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ABSTRACT
Objective The renin–angiotensin system (RAS) has 
been shown to play a role in the pathogenesis of chronic 
obstructive pulmonary disease (COPD) because of the 
inflammatory properties of the system. Many patients 
with COPD use RAS- inhibiting (RASi) treatment. The aim 
was to determine the association between treatment with 
RASi and the risk of acute exacerbations and mortality in 
patients with severe COPD.
Methods Active comparator analysis by propensity- 
score matching. Data were collected in Danish national 
registries, containing complete information on health data, 
prescriptions, hospital admissions and outpatient clinic 
visits. Patients with COPD (n=38 862) were matched by 
propensity score on known predictors of the outcome. 
One group was exposed to RASi treatment (cases) and the 
other was exposed to bendroflumethiazide as an active 
comparator in the primary analysis.
Results The use of RASi was associated with a reduced 
risk of exacerbations or death in the active comparator 
analysis at 12 months follow- up (HR 0.86, 95% CI 0.78 to 
0.95). Similar results were evident in a sensitivity analysis 
of the propensity- score- matched population (HR 0.89, 
95% CI 0.83 to 0.94) and in an adjusted Cox proportional 
hazards model (HR 0.93, 95% CI 0.89 to 0.98).
Conclusion In the current study, we found that the use of 
RASi treatment was associated with a consistently lower 
risk of acute exacerbations and death in patients with 
COPD. Explanations to these findings include real effect, 
uncontrolled biases, and—less likely—chance findings.

BACKGROUND
Chronic obstructive pulmonary disease 
(COPD) is a leading cause of chronic 
morbidity and mortality worldwide.1 A key 
feature of the disease is airway obstruction 
due to inflammation in the airways, break-
down of the lung parenchyma and loss of 
elastic recoil.2 Acute exacerbations of COPD 
(AECOPD) are often related to an increase 

in both respiratory and systemic inflamma-
tion,3 4 and the high mortality of COPD is 
associated with exacerbations.5

The renin–angiotensin–system (RAS) has—
other than the well- known role in blood pres-
sure homeostasis—shown to participate in the 
pathogenesis of pulmonary and extra pulmo-
nary manifestations of COPD.6 More specif-
ically, the system affects the development of 
pulmonary fibrosis, pulmonary hypertension 
and skeletal muscle dysfunction, which are all 
observed in COPD.6–9

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ The renin–angiotensin system (RAS) has been 
shown to play a role in the pathogenesis of chronic 
obstructive pulmonary disease (COPD) because of 
the inflammatory properties of the system. Yet, the 
association between the use of RAS acting agents 
and the risk of severe exacerbations has not previ-
ously been systematically explored in patients with 
severe/very severe COPD.

WHAT THIS STUDY ADDS
 ⇒ We found that the use of RAS- inhibiting treatment 
was associated with a consistently lower risk of 
acute exacerbations and death in patients with 
COPD.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ It seems very unlikely that treatment with RAS- 
inhibiting drugs should increase the risk of exac-
erbations in patients with COPD and our finding is 
biologically plausible; however, it should be inter-
preted with caution because of the observational 
nature of the data. Randomised controlled trials 
should be performed to clarify whether the use of 
RAS- inhibiting treatment is causative for such a pro-
tective effect.
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Angiotensinogen is converted to Angiotensin (Ang) I 
with stimulation by renin, after which the protease ACE 
cleaves Ang I to Ang II. Ang II is the central effector 
molecule in RAS. ACE is present at high concentrations 
in the lung capillaries, and therefore, the lungs are an 
important organ in the synthesis of Ang II.10 With stimu-
lation by aminopeptidases, Ang II can further be metab-
olised to Ang III, IV and V.6 These downstream products 
of the RAS have been shown to stimulate a proinflam-
matory response, and thus, the RAS may play a role in 
COPD exacerbations via its influence on inflammatory 
processes in the airways. Furthermore, it has been shown 
that Ang II—through stimulation of both Ang II Type 
1 (AT1)- receptor and Ang II Type 2 (AT2)- receptor—
mediates the activity of fibroblasts to increase produc-
tion of collagen, which plays an important role in the 
pathogenesis of pulmonary fibrosis.6 The RAS may also 
influence the pathogenesis of COPD by stimulation of 
proinflammatory mediators such as interleukin- 6 (IL- 6) 
and tumour necrosis factor-α (TNF- α).11–13

Previous studies substantiate the theory on the advan-
tage of blocking the RAS in persons with COPD. Various 
observational studies have indicated that RAS- inhibiting 
(RASi) treatment of patients with COPD reduce all- cause 
mortality as well as myocardial infarction.14–16 Further-
more, one of these studies demonstrate a reduced risk 
of AECOPD in patients with COPD who use RASi, but it 
is unclear whether this effect is caused by the RAS acting 
agents or by the concomitant statin treatment.15

We hypothesised that the use of RASi, either by treat-
ment with an ACE- inhibitor (ACEi) or an angiotensin II 
receptor blocker (ARB), is associated with a reduced risk 
of AECOPD.12 17 The aim of the current study was thus to 
determine the association between treatment with RAS 
acting agents and the risk of acute exacerbations and 
mortality in patients with severe COPD.

MATERIALS AND METHODS
Study design
This study was a national observational cohort study 
based on data from Danish registries. The period of 
inclusion was from 1 January 2010 to 31 December 2018 
and patients were followed 1 year after inclusion. Study 
entry was defined as the first outpatient clinic visit regis-
tered in Danish Registry of COPD (DrCOPD).

The primary outcome was severe exacerbations of 
COPD within 12 months after study entry or death in the 
same period. Death was included as a primary outcome 
as it is a prominent competing risk in patients with 
COPD. The secondary outcome was moderate exacer-
bations of COPD. Severe exacerbations were defined as 
leading to hospital admission, whereas moderate exacer-
bations were defined as leading to the patient receiving 
a prescription of oral corticosteroids and/or antibiotics, 
following the Global Initiative for Chronic Obstruc-
tive Lung Disease (GOLD) classification.1 Oral corti-
costeroids were defined as prednisolone. Respiratory 

antibiotics were amoxicillin, amoxicillin with clavulanic 
acid, benzylpenicillin, phenoxymethylpenicillin, moxi-
floxacin, azithromycin, roxithromycin, clarithromycin, 
doxycycline and ciprofloxacin. All Anatomical Thera-
peutic Chemical classification codes are presented in 
online supplemental appendix 1.

Reporting adheres to the Strengthening the Reporting 
of Observational Studies in Epidemiology guidelines.18 A 
study protocol was web published prior to completing the 
study.19

Data sources
Three registries were used in the study. Each Danish 
citizen is given a personal identification number at birth, 
allowing linkage between registries. The used registries 
are as follows:
1. The DrCOPD20 is a national database, which contains 

information on health status and treatment of patients 
diagnosed with COPD in Denmark. From DrCOPD, 
we obtained inclusion date, forced expiratory volume 
in 1 s (FEV1), Medical Research Council dyspnoea 
scale, body mass index (BMI), tobacco history, age, sex 
and—if relevant—death date of the patients.

2. The Danish National Health Service Prescription Da-
tabase,21 is administered by The Danish Health and 
Medicines Authority and it contains information on 
all prescriptions dispensed in Denmark. We retrieved 
data on date of dispensations, as well as dose and 
strength of prescriptions.

3. The Danish National Patient Register (DNPR)22 is also 
administered by The Danish Health and Medicines 
Authority. The database contains information on all 
hospital admission and outpatient clinic visits regis-
tered with the International Classification of Disease 
10th revision (ICD- 10 codes).

Study population
The participant population for this study includes all 
patients diagnosed with COPD with an outpatient clinic 
visit registered in DrCOPD from 2010 to 2018, aged >40 
years.

Patients with a malignant cancer diagnosis within 
5 years before study entry (except non- melanoma cancer 
of the skin) were excluded from the study. Furthermore, 
we excluded participants with chronic renal failure, type 
1 diabetes mellitus with renal complications and typ -2 
diabetes mellitus with renal complications. Patients diag-
nosed with heart failure in the DNPR and patients with 
prescriptions of furosemide, carvedilol or bumetanide 
within the preceding twelve months were also excluded 
from the study to reduce confounding by indication. 
Heart failure is the main indication for prescribing these 
drugs, which enables us to also exclude the patients with 
heart failure not diagnosed in the DNRP. All diagnoses 
are presented by ICD- 10 codes in online supplemental 
appendix 2.

copyright.
 on M

ay 19, 2023 by guest. P
rotected by

http://bm
jopenrespres.bm

j.com
/

B
M

J O
pen R

esp R
es: first published as 10.1136/bm

jresp-2022-001428 on 7 M
arch 2023. D

ow
nloaded from

 

https://dx.doi.org/10.1136/bmjresp-2022-001428
https://dx.doi.org/10.1136/bmjresp-2022-001428
https://dx.doi.org/10.1136/bmjresp-2022-001428
http://bmjopenrespres.bmj.com/


Vilstrup F, et al. BMJ Open Resp Res 2023;10:e001428. doi:10.1136/bmjresp-2022-001428 3

Open access

Patient and public involvement
No patients were involved in the design or conduct of 
this study.

Permission for our use of registry data was given by the 
Danish Data Protection Agency. Such retrospective use 
of data does not require ethical permission or patient 
consent in Denmark.

Statistical analyses
Baseline characteristics were presented as frequen-
cies and proportions for the active comparator and 
unmatched populations. A p<0.05% was considered 
statistically significant.

We performed an ‘active comparator analysis’ as our 
main analysis, which provides an overlap of measured 
characteristics between the compared groups and 
thereby reduces the risk of unmeasured confounding.23 24 
Bendroflumethiazide was used as the active comparator 
because its primary indication—such as ACEi and 
ARB—is hypertension, which enables us to create two 
comparable groups. All these three drugs (bendroflu-
methiazide, ACEi and ARB) are used as first- choice drugs 
for arterial hypertension in our country.25 26

For this analysis, we propensity- score matched the 
population on GOLD stage (1–4), age group (1–4), 
sex (male/female), BMI group (1–5), smoking history 
(group I: active smoker/group II: previous smoker or 
never smoker), number of AECOPD 12 months prior 
to baseline (0, 1, >2), inclusion year, Charlson Comor-
bidity Index 10 years prior to inclusion date (group I: 
0–2 points=mildly ill, group II: 3–4 points=moderately ill, 
group III: >5 points: severely ill,27 28), prescription of 
long- acting β2- agonists (LABA), long- acting muscarinic 
antagonists (LAMA) and inhaled corticosteroids (ICS) 
1 year before inclusion in the study. Other than that, 
the participants were matched on having at least two 
prescriptions of an RASi 1 year before study entry or at 
least one prescription of bendroflumethiazide 1 year 
prior to inclusion.

For both groups separately, we calculated the inci-
dence rates (IRs) of AECOPD 1 year before starting the 
treatment and 1 year after to use the participants as their 
own control.

A propensity score- matched cohort was created by 
matching the entire, eligible population on the same 
variables as described for the active comparator analysis. 
We then used an unadjusted Cox proportional hazards 
regression model to assess the outcome of the propen-
sity score- matched population. Lastly, a multivariable 
Cox proportional hazards model was performed on 
the entire, unmatched population, which was adjusted 
for the same variables as matched for in the previously 
described analyses.

Model control of the assumptions for the Cox propor-
tional hazards model was performed and continuous 
variables, which failed linearity, were categorised. No 

interaction between time and exposure was found, 
confirming the assumption of hazard proportionality.

Missing values for FEV1, smoking history and BMI vari-
ables (we only had missing data for these three variables) 
were handled with stochastic regression imputation. In 
cases where this was not possible, we performed multiple 
imputation to avoid selection bias.

Data management and statistical analyses were 
performed using Statistical Analysis Software V.9.4 (SAS 
Institute). Multiple imputation and subsequent analyses 
were performed in R studio V.1.4.1106 using the SMCFCS 
V.1.6.1 and MITOOLS V.2.4 packages. The settings in 
SMFCS were 50 imputations, 10 iterations and a rejection 
limit of 10 000. Propensity score matching was performed 
in the SAS PSMATCH- procedure based on the logit of 
propensity score, with a calliper of 0.25 and using an 
extended common support region. In all survival anal-
yses, ties were handled with the Efron method.

RESULTS
Study participants
We identified 116 671 patients registered in DrCOPD, of 
which 38 925 met all criteria for inclusion in the study, as 
seen in figure 1. Of these patients, 10 742 were exposed 
to an RASi. The baseline characteristics of the individuals 
in the unmatched population are presented in table 1 for 
both the exposed and the non- exposed group.

The unmatched population consisted of 15 564 females 
and 12 556 males in the control group and 5771 females 
and 4971 males in the group exposed to an RASi. In 
general, persons in the RASi group had a lower GOLD 
stage, higher BMI, were less likely to smoke, and had 
more comorbidities than the control group. Other than 
that, the two groups were comparable.

Of the complete, eligible population, 6311 patients 
received bendroflumethiazide, which was the drug used 
as the active comparator to RASi (n: 10 742). Of the entire 
population receiving the drugs, 5264 had a prescription 
of both drugs and were thus excluded from the active 
comparator analysis. This reduced the numbers to 3679 
patients with a prescription of bendroflumethiazide and 
8110 patients with a prescription of RASi, as seen in 
figure 1. Baseline characteristics for both these groups are 
presented in table 1. In total, 6058 patients were matched 
on the variables described previously—3029 from each 
group. We assessed that these groups were large enough 
for the active comparator to be our primary analysis.

Main outcome analysis
The primary analysis was an active comparator analysis 
with patients receiving an RAS- active agent compared 
with patients receiving bendroflumethiazide. Of the 
people receiving an RASi, 498 had a severe exacerba-
tion of COPD and 286 died with a total of 784 (25.9%) 
having an event within the following year, whereas 591 of 
the people receiving bendroflumethiazide had an exac-
erbation and 299 died in the same period with a total 
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of 890 (29.4%). Treatment with other antihypertensive 
drugs was balanced between the two groups, with calcium 
channel blockers as the most frequently used of these 
drugs. In the RASi group, 39.8% had a prescription of 
this, compared with 33.4% in the bendroflumethiazide 
group (table 1). The risk of AECOPD or death after 12 
months follow- up was lower for the RASi group compared 
with the bendroflumethiazide group (HR 0.86, 95% CI 
0.78 to 0.95), as presented in figure 2A.

In a subsequent analysis, we found that the risk of 
AECOPD isolated within the following year was also 
significantly lower for the RASi group than for the 
bendroflumethiazide group (HR 0.82, 95% CI 0.73 to 
0.91) (figure 2B).

Sensitivity analyses
An adjusted Cox proportional hazard model was 
performed on the unmatched population at 12 months 
follow- up, which was adjusted for the same variables as 
were used to match in the primary analysis. In the group 
not exposed to RASi, 6897 (24.5%) patients had an exac-
erbation or died within the follow- up period, whereas 
2455 (22.8%) of the patients who were exposed to RASi 
had a similar event. Treatment with an RAS- acting agent 
showed a slight reduction in risk of AECOPD or death 
(HR 0.93, 95% CI 0.89 to 0.98). The adjusted HRs for all 
variables are presented in figure 3.

The propensity score matching of the entire popula-
tion created two comparable groups consisting of 8734 
patients each: one group receiving RASi and one group 
not receiving the drugs. The sensitivity analysis of the 
propensity- score- matched population showed similar 
results as the primary, active comparator analysis (HR 
0.89, 95% CI 0.83 to 0.94).

We also analysed the IR of AECOPD for both the RASi 
group and the Bendroflumethiazide group 1 year before 
versus after initiating the treatment. The risk in both 
treatment groups proved to be higher in the succeeding 
year than in the time before starting treatment (RASi 
IR ratio (IRR)=1.77, bendroflumethiazide IRR=1.53), as 
expected due to the increased risk of events in new users 
of a drug.

DISCUSSION
In this nationwide, registry- based cohort study, we 
found that use of RAS- acting agents was associated with 
decreased risk of severe exacerbations of COPD or death 
12 months after initiation of treatment, both in the 
primary active comparator analysis and in the propen-
sity matched analysis. Similar results were evident in the 
adjusted Cox proportional hazards regression.

The association between the use of RAS- acting agents 
and the risk of severe exacerbations has not previously 
been systematically explored in patients with severe/
very severe COPD. Previous studies have investigated the 
effect of RASi in combination with statins,14 15 or only 
specifically ARB,16 29 with mortality and myocardial infarc-
tion as primary outcomes and a shorter follow- up period. 
Furthermore, the statistical power in these studies was 
presumably low due to small sample sizes.

Only one study investigated AECOPD as outcome, and 
they found results similar to ours. However, this study had 
an older population (>65 years), their primary outcome 
was all- cause mortality and myocardial infarction as well as 
exacerbations, and they had a longer follow- up period.15

There is an ongoing discussion on whether the use 
of statins play a role in the prevalence of AECOPD.30 31 
However, in this study, there was only approximately 13% 
absolute difference in statin user prevalence between the 
RASi group and the bendroflumethiazide group in the 
main analysis (table 1). The relative risk reduction of 
statins would thus not be able to drive a difference in our 

Figure 1 Study flowchart. 1. Danish register of chronic 
obstructive pulmonary disease; 2. Chronic obstructive 
pulmonary disease; 3. Renin- Angiotensin- system; 4. not 
concomitant treatment with Bendroflumethiazide; 5. not 
concomitant RAS- inhibiting treatment (ACEi/ARB); 6. 
propensity- score- matched on GOLD Stage, age- group, 
sex, BMI- group, smoking history, number of AECOPD 
12 months prior to baseline, inclusion year, Charlson 
Comorbidity Index 10 years prior to inclusion date, 
prescription of long- acting β2- agonists (LABA), long- acting 
muscarinic antagonists (LAMA), and inhaled corticosteroids 
(ICS) one year before inclusion in the study.
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Table 1 Baseline characteristics

Active comparator population* Entire, unmatched population

RASi users Thiazide users RASi users Non- users

n=3029 n=3029 n=10 742 n=28 120

Variables n (%)

GOLD stage†

  GOLD 1 162 (5.3) 175 (5.8) 790 (7.4) 2008 (7.1)

  GOLD 2 1299 (42.9) 1269 (41.9) 4601 (42.8) 10 780 (38.3)

  GOLD 3 1150 (38.0) 1122 (37.0) 3389 (31.5) 8993 (32.0)

  GOLD 4 418 (13.8) 463 (15.3) 1028 (9.6) 3840 (13.7)

  Missing data 0 (0) 0 (0) 934 (8.7) 2499 (8.9)

FEV1, median (IQR) 48.3 (36.0–63.0) 48.0 (35.0–62.0) 52.0 (39.0–66.0) 49.5 (36.0–64.0)

Age group

  <60 years 350 (11.6) 397 (13.1) 1456 (13.6) 7880 (28.0)

  60–68 years 679 (22.4) 664 (21.9) 2652 (24.7) 7141 (25.4)

  68–76 years 991 (32.7) 915 (30.2) 3452 (32.1) 6999 (24.9)

  >76 years 1009 (33.3) 1053 (34.8) 3182 (29.6) 6100 (21.7)

Age, median (IQR) 72.0 (65.5–78.1) 72.3 (65.0–78.5) 71.0 (64.5–77.4) 67.0 (58.8–74.8)

Sex

  Female 2092 (69.1) 2091 (69.0) 5771 (53.7) 15 564 (55.3)

  Male 937 (30.9) 938 (31.0) 4971 (46.3) 12 556 (44.7)

BMI group

  <18.5 281 (9.3) 265 (8.7) 638 (5.9) 3108 (11.1)

  18.5–25 1166 (38.5) 1111 (36.7) 3265 (30.4) 11 129 (39.6)

  25–30 904 (29.8) 965 (31.9) 3131 (29.1) 7386 (26.3)

  30–35 444 (14.7) 463 (15.3) 1847 (17.2) 2831 (10.1)

  >35 234 (7.7) 225 (7.4) 955 (8.9) 1259 (4.5)

  Missing data 0 (0) 0 (0) 906 (8.4) 2407 (8.6)

BMI, median (IQR) 25.0 (21.0–29.0) 25.0 (22.0–29.0) 26.0 (22.5–30.0) 24.0 (21.0–27.8)

Smoking status

  Previous/never smoker 2072 (68.4) 2.068 (68.3) 6097 (56.8) 13 583 (48.3)

  Current smoker 957 (31.6) 961 (31.7) 2923 (27.2) 9801 (34.9)

  Missing data 0 (0) 0 (0) 1722 (16.0) 4736 (16.8)

No exacerbations 12 months prior

  0 1796 (59.3) 1759 (58.1) 6887 (64.1) 17 769 (63.2)

  1 235 (7.8) 257 (8.5) 815 (7.6) 2202 (7.8)

  >2 998 (32.9) 1013 (33.4) 3040 (28.3) 8149 (29.0)

Charlson Comorbidity Index group‡

  Mildly ill 454 (15.0) 467 (15.4) 1499 (14.0) 7705 (27.4)

  Moderately ill 1412 (46.6) 1397 (46.1) 4815 (44.8) 13 065 (46.5)

  Severely ill 1163 (38.4) 1165 (38.5) 4428 (41.2) 7350 (26.1)

Prescription 12 months prior (yes)

  LABA 2531 (83.6) 2523 (83.3) 8361 (77.8) 21 390 (76.1)

  LAMA 2355 (77.7) 2407 (79.5) 7684 (71.5) 19 454 (69.2)

  ICS 2264 (74.7) 2324 (76.7) 7412 (69.0) 19 401 (69.0)

  Statins 1465 (48.4) 1050 (34.7) 5553 (51.7) 6497 (23.1)

Antihypertensives 12 months prior (yes)

  Calcium channel blockers 1205 (39.8) 1013 (33.4) 4417 (41.1) 4323 (15.4)

Continued

copyright.
 on M

ay 19, 2023 by guest. P
rotected by

http://bm
jopenrespres.bm

j.com
/

B
M

J O
pen R

esp R
es: first published as 10.1136/bm

jresp-2022-001428 on 7 M
arch 2023. D

ow
nloaded from

 

http://bmjopenrespres.bmj.com/


6 Vilstrup F, et al. BMJ Open Resp Res 2023;10:e001428. doi:10.1136/bmjresp-2022-001428

Open access

results. Neither the active comparator analysis nor the 
adjusted Cox analysis was adjusted for the use of statins. 
Meanwhile, the signal on the protective effect of RASi 

treatment was strongest in the active comparator analysis, 
which indicates that adjusting for the use of statins would 
not make a significant difference in the results.

Active comparator population* Entire, unmatched population

RASi users Thiazide users RASi users Non- users

n=3029 n=3029 n=10 742 n=28 120

  Beta- 1 selective blockers 725 (23.9) 609 (20.1) 2777 (25.9) 3259 (11.6)

  Non- selective beta blockers 42 (1.4) 82 (2.7) 185 (1.7) 535 (1.9)

  Mixed alpha- beta blockers 50 (1.7) 14 (0.5) 219 (2.0) 109 (0.4)

  Alpha blockers 20 (0.7) 11 (0.4) 98 (0.9) 86 (0.3)

*Propensity- score matched population.
†Severity of chronic obstructive pulmonary disease based on obstruction stage, Global Initiative for Chronic Obsructive Lung Disease 
(GOLD) 1: FEV1 >80% = mild, GOLD 2: 50% <FEV1 <80%=moderate, GOLD 3: 30% <FEV1<50% = severe, GOLD, FEV1 <30% = very 
severe (1).
‡Group I: 0–2 points=mildly ill, group II: 3–4 points=moderately ill, group III: >5 points: severely ill.35

BMI, body mass index; FEV1, forced expiratory volume in 1 s; ICS, inhaled corticosteroids; LABA, long- acting β2- agonists; LAMA, long- 
acting muscarinic antagonists; RAS, renin–angiotensin–system inhibitor; RASi, RAS inhibitors.

Table 1 Continued

Figure 2 (A) Cumulative incidence function presenting 
risk of AECOPD or death (hazard ratio (HR) and 95% 
confidence interval (CI)) within one year with RAS- inhibiting 
treatment compared to Bendroflumethiazide treatment. 
(B) Cumulative incidence function presenting risk of 
only AECOPD (hazard ratio (HR) and 95% confidence 
interval (CI)) within one year with RAS- inhibiting treatment 
compared to Bendroflumethiazide treatment. RAS- i, renin–
angiotensin system inhibitors.

Figure 3 Forest plot presenting risk of AECOPD or 
death (hazard ratio (HR) and 95% confidence interval (CI)) 
demonstrated in three different analyses. 1. propensity- 
score matched on GOLD Stage, age- group, sex, BMI- 
group, smoking history, number of AECOPD 12 months 
prior to baseline, inclusion year, Charlson Comorbidity 
Index 10 years prior to inclusion date, prescription of LABA, 
LAMA, and ICS one year before inclusion in the study; 2. 
Angiotensin converting enzyme- inhibitor/Angiotensin II 
receptor- blocker, at least two prescriptions within the last 
year; 3. GOLD 1: FEV1 >80% = mild, GOLD 2: 50% < FEV1 
< 80% = moderate, GOLD 3: 30% < FEV1 < 50% = severe, 
GOLD 4: FEV1 < 30% = very severe,[1]; 4. Age group 1 
<60 years, group 2 = 60- 68 years, group 3 = 78- 76 years, 
group 4 >76 years; 5. BMI group 1 <18.5, group 2 = 18.5- 
25, group 3 = 25- 30, group 4 = 30- 35, group 5 >35; 6. 0, 1 
or >2 severe exacerbations 12 months before baseline; 7. 
Charlson comorbidity index, Group I: 0- 2 points = mildly ill, 
group II: 3- 4 points = moderately ill, group III: > 5 points: 
severely ill,[29]; 8. prescription if long- acting β2- agonists 
12 months before baseline; 9. Prescription of long- acting 
muscarinic antagonists 12 months before baseline; 10. 
prescription of inhaled corticosteroids 12 months before 
baseline
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To our knowledge, this study is the first large obser-
vational nationwide registry study that investigates 
the impact of RASi treatment on severe and moderate 
exacerbations of COPD in a real- life outpatient cohort 
with 12 months follow- up. The study had a large popu-
lation size with almost 40 000 patients meeting all inclu-
sion criteria, of whom more than 10 000 were exposed 
to the drugs of interest. All patients were registered in 
national Danish registries, which allowed us to control 
for important confounders and thereby reduce the risk 
of bias and ensure no loss to follow- up. Furthermore, 
all patients with cardiac failure were excluded from 
the study before the primary analysis was conducted, 
which eliminated an important source of confounding 
in patients with COPD. DrCOPD enabled us to ensure a 
correct COPD diagnosis, made by a respiratory specialist 
and verified at annual outpatient visits with spirometries, 
thereby reducing the risk of misclassification bias. For 
our primary analysis, we used bendroflumethiazide as an 
active comparator, which reduces the risk of unmeasured 
‘new user’ bias. For the same reason, we propensity- score 
matched the sensitivity analysis on several known predic-
tors of the outcome and the survival analysis was adjusted 
for the same variables. Of note, the matching, both in the 
primary active comparator analysis and in the propensity- 
score- matched cohort, seemed quite balanced on key 
confounders. In the primary analysis, the effect was very 
similar on AECOPD alone as it was on AECOPD and all- 
cause mortality, which validates our findings and substan-
tiates their relevance to pulmonary disease.

However, there are also limitations to this study. 
First, despite having adjusted the analyses for known 
confounders, the survival analysis suggested an increased 
risk of AECOPD with the use of LABA, LAMA and ICS, 
which indicates some residual bias by indication, since 
at least LAMA and ICS are documented to reduce 
AECOPD.32–34 Second, it was not possible, qua the registry 
design, to monitor the patients’ adherence, as exposure 
to the drug was defined by a collected prescription. This 
leaves some uncertainty as to whether patients used the 
medication, which is an inborn error in the design of the 
retrospective registry study. However, the uncertainty is 
limited because we know the prescriptions are collected, 
which makes it very likely that the drugs were also used by 
the patients. Non- adherence would lead to a conservative 
bias since actual non- users would be classified as users. 
Third, the IRs implied an increased risk of AECOPD after 
initiating treatment with RASi compared with before 
exposure to the drug. But a similar result was evident 
with exposure to bendroflumethiazide, and the expla-
nation is probably the increased risk of events in a new 
user of a drug as well as the fact that the risk of a patient 
with COPD having an exacerbation simply increases over 
time as the disease progresses. This is the main reason 
for performing the active comparator analysis. Fourth, 
we acknowledge that finding the perfect drug to use as 
active comparator is very challenging, as no two treatment 
groups are completely alike. We have accommodated this 

issue by using two drugs that are both first- line drugs in 
treatment for hypertension. Furthermore, all patients 
that could have other indications for the treatment (renal 
failure and heart failure) were excluded from the study 
before performing the primary analysis.

In conclusion, we observed a consistent signal 
suggesting an association between treatment with an 
RASi and a reduced risk of acute exacerbations and death 
in patients with COPD. Our data thus support the safety 
of such very frequently used drugs among people with 
COPD. This finding is biologically plausible; however, it 
should be interpreted with caution because of the obser-
vational nature of the data. Randomised controlled trials 
(RCTs) can clarify the degree of residual confounding 
and whether the use of RASi treatment is actually caus-
ative for such a protective effect. This remains an 
unanswered hypothesis, but it seems very unlikely that 
treatment with drugs inhibiting the RAS should increase 
the risk of AECOPD.

Since both COPD and treatment with RASi are very 
frequent, we argue that the size of potential benefit is 
large enough that such RCTs should be performed.
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