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ABSTRACT
Background: Using a glycopyrrolate/formoterol combination to manage COPD patients is considered a new method. Theobjectives of this study are to evaluate the effectiveness of the glycopyrrolate/formoterol combination against formoterolalone in optimizing lung function in moderate and severe COPD patients.
Methods: Twenty patients with chronic obstructive pulmonary disease were of class II and III according to the ASAclassification. Patients were prospectively divided into two groups: group 1 was given glycopyrrolate and formoterolmetered dose inhalers, and group 2 was given a formoterol nebulizer alone. Optimization of treatment was assessed onthe first day, at the second week, and at the fourth week by lung function tests (FEV1 and FVC).
Results: Formoterol alone and a combination of formoterol with glycopyrrolate were well tolerated and optimizedlung function. FEV1, FVC, and FEV1/FVC ratio significantly increased (p-value<0.001). However, the combination ofglycopyrrolate and formoterol had a better effect on lung function (FEV1 and FVC) in comparison to formoterol alone(p-value<0.001) in 4 weeks of use.
Conclusion: Glycopyrrolate/formoterol metered dose inhaler is more effective in the optimization of the condition ofpatients with COPD disease than a formoterol nebulizer alone.
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INTRODUCTIONC hronic obstructive pulmonary disease (COPD) is
one of the most common preventable lung dis-
eases, which has a partially reversible obstruc-
tion in the airflow [1, 2].

There was a mixture of diseases causing airway obstruction,
including large airways like chronic bronchitis, small airways
like bronchiolitis, and parenchymal destruction like emphy-
sema caused by noxious particles or gases [2, 3].
A lot of anatomical lesions can cause expiratory airflow ob-
struction, like the narrowing of small airways, fibrosis, and
loss of elastic recoil of the lung. Secretions, edema, and in-
flammation may also be the cause of airflow obstruction [4].
Symptoms of COPD include cough, sputum production, and
dyspnea [1]. Spirometry can be used for the diagnosis of COPD.
The result of a post-bronchodilator forced expiratory volume
in one second (FEV1) 80% of the predicted value and forced
expiratory volume in one second/ forced vital capacity ratio
(FEV1/FVC) 70% indicates the presence of obstructions of the
airflow which is not fully reversible [5].
The treatments are often based on the stages of the COPD,
short or long-acting bronchodilators are used depending on
their effects on the dyspnea and should be continued if symp-
tomatic benefits are detected. If the patients have persistent or
severe symptoms or have exacerbation after management by
the long-acting muscarinic antagonist (LAMA) or long-acting
beta-agonist (LABA) alone, a combination of LAMA/LABA
can be used as treatment. In some patients, long-acting beta-
agonist/ inhaled corticosteroid (LABA/ICS) may be the first
choice like in patients with a history of asthma [5, 6].
One of the long-acting muscarinic antagonists (LAMA) is a
glycopyrrolate, which antagonizes muscarinic receptors in
the airway smooth muscles, preventing the acetylcholine ac-
tion on the muscarinic receptors and leading to bronchodilata-
tion [7]. It is ready-made in by-mouth, intravenous, topical,
and inhalator forms. Glycopyrrolate differs from other LAMAs
in that it mainly acts on the M3 muscarinic receptors rather
than M2 muscarinic receptors which are present in the airway
smooth muscles and are the primary cause of bronchocon-
striction in patients with COPD [8, 9]. However, glycopyrro-
late has many side effects such as blurred vision, loss of visual
focus, dry eyes, dry mouth, dry skin, constipation, flushing,
dizziness, drowsiness, and palpitations [10].
Formoterol is the fumarate salt form of formoterol. It is a
long-acting β2 agonist (LABA), and it has a longer duration
of action than, for example, salbutamol, which is a short-
acting β2 agonist, formoterol acts for up to 12 hours while

salbutamol acts for 4 to 6 hours. Formoterol can be used for
the treatment of asthma and COPD, leading to bronchodi-
latation of the obstructed airways. Formoterol has 200-fold
greater agonist activity at β2 receptors than at β1 [11], but it
has a lot of dangerous side effects like asthma-related death
[12], deterioration of disease and acute episodes, paradoxi-
cal bronchospasm, cardiovascular effects (increases in pulse
rate, systolic and/or diastolic blood pressure), hypokalemia,
hyperglycemia, and immediate hypersensitivity reactions
(anaphylactic reactions) [11, 13].
This study aims to evaluate the effectiveness of the glycopy-
rrolate/formoterol combination against formoterol alone in
the optimization of lung function in moderate and severe
COPD patients.

MATERIAL AND METHODS
This study is a prospective randomized comparative study,
conducted at Rizgary and Hawler teaching hospitals in Erbil/
Iraq between the period of January 2019 and June 2019.
Inclusion criteria: include patients between 45-75years old,
and COPD patients of stages 3 and 4 according to Global Initia-
tive for Chronic Obstructive Lung Disease (GOLD) 2007 crite-
ria and admitted to the respiratory care unit (R.C.U.) and put
on non-invasive continuous positive airway pressure (CPAP)
and the study started after two weeks of resolving of acute
exacerbation of the disease.
Exclusion criteria: include lung diseases that need long-term
oxygen therapy for more than twelve hours/day other than
COPD, lung operations like lobectomy, and patient refusal
were excluded.
This study included 20 patients (Figure 1), who were ran-
domly distributed into two groups: group 1 (n=10) for a com-
bination of glycopyrrolate/formoterol and group 2 (n=10) for
formoterol alone. The patients of group 1 were given a gly-
copyrrolate/formoterol by metered dose inhaler and learned
how to use it at home, each patient received 18/9.6µg in di-
vided doses by inhaler. In the second group (group 2), the
patients received 20 µg of formoterol fumarate by nebulizer
twice daily.
Three visits were arranged to be done with the patients of
both groups, 1st visit was done two weeks after the resolution
of the acute exacerbation of the disease (before drug adminis-
tration), the second visit was two weeks later, and the third
visit 4th week after the first visit (after the drug administra-
tion). At the time of the visit, it should be assured that the
patients ceased the medications for the last 6 hours, with the
studied medications also stopped. Spirometry tests (FEV1,
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FVC, and FEV1/FVC ratio) were done before and after the drug
administration at each visit.

Figure 1. Study design

The data were analyzed using the Statistical Package for So-
cial Sciences (SPSS, version 22). To compare the means of
the respiratory parameters measured before treatment and
those measured two weeks and four weeks after treatment, a
paired t-test was employed in each of the study groups. The
means of the two study groups were compared using a stu-
dent’s t-test for two independent samples. Any p-value less
than or equal to 0.05 was considered to indicate statistical sig-
nificance. A 95% Confidence Interval (CI) was calculated for
the mean differences, and lack of overlap between the groups
considered statistically significant.

RESULTS
Both groups had nonsignificant differences regarding age,
sex, weight, and COPD severity (p-value > 0.05). As shown in
(Table 1) the means of the respiratory parameters in different
periods of the study. In Group 1, the mean force expiratory
volume in one second (FEV1) was 1.98 liters before the drug
administration, but it increased significantly two weeks after
the drug administration and four weeks after the drug ad-
ministration with a p-value of < 0.001 for both. The same is
true for forced vital capacity (FVC) which also significantly
increased in the different study periods with a p-value of <
0.001. The ratio of FEV1/FVC also increased significantly from
55.06% to 56.80% to 60.17% in different periods of the study
(p < 0.001). The same pattern was also observed among pa-

tients of Group 2 who took formoterol only, where it is evi-
dent that there was a statistically significant increase in the
means of all the respiratory parameters after the drug admin-
istration, whether two weeks or four weeks after the drug
administration.
The increase in the means of all the respiratory parameters
was more in Group 1 than in Group 2, two and four weeks after
the drug administration. As presented in (Figure 2), the differ-
ence between the values measured two and four weeks after
the drug administration minus the values measured before
the drug administration was calculated. All the differences
were significant except for the FVC after two weeks (p-value
= 0.622).

Figure 2. Means of the difference in readings of the two study groups.

In Table 2, the 95% confidence interval was calculated for all
mean differences between the two study groups. In the Combi-
nation group, the mean difference in FEV1 after 2 weeks minus
baseline indicates that we can be 95% confident that the true
mean improvement in FEV1 after 2 weeks lies between 0.069
and 0.137. This improvement is greater than the mean differ-
ence observed in the formoterol-alone group, which ranges
from 0.043 to 0.071. Additionally, all other mean differences in
the combination group exceed those in the formoterol-alone
group, as demonstrated by the results of the 95% confidence
interval. The lack of overlap in the confidence intervals for the
mean difference in FEV1 (4th week minus 0 week), the mean
difference in FVC (4th week minus 0 week), the mean differ-
ence in FEV1/FVC Ratio (2nd week minus 0 week), and mean
difference in FEV1/FVC Ratio (4th week minus 0 week) sug-
gest statistically significant differences between the combina-
tion group and the formoterol alone group, which is greater in
the combination group. The results are consistent over both
2-week and 4-week intervals, reinforcing the reliability of
the findings.
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Table 1. Means of the respiratory parameters at different times
Group Parameter First Day 2 Weeks 4 Weeks p-value (0 vs2wk)* p-value (0 vs4wk)*

Combination (n = 10)
FEV1 (L) 1.98 (0.24) 2.08 (0.25) 2.31 (0.28) < 0.001 < 0.001
FVC (L) 3.59 (0.33) 3.66 (0.33) 3.83 (0.36) < 0.001 < 0.001
FEV1/FVC (%) 55.06 (4.11) 56.80 (3.80) 60.17 (3.30) < 0.001 < 0.001

Formoterol (n = 10)
FEV1 (L) 1.88 (0.19) 1.93 (0.20) 2.06 (0.20) < 0.001 < 0.001
FVC (L) 3.54 (0.36) 3.60 (0.37) 3.67 (0.38) < 0.001 < 0.001
FEV1/FVC (%) 53.20 (3.98) 53.87 (4.23) 56.30 (4.59) < 0.001 < 0.001

* p-value by paired t-test. Values are expressed as mean (±SD).
FEV1 = Forced Expiratory Volume in 1 second; FVC = Forced Vital Capacity; SD = Standard Deviation; WK = Week.
Table 2. Means of the difference in readings of the two study groups

Combination Formoterol alone
Mean (±SD) 95% CI Mean (±SD) 95% CI

Diff. FEV1 (2WK–0)* 0.103 (0.048) 0.069 - 0.137 0.057 (0.020) 0.043 - 0.071
Diff. FEV1 (4WK–0)* 0.330 (0.095) 0.262 - 0.398 0.180 (0.035) 0.155 - 0.205
Diff. FVC (2WK–0)* 0.070 (0.035) 0.045 - 0.095 0.063 (0.032) 0.040 - 0.086
Diff. FVC (4WK–0)* 0.240 (0.084) 0.180 - 0.300 0.130 (0.059) 0.088 - 0.172
Diff. Ratio (2WK–0)* 1.744 (0.891) 1.107 - 2.381 0.661 (0.452) 0.338 - 0.984
Diff. Ratio (4WK–0)* 5.114 (1.603) 3.967 - 6.261 3.085 (0.905) 2.438 - 3.733

*Diff. is the difference between the values measured two or four weeks after drug administration and the value measured before administration.
FEV1 = Forced Expiratory Volume in 1 second; FVC = Forced Vital Capacity; SD = Standard Deviation; CI = Confidence Interval; WK = Week.

DISCUSSION
This study shows that long-acting beta-agonists (formoterol
fumarate) were effective and well tolerated by the patients;
it significantly improved all the pulmonary function tests
(FEV1, FVC, and FEV1/FVC) with a p-value < 0.001. How-
ever, the use of the combination of LAMA/LABA (Glycopy-
rrolate/formoterol fumarate) is more beneficial than using
them alone in improving lung functions, which is clear in
the results of this study where the usage of formoterol alone
increases the FEV1 and FVC, especially after 4 weeks of treat-
ment but at the same time the usage of combination therapy
shows a greater benefit and more improvement of lung func-
tions. This is supported by the lack of overlap in the 95% con-
fidence interval results for the following mean differences:
a mean differences in FEV1 (after 4 weeks minus baseline),
a mean difference in FVC (after 4 weeks minus baseline), a
mean difference in the FEV1/FVC ratio (after 2 weeks minus
baseline), and a mean difference in the FEV1/FVC ratio (after
4 weeks minus baseline).
In an article published in the International Journal of Chronic
Obstructive Pulmonary Disease 2018, D’Urzo et al. [14] in-
vestigated new developments in optimizing bronchodilator
treatment of COPD: a focus on glycopyrrolate/formoterol
combination formulated by co-suspension delivery tech-
nology, the study has documented that the combination of

LAMA/LABA in a fixed dose was useful in improving the
symptoms (transition dyspnea index [TDI] score), get bet-
ter pulmonary function tests (especially FEV1), and better
life quality (SGRQ score) comparing to the LAMA or LABA
monotherapies. Horita et al. [15] describe in their study com-
paring the usage of LAMA/LABA versus LABA plus inhaled
corticosteroid, they found that the LAMA/LABA combination
caused greater improvement of lung functions (FEV1), with
decreased risk of infection (pneumonia) and lesser exacer-
bations. Martinez et al [16] 2020 studied the Glycopyrro-
late/Formoterol Fumarate Metered Dose Inhaler Improves
Lung Function versus Monotherapies they concluded that
glycopyrrolate/formoterol fumarate metered dose inhaler
18/9.6µg demonstrated superiority over placebo and mono-
component metered dose inhalers, fully tolerated by the pa-
tients, and therefore can be used as another line of treatment
in a moderate to severe COPD patients. Maqsood et al. [17]
examined the use of once-daily LABA and LAMA in a com-
bined inhaler versus placebo for COPD patients, showing that
the use of a combination of LABA/LAMA as a single daily dose
inhaler in mild-to-moderate COPD patients causes better life
quality and greater improvement of pulmonary functions.
Reisner et al [18] studied the safety and efficacy of 4 doses
of glycopyrrolate/formoterol fumarate given through a me-
tered dose inhaler versus the mono-components in a COPD
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patient (moderate-to-severe) for 7 days, they confirmed the
superiority of the use of glycopyrrolate/formoterol fumarate
metered dose inhaler over mono-component with a higher
dose in the improvement of pulmonary function.
This study aligns with the aforementioned studies in that the
use of a combination of LAMA/LABA is superior to the use
of formoterol alone in COPD patients, with more beneficial
effects on pulmonary function, particularly FEV1. Limitations
of this study include a follow-up duration of only 4 weeks, the
inability of patients to produce acceptable and reproducible
spirometry, and, due to the small sample size, a relatively high
margin of error for the 95% confidence interval, indicating
some degree of uncertainty around our estimate. To improve
the precision of our estimate, we might consider increasing
the sample size in future studies.

CONCLUSION
The use of a glycopyrrolate/formoterol metered dose inhaler
is more effective in the optimization of the condition of pa-
tients with COPD disease than a formoterol nebulizer alone.
However, it is suggested that researchers in other studies se-
lect higher sample sizes and follow up the patients for longer
periods.
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