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Abstract

Background The strength of association between comorbidities and asthma has never been ranked in
relation to the prevalence of the comorbidity in the nonasthma population. We investigated the strength of
association between comorbidities and asthma.

Methods A comprehensive literature search was performed for observational studies reporting data on
comorbidities in asthma and nonasthma populations. A pairwise meta-analysis was performed and the
strength of association calculated by anchoring odds ratios and 95% confidence intervals with the rate of
comorbidities in nonasthma populations via Cohen’s d method. Cohen’s d=0.2, 0.5 and 0.8 were cut-off
values for small, medium and large effect sizes, respectively; very large effect size resulted for Cohen’s
d>0.8. The review was registered in the PROSPERO database; identifier number CRD42022295657.
Results Data from 5493776 subjects were analysed. Allergic rhinitis (OR 4.24, 95% CI 3.82-4.71),
allergic conjunctivitis (OR 2.63, 95% CI 2.22-3.11), bronchiectasis (OR 4.89, 95% CI 4.48-5.34),
hypertensive cardiomyopathy (OR 4.24, 95% CI 2.06-8.90) and nasal congestion (OR 3.30, 95% CI
2.96-3.67) were strongly associated with asthma (Cohen’s d >0.5 and <0.8); COPD (OR 6.23, 95% CI 4.43—
8.77) and other chronic respiratory diseases (OR 12.85, 95% CI 10.14-16.29) were very strongly
associated with asthma (Cohen’s d >0.8). Stronger associations were detected between comorbidities and
severe asthma. No bias resulted according to funnel plots and Egger’s test.

Conclusion This meta-analysis supports the relevance of individualised strategies for disease management
that look beyond asthma. A multidimensional approach should be used to assess whether poor symptom
control is related to uncontrolled asthma or to uncontrolled underlying comorbidities.

Introduction

Patients with asthma are more likely to suffer from a greater number of comorbidities than nonasthmatic
subjects [1]. Rhinitis and rhinosinusitis, obesity, sleep disorders, gastro-oesophageal reflux disease
(GORD), COPD and mental health disorders are among the most common conditions that can occur as
asthma comorbidities [2].

The presence of comorbidities is related to poor asthma outcomes. Asthma exacerbations, worsening of
asthma control and impairment of quality of life are more frequent in asthmatic subjects with other chronic
conditions [3]. Furthermore, there is a higher economic burden in asthmatic patients affected by
concomitant diseases, and in particular, psychological disorders have the greatest economic impact [4].
Several comorbidities are also associated with an increased risk of all-cause mortality in asthma [5].
Therefore, assessment and treatment of comorbidities is mandatory in asthma management [6], in
accordance with an individualised management approach, which has been termed “treatable traits” [7-9].
Through this approach, specific characteristics of patients including phenotypes of airways disease,
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overlapping disorders, comorbidities, environmental and lifestyle factors, that potentially contribute to
respiratory health, and are potentially amenable to specific treatments, could be systemically investigated
and managed. In this regard, targeting treatable traits in severe asthma may lead to improvements in
health-related quality of life, asthma control and reduced primary care acute visits [10].

In order to investigate the real burden of comorbidities in the asthma population, observational real-world
studies provide data that may be generalisable to routine clinical practice [11]. For this purpose, calculation
of odds ratios has been extensively used in epidemiological studies [12], and while statistically significant
odds ratios indicate the presence of relationships between comorbidities and asthma, they do not provide
sufficient information on the effect size [12]. A more informative approach is to anchor odds ratios and
their 95% confidence intervals with the rate of comorbidities in nonasthma populations [12, 13].

In a post hoc analysis [14] it was shown that it is possible to rank the strength of association between
specific chronic respiratory disorders (i.e. asthma, COPD, interstitial lung disease) and related
comorbidities using the validated method of Cuen et al. [12]. This statistical approach [12] provides
information about the strength of relationship between a risk factor and a disease by using an effective
method to clinically interpret odds ratios looking beyond the simple statistical significance that, conversely,
could be misinterpreted as the effect size. Interestingly, results obtained from the theorem of Chen et al. [12]
can be graphically represented to make the interpretation of the strength of association easier for
clinicians [14].

Therefore, the aim of this systematic review and meta-analysis was to use this methodology to quantify the
strength of association between comorbidities and asthma in observational real-world studies, in relation to
the prevalence of the comorbidity in the nonasthma population, thereby looking beyond the simple
statistical significance of the odds ratios.

Materials and methods

Search strategy and study eligibility

This quantitative synthesis was registered in the international prospective register of systematic reviews
(PROSPERO identifier number CRD42022295657), and performed in agreement with the Preferred
Reporting Items for Systematic Review and Meta-Analysis Protocols (PRISMA-P) and Meta-Analysis of
Observational Studies in Epidemiology (MOOSE) guidelines [15, 16]. The flow diagram is shown in
figure 1. This study satisfied all the recommended items reported by the MOOSE checklist (supplementary
table S1) [16].

A comprehensive literature search was performed for observational studies written in English and reporting
data on comorbidities in asthma populations compared to nonasthma populations.

In this regard, the Population, Exposure, Control and Outcome(s) (PICO) framework was applied to
develop the literature search strategy, as reported previously [17]. The “population” included asthmatic and
nonasthmatic subjects; the “exposure” regarded asthma; the “comparison” was performed with respect to a
nonasthmatic group; and the assessed “outcome” was the strength of association of various comorbidities
with asthma.

The search was performed in ClinicalTrials.gov, the Cochrane Central Register of Controlled Trials,
Embase, European Union Clinical Trials Register, MEDLINE, Scopus and Web of Science, in order to
provide for relevant studies published with no time limit up to 6 October 2021. The research string was as
follows: asthma AND comorbidity AND (real OR observational OR cross-sectional OR retrospective OR
prospective OR cohort) NOT (children OR pediatric) NOT (COVID-19 OR SARS-CoV2). As an example,
supplementary table S2 reports the literature search terms used for Ovid MEDLINE.

Literature search results were uploaded into EPPI-Reviewer 4 (EPPI-Centre Software, London, UK), a
web-based software programme for managing and analysing data in literature reviews that facilitates
collaboration among reviewers during the study selection process.

Study selection

Observational studies (cohort, case—control, cross-sectional) comparing asthma versus nonasthma
populations and reporting data on comorbidities were selected. When the design was not clearly reported
in the study, it was assessed using previously published criteria [18].
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Identification of studies via databases and registers
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FIGURE 1 PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) 2020 flow diagram for
the identification of the studies included in the pairwise meta-analysis.

Two reviewers independently examined the relevant studies identified from the literature search. The
studies were selected in agreement with aforementioned criteria and any difference in opinion concerning
the eligibility was resolved by discussion leading to consensus [19].

Data extraction

Data were extracted in agreement with Data Extraction for Complex Meta-Analysis (DECiIMAL)
recommendations [20] from published papers and/or supplementary data files, checked for study
characteristics and duration of observation, number and characteristics of analysed subjects, number of
asthmatic subjects, asthma diagnosis, age, gender, smoking habit and study quality assessment via the
Newcastle—Ottawa Scale (NOS) score and Joanna Briggs Institute (JBI) critical appraisal checklist tool.

The inter- and intra-rater reliability for data abstraction was assessed via Cohen’s k score, as described
previously [21]. Cohen’s x >0.80 indicated excellent agreement, coefficients between 0.61 and 0.80
represented substantial agreement, coefficients between 0.41 and 0.61 moderate agreement and <0.41 fair
to poor agreement [21].
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End-points
The end-point of this quantitative analysis was to assess the strength of association between comorbidities
and asthma.

Data synthesis and analysis

A pairwise meta-analysis was performed and associations were expressed as OR (95% CI). Since data were
selected from a series of studies performed by researchers operating independently and a common effect
size cannot be assumed, a binary random-effects model was used in order to balance the study weights and
adequately estimate the 95% confidence interval of the mean distribution of the odds ratios for the
investigated variables [22-25].

Results were further analysed using the method validated by CHen et al. [12] to provide the strength of
association between comorbidities and asthma via graphical representation, as described previously [14].
Briefly, the strength of association between comorbidities and asthma was investigated by calculating the
OR (95% CI) between asthmatic and nonasthma populations according to the Cohen’s d values,
representing the standardised mean difference between two group means. Cohen’s d=0.2, 0.5 and 0.8 are
defined cut-off values for small, medium and large effect sizes, respectively [12, 26]. In this study, the
calculated odds ratios equivalent to Cohen’s d values were plotted according to the specific percentage of
outcomes (prevalence of each comorbidity) in the nonasthma population [12]. Detailed equations
delimiting the effect sizes were: weak association Y= —0.398xX/(1.929+X)—0.002x X+1.818; moderate
association Y= —1.869xX/(1.236+X)—0.17xX+4.322; and strong association Y= —5.473xX/(1.081+X)
—0.030xX+9.370; very strong association resulted in OR (95% CI) values greater than those of strong
association [14].

Subgroup analyses were performed according to asthma severity.

Detailed information on data synthesis and analysis are reported in the supplementary data file.

Quality of the studies, risk of bias and evidence profile
The NOS was used to assess the quality of cohort and case—control studies [27] and the methodological
quality of cross-sectional studies was evaluated by using the JBI critical appraisal checklist tool [28].

According to the NOS, a study can be awarded with a maximum of one star for each item within the
selection and outcome (for cohort studies) or exposure (for case—control studies) categories, and a
maximum of two stars can be given for comparability [27]. In the present quantitative analysis, the NOS
quality assessment score was established to be in the range between zero and a maximum of eight stars,
since the categories outcome for cohort studies and exposure for case—control studies were modified to fit
the intrinsic characteristics of observational studies reporting the rates of various comorbidities
retrospectively, which lack the assessment of nonresponse and follow-up rates. Studies reporting a NOS
score >7 were considered of high quality, whereas those reporting a NOS score <6 were considered of
low quality.

The checklist of the JBI critical appraisal checklist tool [28] consisted of eight question items assessing the
inclusion criteria for the definition and detailed description of the sample; use of valid and reliable way to
measure the exposure; use of objective and standard criteria to measure the condition; identification of and
strategies to deal with confounding factors; use of a valid and reliable way to measure outcomes; and
suitability of statistical analysis. In the present quantitative analysis, each item of the JBI checklist was
rated as “yes” (1 point) and “no”, “unclear” or “not applicable” (0 points). The quality assessment score
was calculated on the proportion of “yes” responses for the possible maximum score and judged at high
risk, moderate risk or low risk of bias in agreement with the percentage of the achieved score: <49%, 50—

69% or >70%, respectively.

The test for heterogeneity (I?) was performed to quantify the between-study dissimilarity [29] and
sensitivity analyses were carried out according to study design to identify the studies that introduced
substantial levels of heterogeneity (12>50%) [30].

The risk of publication bias was assessed by applying the funnel plot and Egger’s test as previously
described [31-33] if >10 studies were included in the meta-analysis [34]. The equation of Egger’s test was
as follows: SND=a+bxprecision, where SND represents the standard normal deviation (log of the odds ratio
divided by its standard error), and precision represents the reciprocal of the standard error. Evidence of

https://doi.org/10.1183/16000617.0202-2022 4


http://err.ersjournals.com/lookup/doi/10.1183/16000617.0202-2022.figures-only#fig-data-supplementary-materials

EUROPEAN RESPIRATORY REVIEW

ASTHMA | P. ROGLIANI ET AL.

asymmetry from Egger’s test was considered to be significant at p<0.1, and the graphical representation of
90% confidence bands is presented [31-33].

Two reviewers independently assessed the quality of studies, risk bias and evidence profile, and any
difference in opinion was resolved by consensus.

Software and statistical significance

OpenMeta-Analyst was used to perform the pairwise meta-analysis [29] and GraphPad Prism (version 5.0,
www.graphpad.com; La Jolla, CA, USA) software to graph the data. The statistical significance was
assessed for p<0.05.

Results

Study characteristics

Out of the 2019 potentially relevant records screened by title and abstract, 33 studies were deemed eligible
for qualitative and quantitative syntheses. Quantitative synthesis included data obtained from 15
cross-sectional studies [6, 35—48], 14 cohort studies [49-62] and four case—control studies [63—66]. Results
were obtained from 5493 776 subjects: 878 224 asthmatics, of who 1791 were affected by severe asthma,
and 4 615 552 nonasthmatic subjects.

Two cohort studies [49, 57] and two case—control studies [63, 65] achieved a NOS score >7 and were
considered of high quality, while 12 cohort studies [50-56, 58-62] and two case—control studies [64, 66]
obtained a NOS score <6 and were regarded as of low quality. Quality assessment of cross-sectional
studies indicated that five [6, 39, 43, 46, 48] were at low risk of bias, eight [35-38, 41, 44, 45, 47] were at
medium risk of bias and two [40, 42] were at high risk of bias.

The inter-rater reliability for data abstraction was excellent before and after the learning process (Cohen’s «
0.96 and 1.00, respectively). The intra-rater reliability produced a Cohen’s k of 1.00 after the learning process.

Detailed patient demographics and study characteristics have been summarised in table 1.

Strength of association between comorbidities and asthma

Psychiatric and neurological comorbidities

Alcohol and drug use disorders, anorexia or bulimia, blindness, deafness, epilepsy and learning disability
were weakly associated with asthma. The upper 95% CI of alcohol use disorder reached moderate
association level. Affective disorder, Alzheimer’s disease, anxiety, depression, migraine, panic attack,
phobia, psychiatric disorder, somatoform disorder and suicidal ideation were moderately associated with
asthma. The upper 95% CI of panic attack (OR 2.09, 95% CI 1.59-2.75), phobia (OR 2.24, 95% CI 1.52—
3.25), psychiatric disorder (OR 1.78, 95% CI 1.38-2.20) and suicidal ideation (OR 2.25, 95% CI 1.30—
3.81) reached strong association levels. Detailed results are shown in figure 2a, supplementary figure S1
and supplementary table S3.

Respiratory comorbidities

A weak association with asthma was observed for pneumonia, and a moderate association observed for
chronic sinusitis. Bronchiectasis (OR 4.89, 95% CI 4.48-5.34) and nasal congestion (OR 3.30, 95% CI
2.96-3.67) were strongly associated with asthma. COPD (OR 6.23, 95% CI 4.43-8.77) and other chronic
respiratory diseases (OR 12.85, 95% CI 10.14-16.29) were very strongly associated with asthma. The term
“chronic respiratory diseases” was extracted exactly as it appeared from the primary papers. Since the
overall classification of chronic respiratory diseases was reported in only one study [62] (International
Classification of Diseases (ninth revision) codes 491, 492, 494, 496, 416.8, 416.9), the term “chronic
respiratory diseases” should be considered unspecific in this meta-analysis. Detailed results are shown in
figure 2b, supplementary figure S2 and supplementary table S3.

Allergic and rheumatological comorbidities

Dermatitis and rheumatological disease were weakly associated with asthma, although the upper 95% CI of
atopic dermatitis achieved a moderate degree of association. Allergic reaction, allergic urticaria,
anaphylactic shock, angioneurotic oedema, dermatitis due to food, and eczema or psoriasis were
moderately associated with asthma. The upper 95% CI of dermatitis due to food achieved a strong to very
strong association level (OR 3.19, 95% CI 1.14-8.89). Allergic conjunctivitis (OR 2.63, 95% CI 2.22—
3.11) and allergic rhinitis (OR 4.24, 95% CI 3.82-4.71) were strongly associated with asthma, with the
upper 95% CI of allergic rhinitis reaching the level of very strong association. Detailed results are shown
in figure 2c, supplementary figure S3 and supplementary table S3.
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TABLE 1 Main characteristics of the observational studies included in the pairwise meta-analysis. When necessary, age, sex and smoking habit were reported as weighted arithmetic mean

between asthma and nonasthma populations

First author, Country Study Duration of Subjects  Asthmatic Groups of Subjects’ Age Male  Diagnosis of asthma Current NOS quality assessment JBI
year [ref.] characteristics observation  analysed subjects comparison characteristics (years) (%) smokers . . o checklist
Selection Comparability Outcome”/ Total +
(years) (%) o tool
exposure
CHALITSIOS, UK Population-based, 13 658 749 138123 Asthma Subjects selected from 51.8 41.0 Read codes for 20.4 el > > 8
2021 [49] retrospective, (21.0) versus the UK Clinical asthma
longitudinal, cohort nonasthma Practice Research
study control Database
LANDRE, 2020 France Retrospective, 26 12345 372 (3.0) Asthma Subjects selected from 69.8 740  Diagnosis defined by 7.0 e S f 3
[50] cohort study versus the French GAZEL questionnaire
nonasthma cohort of
control community-dwelling
adults
CARTER, 2019 UK Retrospective, ~12 362544 60424 Asthma Subjects admitted to 48.6 26.5 Diagnostic ICD-10 NA e S ** «f 6
[54] cohort study (16.7) versus NHS hospitals in the and OPCS-4 disease
nonasthma UK codes
control
Kim, 2019 Korea Population-based, ~11 226118 113059 Asthma Subjects randomly >20.0 373 Asthma or status NA = ** oy 6
[55] retrospective, (50.0) versus selected from the asthmaticus
longitudinal, cohort nonasthma Korean National diagnostic ICD-10
study control Health Insurance codes: J45 or J46 of
Service Database a physician
diagnosis
Kim, 2019 us Population-based, ~4 643 885 44420 Asthma Representative sample ~ >18.0 48.0  Diagnosis defined by 16.0 High bias
[40] retrospective, (6.9) versus of civilian, questionnaire
cross-sectional nonasthma non-institutionalised
survey control subjects of USA
selected from the
National Health
Interview Survey
Bouroin, 2019 France Population-based, 3 2760 690 (25.0) Severe Subjects randomly 61.0 343 Diagnosis based on NA rrx ** ** 7
[63] retrospective, case— asthma selected from a French GINA
control study versus representative claims recommendations
nonasthma database (severe asthma
control patients received >1
dispensing for OMA
and/or >10
dispensings of a
medium or
high dose of
ICS+LABA)
ToppILA-SALMI, Finland Population-based, 1 2890 1118 (38.7) Asthma Subjects randomly 53.0 37.0 Drug reimbursement NA bl > * 6
2019 [64] retrospective, case— (includes selected from the decision of
control study severe Finnish Drug diagnosed asthma
asthma) Reimbursement granted by prior
versus Register physician’s
nonasthma certificate, which
control includes background
information, clinical
examination results,
lung function test
results and findings
and conclusions
after asthma
treatment test for
6 months
Continued
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TABLE 1 Continued

First author, Country Study Duration of Subjects  Asthmatic Groups of Subjects’ Age Male  Diagnosis of asthma Current NOS quality assessment JBI
year [ref.] characteristics observation  analysed subjects comparison characteristics (years) (%) smokers A ™ o checklist
(years) (%) Selection  Comparability Outcomeq/ Total -
exposure
VARsANO, 2017 Israel Population-based, 1 39991 19991 Nonsevere Subjects selected from 42.2 23.8 Asthma diagnostic 20.0 Low bias
[39] retrospective, (50.0) and severe an Israeli population ICD-9 CM code of a
cross-sectional asthma present in a national physician’s diagnosis
study versus electronic healthcare of bronchial asthma
nonasthma insurance provider
control database
WEATHERBURN, UK Population-based, NA 1424378 84505 Asthma Representative sample ~ >18.0 49.1 Primary-care 24.5 Moderate
2017 [38] retrospective, (5.9) versus of the Scottish physician’s diagnosis bias
cross-sectional nonasthma population selected
study control from the UK NHS
database of primary
care practice
Bozek, 2016 Poland Population-based, 1 2099 1023 (48.7) Asthma Representative 67.9 46.4 Diagnosis based on 6.9 Moderate
[37] retrospective, versus population of all clinical criteria bias
cross-sectional nonasthma regions of Poland according to GINA
study control randomly selected recommendations
from patient and a positive
databases reversibility test after
salbutamol
according to the
ATS/ERS criteria
PenG, 2015 Taiwan Nationwide, ~3 63855 12771 Asthma Subjects randomly 53.7 45.8 Asthma diagnostic NA e s ** wf 6
[56] retrospective, (20.0) versus selected from the ICD-9 CM code: 493
population-based, nonasthma National Health
cohort study control Insurance Research
Database of Taiwan
VAN DEN BEwmT, The Dynamic historical, ~20 2385 795 (33.3) Asthma Subjects selected from 333 41.1  Physician’s diagnosis NA o ** > 8
2016 [57] Netherlands  longitudinal, cohort versus the Continuous
study nonasthma Morbidity Registration
control Nijmegen database
Yao, 2016 China Population-based, 6 84474 28158 Asthma Subjects randomly 54.5 46.3 Asthma diagnostic NA xS > ! 6
[58] retrospective, (33.3) versus selected from the ICD-9 CM code: 493;
longitudinal, cohort nonasthma National Health subjects who had >1
study control Insurance Research hospitalisation or >3
Database of Taiwan visits for outpatient
medical services for
asthma
CHeng, 2015 Taiwan Nationwide, 11 52275 10455 Asthma Subjects randomly 59.8 413 Asthma diagnostic NA wex ** “f 6
[59] retrospective, (20.0) versus selected from the ICD-9 CM code: 493;
longitudinal, cohort nonasthma National Health diagnosis by
study control Insurance Research pulmonologist or
Database of Taiwan rheumatologist on
clinical judgement or
pulmonary function
test
ALcAzAR Spain Cross-sectional NA 57 40 (70.2) Asthma Outpatients in an 60.8 31.6 Previous physician 7.0 Moderate
NAVARRETE, study versus ambulatory setting diagnosis of bias
2015 [36] nonasthma bronchial asthma
control
Continued
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TABLE 1 Continued

First author, Country Study Duration of Subjects  Asthmatic Groups of Subjects’ Age Male  Diagnosis of asthma Current NOS quality assessment JBI
year [ref.] characteristics observation  analysed subjects comparison characteristics (years) (%) smokers A - 5 checklist
Selection Comparability Outcome”/  Total i
(years) (%) -| tool
exposure
CHuNG, 2014 Taiwan Nationwide, 6 156 513 31356 Asthma Subjects randomly 38.9 49.0 Asthma diagnostic NA xS > 1 6
[60] retrospective, (20.0) versus selected from the ICD-9 code: 493 from
population-based, nonasthma National Health ambulatory case
cohort study control Insurance Research visits or admission
Database of Taiwan records
CHuNG, 2014 Taiwan Nationwide, 11 72587 14518 Asthma Subjects randomly 52.1 45.7 Asthma diagnostic NA xS > “f 6
[61] retrospective, (20.0) versus selected from the ICD-9 CM code: 493
population-based, nonasthma National Health
cohort study control Insurance Research
Database of Taiwan
STEPPUHN, Germany Population-based, 2 43189 2242 (5.2) Asthma Adults randomly 49.0 48.6 Self-reported 29.8 Low bias
2014 [48] retrospective, versus selected for the physician’s diagnosis
cross-sectional nonasthma national telephone
survey control health interview survey
in Germany
Huang, 2014 Taiwan Nationwide, 3 140344 35086 Asthma Subjects randomly 417 44.1 Diagnosis by NA e ** - 8
[65] prospective, (25.0) versus selected from the board-certified
population-based, nonasthma National Health internist, clinical
case—control study control Insurance Research immunologist,
(comorbidities were Database of Taiwan pulmonologist or
assessed other medical
retrospectively) experts
CHeN, 2014 Taiwan Nationwide, 11 55150 11030 Asthma Subjects randomly 60.9 41.7 Asthma diagnostic NA oS > ! 6
[62] retrospective, (20.0) versus selected from the ICD-9 CM code: 493
longitudinal, nonasthma National Health
population-based, control Insurance Research
cohort study Database of Taiwan
SunpeoM, Sweden Population-based, 1 25610 1830 (7.1) Asthma Subjects randomly 43.7 49.0  Diagnosis defined by 13.8 Moderate
2013 [47] retrospective, versus selected for the 2008 questionnaire bias
cross-sectional nonasthma GA’LEN survey
survey control
Marcon, 2013 Italy Population-based, ~3 662 360 (54.4)  Mild asthma Subjects randomly 438 49.0  Diagnosis defined by 224 e * 5
[66] retrospective, versus selected from the questionnaire and
multi-case—control nonasthma general population lung function tests
study control belonging to the
Italian Study on
Asthma in Young
Adults cohort and to
the Italian branch of
the European
Community
Respiratory Health
Survey cohort
Lu, 2013 [46] Singapore Population-based, 1 2809 106 (3.8) Asthma Adults randomly 20.0— 38.2 Self-report of a NA Low bias
retrospective, versus selected from the 59.0 doctor’s diagnosis
cross-sectional nonasthma Singapore National
survey control Mental Health Survey
Continued
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TABLE 1 Continued

First author, Country Study Duration of  Subjects  Asthmatic Groups of Subjects’ Age Male  Diagnosis of asthma Current NOS quality assessment JBI
year [ref.] characteristics observation  analysed subjects comparison characteristics (years) (%) smokers A . o checklist
Selection Comparability Outcome”/  Total +
(years) (%) q tool
exposure
TRAISTER, USA Retrospective, ~6 160 59 (36.9) Asthma Outpatients selected 44.6 337 Asthma diagnostic 35.1 e S f 3
2013 [51] cohort study versus by random ICD-9 CM code: 493
nonasthma computer-generated and spirometry tests
control sequence
PaTeL, 2013 USA Population-based, 8 22172 2873 (13.0) Asthma Representative sample 46.7 48.1 Self-report of a NA Moderate
[45] retrospective, versus of civilian, physician’s diagnosis bias
cross-sectional nonasthma non-institutionalised
survey control subjects of USA
selected from the
National Health and
Nutrition Examination
Survey
IRIBARREN, USA Prospective, cohort 13 407 190 203 595 Asthma Adults selected from 44.6 34.0 Medical records of 17.4 B @ i 6
2012 [52] study (50.0) versus the Kaiser Permanente hospitalisation with
(comorbidities were nonasthma Northern California primary discharge
assessed control healthcare plan code ICD-9 CM
retrospectively) 493.00—493.99 or
>1 secondary code
for asthma with a
principal ICD-9 code
for acute
asthma-related
respiratory
conditions, or
outpatient or ED
visits for asthma
LuvsTer, 2012 USA and UK Retrospective, NA 282 222 (78.7) Nonsevere Participants selected 31.5 47.4 Evaluation and 0.0 Moderate
[44] cross-sectional asthma and from the retrospective classification bias
study severe multicentre Severe according to the ATS
asthma Asthma Research definition of
versus Program cohort study refractory asthma;
nonasthma diagnosis of severe
control asthma required
continuous oral
corticosteroid use or
high-dose ICS use
and >2 of the 7
minor criteria [67]
CazzoLa, 2011 Italy Population-based 1 909 638 55500 Asthma Subjects selected from  >14.0 473 Asthma diagnostic NA Low bias
[6] retrospective, (6.1) versus the Health Search ICD-9 CM code: 493
cross-sectional nonasthma  Database of the Italian
study control College of General
Practitioners
HakoLa, 2011 Finland Prospective, cohort 1-4 64951 2196 (3.4) Persistent Finnish public sector 44.1 20.0  Physician’s diagnosis 18.3 xS *f 5
[53] study asthma employees selected confirmation by the
(comorbidities were versus from national registers Social Insurance
assessed nonasthma Institution of Finland
retrospectively) control
Continued
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TABLE 1 Continued

First author, Country Study Duration of ~ Subjects  Asthmatic Groups of Subjects’ Age Male  Diagnosis of asthma Current NOS quality assessment JBI
year [ref.] characteristics observation  analysed subjects comparison characteristics (years) (%) smokers A - o checklist
Selection Comparability Outcome”/ Total +
(years) (%) o tool
exposure
Ng, 2007 [43] Singapore Population-based, 1 1092 61 (5.6) Asthma Older adults selected >60.0 NA Self-report of a NA Low bias
retrospective, versus from the National doctor’s diagnosis
cross-sectional nonasthma Mental Health Survey
survey control of Elderly of Singapore
Apawms, 2006 Australia Population-based, 1 7443 834 (11.2) Asthma Adults selected from >18.0 50.9 Self-report of a NA High bias
[42] retrospective, versus the Collaborative doctor’s diagnosis
cross-sectional nonasthma  Health and Well-being
household control Survey
telephone interview
survey
GOODWIN, USA Retrospective, ~2 998 176 (17.6) Asthma Primary care patients 18.0— 25.1 Asthma diagnostic NA Moderate
2003 [41] cross-sectional versus 70.0 ICD-9 CM code: 493 bias
study nonasthma of a primary-care
control physician’s diagnosis
GoobwIN, Germany Population-based, 1 4181 236 (5.6) Nonsevere Representative 41.1 41.0 Questionnaire and NA Moderate
2003 [35] retrospective, and severe community sample of physician’s diagnosis bias
cross-sectional, asthma adults
core survey versus
nonasthma
control

Data are presented as n or n (%), unless otherwise stated. NOS: Newcastle-Ottawa Scale; JBI: Joanna Briggs Institute; NHS: National Health Service; ICD: International Statistical Classification of
Diseases and Related Health Problems; OPCS: Office of Population Censuses and Surveys Classification of Interventions and Procedures; NA: not available; GINA: Global Initiative for Asthma;
OMA: omalizumab; ICS: inhaled corticosteroids; LABA: long-acting B,-adrenoceptor agonists; CM: Clinical Modification; ATS: American Thoracic Society; ERS: European Respiratory Society;
ED: emergency department. *: cohort studies could not be assigned a star for the outcome item “adequacy of follow-up of cohorts”, as outcomes of interest were all assessed retrospectively and
there was no mention of losses; : case—control studies could not be assigned a star for the exposure item “non-response rate”, as outcomes of interest were all assessed retrospectively; *: each
of the eight items of the JBI tool was rated as “yes” (1 point) and “no” or “not applicable” (0 points). The score for each cross-sectional study was calculated on the proportion of “yes”
responses for the possible maximum score and rated as high, moderate or low risk of bias according to the achieved score expressed as percentage (high bias: <49.0%; moderate bias: 50.0-
69.0%; low bias >70.0%); °: no star could be assigned for the selection item “demonstration that outcome of interest was not present at start of study”, as outcomes of interest were already
present at baseline; *: no star could be assigned for the outcome item “was follow-up long enough for outcomes to occur”, as outcomes of interest were already present at baseline.
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FIGURE 2 Analysis of the strength of association of specific a) psychiatric and neuronal disorders,
b) respiratory disorders, c) allergic disorders and d) cardiovascular disorders with asthma.

Cardiovascular comorbidities

Pulmonary embolism, coronary heart disease and stroke were weakly associated with asthma, with their
upper 95% CI reaching a moderate level of association; heart failure and hypertension were moderately
associated with asthma. Cardiovascular comorbidities and pulmonary hypertension were moderately
associated, and their upper 95% CI reached strong association (OR 1.86, 95% CI 1.17-2.96 and OR 2.14,
95% CI 1.22-3.88, respectively). Hypertensive cardiomyopathy was strongly associated with asthma and
the upper 95% CI reached a very strong association (OR 4.24, 95% CI 2.06-8.90). Detailed results are
shown in figure 2d, supplementary figure S4 and supplementary table S3.
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Metabolic comorbidities

Diabetes, dyslipidaemia and thyroid disorders were weakly associated with asthma and, among these, the
upper 95% CI of thyroid disorders reached moderate association; obesity was moderately associated with
asthma. Detailed results are shown in figure 3a, supplementary figure S5 and supplementary table S3.

Gastrointestinal comorbidities

Inflammatory bowel disease and viral hepatitis were weakly associated with asthma, and the upper 95% CI
of viral hepatitis reached a moderate association. Chronic colitis, constipation, diverticular disease, GORD,
irritable bowel syndrome and ulcer were moderately associated with asthma, with the upper 95% CI of
GORD reaching a strong association (OR 1.99, 95% CI 1.32-2.99). Detailed results are shown in figure
3b, supplementary figure S6 and supplementary table S3.

Musculoskeletal comorbidities

Osteoporosis and lower leg fracture or surgery were weakly associated with asthma, with the upper 95% CI
of osteoporosis reaching a moderate association; arthritis was moderately associated with asthma. Detailed
results are shown in figure 3c, supplementary figure S6 and supplementary table S3.

Other comorbidities

Cancer, head injury, glaucoma, prostate disorders and renal disorders were weakly associated with asthma.
Anaemia, cataract, pain and sleep disorders were moderately associated with asthma, with the upper 95%
CI of cataract reaching a strong association (OR 2.37, 95% CI 1.82-3.10). Detailed results are shown in
figure 3d, supplementary figure S7 and supplementary table S3.

Strength of association between comorbidities and severe asthma

Moderate association was observed for anxiety, depression and panic disorder and a strong association was
observed for panic attack, phobia and bipolar disorder. The upper 95% CI of panic attack (OR 3.16, 95%
CI 1.84-5.24), panic disorders (OR 2.78, 95% CI 1.30-5.46), phobia (OR 3.56, 95% CI 1.37-7.96) and
bipolar disorder (OR 6.16, 95% CI 2.10-15.2) reached a very strong association (figure 4a).

Allergic rhinitis (OR 11.71, 95% CI 5.33-26.98) and COPD (OR 19.27, 95% CI 15.87-23.41) were very
strongly associated with severe asthma (figure 4b).

Cardiovascular comorbidities, coronary heart disease and heart failure were moderately associated with
severe asthma, with the upper 95% CI of cardiovascular comorbidities reaching a strong association (OR
2.38, 95% CI 1.97-2.88). Hypertension had a strong association with severe asthma and the upper 95% CI
reached a very strong association (OR 3.35, 95% CI 1.57-7.14) (figure 4d).

Dyslipidaemia was weakly associated with severe asthma, whereas obesity (OR 4.06, 95% CI 2.99-5.51)
showed a very strong association (figure 4e).

Anaemia, cataract and sleep disorders had a moderate association with severe asthma, and the upper 95%
CI of cataract reached a strong association (OR 2.37, 95% CI 1.82-3.10) (figure 4c).

Detailed results concerning the strength of association between comorbidities and severe asthma are shown
in supplementary figure S8 and supplementary table S4.

Quality of evidence and risk of bias
The NOS and JBI critical appraisal checklist tool scores are shown in table 1.

Generally, a substantial level of heterogeneity was detected for the association between the reported
comorbidities and asthma (supplementary figures S1-S7). Sensitivity analyses performed according to
study design generally did not resolve the substantial level of heterogeneity (data not shown). Regarding
severe asthma, no heterogeneity was detected for the association with the reported comorbidities
(supplementary figure S8).

The analysis of funnel plots confirmed heterogeneity, although the visual inspection evidenced neither
dispersion nor asymmetry, with most outcome points clustering symmetrically around the top of the plots.
Egger’s tests confirmed the lack of significant publication bias. Detailed analysis of bias is reported in
supplementary figures S9 and S10.
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FIGURE 3 Analysis of the strength of association of specific a) metabolic disorders, b) gastrointestinal
disorders, c) musculoskeletal disorders and d) other disorders with asthma. GORD: gastro-oesophageal reflux
disease.
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FIGURE 4 Analysis of the strength of association of specific a) psychiatric and neurological disorders, b) respiratory and allergic disorders,
c) cardiovascular disorders, d) metabolic disorders and e) other disorders with severe asthma.

Discussion

Although several previous meta-analyses [1, 68-75] have investigated the association between
comorbidities and asthma, this is the first study to have ranked via the Cohen’s d approach the strength of
association between multiple comorbidities and asthma or severe asthma, incorporating the prevalence of
the comorbidity in the nonasthma population in this analysis. Thus, the strength of the association was
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determined by both the odds ratio and the prevalence of the comorbidity in the nonasthma population.
More specifically, for a given OR (95% CI), the strength of the association between comorbidities and
asthma was higher for those comorbidities which were more prevalent in the nonasthma population.

This study gives real-world evidence that allergic conjunctivitis, allergic rhinitis, bronchiectasis,
hypertensive cardiomyopathy and nasal congestion are strongly associated with asthma, with COPD and
other chronic respiratory diseases being very strongly associated. Concerning severe asthma, a strong
association was found for panic attack, phobia, bipolar disorders and hypertension, and a very strong
association resulted for allergic rhinitis, COPD and obesity. The clinical assessment of those comorbidities
more strongly associated with asthma is crucial to achieve better asthma control and promote a change
towards a patient-centred asthma management.

It is well recognised that disorders co-occurring with asthma enhance the complexity and heterogeneity of
the disease [76]. The 2022 Global Initiative for Asthma (GINA) document [77] recommends the active
management of comorbid conditions, as they may lead to the impairment of symptoms control, poor
quality of life, interactions between medications and greater healthcare use, especially in severe asthma.
When not recognised and properly treated, comorbidities may result in acute asthma flare-ups [78] or even
cause symptoms that mimic asthma, potentially leading to misdiagnosis and inappropriate treatment [76].
However, paradoxically, the current GINA recommendations [77] report only a few comorbidities to be
managed in asthmatic patients, namely obesity, GORD, anxiety and depression, food allergy and
anaphylaxis, rhinitis, sinusitis and nasal polyps. Evidently, several comorbidities strongly to very strongly
associated with asthma and severe asthma were missed in the section “Managing asthma with
multimorbidity” of the GINA document [77], such as relevant comorbidities in the domains of respiratory
disorders (bronchiectasis), cardiovascular disorders (i.e. hypertension, hypertensive cardiomyopathy) and
psychiatric and neuronal disorders (i.e. bipolar disorder, phobia, panic attack). Perhaps future
recommendations for asthma management should include these disorders as comorbidities to be managed
in asthma.

Considering respiratory comorbidities, conflicting evidence still exists in literature concerning the real
frequency estimates of bronchiectasis in asthma, ranging between 0.8% and 67.0% [38, 79-81]. This could
be due to the use of different methodologies for diagnosis, high heterogeneity across the studies and small
sample sizes [82]. Two recent meta-analyses [70, 75] demonstrated that coexistence of bronchiectasis
correlated to greater asthma severity and increased risk of acute exacerbation.

The association between allergic rhinitis and asthma has been described by the united airway theory, the
concept supported by epidemiological and pathophysiological evidence that explains the frequent
interaction between the upper and lower airways [83]. Approximately 30.0-80.0% of asthmatic subjects are
affected by allergic rhinitis [84], and moderate-to-severe allergic rhinitis could impair asthma control [85].
Thus, the “Allergic Rhinitis and its Impact on Asthma” document recommends assessing the presence of
allergic rhinitis in asthmatic patients in order to optimise symptom management [86]. In observational
studies, treatment of allergic rhinitis resulted in the improvement of upper and lower airway outcomes and
reduced the risk for asthma-related hospitalisation and emergency department visits [87, 88].

The very strong level of association between COPD and asthma or severe asthma could be related to
potential misclassification between the diseases due to the overlap of symptoms and clinical features,
particularly in elderly patients and smokers who experience poor symptom control, frequent exacerbations,
progressive lung function deterioration and impaired quality of life [77].

The association between asthma and cardiovascular diseases has been described in previous studies [89—
91]. The strong association observed between hypertension and severe asthma could be in part related to
systemic inflammation [92, 93], although hypertension may be a steroid-induced complication related to
the use of inhaled corticosteroids in asthma [13]. Interestingly, the strong association between hypertensive
cardiomyopathy and asthma could be also indirectly related to systemic inflammation, representing the
natural progression of hypertensive heart disease associated to the chronic use of corticosteroids in
asthmatic patients [94]. Unfortunately, the design of the primary studies included in this quantitative
synthesis and the meta-analytical approach itself do not allow an assessment of the cause-and-effect
relationship between cardiovascular disease and asthma [95].

Concerning obesity, it is proven that obese subjects are at increased risk of developing asthma, and obesity
is associated with poor asthma outcomes [96, 97].
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Of note, the present meta-analysis confirms data obtained from previous studies regarding the burden of
psychiatric disorder in asthmatic subjects [1, 6, 68]. Phobia, panic attack and bipolar disorders were found
to be strongly associated with severe asthma. Factors implicated in this relationship could be identified in
expectation and fear of further asthma attacks, hyperventilation as a trigger for asthma symptoms and poor
adherence to asthma treatment in patients with psychiatric diagnoses [6]. All these factors could impair
asthma outcomes. Alternatively, phobia and panic attacks might lead to vocal cord dysfunction, which may
present as severe asthma attacks.

Fortunately, we found that although chronic sinusitis, GORD and sleep disorders were significantly
associated with asthma, the level of association was not strong.

The present study has limitations that warrant consideration. Our systematic review and meta-analysis was
rigorously conducted according to MOOSE guidelines [16]; nevertheless, the effect estimates were
characterised by a substantial level of heterogeneity observed across studies that was neither resolved by
sensitivity analyses nor explained by subgroup analyses. The observational studies included in this
quantitative synthesis may be intrinsically susceptible to heterogeneity based on data or design, such as
differences in investigated populations or outcomes, survey recruitment, measurement instruments, timing
of outcome measurements and data reporting [98].

In this regard, meta-analyses assessing broadly framed questions may assemble highly heterogeneous
studies, especially when addressing the prevalence of phenomena in heterogeneous diseases such as asthma
[77, 98]. Furthermore, the assessment of comorbid disorders greatly varies across the studies depending on
the analysed population, diagnostic criteria and measurement tools [99]. Besides, observational studies are
not always specifically designed to assess comorbidities as primary outcomes; therefore, we must
acknowledge that the estimated odds ratios might be partly affected by lack of precision and potentially by
diagnostic confusion, as a result of miscoding in claims-based patient treatment records. In addition,
considering that observational studies are intrinsically susceptible to biases due to the extreme diversity of
the included population, design and assessed outcomes, the interpretation of summary estimates resulting
from this meta-analysis may be potentially problematic [16]. Certainly, randomised controlled trials (RCTs)
are considered to be more reliable than observational studies, at least on the assessment of treatment
effectiveness. However, it has been reported that results of well-performed observational studies do not
systematically differ from those of RCTs on the same topic and that RCTs are often inadequate in reporting
adverse events [100-102]. Moreover, generalisability can be limited for results from RCTs, because patients
with multiple comorbidities are often excluded from these studies [103].

In recent well-performed meta-analyses of observational studies [98, 104], heterogeneity was confirmed by
both funnel plot and Egger’s test. Conversely, despite the substantial level of heterogeneity detected in our
analysis, both funnel plot and Egger’s test indicated that the association between comorbidities and asthma
were not affected by significant bias. The clinical interpretation of this finding is that the direction of our
effect estimates is correct and that perhaps results of future well-designed studies may report smaller 95%
CI values.

Unexpectedly, we observed fewer comorbidities associated with severe asthma than with the general
asthma population. This may be explained by considering that fewer studies specifically enrolled severe
asthmatic subjects. However, when detected, the strength of association between severe comorbidities and
asthma was generally higher compared to the analysis performed on the general asthma population.

Finally, considering that we analysed multiple outcomes, we cannot exclude that Type I error may have
affected some of the reported result. However, the sample size of the investigated population suggests that
our research was more than sufficiently powered to detect the comorbidities at the frequencies reported in
the control group [105].

In conclusion, several comorbidities are strongly and very strongly associated with asthma and severe
asthma. It is important to implement individualised strategies for asthma management that look beyond
asthma [7-9]. According to the Brussels Declaration regarding the need for the change in asthma
management, well-performed pragmatic and observational studies are needed to corroborate the findings of
the present meta-analysis and assess the real impact of comorbidities that are more strongly associated with
asthma and in particular with severe asthma [106, 107]. Indeed, this quantitative synthesis is a first step to
help clinicians to better place each asthmatic patient in the context of their own comorbidities according to
disease severity. This is of interest because we have demonstrated that even nonsevere patients may have a
galaxy of concomitant disorders to be managed along with asthma. Correct diagnosis of these
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comorbidities is pivotal to optimise asthma management by a multidimensional approach and to assess
whether poor symptom control is related to uncontrolled asthma or to uncontrolled underlying
comorbidities. In turn, multidimensional assessment enables the detection of treatable traits, representing
an effective approach for addressing the complexity of asthma [10]. However, although here we have
quantified “how big is a big odds ratio” [12] for association between comorbidities and asthma by
providing useful clinical implications, the question remains whether the level of severity of asthma is
primary related to the severity of asthma itself or, especially in severely asthmatic patients, if asthma
severity is due to untreated or undetected treatable traits related to pulmonary and/or extrapulmonary
comorbidities [108].

Points for clinical practice

A multidimensional approach should be focused upon assessing whether poor symptom control is related to
uncontrolled asthma or to uncontrolled/undiagnosed underlying comorbidities.
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