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Abstract

Background: Previous studies have reported mixed associations between inhaled corticosteroids (ICSs) and cardiovascular disease
(CVD) in people with chronic obstructive pulmonary disease (COPD). Using updated literature, we investigated the association
between ICS-containing medications and CVD in COFPD patients, stratified by study-related factors.

Methods: We searched MEDLINE and EMBASE for studies that reported effect estimates for the association between ICS-containing
medications and the risk of CVD in COPD patients. CVD outcomes specifically included heart failure, myocardial infarction, and
stroke-related events. We conducted a random-effects meta-analysis and a meta-regression to identify effect-modifying study-related
factors.

Results: Fifteen studies met inclusion criteria and investigated the association between ICS-containing medications and the risk of
CVD. Pooled results from our meta-analysis showed a significant association between ICS-containing medication and reduced risk of
CVD (hazard ratio 0.87, 95% confidence intervals 0.78 to 0.97). Study follow-up time, non-ICS comparator, and exclusion of patients
with previous CVD modified the association between ICS use and risk of CVD.

Conclusions: Overall, we found an association between ICS-containing medications and reduced risk of CVD in COPD patients.
Results from the meta-regression suggest that subgroups of COPD patients may benefit from ICS use more than others and further
work is needed to determine this.
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Note: This article has an online supplement

Introduction

Inhaled corticosteroids (ICSs) have been shown to slow
lung function decline, reduce the risk of exacerbations,
and improve health status among people with chronic
obstructive pulmonary disease (COPD), however, they
have also been associated with an increased risk of
pneumonia and recent guidelines suggest that use of
dual bronchodilators may reduce the risk of mortality
in symptomatic COPD patients with a history of
frequent or severe exacerbations.l-3 Previous studies
have suggested that ICSs may have a protective effect
on the development of cardiovascular disease (CVD) in
people with COPD. Observational studies have shown
that COPD patients initiating ICSs have a reduced risk
of developing coronary heart disease (CHD) compared
with non-ICS users.* In addition, a study of COPD
patients in Canada found that the risk of myocardial
infarction (MI) was lower for patients on ICSs at a dose
of 50—-200 micrograms per day compared with patients
not on ICS.5

Many randomized control trials (RCTs) have not
found an association between ICSs and CVD. A meta-
analysis of 31 RCTs, with at least 4 weeks of follow-up,
found no association between ICSs (in any combination)
and CVD (relative risk 0.99, 95% confidence interval
[CI] 0.90 to 1.90). An additional systematic review
published in 2009 included both RCTs and observational
studies and found no association between ICSs and
CVD in RCTs (relative risk 1.02, 95% CI 0.81 to 1.27),
however, in 2 observational studies a protective effect
of ICSs was seen on CVD mortality (relative risk 0.79,
95% CI 0.72 to 0.86).7 This systematic review, however,
was published in 2009 and there have been many more
observational studies and RCTs published since then.
Furthermore, no previous studies have investigated
study-related factors that may modify the relationship
between ICS use and CVD risk in people with COPD.
Given the mixed results for the association between ICS
use and risk of CVD from previous studies, it is possible
that subgroups of COPD patients exist in which an
ICS has a more protective effect compared with other
subgroups of COPD.

We aimed to investigate the association between
the use of ICSs or ICS-containing medications and CVD
(both fatal and non-fatal events) compared with non-
ICS-containing medications in COPD patients. We also
aimed to investigate study-related factors that modify
the relationship between ICSs and CVD risk and stratify
by subgroups of COPD patients.
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Methods

Data Sources and Searches

We systematically searched MEDLINE and EMBASE (up
until the June 1, 2022) using the following search terms:
(1) COPD, chronic obstructive lung disease; (2) ICS, inhaled
corticosteroid, budesonide, fluticasone, beclomethasone,
mometasone; (3) CVD, cardiovascular disease, cardiovascular
mortality, myocardial infarction, heart failure, stroke. The
Boolean operator or was used to combine search terms
within a concept and the operator and was used to combine
all 3 concepts. Table E1 in the online supplement reports the
full list of search terms used.

Study Selection

Study exposures included any ICS-containing medication and
any non-ICS-containing medication as the comparison. ICS-
containing medications could include any ICS monotherapy,
dual therapy with a long-acting betaZ-agonist (LABA), or
triple therapy with a LABA and a long-acting muscarinic
antagonist (LAMA). Non-ICS-containing medications could
include placebo, short-acting bronchodilator therapies,
and any long-acting bronchodilator therapies. Studies were
included if the outcome of interest was any CVD-related
outcome. This included primary and secondary care events
as well as fatal events. CVD events specifically included heart
failure, M1, stroke, and CVD mortality. Studies were included
if they specifically investigated the association between ICSs
and CVD and reported effect estimates for this relationship.
We did not exclude studies based on cardiovascular history
in order to investigate the association between ICSs and
future CVD in different types of COPD populations.

Two groups of 2 reviewers (KG and JC, MK and
DR) independently reviewed titles and abstracts. Any
inconsistencies were discussed with the wider group and
with a third party (HW) if needed. After identifying initial
studies based on titles and abstract, full article texts were
reviewed. Studies were excluded if they were not available
in English, were conference abstracts, review articles, or
protocols. References from previous systematic reviews and
meta-analyses were also searched.

Data Extraction and Quality Assessment

Study elements that were extracted included: study name,
study population size, follow-up time, inclusion and
exclusion criteria, the types of medication in each ICS and
non-ICS-containing exposure group, definition of CVD
outcome, and effect estimates. Two reviewers extracted the
information, and any inconsistencies were discussed.

The quality of studies was assessed using the Cochrane
Risk of Bias Tool for RCTs.8 This tool was used to assess
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selection bias, reporting bias, performance bias, detection
bias, attrition bias, and any other bias not reported within
these categories.8 The Risk of Bias in Non-Randomized
Studies—of Interventions tool? was used to assess the quality
of observational studies, specifically non-randomized
studies of interventions. Broadly this tool assessed bias due
to confounding, selection bias, misclassification bias, missing
data bias, and bias in reporting of results.?

Meta-analysis and Meta-regression

We performed a 2-stage meta-analysis whereby first, a fixed-
effects meta-analysis for individual studies with more than
one comparator was performed to estimate the summary
effect estimate. Second, a random-effects meta-analysis was
performed for all studies, including the summary effect
estimates for the studies with more than one comparator.
To investigate whether study-related factors modified the
relationship between ICSs and the risk of CVD we performed
a meta-regression. We specifically investigated follow-up
time (defined as 3 years or less and greater than 3 years),
study design (observational or RCT), CVD outcome severity
(fatal or non-fatal), non-ICS comparator (bronchodilators
versus placebo), and previous history of CVD (whether
studies excluded people with a history of CVD or not). The
meta-regression outputs a ratio of the hazard ratios (HRs)
under investigation. Factors that significantly modified the
relationship between ICS use and the risk of CVD were used
to stratify meta-analyses.

Results

A total of 447 studies were identified. After removing
duplicates, 415 articles were screened by their titles and
abstracts. A total of 72 articles were included for the full-
text screening, and a total of 15 were included in the final
analysis. The main reason for the exclusion of full texts was
due to the lack of studies including CVD outcomes (Figure
1). These 15 studies represented up to 240,903 people with
COPD, however, it is possible for people with COPD to be
included in more than one study.

Study Characteristics

Table 1 reports study characteristics.>10-23 A total of
9 studies were observational which included data from
North American insurance databases, Canadian insurance
databases, Taiwanese insurance databases, electronic health
care records from the United Kingdom (Clinical Practice
Research Datalink), COPD cohort data from Scotland, and
Taiwanese hospital data. The remaining 6 studies were
RCTs consisting of the TOwards a Revolution in COPD
Health (TORCH) study, InforMing the Pathway for COPD
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Treatment (IMPACT) study, Study to Understand Mortality
and Morbidity in COPD (SUMMIT), and the European
Respiratory Society’s Study on Chronic Obstructive
Pulmonary Disease (EUROSCOP )study.

A total of 11 studies had follow-ups for 3 years or
less and 4 had follow-ups of greater than 3 years. Four
studies excluded patients with a history of CVD.>10-12 Two
studies required patients to have a history of CVD.12.13 The
remaining studies did not specify inclusion or exclusion
criteria around a history of CVD. The number of patients
included in the studies ranged from 1275 to 61,651. In
total, 29 ICS compared with no ICS comparisons were
extracted from the 15 articles. From the 15 articles, a total
of 29 individual comparisons were made between people on
ICSs and people not on ICSs, depending on the type of ICS-~
and non-ICS-containing medications within the studies.

Overall, of the 29 comparisons, 1 study found a higher
risk of CVD in patients on LABA/ICS combinations compared
with LAMA-containing medications. Six comparisons from
5 studies found that patients on ICSs had a lower risk of
CVD compared with patients not on ICS combinations.
These comparisons included 2 which compared ICS/LABA
combinations with any non-ICS combinations or LABAs/LAMAs
and 4 which compared ICS-containing combinations with placebo
or short-acting medications. A remaining 22 comparisons
found no significant association between ICS-containing
medications and CVD. Of these comparisons, 9 compared
ICS combinations with placebo or short-acting medications,
and 13 compared ICS combinations with any non-ICS-
containing medications or LABA/LAMA combinations.

Meta-analysis

Figure 2 illustrates a meta-analysis of all studies that reported
survival or event rate effect estimates. All studies except 2
were included in the meta-analysis. Overall, there was a
significant association between ICS-containing medications
and reduced risk of CVD (summary HR: 0.87, 95% CI 0.78
to 0.97; p=0.01). Between-study heterogeneity was 76%.

Meta-regression

Table 2 reports the differences in HRs for the association
between study-related factors and changes in the summary
HR. Studies with follow-ups greater than 3 years were
significantly more likely to show a reduced risk of CVD
compared with studies with follow-ups of 3 years or less
(ratio of HRs 0.77,95% CI 0.62 to 0.95). In addition, studies
that compared ICSs with bronchodilators were significantly
more likely to report an increased risk of CVD compared
with studies that compared ICSs with placebos (ratio of HRs
1.54, 95% CI 1.20 to 1.98; p=0.005). Studies that excluded
patients with a history of CVD were significantly more likely
to report a reduced risk of CVD compared with studies that

For personal use only. Permission required for all other uses.

journal.copdfoundation.org | JCOPDF © 2023

Volume 10 ¢ Number 3 < 2023



320 Inhaled Corticosteroids and Cardiovascular Disease Risk

Figure 1. PRISMA Flowchart lllustrating Inclusion of Articles
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did not exclude patients with a previous history (ratio of
HRs 0.68, 95% CI 0.54 to 0.86; p=0.006). There was no
difference in the association between ICS use and CVD risk
between RCTs and observational studies or between studies
that included hospitalized CVD outcomes and death-related
outcomes.

Figure 3 shows pooled estimates separately for studies
stratified by study follow-up (panels A and B), non-ICS
comparator (panels C and D), and exclusion of patients with
previous CVD (panels E and F). The pooled HR for studies
with follow-ups of 3 years or less was 0.93 (95% CI 0.85
to 1.02, panel A), whereas the pooled HR for studies with
follow-ups greater than 3 years was 0.75 (95% CI 0.57 to
0.99, panel B). The pooled HR for studies that compared
ICS use to placebo or short-acting bronchodilators was 0.80
(95% CI 0.67 to 0.96, panel C), whereas the pooled HR for
studies that compared ICS use to long-acting bronchodilators
was 0.94 (95% CI 0.83 t01.07, panel D). Finally, the pooled
HR for studies that did not exclude patients based on
previous CVD was 0.87 (95% CI 0.77 to 0.99, panel E),
whereas the pooled HR for studies that did exclude patients
with previous CVD was 0.86 (95% CI 0.72 t01.02, panel F)
albeit for only 2 studies.

Risk of Bias

For RCT studies, the majority of domains had low bias,
however, the study by Dransfield et all2 was a posthoc
analysis of the SUMMIT trial, and the association between
ICS use and time to first CVD event was stratified by baseline
beta-blocker use. Beta-blockers were not used to randomize
patients in the original trial and stratification could have led
to selection bias as only estimates for patients who were not
on beta-blockers were included. Moderate bias was also seen
in the study by Calverley et al due to possible self-reporting

of outcome events.15 In addition, of the total number of
patients included in the TORCH study, Fragoso et al excluded
424 patients based on a reclassification of airflow obstruction
using the global lung function initiativel” ( Table E2 in the
online supplement).

Most bias domains for the observational studies were
also low bias, however, the most common bias in these
studies was potential residual confounding or lack of
adequate adjustment for clinically important confounders.
For example, smoking status, ethnicity, and additional COPD
severity markers were not adjusted for in some studies as
well as time-varying confounders.510.13,20-22 gelection
bias was moderate for studies that included hospitalized
COPD patients, patients with private health care insurance,
or patients with complete data.20.21.23 Tastly, studies
were given moderate bias for deviation from intended
intervention if it was possible that patients were not taking
their prescribed medication adequately?2 (Table E3 in the
online supplement).

Discussion

Overall, we found there to be a significant pooled risk
reduction in CVD with use of ICS-containing medications.
In our meta-regression, we found that study follow-up,
non-ICS comparator, and exclusion criteria based on CVD
history were significant effect modifiers for the association
between ICS use and risk of CVD. Specifically, the pooled
estimate for studies with follow-ups greater than 3 years
showed a significant association between ICS use and
reduced risk of CVD but this was not seen in studies
with follow-ups of 3 years or less. In addition, the pooled
estimate for studies comparing ICSs with placebos showed
a significant association between ICS use and reduced risk
of CVD but this was not seen in studies comparing ICS use
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Table 1. Study Characteristics and Effect Estimates for the Association Between Inhaled

Corticosteroids and Cardiovascular Disease Outcomes

Study Study Outcome Study | CVD Maximum Exposure Effect Estimate
Authors Design Participants History Follow-up
and Year (N)
Lofdahl RCT. EUROSCOP Adverse ischaemic cardiac events: angina pectoris, 1275 NA 3 years Placebo Reference
etall4 2007 MI, coronary artery disorder, myocardial ischaemia BUD (800pg) IRR: 0.58 (0.35-0.98)
Calverley  RCT:TORCH CVD hospitalization or death: cardiac disorders, 4642 NA 3 years Placebo Reference
etal’52010 ischaemic events, vascular nervous system FP (500ug) HR: 1.00 (0.85-1.18)
disorders, vascular disorder, stroke events SAL/FP HR: 0.83 (0.70-0.98)
Vestbo RCT. SUMMIT CVD hospitalization and mortality: M, stroke, 12,367 Y 3 years Placebo Reference
etal'®2016 unstable angina, ischaemic attack FF (100ug) HR: 090 (0.73-1.11)
FF/VI (100ug/50pg) HR:0.93(0.75-1.14)
Dransfield | RCT: SUMMIT Composite CVD 8454 NA 1 year Placebo Reference
etal'2 20182 FF (100 pg) HR: 082 (062-1.07)
FF/VI (100/(25 pg) HR: 0.94 (0.72-1.22)
Vaz Fragoso RCT. TORCH CVD mortality 4270 NA 3 years Placebo Reference
etall7 2019 SAL (50ug) Reference
FF (500ug) | vs.placebo HR: 081 (0.57-1.15)
FF/Sal (500/50ug) | vs. placebo: HR 0.76 (0.53-1.09)
vs. SAL: HR 1.28 (0.85-1.92)
Day RCT: IMPACT CVD mortality, haemorrhages & cerebrovascular con-| 6221 N 1 year UMEC/VI (62.5/25ug) Reference
etalll 20200 ditions, myocardial infarction, ischeemic heart disease FFUMECM (100/62.5/25g) HR:0.92(0.78-1.08)
Huiart Observational: MI: hospitalization or death 2235 NA 1 year No ICS use Reference
et al® 2005¢ retrospective cohort study ICS-combinations OR:0.83(0.63-1.08)
Short Observational: MI: mortality 4655 NA 9 years SABA, SAMA, or SABA/SAMA Reference
etal'82011  retrospective cohort study ICS mono HR: 080 (051-127)
ICS+LAMA HR: 0,63 (0.29-1.37)
ICSILABA HR: 0.53 (0.37-0.76)
ICS/LABA/LAMA HR: 044 (0.31-062)
Manoharan | Observational: CVD mortality 4133 NA 9years = LABA LAMAor LABALAMA Reference
etal’9 2014 | retrospective cohort study ICS combinations HR: 0.76 (049-1.16)
Lin Observational: Ischaemic and haemorrhagic stroke 52,065 NA 3 years | Any non-ICS-containing medication Reference
et al10 20159 prospective cohort study LABA/ICS HR: 077 (061-097)
Aljaafareh | Observational: CVD hospitalization or ASE visit: acute coronary 56,137 NA 3 months ' LAMA-containing medication Reference
etal20 2016  retrospective cohort study | syndrome, ischaemic stroke, heart failure LABA/ICS OR:1.13(1.03-1.25)
Samp Observational: Hospitalized CVD: coronary syndrome, heart failure,| 19,067 NA | 10 years LABA/LAMA Reference
etal?! 2017 retrospective cohort study | stroke, ischemic attack LABA/ICS CVDHR: 0.79(0.62-0.99)
cerebrovascular HR: 1.17 (0.65-1.96)
Patel Observational: CVD mortality 5374 Y 3 years LABA, LAMA or LABALAMA Reference
etall3 2020 refrospective cohort study Any LABA/ICS HR: 1.01(0.86-1.19)
Wang Observational: CVD hospitalization: coronary heart disease, heart | 28,237 NA 1 year IND/GLY Reference
etal?2 2021 retrospectivecohort  failure, ischemic stroke, and cardiac arthythmias VIIUMEC Reference
SAL/FP | vsIND/GLY: HR 1.08 (0.83-1.33)
vs VIUMEC: HR 1.03 (0.83-1.29)
FF/BUD | vsIND/GLY:HR 1.29(0.96-1.73)
vs VIUMEC: HR 1.24 (0.92-1.68)
FF/BDP |  vsIND/GLY: HR 1.25(0.98-1.61)
vs VIUMEC: HR 1.20 (0.93-1.56)
Rebordosa | Observational: 31,771 NA 7 years LABA Reference
et al23 2022 retrospective cohort study | Hospitalized heart failure LABA/ICS IRR:1.01(069-148)

“aDransfield 2018: Excluded patients on beta blockers at baseline
bDay 2020: Excluded patients with unstable or life-threatening CVD
CHuiart 2005: Excluded patients with previous MI
dLin 2015: Excluded patients with previous stroke
CVD=cardiovascular disease; RCT=randomized control trial; EUROSCOP=European Respiratory Society’s Study on Chronic Obstructive Pulmonary Disease; Mi=myocardial infarction; NA=not applicable; BUD=budesonide;
IRR=incidence rate ratio; TORCH=TOwards a Revolution in COPD Health; FP=fluticasone propionate; HR=hazard ratio; SAL=salmeterol; FP=fluticasone propionate; SUMMIT=Study to Understand Mortality and Morbidity in COPD;
FF=fluticasone furoate; VI=vilanterol; IMPACT=InforMing the Pathway of COPD Treatment; UMEC= umeclidinium; ICS=inhaled corticosteroid; OR=odds ratio; SABA=short-acting beta2 agonist; SAMA=short-acting muscarinic
antagonist; LAMA=long-acting muscarinic antagonist; LABA=long-acting beta2 agonist; A & E=accident and emergency; GLY=glycopyrrolate; BDP=beclomethasone dipropionate
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Figure 2. Meta-analysis of Included Studies

Weight
Study HR [95% CI] (%)
Calverley et al. 2010 - = 0.91[0.81, 1.03] 10.08
Day et al. 2020 —— 0.92[0.78, 1.08] 9.10
Dransfield et al. 2018 —— 0.88[0.73, 1.06]) 8.48
Linet al. 2015 —E— 0.77[0.61, 0.97] 7.52
Lofdahl et al. 2007 = 0.58[0.35, 0.97] 3.21
Manoharan et al. 2014 e 0.76[0.49, 1.17] 4.09
Patel et al. 2020 —— 1.01[0.86, 1.19] 9.1

Rebordosa et al. 2021 —B—1.01[0869, 1.48] 475

Samp et al. 2017 —— 084[068, 1.04] 7.89
Short et al. 2017 —— 0.55[0.44, 0.68] 8.00
Fragoso et al. 2019 —— 0.89[0.72, 1.10] 7.92
Vestbo et al. 2016 — 0.92[0.79, 1.06]) 943
Wang et al. 2021 - 1.15[1.04, 1.27] 1040
Overall i 0.87[0.78, 0.97]
Heterogeneity: 1° = 0.03, I = 76.00%
Testof B=0:z=-252, p=0.01

1/2 1

T2=between-study variance in random-effect.
12= proportion of observed between-study variance.

HR=hazard ratio; Cl=confidence interval

Table 2. Meta-regression Estimates for the Relationship Between Study-Related Factors and
Change in Hazard Ratio

Ratio of Hazard Ratios (95% Cl) Pvalue

Follow-up Time

<3 years Reference

>3 years 0.77 (0.63-0.95) 0.022
Study Design

RCT Reference

Observational 1.24 (0.97-1.59) 0.081
CVD Outcome Severity

Hospitalized Reference

Death? 1.05 (0.92-1.19) 0435
Non-ICS Comparator

Placebo Reference

Bronchodilators 1.52 (1.19-1.95) 0.005
History of CVD

Did not exclude patients with CVD Reference

Excluded patients with CVD 0.69 (0.54-0.88) 0.008

aStudies could have included mortality-related CVD outcomes or outcomes defined as both hospitalized and mortality.

Cl=confidence interval; RCT=randomized control trial; CVD=cardiovascular disease; ICS=inhaled corticosteroid

to long-acting bronchodilators. Lastly, the pooled estimate
for studies that did not exclude patients with previous
CVD showed a significant association between ICS use and
reduced risk of CVD, but this was not seen for studies that
did exclude patients with previous CVD, however, this only
included 2 studies.

Our findings contradict the findings of a previous meta-
analysis by Xia Jing et al.6 The previous meta-analysis found
no increased risk of cardiovascular events in COPD patients
on ICS-containing medications compared with controls.

Comparisons specifically included ICS compared with a
placebo and ICS in combination with a LABA compared
with LABA monotherapy or a LABA/LAMA combination.
This differed from our meta-analysis that did not exclude
studies based on the ICS and non-ICS comparator.
Additionally, the previous meta-analysis included only RCTs,
whereas we expanded the search criteria to include both
RCTs and observational studies. Interestingly, while we
found no association between ICSs and CVD overall and in
observational studies, we did find a protective association
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Figure 3. Meta-analyses for Included Studies Stratified by Follow-up time, Non-Inhaled
Corticosteroid Comparator and Exclusion of Patients with Previous Cardiovascular Disease

A) Studies with =3 years follow-up . B) Studies with >3 years follow-up
Weight Weight
Study HR [85% CI} (%) Study HR [85% Cl] (%)
Day et al. 2020 —l— 092(078, 1.08] 1862 Calverley et al. 2010 i 0.91(0.81, 1.03] 20.36
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Patel et al. 2020 ——101(086, 1.19] 1864 Lin et al. 2015 —— 0.77[0.61, 0.97] 13.97
Short et al. 2017 ] _ 0.55[0.44, 0.68] 16.94 Lofdahl et al. 2007 —_—— 0.580.35, 0.97] 525
Fragoso el al. 2019 — ®—— 089[072 110] 1681 Rebordosa et al. 2021 1.01(0.69, 1.48] 8.12
Vestbo et al. 2016 —m 092({079, 106 1941 | Sampetal.2017 —& D88 0.00. 404 188
Wang et al. 2021 - 115104, 127] 2123
Overall | 0.84 0.70, 1.00]
o oy 5 Overall < 0.90 [ 0.79, 1.03)
Heterogeneity: 7 = 0.04, |° = 80.70%, 5 3
T Heterogeneity: 1 = 0.02, I = 69.15%,
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bty Y 12 1
C) Studies comparing ICS-containing medications to placebo Weight | D) Studies comparing ICS-containing medications to LABAs Weight
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Day etal. 2020 —8— 0.92[0.78, 1.08] 18.06 Manoharan et al. 2014 1 0.76 [049, 1.17] 9.90
Dransfield el al. 2018 —®—— 0.88[0.73, 1.06] 1328 | Pateletal 2020 ::: 1.01[086, 1.19] 16.40
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Wang et al. 2021 M- 1.15[104, 1.27] 17.57
Overall <@ | 090[0.84, 0.96]
Heterogeneity: T = 0.00, I’ = 0.00%, .. ... Ovarall i ; - a3 070, 1.04)
Testof 0= 0:z=-2.98, p = 0.00 Raterogenely: 1 =0.06, I = 84.55%.
T Teslof8=0:z2=-154,p=0.12
12 1 .
112
E) Studies with no CVD exclusion criteria Weight| F) Studies with CVD exclusion criteria Weight
Study HRI95% Cl (%) | Study HR[95% CI] (%)
Calverley et al. 2010 —- 0.91[081, 1.03] 2047 | Dayetal 2020 —— 092[0.78, 1.08] 17.93
Dransfield et al. 2018 —8— 0.88[0.73, 1.06) 1796 | Linetal 2015 —a— 0.77 [0.61, 0.97] 13.62
Lofdahl et al. 2007 - 0.58[0.35, 0.97] 7.02 Manoharan et al. 2014 —_— . 076049, 1.17] 6.30
Short et al, 2017 — B 0.55[0.44, 0.68) 17.16 | Fateletal. 2020 r 1.01[0.88, 1.19] 17.95
Fragoso et al, 201 — 10897072, 1.10) 17,02 | Rebordosaetal. 2021 1.01[0.69, 1.48] T7.53
tal. 2017 —m—{ 84 [0.68, 1.04] 14.57
Vestbo et al. 2016 W 092(07¢, 106 1947 | SmPetal-20 084 91905108 199
Wang et al. 2021 —- 1.15( 1.04, 1.27) 2210
Overall o ’ ~=-- | 0.80[0.67. 0.96] overall sl 0.94 [ 0.83, 1.07]
Heterogeneity: 1 = 0.04, I = £0.98% Heterogeneity: 1 = 0.02, I° = 62.43%
Testof@=0:2=-245,p=001 Testof6=0:z=-0.95,p =034
12 1 12 1

12= proportion of observed between-study variance.

CVD=cardiovascular disease; HR=hazard ratio; Cl=confidence intervals; ICS=inhaled corticosteroid; LABAs=long-acting beta2-agonists

between ICSs and CVD in RCTs, whereas the previous meta-  and as seen in our study, many RCTs have follow-up for a
analysis of RCTs found no association. This might be due to  maximum of 3 years. This might explain why a significant
differences in the CVD outcome inclusion criteria. Our meta-  association between ICSs and reduced risk of CVD was seen
analysis included heart failure, stroke, and MI, whereas the  for observational studies in a previous meta-analysis but
previous study included a broader definition of CVD from  not for RCTs.” The long-term risk reduction of CVD seen in
MI to cardiac disorder symptoms and hypertension but did  our study could be explained by the continued use of ICSs,
not include stroke.6 an anti-inflammatory medication, which over time might

We found that for studies with follow-ups greater provide a protective effect.

than 3 years, there was a significant association between Furthermore, as aforementioned, our study found an
ICS use and reduced risk of CVD. These studies specifically  association in comparisons between ICSs and placebos or
included 4 observational studies alone. While we did not  short-acting medications but not in ICS versus LABA/LAMA
find that study design modified the association between ICS ~ combination medications. It is well reported that treatment
use and risk of CVD, it is possible that other factors such  with long-acting bronchodilators is the mainstay of treatment
as study follow-up are proxies for study design in general,  for COPD and studies have shown that their combination
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is associated with reduced frequency of exacerbations
and an overall decline in forced expiratory volume in 1
second as compared with placebo or monotherapy LABA
and LAMA.2425 Jower lung function and a reduced
exacerbation rate have also been associated with ICS-
containing medications as well as reduced risk of CVD,26-29
It is possible that both groups of patients treated with ICSs
and LABA/LAMA combinations showed an improvement in
lung function and exacerbation rate which in turn reduced
the risk of developing CVD or having a CVD event in both
groups making it difficult to detect any differences between
the groups.

The exact etiology for the association between COPD
and CVD remains unclear. The prevalence of CVD in COPD
patients is estimated30.31 to lie between 14% to over 60%.
People with COPD and CVD share common risk factors
such as smoking, age, and air pollution.32-34 In terms of
smoking, it is thought that patients who smoke are exposed
to harmful particles that increase systemic inflammation,
a characteristic of both COPD and CVD.3%36 Other
mechanisms such as hypoxia and oxidative stress may be
involved in the relationship between COPD and CVD.31 ICSs
have been shown to reduce biomarkers sucah as lymphocytes
and neurtrophils and in turn improve lung function and
reduce exacerbations.26:37.38 This reduced inflammation
could, therefore, lead to a reduced risk of CVD in COPD
patients taking ICS medications.

Limitations

Our study updated the literature on the association
between ICSs and CVD, specifically heart failure, MI,
and stroke-related CVD, and included both RCTs and
observational studies. While RCTs are important due to
their methodological design, they can have strict inclusion
and exclusion criteria reducing their generalizability. For
this reason, we did not restrict our search criteria by study
design and included both RCTs and observational studies. In
addition, we included studies that investigated differences
in CVD outcomes between people on ICSs compared with
placebo as well as ICSs compared with bronchodilators. By
performing a meta-regression, we were able to determine
whether characteristics such as the non-ICS-comparator
led to differences in study findings. Despite this, there were
limitations to our study.

First, previous meta-analyses included a greater
number of studies compared with those included in our
meta-analysis. This was because we only searched for studies
using the terms heart failure, MI, and stroke, as well as
the term cardiovascular disease. Previous studies included
broader CVD events such as hypertension and CVD-related
symptoms, however, by limiting the types of CVD included
in our study we were able to reduce further heterogeneity
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between outcome definitions. It is important to note that
our review included studies with effect estimates for the
association between ICSs and CVD.

Second, some studies included in our analysis did not
have CVD as their primary outcome. This is particularly
common among the RCTs included in our study. It is,
therefore, possible then that these studies did not prioritize
ensuring the CVD outcomes were recorded as accurately
and fully as the other outcomes for which the study was
specifically designed. For example, one study highlighted
that adverse cardiac events were not validated and were
based on self-report. We did not exclude studies based on
this; however, we did perform a risk of bias review for
each included study and reported potential biases where
appropriate. In addition, the proportion of patients who
adhered to their COPD-related medications is unknown.
It is possible that patients prescribed ICS medications
may adhere to all their medications, including possible
cardiovascular-related medications, compared with patients
not taking ICS medications. In this scenario, it may appear
that an ICS is protective and biased our results. We have
had to assume in this work that people prescribed ICSs
actually took them, and, therefore, what we are seeing is a
true effect. We are also conscious that adherence is likely
to differ between observational studies undertaken using
data from routine clinical practice and data from trials. This
may also explain some of the differences seen in the results
between observational studies and trial data.

This is particularly important for observational
studies because they do not all have prospective data
collection for research purposes. Observational studies
can be significantly biased especially when investigating
the use of medications as confounding by indication is one
of the main biases associated with these types of studies.
While some observational studies used statistical methods
to overcome this bias such as matching, not all studies
did this, and residual bias could still exist. Therefore, our
results on whether study design was a modifier of the
relationship between ICSs and the risk of CVD should be
interpreted with caution. Further prospective RCTs would
help better understand this relationship and reduce possible
study design bias. Specifically, an RCT of people diagnosed
with COPD who are prescribed and not prescribed with a
primary endpoint of any major adverse cardiac events over
a year of follow-up is needed.

Lastly, only 1 study reported baseline ethnicity and 2
studies reported baseline social deprivation. While the mean
age of COPD patients included was representative of COPD
patients in the United Kingdom, we cannot comment on the
generalizability of the included studies in terms of other
patient characteristics.
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Conclusion

Our systematic review and meta-analysis found an
association between ICS-containing medication and
decreased risk of CVD in people with COPD and results
suggest that subgroups of COPD patients may benefit
from ICS use more than others, such as those on long-term
ICSs. Further studies are needed to better understand this
relationship and whether this association varies by COPD
phenotype and patient characteristics.
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