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variable respiratory symptoms (wheeze, short-
ness of breath, chest tightness, and cough) and 
variable airflow limitation.4

It is now commonly recognized that the main 
objective of asthma treatment is to achieve and 
maintain asthma control and to prevent future 
risks including worsening, exacerbations, accel-
erated loss of lung function, and side effects of 
treatment.4 Despite remarkable recent advanc-
es in the understanding of asthma epidemiolo-
gy, physiopathology, and management, current 
evidence suggests that asthma control is still 

Introduction  Asthma is one of the most common 
chronic noncommunicable respiratory diseases 
worldwide. The disease imposes great personal 
and social burden and currently ranks No. 15 of 
the global top 25 causes of years lived in disabil-
ity.1 Although characteristically asthma is a dis-
ease of children and young adults,2 it affects all 
age groups, and late-onset asthma in adults and 
elderly individuals is not uncommon.3 Current-
ly, asthma is defined as a heterogeneous disease, 
usually characterized by chronic airway inflam-
mation and clinically expressed by a history of 
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ABSTRACT

Anticholinergic bronchodilators such as tiotropium, a potent long-acting drug, are central to the symptom-
atic treatment of chronic obstructive pulmonary disease. Its role in asthma treatment has been recently 
investigated. This review critically evaluates documented evidence of clinical trials and assesses the 
therapeutic implications of anticholinergic drugs in asthma management. 
So far, the results of 10 Phases II and III randomized controlled trials evaluating the effect of adding 
tiotropium to the treatment of mild-to-moderate or severe asthma have been published. These trials had 
a duration of 4 to 52 weeks and involved 3368 subjects with mild-to-moderate asthma and 1019 sub-
jects with severe asthma. Also, 1 systematic review and 6 meta-analyses have appraised the results of 
published and unpublished trials investigating the role of tiotropium in asthma. The results of the trials 
in mild to moderate asthma showed that adding tiotropium to inhaled corticosteroids (ICSs) was not 
inferior to adding long-acting β2-agonists (LABAs). In addition, the safety and efficacy of tiotropium were 
similar to those of salmeterol. The results of studies on severe asthma showed that adding tiotropium 
to a treatment with high doses of an ICS plus LABA results in further improvement in lung function, 
increases the time to the first severe exacerbation of asthma and to worsening of asthma, and improves 
asthma control. Except for dry mouth, the safety profile of tiotropium was similar to placebo both in 
moderate and in severe asthma.
Adding tiotropium to an ICS or ICS plus LABA improves lung function, symptoms, and asthma control, 
and in severe asthma, it increases the time to exacerbations, with good safety profile. The effect seems 
independent of baseline characteristics such as age, level of bronchial obstruction, smoking status, al-
lergic status, and bronchial reversibility.
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The innervation of the human airways is based 
predominantly on the cholinergic parasympathet-
ic system, and consequently, the tone of the air-
ways is predominantly controlled by the vagus 
nerve. The nerve releases acetylcholine, which in 
turn activates muscarinic receptors on smooth 
muscle and submucosal gland cells, resulting in 
bronchoconstriction and mucus secretion, re-
spectively.29 There are 5 types of muscarinic re-
ceptors (M1–M5), of which 4 (M1–M4) are active 
and expressed in the majority of airway cells and 
lung tissue.30,31 In humans, the M1 receptors are 
located in the periphery of the lungs and airway 
nodes, whereas the M2 and M3 receptors are lo-
cated more centrally in the airways and lungs.29,30 
In human lungs, acetylcholine-induced broncho-
constriction results from the stimulation of M3 
receptors on smooth muscle cells.32 

The prolonged pharmacologic activity of tiotro-
pium bromide is the result of its slow dissociation 
from M1 receptors (expressed particularly in the 
small airways and believed to facilitate cholinergic 
traffic through peribronchial ganglia) and M3 re-
ceptors (which promote  smooth muscle constric-
tion in the airways and increased mucous secre-
tion) and quick dissociation from M2 receptors 
(which inhibit the further release of acetylcho-
line from postganglionic nerves and are believed 
to inhibit smooth muscle relaxation).29,30,32,33 In 
asthma, the dysfunction of airway muscarinic re-
ceptors has been related to airway hyperrespon-
siveness, particularly to neuronal M2 receptors, 
which are susceptible to products released from 
eosinophils and to viral infection.26,33,34

The mechanism of action of anticholinergic 
bronchodilators either in asthma or COPD is be-
lieved to be related to a reduction in the basal level 
of bronchomotor tone in the small airways. How-
ever, the extent to which the cholinergic tone con-
tributes to the narrowing of the airways in asth-
ma is unclear.35 Nevertheless, the fact that airway 
hyperresponsiveness can persist in asthmatic pa-
tients, even in the absence of airway inflamma-
tion following the long-term use of an ICS,36 sug-
gests that other factors, such as increased cho-
linergic and smooth muscle tone, have a role in 
asthma.37 Also, there is increasing evidence that 
cells outside the cholinergic neuronal network, 
such as airway epithelial cells, synthesize, con-
tain, and release acetylcholine.28,38 Thus, acetyl-
choline is both a neurotransmitter and a local sig-
naling molecule produced by nonneuronal cells. 
Regardless of the mechanism, the raised parasym-
pathetic tone39 is sufficient to provide a rationale 
for the use of tiotropium in asthma.

Clinical insights from tiotropium trials in asthma  De-
spite current effective treatments, suboptimal 
control of asthma occurs in at least 40% of pa-
tients.40,41 The current guidelines4 recommend 
stepwise management to obtain and maintain 
control, in which the clinical definition of control 
is the absence of daytime symptoms or their pres-
ence less than twice a week, no need for reliever 

suboptimal in many patients, especially in those 
with more severe asthma.5 Poor adherence, in-
correct use of inhaler devices, misdiagnosis, oc-
cupational or environmental exposures, and co-
morbidities may account for a great part of inad-
equate asthma control.

In a stepwise manner, the Global Initiative for 
Asthma4 recommends starting with short-acting 
β2-agonists, quickly followed by inhaled cortico-
steroids (ICSs) in patients with symptoms oc-
curring every week or more often. However, if 
the disease remains uncontrolled even after cor-
recting for all the above factors and optimizing 
asthma treatment at least with an ICS, a step-up 
in treatment is required.6 This step-up routinely 
consists of long-acting β2-agonists (LABAs), but 
control remains poor in many patients. Moreover, 
some patients cannot tolerate LABAs.

An alternative mode of bronchodilation is an-
tagonizing the cholinergic system. In asthma, the 
use of short-acting anticholinergics is advocated 
for exacerbations of asthma in the hospital, but 
administering these drugs in stable asthma is not 
generally advocated.4 It is notable that tiotropi-
um, a potent long-acting selective anticholiner-
gic bronchodilator, approved for use in chronic 
obstructive pulmonary disease (COPD) for more 
than a decade, only recently has been investigated 
as a controller treatment in asthma.14-24 The role 
of tiotropium in asthma management has gener-
ated great interest as shown by the recent publi-
cation of 1 systematic review7 and 6 meta-anal-
yses.8-13 This interest is not unforeseen, as most 
of the studies investigating the effect of adding 
tiotropium to asthma treatment were conduct-
ed in patients with moderate14-16,18-22 and with 
severe asthma,23,24 those with the greatest bur-
den of asthma, significant impact on the quality 
of life,25 and those that would benefit most from 
alternative or additional treatments.

This review will critically evaluate the docu-
mented evidence of the clinical trials conduct-
ed to date and will subsequently assess the ther-
apeutic implications of anticholinergic drugs in 
the treatment of asthma.

Tiotropium bromide  Long-acting β2-broncho- 
dilators in combination with an ICS are the pre-
ferred option in the management of asthma when 
the use of an ICS alone does not allow to achieve 
sufficient disease control.4 Short-acting anticho-
linergics (ipratropium bromide) alone or in com-
bination with a short-acting β2-agonist have long 
been used as a reliever medication in asthma. 
Tiotropium bromide is a potent long-acting selec-
tive inhaled muscarinic antagonist with broncho-
dilator effect sustained for 24 hours. It is exten-
sively used as maintenance therapy in moderate-
-to-severe COPD.26 These bronchodilatory prop-
erties, the putative additional effects of tiotropi-
um decreasing mucus production26 and possibly 
modulating airway inflammation,27,28 make this 
an attractive therapeutic option for the manage-
ment of asthma.
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improvement achieved with salmeterol and was 
superior to placebo. Improvements in symptoms 
were comparable between tiotropium and salme-
terol and better than placebo. In addition, the re-
sults suggested that tiotropium might be an alter-
native add-on treatment for asthmatics with the 
B16-Arg/Arg genotype requiring treatment with 
an ICS plus a second controller drug to achieve 
and maintain asthma control.

Two phase II studies18,19 investigated the effect 
of different doses of tiotropium on symptomatic 
asthma despite medium doses of ICS alone or as-
sociated with a second controller drug. In a dose-
ranging, double-blind, placebo-controlled cross-
over study published by Beeh et al,18 174 adults 
with moderate asthma not fully controlled on an 
ICS alone (budesonide, 400–800 μg/d, or equiva-
lent) or in a fixed-dose combination with a LABA 
or short-acting β2-agonist were randomized to re-
ceive tiotropium delivered via a Respimat inhal-
er (5, 2.5, or 1.25 μg once daily) or placebo, while 
discontinuing the LABA medication. Peak FEV1, 
the primary endpoint, was significantly higher 
with a dose of 5 μg when compared with placebo 
(by 188 ml), and to 2.5 μg (60 ml), and to 1.125 μg 
(49 ml). Tiotropium respimat (5 μg) was found to 
be the most effective and consistent dose, with a 
safety profile comparable to that of placebo. The 
second dose-ranging phase II study was published 
by Vogelberg et al.19 This study differed from the 
one performed by Beeh et al18 by including only 
adolescents aged from 12 to 17 years and by an 
incomplete crossover design. Tiotropium respi-
mat (5 μg) was the only dose that was significant-
ly better than placebo in both peak and trough 
FEV1. There were no safety issues.

However, the above studies15,18,19 were relative-
ly small. Recently, Kerstjens et al21 published the 
results of the first large trials in adults with mod-
erate symptomatic asthma (N = 2103). This con-
sisted of 2 replicate randomized, double-blind, 
placebo-controlled, parallel-group studies, with 
an active comparator and 24-week follow-up. Eli-
gible patients were aged from 18 to 75 years with 
symptomatic asthma and a prebronchodilator 
FEV1 of 60% to 90% predicted despite the use of 
a medium dose of an ICS. They were nonsmokers 
or ex-smokers for 1 year or more with 10 pack- 
-years or less. Patients randomly received tiotro-
pium (5 μg or 2.5 μg once daily), salmeterol (50 μg 
twice daily), or placebo, while maintaining ICSs. 
Primary endpoints were peak and trough FEV1, 
and asthma control assessed as ACQ responder 
rates. Once-daily tiotropium as add-on treatment 
to a medium-dose ICS resulted in significant im-
provements in lung function and asthma control 
compared with placebo, and which were similar to 
those recorded for twice-daily salmeterol. There 
was no significant difference between the 2 doses 
of tiotropium. In addition, the safety of tiotropi-
um was similar to that of salmeterol.21

Tiotropium in severe asthma  The role of tiotropi-
um in severe asthma was examined in 3 clinical 

medication or less than twice a week, no limita-
tions of activity, and no nocturnal awakenings 
from asthma symptoms.

Tiotropium has been investigated in mild-to-
-moderate and in severe asthma, which will be 
discussed separately.

Tiotropium in mild-to-moderate asthma  The role 
of tiotropium in mild-to-moderate asthma or in 
moderate asthma has been investigated in var-
ious randomized, double-blind, placebo-con-
trolled clinical trials (RCTs)15-22 with a duration 
that ranged from 4 to 52 weeks (TABLE 1), and re-
viewed in a recent meta-analysis.13 The TALC tri-
al16 was the only published study to investigate the 
role of tiotropium in mild-to-moderate asthma, 
though an additional trial has been presented as 
an abstract.17 In the other studies,15-19 the severi-
ty of asthma was moderate. The primary outcome 
was morning peak expiratory flow (PEF) in 2 stud-
ies,15,16 peak forced expiratory volume in 1 second 
(FEV1) in 2 studies,17,18 and peak FEV1 area under 
the curve from zero to 24 hours in 1 study.19 In 
another manuscript, which comprised of 2 rep-
licate RCTs, prespecified coprimary endpoints 
were peak and trough FEV1 and asthma control.20

In the investigator-initiated TALC trial (tiotro-
pium as an alternative to increase the dose of an 
ICS in patients inadequately controlled on a low-
er dose of an ICS), a 3-way randomized, double-
-blind, triple-dummy crossover study of 14 weeks 
of duration, 210 subjects were included and 174 
completed all the study arms.15 The primary out-
come measure was the morning PEF and second-
ary outcomes included prebronchodilator FEV1, 
the number of asthma-control days (defined as 
days without symptoms and without the use of 
a rescue bronchodilator), asthma symptoms, the 
Asthma Control Questionnaire (ACQ),42 and the 
Asthma Quality-of-Life Questionnaire (AQLQ),43 
among others. This is the only study in this re-
view performed with the dry-powder formula-
tion of tiotropium. It demonstrated that treat-
ment with tiotropium (18 μg) via HandiHaler plus 
beclomethasone (2 puffs of 40 μg twice daily) re-
sulted in greater improvements in PEF compared 
with doubling the dose of an ICS (160 μg, 2 puffs 
of 80 μg twice daily of beclomethasone) and sim-
ilar to adding salmeterol (50 μg) twice daily. Also, 
treatment with added tiotropium was associated 
with improvements in spirometry, asthma con-
trol, and provided symptomatic benefit that was 
greater than doubling the dose of an ICS, and ei-
ther noninferior to or better than salmeterol.

In another study, with a similar design, Bate-
man et al,16 based on the concerns regarding the 
safety of LABAs in asthmatic patients with the 
B16-Arg/Arg genotype, investigated the role of 
tiotropium as add-on treatment in patients with 
this genotype and moderate asthma not con-
trolled by an ICS alone (budesonide, 400–1000 
μg/d, or equivalent). This study provided evidence 
that tiotropium (5 μg) was not inferior to salme-
terol treatment in maintaining the lung function 
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TABLE 1  Clinical trials of tiotropium in moderate asthma (continued on page 863)

Study 
ref.

Design/duration Intervention Subjects (n) /age/
FEV1

Key inclusion criteria Outcomes

Peters et 
al15

RCT: 3-way, DB, 
triple-dummy, 
crossover study

14 weeks

double ICS dose (to 
medium dose) vs 
ICS low dose + TIO 
HandiHaler® 18 μg 
OD vs ICS low dose 
+ SALM 50 μg BID

randomized: 210
completed: 174
mean age: 42.2 y
mean pre-BD 

baseline FEV1: 
71.5% predicted

• age: >18–75 y
• asthmatics with mild-to-moderate 

disease not fully controlled on a low- 
-dose ICS (160 μg BDP BID)

• FEV1 >40% predicted
• never smokers or ex-smokersa

primary outcome:
• morning PEF
secondary outcomes:
• mean weekly PEF
• proportion of control 

days
• AQLQ
• pre-BD FEV1

Bateman 
et al16

RCT: DB, double- 
-dummy, PC, 
parallel-group 
study

16 weeks

ICS moderate-to-high 
dose + TIO 5 μg OD 
vs ICS moderate-to-
high dose + SALM 
25 μg BID vs ICS 
moderate-to-high 
dose + placebo

randomized: 388
completed: 367
mean age: 43 y
mean pre-BD 

baseline FEV1: 
75% predicted

• age: >18–67 y
• asthmatics, B16-Arg/Arg genotype, 

with moderate disease not fully 
controlled on a medium-dose ICS 
(400–1000 μg BUD OD) alone or + 
SALM

• pre-BD FEV1 <90% predicted for those 
on ICS alone and <80% for those on 
ICS + LABA

• never smokers or ex-smokersa

primary outcome:
• mean morning PEF 

at the end of 
treatment

secondary outcomes:
• other weekly PEF 

parameters
• proportion of control 

days
• AQLQ
• pre-BD FEV1

Beeh et 
al18

RCT: phase II, DB, 
PC, dose- 
-ranging, 4-way 
crossover study

four 4-week 
periods

ICS + TIO 5.0 μg OD 
vs ICS + TIO 2.5 μg 
vs ICS + TIO 1.25 
μg vs ICS+ placebo

randomized: 149
completed: 141
mean age: 49.3 y
mean pre-BD 

baseline FEV1: 
71.5%

• age: >18–75 y
• asthmatics with moderate disease not 

fully controlled with an ICS (BUD, 
400–800 μg, or equivalent) alone or + 
LABA

• pre-BD FEV1 ≥60% and ≤90% predicted
• never smokers or ex-smokersa

• ACQ ≥1.5

primary outcome:
• peak FEV1

secondary outcomes:
• trough FEV1

• peak FVC
• trough FVC
• ACQ score
• safety

Vogelberg 
et al19

RCT: Phase II, DB, 
PC, 4-way, 
incomplete 
crossover study

three 4-week 
periods

ICS + TIO 5.0 μg OD 
vs ICS + TIO 2.5 μg 
vs ICS + TIO 1.25 
μg vs ICS+ placebo

randomized: 139
completed: 97
mean age: 14.0 y
mean pre-BD 

baseline FEV1: 
71.5% predicted

• age: 12–17 y
• asthmatics with moderate disease on 

a medium dose of an ICS alone or + 
LABA; LABA was discontinued

• pre-BD FEV1 ≥60% and ≤90% predicted
• never smokers or ex-smokersa

• ACQ ≥ 1.5

primary outcome:
• peak FEV1

secondary outcomes
• FEV1 peak and area 

under the curve
• PEF
• ACQ score
• safety

Timmer 
et al20

RCT: phase II, DB, 
PC, crossover 
study

three 4-week 
periods and 
21-day follow- 
-up

ICS medium dose + 
TIO 5.0 μg OD 
(evening) vs ICS 
medium dose + TIO 
2.5 μg BID

randomized: 94
completed: 89
mean age: 44.3 y
mean pre-BD 

baseline FEV1: 
73.4% predicted

• age: >18–75 y
• asthmatics with moderate disease not 

fully controlled with a medium dose of 
an ICS alone or + LABA

• pre-BD FEV1 ≥60% and ≤90% predicted
• never smokers or ex-smokersa

primary outcome:
• FEV1 area under the 

curve from 0 to 24 h 
at the end of each 
treatment period

secondary outcomes:
• peak and trough 

FEV1

• PEF

Kerstjens 
et al21

RCT: DB, PC,  
2 replicate 
parallel-group 
trials

24 weeks

ICS medium dose + 
TIO 5.0 μg OD vs ICS 
medium dose + TIO 
2.5 μg OD vs ICS 
medium dose + 
SALM 50 μg BID vs 
ICS medium dose + 
placebo

randomized:
trial 1, 1071
trial 2, 1032
completed:
trial 1, 998
trial 2, 974
mean age: 43.1 y
mean pre-BD 

baseline FEV1: 
72.7% predicted

• age: >18–75 y
• symptomatic asthmatics on a medium 

dose of an ICS
• pre-BD FEV1: 60%–90% predicted
• never smokers or ex-smokersa

primary outcome:
• peak and trough 

FEV1

• ACQ score
secondary outcomes:
• peak and trough FVC
• mean weekly PEF
• safety
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TABLE 1  Clinical trials of tiotropium in moderate asthma (continued from page 862)

Study 
ref.

Design/duration Intervention Subjects (n) /age/
FEV1

Key inclusion criteria Outcomes

Otha et 
al22

RCT: DB, PC, 
parallel-group 
study

52 weeks

ICS medium dose with 
or without LABA + 
TIO 5.0 μg OD vs ICS 
medium dose with 
or without LABA + 
TIO 2.5 μg OD vs ICS 
medium dose with 
or without LABA + 
placebo

randomized: 285
completed: 264
mean age: 44.5 y
mean pre-BD 

baseline FEV1: 
80.2% predicted

• age: >18–75 y
• symptomatic asthmatics on a medium 

dose of an ICS (≥400 μg ≤800 μg with 
or without a LABA)

• pre-BD FEV1: ≥60% – ≤90% predicted
• ACQ ≥1.5
• never smokers or ex-smokersa

primary outcome:
• safety
secondary outcomes:
• trough FEV1

• trough FVC
• trough PEF
• ACQ responder rate

a  ex-smokers: individuals who had stopped smoking ≥1 years prior to enrollment and with a smoking history of <10 pack-years

All studies used a tiotropium respimat inhaler unless otherwise specified.

Abbreviations: ACQ, Asthma Control Questionnaire; AQLQ, Asthma Quality-of-Life Questionnaire; BD, bronchodilator, BUD, budesonide; DB, double- 
-blind; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; ICS, inhaled corticosteroid; LABA, long-acting β2-bronchodilator; OD, 
once daily; PC, placebo-controlled; PEF, peak expiratory flow; TIO, tiotropium; SALM, salmeterol; RCT, randomized controlled trial 

was added to a high-dose ICS plus LABA in se-
vere asthmatics followed for 48 weeks,24 among 
the adverse events reported by at least 2% of the 
patients in any study group, only allergic rhini-
tis occurred at a significantly higher rate in the 
tiotropium group, and asthma events and insom-
nia were significantly more common in the pla-
cebo group. Again, the incidence of cardiac ad-
verse events was less than 2%, with no differ-
ence in occurrence between the active or place-
bo treatment groups.21-24 In the only study that 
examined tiotropium at a dose of 5 μg or 10 μg 
as add-on therapy to an ICS plus LABA in severe 
asthma, adverse events were slightly higher in 
subjects receiving tiotropium at a dose of 10 μg 
(50% vs 40% in subjects on tiotropium at a dose 
of 5 μg and 42% in subjects on placebo).

In a longer study, Otha et al22 examined the tol-
erability profile of tiotropium as an add-on ther-
apy in patients from Japan who had moderate-
-to-severe symptomatic asthma while receiving 
a medium-dose ICS, with or without a LABA. The 
safety profile of tiotropium was similar to that 
in previous studies.21,24 Over 52 weeks, adverse 
events were generally mild and nonserious, and 
the overall tolerability profile of tiotropium was 
comparable to that of placebo.

Discussion  Taken together, the results of the 10 
published RCTs15-24 demonstrated that: 1) add-
ing tiotropium at a dose of 5 μg in patients with 
symptomatic asthma despite low-to-high dos-
es of an ICS with or without LABA significantly 
improves FEV1 compared with placebo; 2) add-
ing tiotropium at a dose of 5 μg in patients with 
symptomatic asthma despite high-doses of an 
ICS and LABA significantly lengthens the time to 
the first severe exacerbation24; 3) adding tiotro-
pium at doses of 2.5 μg and 5 μg once daily to a 
medium--dose ICS significantly increases asthma 
control expressed as ACQ responders when com-
pared with placebo21; 4) adding tiotropium at a 
dose of 5 μg once daily to an ICS is at least com-
parable to adding salmeterol15,16,21 and superior 
to doubling the dose of an ICS15 in patients on a 

trials23,24 (TABLE 2). In a relatively small phase II 
trial (n = 107), Kerstjens et al23 compared the ef-
ficacy and safety of 2 doses of tiotropium (5 μg   
10 μg daily) with placebo as add-on therapy in pa-
tients with uncontrolled severe asthma as mea-
sured by an ACQ score of 1.5 or higher while on a 
combination of a high-dose ICS and LABA. Add-
ing tiotropium at a dose of 5 μg or 10 μg daily re-
sulted in an improvement in peak FEV1 of 139 ml 
and 170 ml, respectively. Morning and evening 
PEF was slightly but significantly higher with a 
dose of 10 μg compared with that of 5 μg.

The second published manuscript on severe 
asthma24 reported on 2 replicate RCTs involv-
ing 912 asthmatics who were receiving a high-
-dose ICS plus LABA. This study compared the 
effect of adding tiotropium (5 μg) or placebo 
on lung function and exacerbations, both de-
livered by a Respimat inhaler once daily for 48 
weeks. The improvements in peak FEV1 were 
86 ml and 154 ml in trials 1 and 2, respectively, 
compared with placebo, and the improvements 
in trough FEV1 were 88 ml and 111 ml in trials 
1 and 2, respectively, compared with placebo 
(all P ≤0.01). Also, the addition of tiotropium 
significantly increased the time to the first se-
vere exacerbation (282 days vs 226 days), with 
an overall reduction of 21% in the risk of a se-
vere exacerbation. Adverse events were similar 
in both groups.

Safety of tiotropium in asthma  The safety of 
tiotropium as add-on treatment was examined 
in 3705 patients,18,19,21-24 either when added to a 
medium-dose ICS for 24 to 52 weeks18,19,21,22 or 
to a high-dose ICS plus LABA for 48 weeks.23,24 
In 2 large trials with tiotropium added to a me-
dium-dose ICS,21 the numbers of adverse events 
were very similar between tiotropium at doses of 
2.5 μg or 5 μg, salmeterol, and placebo. Especially 
cardiac adverse events were recorded in less than 
2% of all patients, with no differences between 
the treatment groups. Dry mouth was record-
ed in less than 2% of subjects in any treatment 
group. In 2 other large trials, in which tiotropium 
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characteristics: disease duration, age class, smok-
ing, history, sex, percent predicted prebronchodi-
lator FEV1 at baseline, allergic status (assessed by 
the concentration of immunoglobulin E [IgE], eo-
sinophil count, or clinical judgment), region, and 
body-mass-index class.21,23 This renders the addi-
tion of tiotropium at a dose of 5 μg a valuable op-
tion in a broad group of patients with symptom-
atic asthma while being treated by an ICS with or 
without LABA, and averts the need for biomark-
er testing before the start of treatment such as 
with anti-IgE or anti-interleukin-5. 

Conflict of interest  HAMK was principal inves-
tigator on 3 studies in this review. His institu-
tion, the University Medical Center Groningen, 
received grants from Boehringer Ingelheim and 
Pfizer. Additionally, he has served, on behalf of 
his institution, on advisory boards for Boehring-
er Ingelheim and Pfizer. In the past year, his in-
stitution has received similar funding from Almi-
rall, AstraZeneca, Chiesi, GlaxoSmithKline, No-
vartis, and Takeda.

EP has received consultancy fees from No-
vartis, Boehring Ingelheim, GlaxoSmithKline, 
AstraZeneca, Takeda, and Chiesi and has received 
lecture fees from Novartis, Boehring Ingelheim, 
GlaxoSmithKline, Chiesi, AstraZeneca, and Ache. 

REFERENCES

1  Global Burden of Disease Study 2013 Collaborators. Global, regional, and 
national incidence, prevalence, and years lived with disability for 301 acute 
and chronic diseases and injuries in 188 countries, 1990-2013: a system-
atic analysis for the Global Burden of Disease Study 2013. Lancet. 2015; 
386: 743-800.

low--to-medium dose of an ICS; and 5) adding 
tiotropium at a dose of 5 μg once daily either to 
an ICS alone or to ICS plus LABA in these stud-
ies has a favorable safety profile similar to that 
of salmeterol and placebo.21,23

Rodrigo et al13 have recently assessed that the 
major benefits of adding tiotropium were im-
provements in lung function and, in patients 
with severe asthma, the reduction of exacer-
bations. They calculated a reduction of 30% in 
asthma exacerbations with a number needed to 
treat of 17. These results are relevant because 
of the great impact of exacerbations of severe 
asthma and the costs of current alternatives to 
reduce asthma exacerbations in this particular 
group of asthmatics.

Furthermore, Price et al44 examined the clini-
cal effects of add-on therapy with tiotropium in 
a real-life study of a group of over 2042 asthma 
patients treated in primary care practice in the 
United Kingdom. The study patients were at least 
18 years of age and had a physician-recorded di-
agnosis of asthma and the only exclusion criteria 
was a recorded diagnosis of COPD. In this study, 
the addition of tiotropium was associated with 
significant decreases in the incidence of exacer-
bations within the first year of treatment.

It would be useful for clinicians to predict which 
patients respond to tiotropium and which do not. 
Interestingly, none of the published studies has 
been able to discriminate responders from nonre-
sponders to tiotropium respimat. Subgroup anal-
yses showed no overall differences in improve-
ment in lung function by the following baseline 

TABLE 2  Clinical trials of tiotropium in severe asthma

Study ref. Design/duration Intervention Subjects (n) / age / 
FEV1

Key inclusion criteria Outcomes

Kerstjens 
et al23

RCT: DB, PC, 
crossover 
study

three 8-week 
periods

high-dose ICS 
+ TIO 5.0 μg 
OD vs high- 
-dose ICS + 
TIO 10 μg OD 
vs high-dose 
ICS + 
placebo

enrolled: 107
completed all arms: 

103
mean age: 54.8 y
mean post-BD 

baseline FEV1: 
65.3% predicted

• age: >18–75 y
• asthma diagnosed before the age 

of 49 years
• current diagnosis of severe asthma 

on a high-dose ICS (≥ BUD, 800 μg, 
or equivalent + LABA)

• post-BD FEV1 ≤80% and FVC ≤70% 
predicted

• never smokers or ex-smokersa

• ACQ ≥1.5

primary outcome:
• peak FEV1

secondary outcomes:
• trough FEV1

• peak and trough FVC area 
under the curve

• asthma symptoms
• rescue medication

Kerstjens 
et al24

RCT: DB, PC,    
2 replicate 
parallel-group 
trials

48 weeks

high-dose ICS 
TIO 5.0 μg OD 
vs high- 
-dose ICS + 
placebo

randomized:
trial 1, 459
trial 2, 453
completed:
trial 1, 413
trial 2,401
mean age: 53 y
mean post-BD 

baseline FEV1: 
62.2% predicted

• age: >18–75 y
• asthma diagnosed before the age 

of 45 years
• current diagnosis of severe asthma 

on a high-dose ICS (BUD, ≥800 μg, 
or equivalent + LABA)

• post-BD FEV1 ≤80% predicted and 
FEV1/FVC ≤70%

• never smokers or ex-smokersa

• at least 1 exacerbation in the 
previous year (by history)

• ACQ ≥1.5

primary outcomes:
• peak and trough FEV1

• time to first severe 
exacerbation of asthma

secondary outcomes:
• peak and trough FEV1 and 

FVC at each visit
• time for the first worsening 

of asthma
• ACQ score
• AQLQ score
• safety

a  ex-smokers: individuals who had stopped smoking ≥1 years prior to enrollment and with a smoking history of <10 pack-years

Abbreviations: see TABLE 1



REVIEW ARTICLE  Current role of anticholinergic drugs in the treatment of asthma... 865

28  Kistemaker LE, Hiemstra PS, Bos IS, et al. Tiotropium attenuates  
IL-13-induced goblet cell metaplasia of human airway epithelial cells. Thorax. 
2015; 70: 668-676.

29  Cazzola M, Page CP, Calzetta L, Matera MG. Pharmacology and thera-
peutics of bronchodilators. Pharmacol Rev. 2012; 64: 450-504.

30  Barnes PJ. Muscarinic receptor subtypes in airways. Eur Respir J. 
1993; 6: 328-331.

31  Brown DA. Acetylcholine. Br J Pharmacol. 2006; 147: S120-S126.

32  Barnes PJ. The pharmacological properties of tiotropium. Chest. 2000; 
11: 63S-66S.

33  Racke K, Matthiesen S. The airway cholinergic system: physiology and 
pharmacology. Pulm Pharmacol Ther. 2004; 17:181-198.

34  Jacoby DB, Fryer AD. Interaction of viral infections with muscarinic re-
ceptors. Clin Exp Allergy. 1999; 29: S59-S64.

35  Price D, Fromer L, Kaplan A, et al. Is there a rationale and role for long-
acting anticholinergic bronchodilators in asthma? NPJ Prim Care Respir 
Med. 2014; 24:14023.

36  Lundgren R, Söderberg M, Hörstedt P, Stenling R. Morphological stud-
ies of bronchial mucosal biopsies from asthmatics before and after ten years 
of treatment with inhaled steroids. Eur Respir J. 1988; 1: 883-889.

37  An SS, Bai TR, Bates JH, et al. Airway smooth muscle dynamics: a 
common pathway of airway obstruction in asthma. Eur Respir J. 2007; 29: 
834-860.

38  Wessler I, Kirkpatrick CJ. Acetylcholine beyond neurons: the non-neu-
ronal cholinergic system in humans. Br J Pharmacol. 2008; 154 (Suppl 8): 
1558-1571.

39  Goyal M, Jaseja H, Verma N. Increased parasympathetic tone as the 
underlying cause of asthma: a hypothesis. Med Hypotheses. 2010; 74: 
661-664.

40  Chapman KR, Boulet LP, Rea RM, Franssen E. Suboptimal asthma 
control: prevalence, detection and consequences in general practice. Eur 
Respir J. 2008, 31: 320-325.

41  Stanford RH, Gilsenan AW, Ziemiecki R, et al. Predictors of uncon-
trolled asthma in adult and pediatric patients: analysis of the Asthma Con-
trol Characteristics and Prevalence Survey Studies (ACCESS). J Asthma. 
2010; 47: 257-262.

42  Juniper EF, O’Byrne PM, Guyatt GH, et al. Development and valida-
tion of a questionnaire to measure asthma control. Eur Respir J. 1999; 14: 
902-790.

43  Juniper EF, Guyatt GH, Cox FM, et al. Development and validation of 
the Mini Asthma Quality of Life Questionnaire. Eur Respir J. 1999;14: 32-38.

44  Price D, Kaplan A, Jones R, et al. Long-acting muscarinic antagonist 
use in adults with asthma: real-life prescribing and outcomes of add-on ther-
apy with tiotropium bromide. J Asthma Allergy. 2015; 8: 1-13.

2  To T, Stanojevic S, Moores G, et al. Global asthma prevalence in adults: 
findings from the cross-sectional world health survey. BMC Public Health. 
2012; 12: 204.

3  Lai CKW, Beasley R, Crane J, et al. Global variation in the prevalence 
and severity of asthma symptoms: phase three of the International Study 
of Asthma and Allergies in Childhood (ISAAC). Thorax. 2009; 64: 476-483.

4  Global Initiative for Asthma. Global Strategy for Asthma Management 
and Prevention. 2015. Available from: www.ginasthma.com. Accessed Oc-
tober 25, 2015.

5  Demoly P, Paggiaro P, Plaza V, et al. Prevalence of asthma control among 
adults in France, Germany, Italy, Spain and the UK. Eur Respir Rev. 2009; 
18: 105-112.

6  Reddel HK, Bateman ED, Becker A, et al. A summary of the new GINA 
strategy: a roadmap to asthma control. Eur Respir J. 2015; 46: 622-639.

7  Befekadu E, Onofrei C , Colice GL. Tiotropium in asthma: a systematic 
review. J Asthma Allergy. 2014; 7: 11-21.

8  Tian JW, Chen JW, Chen R, Chen X. Tiotropium versus placebo for in-
adequately controlled asthma: a meta-analysis. Respir Care. 2014; 59: 
654-666.

9  Lee SW, Kim HJ, Yoo KH, et al. Long-acting anticholinergic agents in pa-
tients with uncontrolled asthma: a systematic review and meta-analysis. Int 
J Tuberc Lung Dis. 2014; 18: 1421-1430.

10  Evans DJ, Kew KM, Anderson DE, Boyter AC. Long-acting muscarin-
ic antagonists (LAMA) added to inhaled corticosteroids (ICS) versus the 
same dose of ICS alone for adults with asthma. Cochrane Database Syst 
Rev. 2015; 7: CD011437.

11  Anderson DE, Kew KM, Boyter AC. Long-acting muscarinic antago-
nists (LAMA) added to inhaled corticosteroids (ICS) versus the same dose 
of ICS alone for adults with asthma. Cochrane Database Syst Rev. 2015; 
24; 8: CD011397.

12  Rodrigo GJ, Castro-Rodríguez JA. Tiotropium for the treatment of ad-
olescents with moderate to severe symptomatic asthma: a systematic re-
view with meta-analysis. Ann Allergy Asthma Immunol. 2015; 115: 211-216.

13  Rodrigo GJ, Castro-Rodríguez JA. What is the role of tiotropium in asth-
ma?: a systematic review with meta-analysis. Chest. 2015; 147: 388-396.

14  Fardon T, Haggart K, Lee DKC, Lipworth BJ. A proof of concept study 
to evaluate stepping down the dose of fluticasone in combination with sal-
meterol and tiotropium in severe persistent asthma. Respir Med. 2007; 101: 
1218-1228.

15  Peters SP, Kunselman SJ, Icitovic N, et al.; National Heart, Lung, and 
Blood Institute Asthma Clinical Research Network. Tiotropium bromide step-
up therapy for adults with uncontrolled asthma. N Engl J Med. 2010; 363: 
1715-1726.

16  Bateman ED, Kornmann O, Schmidt P, et al. Tiotropium is noninferior 
to salmeterol in maintaining improved lung function in B16 Arg/Arg patients 
with asthma. J Allergy Clin Immunol. 2011; 128: 315-322.

17  Paggiaro P, Halpin DM, Buhl R, et al. Tiotropium Respimat® add-on to 
inhaled corticosteroids improves lung function in patients with symptomat-
ic mild asthma: results from a Phase III trial. J Allergy Clin Immunol. 2014; 
133: AB4.

18  Beeh KM, Moroni-Zentgraf P, Ablinger O, et al. Tiotropium Respimat in 
asthma: a double-blind, randomised, dose-ranging study in adult patients 
with moderate asthma. Respir Res. 2014; 15: 61.

19  Vogelberg C, Engel M, Moroni-Zentgraf P, et al. Tiotropium in asthmat-
ic adolescents symptomatic despite inhaled corticosteroids: A randomised 
dose-ranging study. Respir Med. 2014; 108: 1268-1276.

20  Timmer W, Moroni-Zentgraf P, Cornelissen P, et al. Once-daily tiotropi-
um Respimat(®) 5 μg is an efficacious 24-h bronchodilator in adults with 
symptomatic asthma. Respir Med. 2015; 109: 329-338.

21  Kerstjens HA, Casale TB, Bleecker ER, et al. Tiotropium or salmeter-
ol as add-on therapy to inhaled corticosteroids for patients with moderate 
symptomatic asthma: two replicate, double-blind, placebo-controlled, paral-
lel-group, active-comparator, randomised trials. Lancet Respir Med. 2015; 
3: 367-376.

22  Ohta K, Ichinose M, Tohda Y, et al. Long-term once-daily tiotropium 
Respimat® is well tolerated and maintains efficacy over 52 weeks in pa-
tients with symptomatic asthma in Japan: a randomised, placebo-controlled 
study. PLoS One. 2015; 10: e0124109.

23  Kerstjens HA, Disse B, Schroder-Babo W, et al. Tiotropium improves 
lung function in patients with severe poorly controlled asthma: a randomized 
controlled trial. J Allergy Clin Immunol. 2011; 128: 308-314.

24  Kerstjens HA, Engel M, Dahl R, et al. Tiotropium in asthma poor-
ly controlled with standard combination therapy. N Engl J Med. 2012; 36: 
1198-1207.

25  Moore WC, Bleecker ER, Curran-Everett D, et al. Characterization of 
the severe asthma phenotype by the National Heart, Lung, and Blood In-
stitute’s Severe Asthma Research Program. J Allergy Clin Immunol. 2007; 
119: 405-413.

26  Bateman ED, Rennard S, Barnes PJ, et al. Alternative mechanisms for 
tiotropium. Pulm Pharmacol Ther. 2009; 22: 533-542.

27  Bos IS, Gosens R, Zuidhof AB, et al. Inhibition of allergen-induced air-
way remodeling by tiotropium and budesonide: a comparison. Eur Respir J. 
2007; 30: 653-661.



866 ARTYKUŁ POGLĄDOWY  Rola leków przeciwcholinergicznych we współczesnym leczeniu astmy…

Correspondence to:
prof. dr. Marcia M.M. Pizzichini, 
Division of Internal Medicine, 
Universidade Federal de Santa 
Catarina, NUPAIVA – Hospital 
Universitário, Campus Universitário – 
Trindade, 88 040–970 Florianopolis, 
Santa Catarina, Brazylia,  
tel./fax: +55 48 323 477 11,  
e‑mail: marcia.pizzichini@ufsc.br
Praca wpłynęła: 29.10.2015.
Przyjęta do druku: 29.10.2015.
Publikacja online: 30.10.2015.
Zgłoszono sprzeczność interesów: 
patrz str. 865
Pol Arch Med Wewn. 2015; 
125 (11): 859-866
Tłumaczył dr n. med. Filip Mejza
Copyright by Medycyna Praktyczna, 
Kraków 2015

SŁOWA KLUCZOWE

ciężka astma, kontrola 
astmy, 
pierwszosekundowa 
objętość wydechowa, 
tiotropium, 
zaostrzenia

STRESZCZENIE

Leki przeciwcholinergiczne takie jak tiotropium, silnie działający lek o długim czasie działania, mają klu-
czowe znaczenie w objawowym leczeniu przewlekłej obturacyjnej choroby płuc. Ich rola w terapii astmy 
była ostatnio przedmiotem badań. W niniejszym artykule przeglądowym krytycznie oceniono dostępne 
wyniki badań klinicznych i zastosowanie terapeutyczne leków przeciwcholinergicznych w leczeniu astmy. 
Do chwili obecnej opublikowano 10 badań z randomizacją (fazy II i III), w których oceniano wpływ dołą-
czenia tiotropium do leczenia chorych na astmę lekką lub umiarkowaną lub na astmę ciężką. Badania te 
trwały od 4 do 52 tyg. i objęły 3368 chorych na astmę lekką lub umiarkowaną i 1019 chorych na astmę 
ciężką. Ponadto wyniki opublikowanych i nie opublikowanych badań oceniających rolę tiotropium w le-
czeniu astmy przedstawiono w 1 przeglądzie systematycznym i 6 metaanalizach. Wyniki badań u chorych 
na umiarkowaną astmę wskazują, że dołączenie do tiotropium glikokortykosteroidów (GKS) wziewnych jest 
nie mniej skuteczne niż długo działający β2‑mimetyk (long-acting β2-agonist – LABA). Ponadto skuteczność 
i bezpieczeństwo tiotropium są podobne jak w przypadku salmeterolu. Badania u chorych na ciężką astmę 
wskazują, że dołączenie tiotropium do dużej dawki GKS wziewnego i LABA powoduje dodatkową poprawę 
czynności płuc, wydłuża czas do pierwszego ciężkiego zaostrzenia astmy i czas do pogorszenia kontroli 
astmy oraz poprawia kontrolę astmy. Za wyjątkiem uczucia suchości w ustach profil bezpieczeństwa 
tiotropium jest podobny do placebo zarówno u chorych na astmę umiarkowaną, jak i ciężką. 
Dołączenie tiotropium do GKS wziewnego albo GKS wziewnego i LABA poprawia czynność płuc i kontrolę 
astmy, zmniejsza nasilenie objawów, a u chorych na ciężką astmę wydłuża czas do zaostrzenia. Leczenie 
to jest bezpieczne. Efekty stosowania tiotropium wydają się niezależne od wyjściowej charakterystyki 
chorych, np. wieku, nasilenia obturacji oskrzeli, palenia tytoniu, obecności alergii i odwracalności ob-
turacji oskrzeli.
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