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Introduction

Chronic obstructive pulmonary disease (COPD) is a progressive, 
chronic lung disease that is characterized by airflow limitation. 
COPD currently has no cure, so health efforts are focused 
on reducing chronic symptoms of  cough, excessive sputum 
production, and dysnea.[1,2] COPD treatment aims to improve life 
quality and reduce exacerbations, since recurrent exacerbations 
are associated with rapid decline in lung function, life quality 
decrease, increase in hospitalization, and increase of  death.[3]

Maintenance COPD therapy is based on inhaled long‑acting 
bronchodilator therapy, including long‑acting muscarinic 
antagonist (LAMA), long‑acting beta2 agonist (LABA), and 
inhaled corticoids (ICS), as single therapy or in combination. 
Practice guidelines treatment algorithms describe different 
scenarios and propose different treatment options, with 
no drug or drug combination preference. The reviews of  
the studies that compare the different treatment options 
within the same group have shown differences among them. 
Costa‑Scharplatz et al. concluded that glycopyrronium was 
more cost‑effective than tiotropium.[4] A recent Italian study 
revealed that the fixed combination budesonide/formoterol 
offered better health results than fluticasone/salmeteraol.[5] 
The studies that compared LAMA/LABA fixed combination 
show that indacaterol/glycopyrronium is superior to 
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umeclidinium/vilanterol in exacerbation prevention and 
life quality improvement,[6] but Kerwin et al.[7] did not reveal 
clinical differences between them; Feldman et al.[8] revealed that 
umeclidinium/vilanterol was superior to tiotropium/olodaterol 
improving respiration function tests. The use of  real‑world 
evidence on treatment for patients with COPD is valuable to 
discover the real benefits of  the different treatment options. 
The Spanish Database for Pharmacoepidemiological Research 
in Primary Care (BIFAP http://bifap.aemps.es/)[9] database 
contains anonymised research‑‑quality data from patients 
being treated by approximately 4,910 Family Physicians and 
842 Primary Care Pediatricians in Spain. The data includes 
longitudinal routine clinical data extracted from practice 
records of  7,890,485 patients. The purpose of  this study is to 
use real‑world evidence on COPD treatment use to evaluate 
drug superiority within the same treatment group, measured as 
a decrease in the hazard of  COPD exacerbations.

Methods

Information from BIFAP database was used to run this cohort 
study. In BIFAP database, all the prescriptions are associated 
with the ICPC code (that can be a condition or a symptom). All 
subjects with an incident diagnosis of  COPD between January 
1 2010 and December 31 2012 were included in the cohort study. 
Subjects with a diagnosis of  COPD prior to the study period 
or patients with a history of  cancer were excluded. Incident 
diagnosis of  cancer was censored.

Subjects were then followed until death, change to another 
healthcare system not included in BIFAP or the end of  the study 
period fixed on December 31, 2016.

C r i t e r i a  t o  d e f i n e  C O P D  e x a c e r b a t i o n  i n  t h i s 
study was: (1) presence of  a prescription of  any of  the oral 
antibiotics commonly used in a COPD exacerbation in Spain 
associated with respiratory disease or symptom or (2) the 
presence of  a new prescription or change in the dosage of  oral 
corticoids, again associated at the time with respiratory disease 
diagnosis or symptom.

A washout period of  30 days was used to consider a new 
exacerbation episode, so any new antibiotic or change in 
corticoid therapy initiated on the 30 days following days after 
a exacerbation were considered to be from the same episode.

In detail, COPD exacerbation was defined as a new prescription 
of  amoxicilin (J01CA04), amoxicilin/clavulanate (J01CR02), 
moxif loxacin (J01MA14) ,  levof loxacin (J01MA12) , 
c ip rof loxac in  ( J01MA02) ,  ce fd i toren  ( J01DD16) , 
c e f u r ox i m  ( J 0 1 D C 0 2 ) ,  t e l i t r o m i c i n  ( J 0 1 FA 1 5 ) , 
a z i t romic in  ( J01FA10) ,  c l a r i t romic in  ( J01FA09) , 
e r i t r o m i c i n  ( J 0 1 FA 0 1 ) ,  o r  a  n e w  p r e s c r i p t i o n 
predinsone (H02AB07), dexametasone (H02AB02), or 
an increase of  at least 50% in the daily dosage of  these 
corticoids. Only prescriptions associated in the clinical 

record with a diagnosis or symptom of  respiratory disease 
were considered.

The different treatments received by subjects for COPD 
were used to build the different cohorts, taking into account 
that a subject could change his treatment throughout 
the time (changing exposure cohorts). The treatment 
included as exposures were: salbutamol R03AC02, R03CC02, 
terbutaline R03AC03, R03CC03, salmeterol R03AC12, 
formoterol R03AC13, indacaterol R03AC18, olodaterol 
R03AC19, bambuterol R03CC12, salmeterol/fluticasone 
R03AK06, formoterol/budesonide R03AK07, formoterol/
beclomethasone R03AK08, vilanterol/fluticasone R03AK10, 
formoterol/fluticasone R03AK11, salbutamol/beclomethasone 
R03AK13, salbutamol/ipratropium R03AL02, vilanterol/
umeclidinium R03AL03, indacaterol/glicopirronium R03AL04, 
formoterol/aclidinium R03AL05, olodaterol/tiotropium 
R03AL06, beclomethasone R03BA01, budesonide R03BA02, 
fluticasone R03BA05, mometasone R03BA07, ipratropium 
R03BB01, tiotropium R03BB04, aclidinium R03BB05, 
glicopirronium R03BB06, and umeclidinium R03BB07.

Adherence treatment was calculated by analyzing the duration 
of  each prescription registered in an electronic prescription 
system. To estimate the duration of  the treatment, the unit 
dosage, amount of  units of  the drug presentation, and the 
dosage described in the prescription were used. Stock piling 
was considered to fill the potential gaps between prescriptions. 
A gap of  more than 7 days was considered as discontinuation 
of  the treatment.

The different treatment combinations including those 
periods where the subjects did not receive any therapy were 
grouped in five general categories to allow comparison within 
different levels of  treatment: no therapy, monotherapy (b2 
agonist or anticholinergic), double therapy without 
corticoid (b2 agonist + anticholinergic), double therapy with 
corticoid (corticoid + b2 agonist or anticholinergic), and triple 
therapy (b2 agonist + anticholinergic + corticoid).

Within each of  these principal cohorts, except for the no therapy 
group, a subcohort was created for each treatment combination 
that was represented by at least 10% of  the person‑‑years of  that 
level. The rest were grouped as “other combination” in each of  
the four principal cohorts.

Age, sex, history at the moment of  inclusion in the cohort 
of  diabetes mellitus, hepatic cirrhosis, chronic kidney disease, 
ischemic heart disease, hypertension, dyslipidemia, stroke, heart 
failure, smoke and obstructive sleep apnea syndrome were 
included as covariables for adjustment. The commorbidities 
covariables were updated at the beginning of  each change in 
the COPD therapy. The number of  COPD exacerbations in 
the previous year and the number of  COPD therapy changes in 
the previous years were also calculated at the beginning of  each 
COPD therapy period.
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Statistical analysis
Cox regression analysis was performed to compare the hazard of  
COPD exacerbation outcome of  the four principal cohorts (no 
therapy, monotherapy, double therapies with and without 
corticoids, and triple therapy) and within each principal cohort 
between the different treatment combinations. Hazard ratio was 
adjusted by age, sex, history at the moment of  inclusion in the 
cohort of  diabetes mellitus, hepatic cirrhosis, chronic kidney 
disease, ischemic heart disease, hypertension, dyslipidemia, 
stroke, heart failure, smoke, obstructive sleep apnea syndrome, 
number of  previous COPD exacerbations during the previous 
year, and number of  COPD therapy changes during the previous 
year.

Results

A total of  27,739 subjects diagnosed with COPD met the 
eligibility criteria and were included in the analysis. The summary 
subject characteristics are provided in Table 1. The median 
age was 64 years, the proportion of  males was 69% and most 
subjects were smokers (70%). A total of  58,042.9 person‑‑years 
of  follow‑up were obtained for the cohort with a mean follow‑up 
of  2.09 years per subject. The follow‑up was divided in periods, 
and each time a patient had an exacerbation or a change in its 
treatment a new period was created. A total of  138,131 free 
of  exacerbation periods were created with a mean duration of  
153 days (SD = 244) and a median of  64 days. Figure 1 shows 
the survival curve for COPD exacerbation (as defined in this 
study) for the whole cohort. Figure 2 shows the survival curve 
for COPD exacerbation for each of  the five principal cohorts: no 
therapy, monotherapy, double therapy without corticoid, double 
therapy with corticoid, and triple therapy.

Cox regression grouped by principal cohorts is detailed in 
Table 2. The strongest factor associated with an increased risk 
of  exacerbation is having other exacerbation in the previous 
year (HR = 1.82 [1.76‑‑1.87 95% CI]) for a previous exacerbation 
and HR = 4.86 [4.65‑‑5.09] for five or more exacerbations in the 
previous year. Other basal characteristics associated with a higher 
risk of  exacerbation were age (HR = 1.07 [1.02‑‑1.13] for subjects 

Table 1: Basal characteristics of 27,739 patients with a 
diagnosis of COPD included in the analysis

Variable Proportion
Men 69.4%
Age (years)1 63.98 (SD=9.94)
Smoker2 70.53%
Dyslipidemia 46.96%
Hypertension 41.56%
Diabetes 16.99%
Ischemic heart disease 8.06%
Hepatopathy 5.26%
Stroke 3.03%
Heart failure 3.14%
Obstructive sleep apnea syndrome 3.06%
Chronic kidney disease 2.02%
1Mean and standard deviation. 2Proportion over those patients with information about tobacco use. In 
31.6% of  the patients this information was missing

Table 2: Cox regression model for hazard of exacerbation 
over 138,131 periods of follow‑up over 27,739 patients 
with a total of 29,417 COPD exacerbations identified. 

Adjusted for stroke, heart failure, obstructive sleep apnea 
syndrome, chronic kidney disease, chronic hepatopathy, 

and hypertension
HR CI 95% P

Sex
Woman 1.00
Men 0.81 0.80‑‑0.84 <.001

Age
40‑‑49 years 1.00
50‑‑59 years 1.02 0.97‑‑1.07 0.48
60‑‑69 years 1.05 0.99‑‑1.10 0.066
70‑‑79 years 1.07 1.02‑‑1.13 0.01

Medical History
Diabetes 1.05 1.02‑‑1.08 0.002
Dyslipidemia 1.03 1.01‑‑1.08 0.01
Ischemic heart disease 1.08 1.04‑‑1.13 < 0.001
Smoker 0.85 0.83‑‑0.88 < 0.001
Smoking status missing 0.90 0.87‑‑0.93 < 0.001

Exacerbation in the previous year
None 1.00
One 1.82 1.76‑‑1.87 < 0.001
Two 2.39 2.30‑‑2.49 < 0.001
Three 3.10 2.96‑‑3.24 < 0.001
Four 3.44 3.25‑‑3.64 < 0.001
Five or more 4.86 4.65‑‑5.09 < 0.001

Changes in the COPD treatment in the previous year
None 1.00
One 1.00 0.97‑‑1.04 0.83
Two 0.97 0.93‑‑1.01 0.059
Three 0.93 0.89‑‑0.97 0.001
Four 0.87 0.83‑‑0.92 < 0.001
Five or more 0.78 0.75‑‑0.81 < 0.001

Type of  treatment 
No treatment 1.00
Monotherapy 1.24 1.20‑‑1.28 < 0.001
Double therapies without corticoid 1.40 1.34‑‑1.47 < 0.001
Double therapies with corticoid 1.64 1.58‑‑1.69 < 0.001
Triple therapy 1.75 1.69‑‑1.81 < 0.001Figure 1: Survival curve for COPD exacerbation for a total of 138,131 

periods analyzed over 27,739 patients
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over 70 years old compared with 50 years old), ischemic heart 
disease (HR = 1.08 [1.04‑‑1.13]), diabetes (HR = 1.05 [1.03‑‑1.13]), 
and dyslipidemia (HR = 1.03 [1.01‑‑1.08]). Hepatic cirrhosis, 
chronic kidney disease, hypertension, stroke, heart failure, and 
obstructive sleep apnea syndrome did not show association with 
risk of  exacerbation in this study. Being a smoker was associated 
with a lower risk of  exacerbation (HR = 0.85 [0.83‑‑0.88]; 3 or 
more changes in the treatment was also associated with a lower 
risk of  exacerbation (HR = 0.93 [0.89‑‑0.97]). The hazards of  
exacerbation between the principal levels of  treatments revealed 
that the “no therapy group” showed the lowest adjusted risk 
of  exacerbation and the higher the intensity of  treatment 
was, the higher the hazard of  exacerbation was observed 
including monotherapy (HR = 1.24 [1.20‑‑1.28]), double 
therapy without corticoid (HR = 1.40 [1.34‑‑1.47]), double 
therapy with corticoid (HR = 1.64 [1.58‑‑1.69]), and triple 
therapy (HR = 1.75 [1.69‑‑1.81]).

The comparison between the different monotherapies is detailed 
in Table 3. No differences were found between the most frequent 
monotherapies: indacaterol, tiotropio, and aclidinium. The group 
of  other therapies that included treatments with less than a 10% 
of  presence in the cohort revealed a higher hazard of  exacerbation 
when compared with indacaterol (HR = 1.24 [1.12‑‑1.36]).

Double therapy without corticoid is detailed in Table 4 and 
with corticoid is detailed in Table 5. No differences between 
indacaterol + glicopirronio and indacaterol + tiotropio were 
revealed (HR = 1.12 [0.98‑‑1.27]. When comparing the 
different combinations of  double therapies with corticoid, 
salmeterol + fluticasone combination (HR = 1.16 [1.08‑‑1.24]) 
revealed a higher adjusted hazard of  exacerbation when 
compared with formoterol + budesonide.

Results for tr iple therapy is described in Table 6, 
f o r m o t e r o l  +  b u d e s o n i d e  +  t i o t r o p i u m  a n d 
salmeterol + f luticasone + tiotropium did not show 
differences between them in terms of  exacerbation adjusted 

Figure  2: Unadjusted survival curves for COPD exacerbation for 
a total of 138,131 periods grouped by type of treatment analyzed 
over 27,739 patients. NOTH: No therapy, MONO: Monotherapy, 
DTNC: Double therapy without corticoid, DTWC: Double therapy with 
corticoid, TRIT: Triple therapy

Table 3: Cox model for hazard of exacerbation 
over 30,082 periods of follow‑up under monotherapy 

with 4,622 COPD exacerbations identified. Adjusted for 
age, sex, number of exacerbations during the previous 
year, changes in treatment during the previous year, 

diabetes, dyslipidemia, ischemic heart disease, obstructive 
sleep apnea syndrome, chronic kidney disease, chronic 

hepatopathy and hypertension
HR CI 95% P

Monotherapy
Indacaterol 1.00
Tiotropium 0.92 0.84‑‑1.01 0.093
Aclidinium 1.02 0.91‑‑1.15 0.729
Other monotherapies 1.24 1.12‑‑1.36 <.001

Table 4: Cox model for hazard of exacerbation 
over 11,664 periods of follow‑up under double therapy 

without corticoid with 2,065 COPD exacerbations 
identified. Adjusted for age, sex, number of exacerbations 

during the previous year, changes in treatment during 
the previous year, diabetes, dyslipidemia, ischemic heart 

disease, obstructive sleep apnea syndrome, chronic kidney 
disease, chronic hepatopathy and hypertension

HR CI 95% P
Double therapy without corticoid

Indacaterol/glicopirronium 1.00
Indacaterol/tiotropium 1.12 0.98‑‑1.27 0.10
Other double therapies without corticoid 1.33 1.19‑‑1.49 0.73

Table 5: Cox model for hazard of exacerbation 
over 23,473 periods of follow‑up under a double therapy 
with corticoid treatment with 4,633 COPD exacerbations 
identified. Adjusted for age, sex, number of exacerbations 

during the previous year, changes in treatment during 
the previous year, diabetes, dyslipidemia, ischemic heart 

disease, obstructive sleep apnea syndrome, chronic kidney 
disease, chronic hepatopathy and hypertension

HR CI 95% P
Double therapy with corticoid

Formoterol/Budesonide 1.00
Salmeterol/Fluticasone 1.16 1.08‑‑1.24 <.001
Other double therapy with corticoid 1.31 1.22‑‑1.41 <.001

hazard (HR = 1.16 [0.97‑‑1.13]). When analyzed as a group, 
the rest of  triple therapies showed a higher adjusted hazard 
of  exacerbation (HR = 1.27 [1.18‑1.36]) when compared with 
formoterol + budesonide + tiotropium combination.

Discussion

This is a “real‑world” retrospective cohort study of  COPD 
treatments, where subjects and physicians are not controlled, 
revealing daily practice. In this study, the median age and sex 
was similar to other studies of  similar databases. The high 
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proportion of  smokers (70%) is remarkable considering that 
in most COPD studies it is around 50%. When analyzing 
the factors associated with an increased risk of  exacerbation, 
surprisingly being smoker was associated with a lower risk of  
exacerbation (HR = 0.85 [0.83‑‑0.88]); this finding could be due 
to a severity bias being that more severe cases of  COPD have 
a greater perception of  disease and as a consequence have a 
higher probability of  quitting smoking. The distinction between 
never‑smoker and ex‑smokers was not feasible due to quality of  
registry limitations of  the database; in fact a 31% of  subjects had 
a missing value regarding smoking status. During our analysis, 
we treated those missing smoking status as a separate category 
given the unexpected nature of  the results.

Another interesting finding is the decrease in the risk of  
exacerbation associated with an increase in the number of  
changes in the pharmacologic treatment of  the COPD during the 
previous year. This protective effect is significant from 3 or more 
recent changes in the treatment (HR = 0.93 [0.89‑‑0.97]) and is 
stronger as more treatment changes occur. This finding could 
suggest that in those subjects where the treatment is adjusted 
more frequently subjects are better controlled than those with 
the same characteristics but without this treatment adjustment.

The comparisons between the hazards of  exacerbation between 
the principal levels of  treatments to our understanding suggest 
a potential indication bias; the no therapy group showed the 
lowest adjusted risk of  exacerbation and the increase in therapy 
intensity was associated with an increase in the hazard of  
exacerbation.

When analyzing single inhaled therapy, no difference in COPD 
control was found between the most frequent monotherapies: 
indacaterol, tiotropium, and aclidinium. Our finding is contrary 
to what Decreamer et al.[10] and Price et al.[11] conclude, where 
indacaterol proved to give a better COPD control over tiotropium 
and contrary to what Volgelmeir et al.[12] concluded, where 
tiotropium and salmeterol also revealed differences in COPD 
control.[12] Our findings are consistent with current guidelines 
of  first step treatment LAMA or LABA with no preference and 
choosing among the patient and physician preference.[1,2]

Double therapy without corticoid (LAMA + LABA) revealed no 
differences between indacaterol/glicopirronium and indacaterol/
tiotropium; recent Cochrane review revealed that indacaterol/
glicopirronium was superior to umeclidinium/vilanterol,[6] but 
these findings were not supported by Kerwin et al.,[7] although in 
this study the dosage of  indacaterol/glicopirronum was not the 
standard 24‑h lasting COPD treatment. Umeclidinium/vilanterol 
did prove to have better improvement of  respiratory function 
tests when compared with tiotropium/olodaterol in the study 
done by Feldman et al.[8]

Budesonide/formoterol was associated with fewer COPD 
exacerbations than fluticasone/salmeterol, which is consistent 
with the findings from Perrone et al.[5] in national Italian database 
and in contrast with the previous double therapy with corticoid 
research studies, where no differences could be proven among 
the different combinations.[13‑17]

In terms of  triple therapy, combination of  formoterol/budesonide/
tiotropium was not superior to salmeterol/fluticasone/tiotropium. 
No triple therapy combination comparison research was found 
to compare with our findings. TRILOGY study[18] concluded 
that beclometasona/formoterol/glicopirronium was better 
than double therapy with corticoid beclometasone/formoterol, 
TRINITY study[19] concluded that it was also better than 
LAMA monotherapy with glicopirronium, TRIBUTE study[20] 
concluded that it was better than double therapy without corticoid 
indacateraol/glycopyrronium, further research also concluded 
that furoate/umeclidinium/vilanterol was better than double 
therapy with corticoid budesonide/formoterol[21] and fluticasone 
furoate/vilanterol[22] or double therapy without corticoid 
umeclidinium‑‑vilanterol.[22] These studies compared single and 
double therapy against triple therapy, proving triple therapy to 
offer better control, in the line of  associating agents proposed by 
the guidelines in noncontrolled patients[1,2] and by recent studies 
towards long‑acting triple therapy.[23‑25]

There are some limitations in our study derived from the nature 
of  the data sources used in the analysis. The use of  the BIFAP 
database is only based on the medical data registered by family 
physicians, so specialized intervention could be incompletely 
recorded in some cases. Analysis was based on administrative 
data, so a COPD diagnosis could not be verified beyond the 
codification performed by clinicians during their activity. Also, 
no spirometry registry was included in the analysis, which could 
impact on the diagnosis, classification, and severity of  COPD 
patients. Certain underregistration of  COPD diagnosis is 
expected and as a result the results are not a good indicator of  
COPD incidence in the population. We do feel that the strong 
point of  our research and the database is the use of  “real‑world” 
uncontrolled data based on daily practice.

Conclusion

Our findings show “real‑world” data of  the COPD population. 
The most relevant factor related with the risk of  exacerbation is 

Table 6: Cox model for hazard of exacerbation 
over 21,459 periods of follow‑up under a triple therapy 
with 5,123 COPD exacerbations identified. Adjusted for 

age, sex, number of exacerbations during the previous 
year, changes in treatment during the previous year, 

diabetes, dyslipidemia, ischemic heart disease, obstructive 
sleep apnea syndrome, chronic kidney disease, chronic 

hepatopathy and hypertension
HR CI 95% P

Triple Therapy 
Formoterol/Budesonida + Tiotropium 1.00
Salmeterol/Fluticasone + Tiotropium 1.05 0.97‑‑1.14 0.22
Other triple therapies 1.27 1.18‑‑1.36 <.001
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the number of  exacerbations in the previous year. In our cohort, 
subjects treated with a combination of  budesonide/formoterol 
showed a lower hazard of  COPD exacerbations requiring 
antibiotics therapy or increases in the corticoid dosage than 
patients under fluticasone/salmeterol treatment. No differences 
in terms of  COPD exacerbation were found with monotherapy, 
double therapy without corticoids, and triple therapy. There are 
not too many studies that compare drugs within the same group 
and the available ones do not reveal a clear superiority. Further 
studies are needed to compare the different molecules in order 
to discover if  any drug or combination is better than any other 
in the same group. Currently, selecting COPD treatment is based 
on patient and physician preference.
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