies above from which the data could be extracted.
The prevalence of COPD in studies analysed for mortal-
ity (7.5%) was similar to the prevalence in the studies not
used in that analysis (5.6%) (p=0.11).

The pooled risk ratio by random effects analysis was
1.863 (95% CI 1.640-2.115) (p<0.001). The prediction
interval (the true risk ratio for 95% of comparable stud-
ies) lies in the interval 1.09 to 3.20. The forest plot for the
studies is given in Fig. 5, with the diamond symbol at the
bottom giving the pooled estimate for risk ratio Assess-
ment for publication bias was performed by inspection of
the funnel plot and Duval and Tweedie’s trim and fill. On
this occasion, the pooled result indicated an increased
risk, so missing studies were sought to the left of the
mean (so that imputed studies would tend to reduce the
observed risk). With 6 studies trimmed, the adjusted risk
ratio was 1.585 (95% CI 1.395 to 1.801), so no impor-
tant effect on the outcome was evident (Supplementary
Fig. 4).

Meta-regression using proportion male as the regres-
sor was not significant, with R? analogue of 0%. Using age
(mean or median, in years) as a regressor (studies n=17)
gave a small but statistically significant log risk ratio coef-
ficient of —0.0165 (p=0.009): the test of the model gave
Q of 6.88, df 1, R? analogue of 25%. Using subregion as
a regressor by itself was performed, and the test of the
model was not statistically significant (Q=38.63, df 5,
p=0.125). Using both age and subregion as regressors
gave an improved model over age alone (studies n=17).
Testing the model gave Q of 19.22, df 6, p=0.0038, and
R? analogue of 40%. However, the only individual coef-
ficient for subregion that reached statistical significance
was Central America (p=0.0136), based on only two
studies.

Discussion

This study had the following aims: for both asthma and
COPD as co-morbidities, to determine regional variation
in the prevalence of those co-morbidities in patients hos-
pitalized with COVID-19, and to assess the relative risk
of death in patients hospitalized with COVID-19 with
respect to those co-morbidities, using the same search
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strategy, inclusion criteria, and analysis for both asthma
and COPD.

There are several possible causes of bias in assigning
a diagnosis of asthma or COPD when comparing coun-
tries: access to healthcare, access to diagnostic facilities,
and local guidelines for diagnosis are among them. There
is also a risk when comparing background rates of preva-
lence with prevalence rates in hospitalized patients com-
pared with patients in the community, given there may be
different degrees of assiduity in documenting background
co-morbidities, perhaps giving rise to spurious asso-
ciations. In addition, comparisons of mild versus severe
cases of COVID-19 infection involves subjective param-
eters such as severe dyspnoea, making study inclusion
open to the same subjectivity. We avoided these sources
of bias by looking only at hospitalized patients, whose
co-morbidities were recorded on admission to hospital,
and are therefore uninfluenced by subsequent severity
of illness or death, and looking only at death from any
cause as the outcome of interest. Regardless of local rates
of recorded prevalence, any increased predisposition to
death from COVID-19 would still be evident, since the
co-morbidities had been determined prior to knowledge
of the outcome.

For asthma, we found large variations in the prevalence
in hospitalized patients, from 11.4% in North American
studies, to 1.7% in East Asian studies. This is consistent
with a previous meta-analysis: variation in asthma preva-
lence in hospitalized patients varied from 0 to 20% [69].
This is presumably related to background differences
in population prevalence of asthma. The findings of a
cross-sectional world health survey of doctor-diagnosed
asthma in adults gave a regional prevalence of 3.24% in
South East Asia, prevalence in China of 0.19%, prevalence
in the UK, Sweden and the Netherlands varying between
21.6 to 22.7%, and prevalence in Ecuador of 2.03% [64]. In
our analysis, there was a strong correlation between the
estimated national prevalence of asthma where the stud-
ies had been conducted and the prevalence of asthma in
the hospitalized patients.

It must be stated that this variation in asthma preva-
lence means that the global figure from this meta-analy-
sis of 6.5% has no meaning. The first reason is that some
regions of the world were not represented at all in studies
included in the analysis. The second reason is that even
if we confine our attention to the regions included in the
analysis, the number of studies included by region repre-
sents published studies from those regions: they are not
a random sample, and are not a weighted globally rep-
resentative sample. This consideration applies equally to
other published meta-analyses.

The analysis of the relative risk or odds ratios for
asthma for mortality in patients hospitalized with
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COVID-19 showed significant heterogeneity, but it was
not accounted for by region of study origin, and it is
therefore reasonable to generalise the outcomes. The
pooled risk ratio was 0.918 using a random effects model.
If one considers that despite the heterogeneity, we are
estimating some common risk applicable globally, then
the presence of asthma has not been shown to affect
the risk of mortality with COVID-19, with a pooled risk
ratio of 0.920. The prediction interval for true effect size
in 95% of comparable studies is wide at 0.46 to 1.85 The
prediction intervals arise from the random effects analy-
sis allowing for a genuine variation between study results,
not accounted for by chance i.e. that there is no one true
effect. There are, however, many possibilities which could
distort an underlying uniform effect: publication bias,
poor methodological design and inadequate analysis,

Table 2 Prevalence of COPD in patients hospitalized with COVID-19
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mis-recording or representation of results, and chance.
Thus there are limitations to prediction intervals, and the
study does not provide any evidence for speculation on
causes for heterogeneity (other than by regressing against
factors shown to be causing dispersal).

These results support the proposition that in general
asthma does not predispose to mortality from COVID-
19. This is consistent with most previous studies. An
early study in 163 patients with asthma hospitalized
with COVID-19 in patients under 65 showed no asso-
ciation with mortality [70]. In the meta-analysis by Sun-
jaya et al., the risk ratio for mortality for patients with
asthma was 0.94 (CI 0.76 to 1.17) [69]. Morais-Almeida
et al. performed a literature review, and concluded
that there was no strong evidence to support asthma
as predisposing to more severe disease in COVID-19,

Subregion Number of studies Random model pooled prevalence 95% Confidence P for difference from
(expressed as percentage) Intervals reference subregion

North America 10 104 7.3-14.5 Reference region

North Europe 6 7.0 5.6-8.7 0.0145 "

South Europe 10 7.6 5.9-9.6 0.0774

Western Europe 4 9.9 7.4-13.0 0.8463

East Asia 6 1.4 0.9-2.1 0.0001"

Central America 2 6.5 2.6-15.4 0.1256

" Signifies statistically significant, two tailed at the 5% level

Random effects analysis for COPD mortality risk

Authors Statistics for each study

Risk Lower Upper

ratio limit limit  p-Value
Aveyard, Pet al 1.310 1.244 1.380 0.000
Bloomet al 1.406 1.370 1.442 0.000
Boari et al 2020 1911 1.214 3.009 0.005
Calmes, Det al 2.6%4 1716 4231 0.000
Castilla, Jesus et al 1.680 1363 2070 0.000
Khen, M S. et al 2.840 1703 4738 0.000
Huang, B. Z.; Chen, Z. et al 3383 305 3746 0.000
Puebla Neira, DA et al 1.588 1.466 1.721 0.000
Pandita Aet a 2114 1.040 4.24 0.039
Tessitore, E et al 2.303 1568 3383 0.000
Guan WJ et al 2021 2926 2416 354 0.000
Gupta R et al 2021 1.212 0.891 1.648 0.221
Gunster et al 1.260 1.146 1.386 0.000
Mertos-Benitez FD et al 2021 1.540 1.390 1.707 0.000
HemandezGaldamez, D et al 1.933 1.852 2017 0.000
Rossi PGet a 2020 1345 0933 1.939 0.113
Vergara P et d 1.923 1582 233 0.000
Valverde-Monge, M et a 2537 1819 353 0.000
Forsblom, E,, et a 174 0621 4.950 0.289
Gude-Sampedro, F., etal 2219 1665 2959 0.000
Pooled 1.863 1.640 2115 0.000
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Fig. 5 Forest plot for studies in COPD mortality risk analysis. A risk ratio of 1 indicates no increased mortality risk with COPD. Risk ratios greater
than 1 represent increased risk. The black diamond gives the pooled risk ratio and the width of the 95% confidence interval



Finnerty et al. BMC Pulmonary Medicine (2023) 23:462

and they also noted the global variation in prevalence
[71]. A more recent review by Adir et al. also concluded
that asthma per se did not predispose to more severe
COVID-19 disease [72].

For COPD, we found marked regional variation in
prevalence, with a much lower prevalence in East Asia
than in the rest of the world (Table 2). Data for country-
specific COPD prevalence is not as readily available as for
asthma, and we did not attempt to compare COPD prev-
alence for hospitalised patients against prevalence in the
adult community. In a WHO publication, COPD preva-
lence by WHO region was noted to vary markedly, and
the heterogeneity was largely unexplained, although the
authors speculated variation in smoking habit and indus-
trialization might partially explain differences [73]. The
overall prevalence in Southeast Asia was 8.8%, in contrast
with 13.3% in Europe and 14.5% in the Americas: the
authors noted lack of data from key regions. Again, and
for the same reasons given for asthma, a global figure for
COPD prevalence in hospitalised patients with COVID-
19 cannot be derived from this meta-analysis, and it is
clear that regional comparisons which involve estima-
tions of COPD prevalence must be undertaken with care
and are at risk of being misleading.

For COPD mortality, there was an unequivocal sig-
nal that COPD as a co-morbid condition predisposed
to increased mortality from COVID-19 in hospitalised
patients. The pooled risk ratio was 1.863, CI 1.526 to
1.582. The prediction interval was also consistent with
an increased mortality. This is in line with previous data.
An editorial early in the course of the pandemic by Leung
et al. [74] stated that there is increasing evidence that
COPD is a risk factor for more severe COVID-19 disease.
In a meta-analysis published in 2021 by Li et al. [75], of
retrospective cohort studies looked at the prevalence
of COPD in severe cases of COVID-19 compared with
non-severe cases. The inclusion criteria for severe cases
were wide, including severe dyspnoea, very low oxygen
saturation levels, respiratory distress, ICU admission and
death. The pooled odds ratio for COPD in severe disease
was 2.88 (95% CI 1.89—4.38). Meta-regression using age
and region did account for some of the variability in this
outcome, but the coefficients for region did not reach sta-
tistical significance.

The possible mechanisms by which COPD could
increase mortality related to COVID-19 disease have
been reviewed elsewhere [76]. In contrast to patients with
mild asthma, there are obvious deficiencies in respiratory
reserve in patients with COPD who have chronic hyper-
inflation, emphysema and largely irreversible airways
obstruction. There may be some confounding with other
co-morbidities related to smoking despite attempts to
control for these parameters. There is some evidence for
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an increased risk for micro-thrombosis. There is evidence
of T-cell dysfunction in COPD with reduced cytokine
production, and lower alveolar macrophage expression of
IEN beta, and this may lead to a sub-optimal host defence
response to COVID-19 infection.

There are limitations to this meta-analysis. The first
point to make is that for international comparisons of
disease prevalence rates, the analysis is dependent on a
sufficient number of large studies from a wide range of
countries. If the prevalence rates between countries
or regions show marked variation, as is the case for
both comorbid conditions examined in this analysis,
the pooled global prevalence rates become meaning-
less. Some weight can be attached to pooled regional
estimates, provided that the degree of variation is mod-
est. Secondly, the meta-regression does not control for
within-study confounding factors such as age and co-
morbidities such as cardiovascular disease. It is reassur-
ing that where such interactions were sought in individual
studies, the direction of association was not altered e.g.
in the study of Moschovis et al. [42] asthma was associ-
ated with decreased COVID-19 severity among older
adults. Thirdly, the time-frame of publication of the stud-
ies included was from 2019 to November 2021. During
this period, the original COVID-19 was supplanted by
the alpha variant by January 2021, and by the delta vari-
ant by mid-2021. The omicron variant arose after the
period of this review, so any extrapolation of the results
of this meta-analysis to the later variants must be cau-
tious. Although the omicron variant has a lower mortal-
ity, a study by Manchanda et al. has compared the effect
of co-morbidities on mortality between the delta and
omicron variants, and found that COPD increased mor-
tality for both variants to a similar degree [77]. In a study
from Italy looking at 65 patients admitted to intensive
care with COVID-19 infection, a comparison was made
between the prevalence of pulmonary disease (a com-
posite of COPD and pulmonary fibrosis) in patients with
delta and omicron variants: the frequency in the omicron
group was 35.3% compared with 9.7% in the delta group
(p=0.03) [78]. It is unlikely that vaccination will have
materially affected the results of this study: the lag-time
between acquiring data and publication is usually at least
3 months, most of the data was from 2019 to 2020, and by
April 2021 a total globally of 820 million doses of vaccine
had been given (likely representing about half that num-
ber of people vaccinated with two doses).

Conclusions

Both for asthma and COPD, prevalence in patients hos-
pitalized with COVID-19 varies markedly by region, and
at least for asthma there is a correspondence between
the reported national population prevalence and that
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observed in the hospitalized population. We found no
evidence that asthma predisposed to increased mortal-
ity in COVID-19 disease. COPD predisposed to clinically
and statistically significant increased mortality in patients
hospitalised with COVID-19.

Abbreviations

COVID-19  Coronavirus 19

Sars-Cov-2  Severe Acute Respiratory Syndrome Coronavirus-2
HCoVs Human coronaviruses

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/512890-023-02761-5.

Additional file 1: Supplementary table 1. Studies included in analysis of
asthma prevalence.

Additional file 2: Supplementary table 2. Studies included in analysis of
COPD prevalence.

Additional file 3: Supplementary Figure 1. Funnel plot of asthma preva-
lence analyzed by random effects, showing raw data and results of Duval
and Tweedie’s trim and fill.

Additional file 4: Supplementary Figure 2. Funnel plot of study stand-
ard error against log risk ratio for asthma mortality.

Additional file 5: Supplementary figure 3. Funnel plot of COPD
prevalence.

Additional file 6: Supplementary figure 4. Funnel plot of study stand-
ard error against log risk ratio for COPD mortality.

Acknowledgements
None.

Authors’ contributions

James Finnerty: Conceptualization; formal analysis, methodology, writing —
original draft (lead). ABM Arad Hussain: Conceptualization; formal analysis
(supporting), methodology (supporting), writing — original draft (supporting).
Aravind Ponnuswamy: investigation (lead), data curation, writing — review and
editing (supporting). Hafiz Gulzeb Kamil: investigation, writing — review and
editing (supporting). Ammar Abdelaziz: investigation, writing — review and
editing (supporting).

Funding
None.

Availability of data and materials

The data in this study is extracted from journal articles which have been
referenced in the manuscript and are within the public arena.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests

The authors declare no competing interests.

Received: 14 April 2023 Accepted: 13 November 2023
Published online: 22 November 2023

Page 10 of 12

References

1.

2.

20.

22.

Fauci AS, Lane HC, Redfield RR. Covid-19 — navigating the uncharted. N
Engl J Med. 2020;382(13):1268-9.

Naveed M, Naeem M, Ur Rahman M, Gul Hilal M, Kakakhel MA, Ali G, et al.
Review of potential risk groups for coronavirus disease 2019 (COVID-19).
New Microbes New Infect. 2021:41:100849.

Liu D, Cui B, Zeng S,Wang S, Feng X, Xu S, et al. Risk factors for developing
into critical COVID-19 patients in Wuhan, China: a multicenter, retrospec-
tive, cohort study. EClinicalMedicine. 2020;25:100471.

Zhou F,YuT,DuR, Fan G, LiuY, Liu Z, et al. Clinical course and risk factors
for mortality of adult inpatients with COVID-19 in Wuhan, China: a retro-
spective cohort study. Lancet. 2020;395(10229):1054-62.

Yin Y, Wunderink RG. MERS, SARS and other coronaviruses as causes of
pneumonia. Respirology. 2018;23(2):130-7.

Johnston SL. Asthma and COVID-19: is asthma a risk factor for severe
outcomes? Allergy. 2020;75(7):1543-5.

Page MJ, McKenzie JE, Bossuyt PM, Boutron |, Hoffmann TC, Mulrow CD,
The PRISMA, et al. Statement: an updated guideline for reporting system-
atic reviews. BMJ. 2020;2021:n71.

Alberca RW, Yendo T, Aoki V, Sato MN. Asthmatic patients and COVID-19:
different disease course? Allergy. 2021;76(3):963-5.

Arslan’Y, Dogan D, Ocal N, Koc A, Ayaz T, Ozkan R, et al. The boundaries
between survival and nonsurvival at COVID-19: experience of tertiary
care pandemic hospital. Int J Clin Pract. 2021;75(9):e14461.

. Barroso B, Valverde-Monge M, Canas Jose A, Rodrigo-Munoz JM,

Gonzalez-Cano B, Villalobos-Violan V, et al. Prevalence, characteristics,

and outcome of asthmatic patients with type 2 diseases in hospitalized
patients with COVID-19 in Madrid, Spain. J Investig Allergol Clin Immunol.
2020;30(5):382-4.

. Bergman J, Ballin M, Nordstrom A, Nordstrom P. Risk factors for COVID-19

diagnosis, hospitalization, and subsequent all-cause mortality in Sweden:
a nationwide study. Eur J Epidemiol. 2021,36(3):287-98.

. Beurnier A, Jutant EM, Jevnikar M, Boucly A, Pichon J, Preda M, et al.

Characteristics and outcomes of asthmatic patients with COVID-19 pneu-
monia who require hospitalisation. Eur Respir J. 2020;56(5):2001875.

. Bloom ClI, Drake TM, Docherty AB, Lipworth BJ, Johnston SL, Nguyen-

Van-Tam JS, et al. Risk of adverse outcomes in patients with underlying
respiratory conditions admitted to hospital with COVID-19: a national,
multicentre prospective cohort study using the ISARIC WHO clinical
characterisation protocol UK. Lancet Respir Med. 2021;9(7):699-711.

. Boari GEM, Chiarini G, Bonetti S, Malerba P, Bianco G, Faustini C, et al.

Prognostic factors and predictors of outcome in patients with COVID-
19 and related pneumonia: a retrospective cohort study. Biosci Rep.
2020;40(12)

. Calmes D, Graff S, Maes N, Frix AN, Thys M, Bonhomme O, et al. Asthma

and COPD are not risk factors for ICU stay and death in case of SARS-CoV2
infection. J Allergy Clin Immunol Pract. 2021;9(1):160-9.

. Caminati M, Vultaggio A, Matucci A, Senna G, Almerigogna F, Bagnasco

D, etal. Asthma in a large COVID-19 cohort: prevalence, features, and
determinants of COVID-19 disease severity. Respir Med. 2021;176:106261.

. Castilla J, Guevara M, Miqueleiz A, Baigorria F, Ibero-Esparza C, Navascues

A, et al. Risk factors of infection, hospitalization and death from SARS-
CoV-2: a population-based cohort study. J Clin Med. 2021;10(12):2608.

. Chudasama YV, Zaccardi F, Gillies CL, Razieh C, Yates T, Kloecker DE, et al.

Patterns of multimorbidity and risk of severe SARS-CoV-2 infection: an
observational study in the UK. BMC Infect Dis. 2021;21(1):908.

. Clark CC, Jukema BN, Barendrecht AD, Spanjaard JS, Jorritsma NKN, Smits

S, et al. Thrombotic events in COVID-19 are associated with a lower use
of prophylactic anticoagulation before hospitalization and followed by
decreases in platelet reactivity. Front Med. 2021;8:650129.

Corradini E, Ventura P, Ageno W, Cogliati CB, Muiesan ML, Girelli D, et al.
Clinical factors associated with death in 3044 COVID-19 patients man-
aged in internal medicine wards in Italy: results from the SIMI-COVID-19
study of the Italian Society of Internal Medicine (SIMI). Intern Emerg Med.
2021;16(4):1005-15.

. Docherty AB, Harrison EM, Green CA, Hardwick HE, Pius R, Norman L, et al.

Features of 20 133 UK patients in hospital with covid-19 using the ISARIC
WHO clinical characterisation protocol: prospective observational cohort
study. BMJ. 2020;369:m1985.

Duanmu'Y, Brown IP, Gibb WR, Singh J, Matheson LW, Blomkalns AL, et al.
Characteristics of emergency department patients with COVID-19 at a


https://doi.org/10.1186/s12890-023-02761-5
https://doi.org/10.1186/s12890-023-02761-5

Finnerty et al. BMC Pulmonary Medicine

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33

34

35.

36.

37.

38.

39.

40.

(2023) 23:462

single site in northern California: clinical observations and public health
implications. Acad Emerg Med. 2020;27(6):505-9.

Forsblom E, Silen S, Kortela E, Ahava M, Kreivi HR, Holmberg V, et al.

Male predominance in disease severity and mortality in a low Covid-19
epidemic and low case-fatality area - a population-based registry study.
Infect Dis. 2021;53(10):789-99.

Gabrielli M, Pignataro G, Candelli M, Sacco Fernandez M, Bizzarri M,
Esperide A, et al. Asthma in patients admitted to emergency department
for COVID-19: prevalence and risk of hospitalization. Intern Emerg Med.
2022;17(3):917-20.

Gimeno-Miguel A, Bliek-Bueno K, Poblador-Plou B, Carmona-Pirez J,
Poncel-Falco A, Gonzalez-Rubio F, et al. Chronic diseases associated with
increased likelihood of hospitalization and mortality in 68,913 COVID-19
confirmed cases in Spain: a population-based cohort study. PLoS One.
2021;16(11):0259822.

Giorgi Rossi P, Marino M, Formisano D, Venturelli F, Vicentini M, Grilli R,

et al. Characteristics and outcomes of a cohort of COVID-19 patients in
the province of Reggio Emilia, Italy. PLoS One. 2020;15(8):0238281.
Guan WJ, Liang WH, ShiY, Gan LX, Wang HB, He JX, et al. Chronic
respiratory diseases and the outcomes of COVID-19: a Nationwide
retrospective cohort study of 39,420 cases. J Allergy Clin Immunol Pract.
2021,9(7):2645-55 e14.

Gude-Sampedro F, Fernandez-Merino C, Ferreiro L, Lado-Baleato O,
Espasandin-Dominguez J, Hervada X, et al. Development and valida-
tion of a prognostic model based on comorbidities to predict COVID-19
severity: a population-based study. Int J Epidemiol. 2021;50(1):64-74.
Gunster C, Busse R, Spoden M, Rombey T, Schillinger G, Hoffmann W, et al.
6-month mortality and readmissions of hospitalized COVID-19 patients:
a nationwide cohort study of 8,679 patients in Germany. PLoS One.
2021;16(8):e0255427.

Gupta R, Agrawal R, Bukhari Z, Jabbar A, Wang D, Diks J, et al. Higher
comorbidities and early death in hospitalized African-American patients
with Covid-19. BMC Infect Dis. 2021;21(1):78.

Hernandez-Galdamez DR, Gonzalez-Block MA, Romo-Duenas DK,
Lima-Morales R, Hernandez-Vicente IA, Lumbreras-Guzman M, et al.
Increased risk of hospitalization and death in patients with COVID-19 and
pre-existing noncommunicable diseases and modifiable risk factors in
Mexico. Arch Med Res. 2020;51(7):683-9.

Ho KS, Howell D, Rogers L, Narasimhan B, Verma H, Steiger D. The relation-
ship between asthma, eosinophilia, and outcomes in coronavirus disease
2019 infection. Ann Allergy Asthma Immunol. 2021;127(1):42-8.

Hu X, Hu C, Yang Y, Chen J, Zhong P, Wen Y, et al. Clinical characteristics
and risk factors for severity of COVID-19 outside Wuhan: a double-center
retrospective cohort study of 213 cases in Hunan, China. Ther Adv Respir
Dis. 2020;14:1753466620963035.

Huang BZ, Chen Z, Sidell MA, Eckel SP, Martinez MP, Lurmann F, et al.
Asthma disease status, COPD, and COVID-19 severity in a large multieth-
nic population. J Allergy Clin Immunol Pract. 2021;9(10):3621-8 e2.

Khan MS, Dogra R, Miriyala LKV, Salman FNU, Ishtiaq R, Patti DK, et al.
Clinical characteristics and outcomes of patients with Corona virus dis-
ease 2019 (COVID-19) at mercy health hospitals, Toledo, Ohio. PLoS One.
2021;16(4):20250400.

Kim L, Garg S, O'Halloran A, Whitaker M, Pham H, Anderson EJ, et al. Risk
factors for intensive care unit admission and in-hospital mortality among
hospitalized adults identified through the US coronavirus disease 2019
(COVID-19)-associated hospitalization surveillance network (COVID-NET).
Clin Infect Dis. 2021;72(9):e206-e14.

Ko JY, Danielson ML, Town M, Derado G, Greenlund KJ, Kirley PD,

et al. Risk factors for coronavirus disease 2019 (COVID-19)-associated
hospitalization: COVID-19-associated hospitalization surveillance
network and behavioral risk factor surveillance system. Clin Infect Dis.
2021;72(11):¢695-703.

Lemus Calderon JA, Beneyto Martin P, Guzman Rodriguez R, Caligaris Cat-
aldi HS, Senent Sanchez CJ. Differentiating characteristics of patients with
asthma in the severe acute respiratory syndrome coronavirus 2 infection.
Ann Allergy Asthma Immunol. 2021;126(1):92-3.

Ludwig M, Jacob J, Basedow F, Andersohn F, Walker J. Clinical outcomes
and characteristics of patients hospitalized for influenza or COVID-19 in
Germany. Int J Infect Dis. 2021;103:316-22.

Martos-Benitez FD, Soler-Morejon CD, Garcia-Del BD. Chronic comorbidi-
ties and clinical outcomes in patients with and without COVID-19: a large

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

Page 11 of 12

population-based study using national administrative healthcare open
data of Mexico. Intern Emerg Med. 2021;16(6):1507-17.

Mendy A, Apewokin S, Wells AA, Morrow AL. Factors associated with
hospitalization and disease severity in a racially and ethnically diverse
population of COVID-19 patients; 2020.

Moschovis PP, Lu M, Hayden D, Yonker LM, Lombay J, Taveras E, et al.
Effect modification by age of the association between obstructive

lung diseases, smoking, and COVID-19 severity. BMJ Open Respir Res.
2021;8(1):001038.

Newton S, Zollinger B, Freeman J, Moran S, Helfand A, Authelet K, et al.
Factors associated with clinical severity in emergency department
patients presenting with symptomatic SARS-CoV-2 infection. J Am Coll
Emerg Physicians Open. 2021;2(4):e12453.

Nystad W, Hjellvik V, Larsen IK, Ariansen |, Helland E, Johansen Ki, et al.
Underlying conditions in adults with COVID-19. Tidsskr Nor Laegeforen.
2020;140(13). https://doi.org/10.4045/tidsskr.20.0512.

Pandita A, Gillani FS, ShiY, Hardesty A, McCarthy M, Aridi J, et al. Predictors
of severity and mortality among patients hospitalized with COVID-19 in
Rhode Island. PLoS One. 2021;16(6):€0252411.

Puebla Neira DA, Watts A, Seashore J, Duarte A, Nishi SP, Polychronopou-
lou E, et al. Outcomes of patients with COPD hospitalized for coronavirus
disease 2019. Chronic Obstruct Pulmon Dis. 2021;8(4):517-27.
Ramos-Martinez A, Parra-Ramirez LM, Morras |, Carnevali M, Jimenez-
Ibanez L, Rubio-Rivas M, et al. Frequency, risk factors, and outcomes of
hospital readmissions of COVID-19 patients. Sci Rep. 2021;11(1):13733.
Rosenthal JA, Awan SF, Fintzi J, Keswani A, Ein D. Asthma is associated
with increased risk of intubation but not hospitalization or death in coro-
navirus disease 2019. Ann Allergy Asthma Immunol. 2021;126(1):93-5.
Shin EK, Choi HY, Hayes N. The anatomy of COVID-19 comorbidity
networks among hospitalized Korean patients. Epidemiol Health.
2021;43:2021035.

Silver V, Chapple AG, Feibus AH, Beckford J, Halapin NA, Barua D, et al.
Clinical characteristics and outcomes based on race of hospitalized
patients with COVID-19 in a New Orleans cohort. Open Forum Infect Dis.
2020;7(9):0faa339.

Soria ME, Corton M, Martinez-Gonzalez B, Lobo-Vega R, Vazquez-Sirvent
L, Lopez-Rodriguez R, et al. High SARS-CoV-2 viral load is associated

with a worse clinical outcome of COVID-19 disease. Access Microbiol.
2021;3(9):000259.

Terada M, Ohtsu H, Saito S, Hayakawa K, Tsuzuki S, Asai Y, et al. Risk factors
for severity on admission and the disease progression during hospitali-
sation in a large cohort of patients with COVID-19 in Japan. BMJ Open.
2021;11(6):2047007.

Tessitore E, Carballo D, Poncet A, Perrin N, Follonier C, Assouline B, et al.
Mortality and high risk of major adverse events in patients with COVID-19
and history of cardiovascular disease. Open Heart. 2021;8(1):e001526.
Valverde-Monge M, Canas JA, Barroso B, Betancor D, Ortega-Martin L,
Gomez-Lopez A, et al. Eosinophils and chronic respiratory diseases in
hospitalized COVID-19 patients. Front Immunol. 2021;12:668074.
Vergara P, Rossi L, Biagi A, Falasconi G, Pannone L, Zanni A, Sticozzi

C, Comastri G, Gandolfi S, Godino C, Malagoli A, Villani GQ. Role of
comorbidities on the mortality in patients with SARS-CoV-2 infection: an
Italian cohort study. Minerva Med. 2021. Artigo em Inglés | MEDLINE | ID:
covidwho-2320159.

Villamanan E, Sobrino C, Carpio C, Moreno M, Arancon A, Lara C, et al.
Inhaled bronchodilators use and clinical course of adult inpatients with
Covid-19 pneumonia in Spain: a retrospective cohort study. Pulm Phar-
macol Ther. 2021;69:102007.

Xiong TY, Huang FY, Liu Q, Peng Y, Xu YN, Wei JF, et al. Hypertension is

a risk factor for adverse outcomes in patients with coronavirus disease
2019: a cohort study. Ann Med. 2020;52(7):361-6.

Yoshida Y, Gillet SA, Brown MI, Zu Y, Wilson SM, Ahmed SJ, et al. Clinical
characteristics and outcomes in women and men hospitalized for coro-
navirus disease 2019 in New Orleans. Biol Sex Differ. 2021;12(1):20.
Zhang JJ, Dong X, Cao YY, Yuan YD, Yang YB, Yan YQ, et al. Clinical char-
acteristics of 140 patients infected with SARS-CoV-2 in Wuhan, China.
Allergy. 2020;75(7):1730-41.

Zhao M, Wang M, Zhang J, Gu J, Zhang P, Xu Y, et al. Comparison of clini-
cal characteristics and outcomes of patients with coronavirus disease
2019 at different ages. Aging. 2020;12(11):10070-86.


https://doi.org/10.4045/tidsskr.20.0512

Finnerty et al. BMC Pulmonary Medicine

61.

62.

63.

64.

65.

66.

67.

68.
69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

(2023) 23:462

Abayomi A, Osibogun A, Kanma-Okafor O, Idris J, Bowale A, Wright O,

et al. Morbidity and mortality outcomes of COVID-19 patients with

and without hypertension in Lagos, Nigeria: a retrospective cohort
study. Glob Health Res Policy. 2021;6(1):26. https://doi.org/10.1186/
541256-021-00210-6.

Aveyard P, Gao M, Lindson N, Hartmann-Boyce J, Watkinson P, Young D,
et al. Association between pre-existing respiratory disease and its treat-
ment, and severe COVID-19: a population cohort study. Lancet Respir
Med. 2021;9(8):909-23.

Duval S, Tweedie R. Trim and fill: a simple funnel-plot-based method of
testing and adjusting for publication bias in meta-analysis. Biometrics.
2000;56:455-63.

ToT, Stanojevic S, Moores G, Gershon AS, Bateman ED, Cruz AA, et al.
Global asthma prevalence in adults: findings from the cross-sectional
world health survey. BMC Public Health. 2012;12(1):204.

Ozoh OB, Aderibigbe SA, Ayuk AC, Desalu OO, Oridota OE, Olufemi

O, et al. The prevalence of asthma and allergic rhinitis in Nigeria: a
nationwide survey among children, adolescents and adults. PLoS One.
2019;14(9):20222281.

Prevention CfDCa. Most recent national asthma data 2020. Available
from: https://www.cdc.gov/asthma/most_recent_national_asthma_data.
htm. Accessed 7 June 2022.

Sembajwe G, Cifuentes M, Tak SW, Kriebel D, Gore R, Punnett L. National
income, self-reported wheezing and asthma diagnosis from the world
health survey. Eur Respir J. 2010;35(2):279-86.

Song W-J, Kang M-G, Chang Y-S, Cho S-H. Epidemiology of adult asthma
in Asia: toward a better understanding. Asia Pac Allergy. 2014;4(2):75.
Sunjaya AP, Allida SM, Di Tanna GL, Jenkins CR. Asthma and COVID-19 risk:
a systematic review and meta-analysis. Eur Respir J. 2022;59(3):2101209.
Lovinsky-Desir S, Deshpande DR, De A, Murray L, Stingone JA, Chan A,

et al. Asthma among hospitalized patients with COVID-19 and related
outcomes. J Allergy Clin Immunol. 2020;146:1027-34.

Morais-Almeida M, Pité H, Aguiar R, Ansotegui |, Bousquet J. Asthma

and the coronavirus disease 2019 pandemic: a literature review. Int Arch
Allergy Immunol. 2020;181(9):680-8.

AdirY, Saliba W, Beurnier A, Humbert M. Asthma and COVID-19: an
update. Eur Respir Rev. 2021;30(162):210152.

Varmaghani MDM, Heidari E, Sharifi F, Moghaddam SS, Farzadfar F. Global
prevalence of chronic obstructive pulmonary disease: systematic review
and meta-analysis. East Mediterr Health J. 2019;25:47-57.

Leung JM, Niikura M, Yang CWT, Sin DD. COVID-19 and COPD. Eur Respir J.
2020;56(2):2002108. https://doi.org/10.1183/13993003.02108-2020.

Li X, Zhong X, Wang Y, Zeng X, Luo T, Liu Q. Clinical determinants of the
severity of COVID-19: a systematic review and meta-analysis. PLoS One.
2021;16(5):20250602.

Singh SMA, Higham A. Chronic obstructive pulmonary disease and
COVID-19: interrelationships. Curr Opin Pulm Med. 2022;28:76-83.
Manchanda V, Mitra S, Rafique |, Sharma A, Dhakad MS, Saxena S, Kapoor
S, Kumar S. Is omicron really mild? - comparative analysis of comorbidities
and disease outcomes associated with SARS-CoV-2 omicron (B.1.1.529)
and Delta (B.1.617.2) variants. Indian J Med Microbiol. 2023; https://doi.
0rg/10.1016/j.ijmmb.2023.100391.

Corriero A, Ribezzi M, Mele F, Angrisani C, Romaniello F, Daleno A, et al.
COVID-19 variants in critically ill patients: a comparison of the Delta and
omicron variant profiles. Infect Dis Rep. 2022;14(3):492-500.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 12 of 12

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1186/s41256-021-00210-6
https://doi.org/10.1186/s41256-021-00210-6
https://www.cdc.gov/asthma/most_recent_national_asthma_data.htm
https://www.cdc.gov/asthma/most_recent_national_asthma_data.htm
https://doi.org/10.1183/13993003.02108-2020
https://doi.org/10.1016/j.ijmmb.2023.100391
https://doi.org/10.1016/j.ijmmb.2023.100391

	Asthma and COPD as co-morbidities in patients hospitalised with Covid-19 disease: a global systematic review and meta-analysis
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 
	Trial registration 

	Introduction
	Methods
	Search strategy and study selection
	Data inclusion and exclusion
	Data extraction
	Quality assessment

	Results
	Asthma prevalence
	Asthma mortality
	COPD prevalence
	COPD mortality

	Discussion
	Conclusions
	Anchor 21
	Acknowledgements
	References


