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Background: Bronchodilator responsiveness (BDR) in asthma involves both the central and peripheral airways but is primarily 
relieved with beta-2-agonists and evaluated by spirometry. To date, antimuscarinics can be added as a reliever medication in more 
severe asthma. We hypothesize that combining both short-acting beta-2 agonist (SABA) and short-acting muscarinic antagonist 
(SAMA) could also improve the responsiveness in mild-moderate asthma. Therefore, we aimed to compare the direct effects of 
inhaling SABA alone, SAMA alone or combining both SABA and SAMA on the central and peripheral airways in asthma.
Methods: Twenty-three patients with mild-moderate BDR in asthma performed dynamic spirometry and impulse oscillometry before 
(baseline) and multiple timepoints within an hour after inhalation of SABA (salbutamol), SAMA (ipratropium bromide), or both 
SABA and SAMA at three different visits.
Results: The use of SAMA alone did not show any improvement compared to the use of SABA alone. Inhalation of SABA+SAMA, 
however, averaged either similar or better BDR than SABA alone in FEV1, MMEF, FVC, R5, R20 and R5-R20. Inhaling SABA 
+SAMA reached a stable BDR in more patients within 0–10 minutes and also reached the FEV1 (Δ%)>12% faster (3.5 minutes) than 
inhaling SABA alone (5.1 minutes). Inhaling SABA+SAMA was significantly better than SAMA alone in FEV1 (p = 0.015), MMEF 
(p = 0.0059) and R20 (p = 0.0049). Using these three variables highlighted a subgroup (30%, including more males) of patients that 
were more responsive to inhaling SABA+SAMA than SABA alone.
Conclusion: Overall, combining SAMA with SABA was faster and more consistent at increasing the lung function than SABA alone 
or SAMA alone, and the additive effect was best captured by incorporating peripheral-related variables. Therefore, SAMA should be 
considered as an add-on reliever for mild-moderate patients with BDR in asthma.
Keywords: BDR, mild-moderate asthma, central airway, peripheral airways, SABA, SAMA

Introduction
Bronchodilator Responsiveness in Asthma
Bronchodilator responsiveness (BDR) in asthma (previously often called “reversibility”) generally refers to rapid improve-
ments in forced expiratory volume in 1 second (FEV1) measured within minutes after inhalation of a short-acting 
bronchodilator.1,2 Depending on the cohort, 17–57% of asthma patients demonstrate BDR when tested using short-acting 
beta-2-agonist (SABA).3,4 Regular use of SABA leads to increased beta-2-receptor tolerance, reduced response to the 
medication, and increased allergen response and inflammation, therefore, it is no longer recommended as a single reliever 
medication.5 Instead, the Global Initiative for Asthma (GINA)-guidelines (2022) recommend mild asthma symptoms are 
relieved, when necessary, with low-dose inhaled corticosteroids (ICS) and formoterol (a long-acting beta-2-agonists, LABA, 
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with relative rapid onset of action), moderate asthma should also take this combination daily (ie maintenance and reliever), 
while LAMA is only considered in more severe asthma (ie step 4).1 In general, most patients with BDR in asthma control their 
symptoms with ICS+LABA (ie mild-moderate severity); however, since BDR is an indication that the airway smooth muscle 
is targetable, maybe antimuscarines should be considered before step 4.

Antimuscarinic Bronchodilation
The short- and long-acting muscarinic antagonists (SAMA and LAMA, respectively) are another types of bronchodila-
tors, instead directly targeting the airway smooth muscle (contributing to the bronchoconstriction), that are suggested to 
be a useful add-on but are rarely prescribed in asthma.6 Antimuscarinic bronchodilators are cost-effective medications 
that tend to be reserved for more severe forms of asthma.7,8 They have similar properties to the beta-2-agonists in their 
outcome of bronchodilation, but instead, act by blocking the acetylcholine receptors in smooth muscle cells, thus 
reducing the airflow limitation.9 The side effects of antimuscarinics are minor (for example, dry throat related to the 
anticholinergic effect), and daily use does not induce tolerance.6,10 Antimuscarinics delivered by ultrafine aerosolization 
techniques have the potential to target the receptors of the small airways.11 Using them as add-on therapy has already 
shown additional improvement in central airway readings (FEV1 and forced vital capacity (FVC)) for severe asthma12 

and chronic dosing in a triple therapy regime has resulted in improved peripheral airway readings (maximal mid- 
expiratory flow (MMEF) and the resistance at 5 Hz minus resistance at 20 Hz (R5-R20)).11 Our group has previously 
shown that patients with chronic obstructive pulmonary disease have an additive effect on bronchodilation by using the 
combination of SABA in combination with SAMA.13 However, the effect of antimuscarinics, particularly in the 
peripheral airways, needs further investigation as an add-on therapy for patients with mild-moderate asthma.

Peripheral Airway Disease
Asthma was originally viewed as a central airway disease but is accepted to also involve the peripheral airways in all 
types of asthma severity.14,15 Since BDR involves both central and peripheral airways, measuring BDR in asthma 
patients should also consider the peripheral component. Almeshari et al (2021) illustrated that the peripheral airways 
responded greater to bronchodilators than the central airways in patients with mild-to-moderate asthma, but with higher 
variability.16 Therefore, it is important to test the effect of other bronchodilators in both the central and peripheral 
airways with robust methodologies.

Reading Central and Peripheral Airways
To test using spirometry, a clinically defined BDR is achieved if an FEV1 increases by >12% and more than 200mL after 
10–15 minutes from inhaling the bronchodilator (standard: SABA).1 While the FEV1 primarily reflects air flow in the 
central airways, the MMEF has been suggested as a surrogate marker of early peripheral airway obstruction.17,18 

However, spirometry is often not performed correctly by all patients and can be quite variable over time as well.19–21 

To complement spirometry, impulse oscillometry (IOS) can be used to measure lung mechanics.22 Using sound waves 
superimposed on normal tidal breathing, disturbances in flow and pressure can be used to calculate resistance and 
reactance of the respiratory system.23–26 The method is especially useful in defining peripheral airway obstruction apart 
from large airway obstruction by using different frequencies.

The aim of the study was to investigate the direct effect of inhaling, SAMA alone or combining both SABA and 
SAMA (SABA+SAMA), compared to SABA alone, on lung function variables of the central and peripheral airways in 
patients with mild-moderate asthma.

Materials and Methods
Patients
A total of 44 asthma patients were recruited, of these, 34 completed BDR testing, and 23 (67%) were considered eligible 
as their FEV1 improved by ≥7% after SABA or SABA+SAMA. The eligible group consisted of 12 women and 11 men, 
with a mean (SD, min-max) age of 39.8 (±17.4, 18–77) years. None were currently smoking, though five had a previous 
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smoking history (ex-smokers). The average BMI was 25.3 ± 5.7, the average ACT score was 19.7 ± 4.0 and the baseline 
predicted percentage of FEV1 was 86.4% ± 15.5. As daily medication, 15 (65%) patients were using ICS, 13 (57%) were 
using SABA and 11 (48%) were using LABA (as needed), but no patients were using SAMA or LAMA. Patients were 
excluded if they had an ongoing respiratory tract infection within the last two weeks, had any other respiratory diseases 
(except for asthma), or were pregnant.

The non-responders (11/34 patients) had a response in FEV1 of <7%, and there were no significant differences 
between responder and non-responder patient characteristics (see Supplementary Figure 1).

Study Design
At the first visit, an informed consent form for the study was signed, and an Asthma Control Test (ACT) was filled in by 
the patients. History of asthma, allergies, smoking, medications and recent airway infections was noted prior to testing. 
Patients were instructed not to use their short-acting bronchodilator medications up to eight hours prior or long-acting up 
to 24 hours prior to each visit.

Each patient had three visits (within a median of 7.6 days, min-max: 3–18 days), each time with a different 
medication: SABA, SAMA or both bronchodilators in combination. Patients were administered bronchodilator medica-
tion via a pressurized metered-dose inhaler and spacer (Volumatic). Medication consisted of either 4 doses of 0.1mg 
Ventoline® Evohaler® (salbutamol, SABA), 4 doses of 20µg Atrovent® (ipratropium bromide, SAMA) or both bronch-
odilators in combination for a total of 8 doses (SABA+SAMA). The patients were blinded to which bronchodilator they 
were inhaling each time and the order of SABA, SAMA or both SABA+SAMA in combination was randomized for each 
subject to minimize any possible bias. If the maximum change in FEV1 after SABA was less than 7%, the patient was 
excluded from the study. During each visit, the subject performed IOS and dynamic spirometry at baseline (before 
bronchodilator inhalation) and then at 5, 10, 15, 20, 30, 45 and 60 minutes after the bronchodilator inhalation.

Lung Function Testing
IOS was performed using a Jaeger MasterScreen IOS27 and spirometry was performed using Jaeger MasterScope (Erich 
Jaeger GmbH, Würzburg, Germany) according to ERS/ATS standardizations.21 Baseline values were averaged from three 
consistent measurements of IOS and spirometry performed at each visit. Post-bronchodilator measurements were 
performed in duplicates for each lung function test (first IOS and thereafter spirometry). The average (IOS) and best 
value (spirometry) of each time point was collected. IOS testing was performed during tidal breathing with the patient 
seated, wearing a nose clip and holding their palms on their cheeks as previously described.28

Variables recorded from the IOS readings included resistance at 5Hz (R5, reflecting total airway resistance), at 20Hz 
(R20, reflecting central airway resistance) and the resistance of the peripheral airways which was calculated by 
subtracting the resistance of the central airways from total lung resistance (R5-R20). Other IOS measurements include 
the reactance at 5 HZ (X5), resonant frequency (Fres) and reactance area (AX), all measures of the elastance of primarily 
the peripheral airways.

Spirometry was also performed with the patient seated and wearing a nose clip. Variables recorded from spirometry 
readings included FEV1, forced vital capacity (FVC) and maximal mid-expiratory flow (MMEF).

Statistics
The data were analyzed using GraphPad Prism Program version 9.3.0. A p < 0.05 was considered significant for all tests. 
Baseline data were averaged from three consistent repeats. All variables were analyzed as a percentage of baseline data. 
The change over time was analyzed within each bronchodilator, and the changes at each time compared to the baseline 
were compared between the bronchodilators using multiple comparisons. Spirometry values (FEV1, FVC and MMEF) 
were compared using a patient-matched 2-way RM ANOVA (assuming no sphericity) corrected for multiple comparisons 
between each time point with Šídák’s multiple comparisons test. IOS values (R5, R20, R5-R20, reactance at 5 Hz (X5), 
resonant frequency (Fres) and reactance area (AX)) were compared the same way as the spirometry but with a Mixed- 
effects analysis due to a few missing data values.
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Maximum BDR in each variable (irrespective of the time point), as a percentage from baseline, was compared 
between bronchodilators using paired analysis. The data were first tested for normal distribution using 4 normality tests: 
Anderson-Darling, D’Agostino & Pearson, Shapiro–Wilk, and Kolmogorov–Smirnov. If all tests confirmed normality, the 
maximum BDR was compared using a patient-matched one-way ANOVA, with post-hoc testing using Holm-Šídák’s 
multiple comparisons test. If the data were not normally distributed, the maximum BDR was compared using the non- 
parametric Friedman's test and post-hoc testing using Dunn’s multiple comparisons test. An extrapolation of 
the percentage to where the plateau begun (YM) for each variable was calculated using the exponential plateau equation, 
only plateaus that were calculated to occur within an extrapolated 100 minutes were included. Patient characteristics and 
clinical readings were compared between the most and least response subgroups using the Spearman correlation.

Ethical Considerations and Reflections
The Regional Ethical Review Board in Lund, Sweden, approved the study. All patients signed written informed consent 
prior to the commencement of the study as per the Declaration of Helsinki.

Results
Spirometry of Bronchodilator Responsiveness in Asthma After SABA, SAMA, or Both 
Bronchodilators in Combination
The change over time in FEV1 (Δ% = a percent change from the baseline reading) was significantly different between the three 
bronchodilator tests (p = 0.024) where SAMA tended to be slower with less change from baseline while inhaling both 
bronchodilators in combination tended to have more change than SABA alone (Figure 1A). Inhalation of both bronchodilators 
in combination increased FEV1 (Δ%) significantly more than SAMA alone at 5 (p = 0.029), 10 (p = 0.047) and 15 minutes 
(p = 0.028) after inhalation. Briefly, the average maximum change of the FEV1 (as absolute volume in L) increased from 4.65 
L to 4.84 L in SABA, 4.74 L to 4.85 L in SAMA and 4.69 L to 4.89 L in both bronchodilators in combination, and there was a 
significant difference between the bronchodialtor groups over time (p < 0.001), with a significant increase in the max volume 
change in the both bronchodilators in combination compared to SAMA alone (p = 0.0075). When comparing the maximum 
percentage change of FEV1 (maxΔ% = the maximum percentage change from the baseline reading) there were no significant 
differences, though SABA+SAMA had the highest average (15.6%) (Figure 1B). There were no differences over time nor any 
difference for the FVC (Δ%) or FVC (maxΔ%) between the bronchodilator tests (Figure 1C and D).

The change over time in MMEF (Δ%) was significantly different between the three bronchodilator tests (p = 0.0005) where 
SAMA tended to be slower while both bronchodilators in combination tended to be faster than SABA alone (Figure 1E). 
Inhalation of SABA alone at 5 minutes (p = 0.042) and both bronchodilators in combination at 5 (p = 0.0015), 10 (p = 0.0011) 
and 15 minutes (p = 0.0052) after inhalation increased MMEF (Δ%) significantly more than SAMA alone. Both broncho-
dilators in combination led to a significantly higher increase (p = 0.0052) in MMEF (maxΔ%) than SAMA alone (Figure 1F).

Validating Bronchodilator Responsiveness of Bronchodilators Using the Cutoff of 
a 12% Increase in FEV1
The cutoff value of BDR, ie 12% increase in FEV1, was assessed for each bronchodilator test. Inhalation of both bronchodilators 
in combination resulted in the highest proportion of patients with a FEV1 (maxΔ%) above the cutoff, followed by SABA alone 
and the smallest proportion was from SAMA alone (Figure 2A). Of those that also reached a plateau of >12% improvement in 
FEV1, the average time it took to reach 12% was fastest when inhaling both bronchodilators in combination (n = 11), followed 
by the SABA alone (n = 10) and the longest time from SAMA alone (n = 8) (Figure 2B), whereby, the inhalation of SABA alone 
(p = 0.035) and both bronchodilators in combination was significantly faster than SAMA alone (p = 0.035).

IOS of Bronchodilator Responsiveness in Asthma After SABA, SAMA or Both 
Bronchodilators in Combination
All resistance variables (R5, R20 and R5-R20), as well as Fres and AX, were lowered in response to bronchodi-
lators, while X5 showed less negative values. BDR of total resistance (R5 (Δ%)) did not differ between the 
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bronchodilators over time p = (Figure 3A) nor at the R5 (maxΔ%) (Figure 3B). Central resistance (R20 (Δ%)) was 
significantly different between the bronchodilators (p = 0.0012), whereby SAMA alone was less potent in lowering 
the resistance after 5 minutes compared to SABA alone (p = 0.012) or both the bronchodilators in combination (p = 
0.0034) (Figure 3C). Inhaling SABA alone had significantly higher R20 (maxΔ%) than SAMA alone (p = 0.019) 
(Figure 3D). In peripheral resistance, R5-R20 (Δ%), there was no significant difference over time between the 
bronchodilator tests (Figure 3E), nor at the R5-R20 (maxΔ%) (Figure 3F). The remaining IOS variables, ie X5 (Δ 
%), Fres (Δ%) and AX (Δ%), showed no significant differences between bronchodilators over time, nor comparing 
maximum change, but X5 showed a tendency to be less affected by SAMA (Figure 4); therefore, these three 
variables are not analyzed any further.

Figure 1 Bronchodilator responsiveness in spirometry readings as the percent (Δ%) change from the baseline for SABA, SAMA and SABA+SAMA. (A) Average percent 
change from baseline of FEV1 (Δ%) after inhaling SABA alone (■), SAMA alone (▲), or SABA+SAMA (●) at each timepoint. The solid line indicates the 7% cutoff for inclusion 
to the study and the grey box indicates the 12% threshold for clinically significant BDR. (B) The maximum percent change from baseline of FEV1 (maxΔ%), regardless of 
timepoint, for each patient with each bronchodilator (Note: graph is not showing 1 patient up around 80%). (C) Average MMEF (Δ%) for each bronchodilator and (D) the 
MMEF (maxΔ%) for each patient. (E) Average FVC (Δ%) for each bronchodilator (with 1 outlier removed at 10 minutes for SABA) and (F) the FVC (maxΔ%) for each 
patient. Statistics: change between bronchodilators (significance indicated at each timepoint) and change over time between bronchodilators (significance indicated on right 
side of graph) were compared with 2-way RM ANOVA, plots depict mean + SD (A, C and E), maximum was compared between bronchodilators with Friedman's test, plots 
show individual values including lines for median ± IQR (B, D and F), *p<0.05, **p<0.01, n = 23.
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Comparing Rate of Significant Change and Plateau Level Between the Different 
Bronchodilators
In addition to the amount of BDR for each variable, the time for optimal bronchodilation and its maximum potential are 
also important variables to consider. To summarize the statistical differences seen over time in Figures 1 and 3 (as well as 
Supplementary Figure 2 and Supplementary Figure 3 respectively), the timepoint where there was no more significant 
change compared to future timepoints measured for each variable was condensed into Figure 5. This showed that 
inhaling both bronchodilators in combination significantly improved each variable from the baseline and was faster at 
reaching a point of no more significant change in every variable than either SABA or SAMA alone.

We could see that within the 60 minutes we had not measured the full potential response of the bronchodilators; 
therefore, we did further analyses and extrapolated the curves to plot the plateau percentage of change for each variable 
(so long as it occurred within 100 minutes of the x-axis) (Figure 6). Overall, more patients reached a plateau in more 
variables when inhaling both bronchodilators in combination and the average plateau tended to be higher in FEV1, 
MMEF, R5 and R20 but lower in FVC and R5-R20 than inhaling SABA alone.

Most Responsive to Inhaling SABA+SAMA
Some patients were more responsive to inhaling both bronchodilators in combination than to SABA alone. Since FEV1, 
MMEF and R20 variables had significant difference(s) between the bronchodilator tests, these were used to define the 
“most” responsive to both bronchodilators in combination. Any patient that had a higher percentage of BDR in FEV1 

(maxΔ%), MMEF (maxΔ%) and R20 (maxΔ%) in both bronchodilators in combination compared to SABA alone was 
considered most responsive (n = 7, 30%) (Figure 7A). The group of most responsive subjects had a tendency to a higher 
proportion of males (p = Figure 7B). Comparing the other subject characteristics (weight, height, age, BMI, FEV1%p and 
ACT) showed no difference between most and least responders. Importantly, the most responsive subgroup did not 
correlate to lower starting baseline values (averaged over the three visits) of FEV1 (L), FVC (L), MMEF (L/s), R5 
(kPa*s/l) nor R20 (kPa*s/l) – ie this subgroup did not start with greater potential for a higher BDR.

Discussion
We show with a joint assessment from both dynamic spirometry and IOS variables, the combination of inhaling SABA 
with SAMA can act just as fast as SABA alone but often reach a higher and more stable BDR in most central and 
peripheral related variables. More in-depth analysis of multiple variables was required to identify differences between the 
three BDR tests, including the number of patients reaching thresholds, the stability of the BDR, the maximum level of the 
BDR and the timing of the responsiveness.

Figure 2 Assessing bronchodilator responsiveness of SABA, SAMA and SABA+SAMA using the increase in FEV1 of ≥12% as the cutoff. (A) Bars showing the proportion of 
patients that reached a maximum improvement of FEV1≥12% (white bar) after inhalation of SABA alone, SAMA alone, or SABA+SAMA. (B) Plot of times that it took to 
achieve 12% BDR interpolated from exponential plateaus per patient per bronchodilator test. Line presents median. Statistics: Mixed effects analysis, *p<0.05.
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Regarding the timing of the BDR, both spirometry and IOS readings indicated that SAMA was slower to act stably 
than SABA. In some variables, SAMA was not stable even within the 60 minutes analyzed. Repeating a similar study 
with a longer recording period could be useful since, based on spirometry, the reported onset of action of SAMA 
(ipratropium bromide) was 30–90 minutes while the onset of action for SABA agents was around 5–15 minutes.10 We 
found that the difference between the inhalation of either SABA or SAMA alone was most apparent in the comparatively 
longer time it took after SAMA to become significantly stable in the BDR for MMEF(Δ%) and R5(Δ%) that, together, 
could be used as a measure of the peripheral airways (Figure 5). In agreement with other combination studies, we found 
that by adding SAMA to SABA in combination, the timing for the onset was rescued back to similar times as taking 
SABA alone. Although time to effect is very important, duration of effect must also be taken into consideration. 
Interestingly, the combination of SAMA (ipratropium) and SABA (albuterol) therapy has previously been shown to 

Figure 3 Bronchodilator responsiveness in IOS readings as the percent (Δ%) change from the baseline for SABA, SAMA and SABA+SAMA. (A) Average BDR in R5 (Δ%) 
after inhalation of SABA alone (■), SAMA alone (▲), or SABA+SAMA (●) at each timepoint. (B) Individual values of the maximum BDR of R5 (maxΔ%), regardless of 
timepoint, for each bronchodilator. (C) Average BDR of R20 (Δ%) for each bronchodilator and (D) the R20 (maxΔ%) for each patient. (E) Average BDR of R5-R20 (Δ%) for 
each bronchodilator and (F) the R5-R20 (maxΔ%) for each patient. Statistics: change between bronchodilators (significance indicated at each timepoint) and change over 
time between bronchodilators (significance indicated on right side of graph) were compared with Mixed effects analysis (A, C and E) and plots depict mean + SD. Maximum 
values were compared between bronchodilators with RM one-way ANOVA (B, D and F) and plots include median ± IQR. *p<0.05, **p<0.01, n = 19–23.

Journal of Asthma and Allergy 2024:17                                                                                            https://doi.org/10.2147/JAA.S442217                                                                                                                                                                                                                       

DovePress                                                                                                                          
27

Dovepress                                                                                                                                                   van der Burg et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


have a duration approximately twice as long as SABA alone,29 indicating that combination therapy is not only as fast as 
SABA alone (as seen here and in other studies) but could also last longer.

Compared to the SABA alone, an additive effect from SABA+SAMA in mild-moderate patients with asthma was 
only minor when assessing the BDR at the different timepoints or the maximum BDR. A significant, additive effect of 
improvement in FEV1 has been reported in moderate-to-severe patients with persistent asthma (despite ICS treatment),29 

however, the effects seem to be less obvious with less severe asthma. Looking at other parameters, inhaling SABA 
+SAMA was noticeably more consistent in increasing BDR quickly and maintained a more stable effect throughout the 
60-minute testing period among more of the patients. For instance, the number of patients that could reach ≥12% increase 
in FEV1 or reach a plateau was higher when they inhaled SABA+SAMA compared to inhaling either alone. Additionally, 
the shorter time to no more significant change and higher plateau percentages for MMEF, R5 and R20 (for those that 
reached a plateau) verified the stability and strength of inhaling SABA+SAMA than taking either alone. We could not 

Figure 4 IOS readings of bronchodilator responsiveness (BDR) as the percent (Δ%) from the baseline for all bronchodilators. Average BDR of (A) X5 (Δ%), (B) Fres (Δ%) 
and (C) AX (Δ%) after inhaling SABA alone (■), SAMA alone (▲), or SABA+SAMA (●) at each timepoint. Statistics: bronchodilator effect over time were compared with 
Mixed effects analysis, plots depict mean + SD, n = 22–23.
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Figure 6 Plateau levels of the extrapolated responsiveness curves. The plateau level for each patient at each variable was calculated. Each dot represents a patient that has 
a plateau that was extrapolated using an exponential plateau up to the first 100 minutes. The total number of patients that reached a plateau within the extrapolated 100 
minutes (combined for all patients that reached a plateau in FEV1+FVC+MMEF+R5+R20+R5-R20, the maximum being plateaus in all 23 patients × all 6 variables = 138), is 
given under each bronchodilator label.

Figure 5 Comparison of the rate of significant change. The timepoint for each variable where the maximum effect was reached and there was no more significant change to 
future timepoints measured for each bronchodilator test (Supplementary figure 2 and Supplementary figure 3). “<5” minutes indicates no statistical change between baseline 
and 60 minutes. A missing bar indicates no statistically significant change from Baseline.

Figure 7 Most responsive subgroup to inhaling SABA+SAMA. Patients were separated based on those who had a higher BDR of all three of the FEV1 (maxΔ%), MMEF 
(maxΔ%) and R20 (maxΔ%) after inhaling SABA+SAMA compared to SABA alone, defined as “most” responsive (n = 7) and the remaining patients that were “least” 
responsive (n = 16). (A) Individual paired plots of responsiveness in FEV1, MMEF and R20 after SABA compared to SABA+SAMA. (B) Most and least responders were 
separated according to sex. Statistics: Spearman correlation comparing Most to Least responsive subgroups, *p<0.05.
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find any other studies that assessed the combination of SABA and SAMA in this way, but we recommend this analysis to 
be included to assist the usefulness of this combination.

Our results showed that SABA+SAMA had the greatest difference to the SAMA alone, which is in line with several 
other studies. One study reported that the combination of a SAMA (ipratropium bromide) and a SABA (fenoterol) 
performed significantly better in both FEV1 and MMEF when compared to the SAMA alone in children with acute 
asthma.30 Although we confirmed that monotherapy of SAMA is not superior to SABA as a reliever medication based on 
lung function tests,10,30 SAMA may still be of use to a subgroup of patients, particularly since it has less side effects than 
SABA.31 The additive effect has been debated, however, since several studies have found no such effects with similar 
combinations of bronchodilators in symptom scores or peak flow rates for chronic asthma and in peak expiratory flow 
rates in adult acute asthma.31,32 These contradictory conclusions may be due to the difference in the different asthma 
subgroups assessed and may have been more consistent if additional peripheral assessments, such as IOS, were included.

Although, overall, there was only a tendency for an additive effect, a few key patients were consistently most 
responsive in BDR when inhaling SABA+SAMA. To date, no subgroup analysis of other comparable studies has been 
included to identify a more responsive subgroup using a muscarinic antagonist combination; however, a recent Cochrane 
review hypothesizes that such a subgroup could benefit from the combination.31 In a SABA-only study comparing 
asthma characteristics between high-BDR and low-BDR patients, the low-BDR subgroup tended to include more 
males.33 In the present study, we found that more males benefitted most from the combination therapy and this could 
be the case for those previously reported as “low-BDR” using SABA-only.

This clinical study was able to investigate the effect of both types of short-acting bronchodilators in an asthma 
population that was naive to SAMA. The strength of this study was the paired comparison of the same patients over the 
three different bronchodilator tests in relatively quick succession. By repeating the baseline reading for each visit, 
the day-to-day variability was controlled for, and by analyzing the percentage of BDR the variability between patient 
baselines was also controlled for. Bronchodilators were delivered with an inhaler spacer that increased lung deposition in 
the lower airways.34 It is important to note, though, that other formulas and delivery devices may change the BDR. Only 
asthma patients with a BDR of ≥7% increase in FEV1 were included in the analyses. This cutoff was set to give us 
a group of patients with the lowest, but most repeatable, BDR spirometry reading that allowed for more responsive 
patients of the double therapy to be included even if they were not as responsive to the SABA alone.

One limitation was that our heterogeneous population of patients had large variations in current asthma medication 
use and ACT scores, indicating a varying asthma control. To validate the indications discussed in this paper, the study 
should be repeated with a larger cohort to combat the heterogeneous population of real-world recruitment. The study 
could also benefit from blinding the patients to the double number of inhalations taken for the combination of 
bronchodilators. Ideally, since one of the most prominent differences was found in MMEF, we should have adjusted 
this to the total lung capacity. Adjusting this for each patient would have enabled us to use MMEF as a better surrogate 
for peripheral airways,35 however, measurement of total lung capacity was not prioritized in this study as it would have 
required additional frequent measures in an already tight schedule.

Future studies could consider investigating the additive effect of SABA+SAMA within an asthma challenge model to 
elucidate if a combination therapy is more effective as a reliever medication in action.

Conclusion
In conclusion, we found that adding SAMA to SABA in combination specifically affected the FEV1, MMEF and R20, 
significantly so, and resulted in a faster, more stable response in more patients than inhaling SABA or SAMA alone. 
There was no statistically significant increase in taking SAMA alone or in combination with SABA compared to SABA 
alone; however, since SAMA is well tolerated, we believe it should be considered as a viable reliever/maintenance 
bronchodilator in the less severe stages of asthma.

Data Sharing Statement
Data will be available upon request to the corresponding author.
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