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Abstract

Background: Gastroesophageal reflux disease (GERD) is one of the most common gastrointestinal disorders that can disturb pa-
tients’ respiratory indices. Proton pump inhibitors (PPIs) such as omeprazole are currently the most common treatment in the
patients. PPI-refractory GERD is a clinical problem constituting around 30% of patients with GERD.
Objectives: The aim of this study was to investigate the effects of diaphragmatic breathing (DB) and omeprazole on respiratory
indices (RI) and diaphragmatic excursion (DEX) in patients with GERD.
Methods: This is a clinical trial conducted for eight weeks among 40 patients with severe GERD in Tehran in 2018. The block ran-
domization method was designed to randomize 40 patients into two groups (DB and control) that resulted in equal sample sizes.
The control group received omeprazole 20 mg once daily, and the DB group, in addition to omeprazole, performed DB. Respiratory
indices, including (Forced Vital Capacity (FVC), Forced Expiratory Volume in 1 second (FEV1), Peak Expiratory Flow (PEF)), and DEX
were evaluated before, immediately, and six weeks after the end of intervention by spirometry and ultrasonography; respectively.
Results: There was no significant difference in the RI and DEX before the intervention between groups. FVC (P = 0.04) and PEF (P =
0.02) significantly changed in the control group, but FEV1 (P = 0.001), FVC (P = 0.002), PEF (P = 0.001) and DEX (0.001) significantly
changed after DB. There was a significant difference in terms of RI between before and followed up in DB.
Conclusions: Diaphragmatic breathing with omeprazole had more effects on RI and DEX than omeprazole alone. The positive
effects of DB remain at least six weeks after the end of the intervention.
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1. Background

Reflux is one of the most common digestive problems
in the world, and there is still no complete treatment with-
out complications (1). The prevalence of GERD in patients
with asthma is about 80% (2). Microaspiration of gastric
acid into airways is the most important cause of respira-
tory mechanism disturbance (3). Some studies demon-
strated the correlation between pulmonary disease and re-
flux (4), so spirometry results may be abnormal in patients
with reflux because of airway resistance (5). Pulmonary
disease is associated with high mortality and a high eco-
nomic burden in the countries (6).

The efficacy of proton pump inhibitors (PPIs) on respi-

ratory indices (RI) in patients with GERD is controversial
and has a lot of side effects (7, 8). Since DB activates the
diaphragm muscles properly (9) and diaphragm muscle
plays a key role in supporting the lower esophageal sphinc-
ter, we used DB to improve RI of the patients (10, 11).

2. Objectives

The aim of this study was to compare the effects of DB
in combination with omeprazole and omeprazole alone
on RI and diaphragmatic excursion (DEX) in patients with
severe reflux.
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3. Methods

3.1. Patient Selection
The study started when consecutive patients attend-

ing the Taleghani Hospital were invited to join after ful-
filling the inclusion criteria. The study design was a
randomized clinical trial with IRCT and ethics number
IRCT20190619043949N1 and USWR.REC.1396.272, respec-
tively. We included adult patients (18 to 50 years old) with
severe GERD, according to the assessment of clinical sever-
ity by Kahrilas definition (12). Patients needed to have ex-
perienced heartburn or regurgitation more than twice per
week (12). The exclusion criteria were alcohol and tobacco
use, pregnancy, patients with extreme body mass index (<
18 or > 35). Informed consent was obtained from all partic-
ipants, and the protocol was approved by the Singhealth
Centralized Institutional Review Board before the start of
the study. All participants were matched in terms of age,
gender, and demographic characteristics. The block ran-
domization method was designed to randomize 40 pa-
tients into two groups that resulted in equal sample sizes.
In the control group, omeprazole (capsule 20 mg, KRKA,
Slovenia) was used by the participants before breakfast and
daily. In the DB group, in addition to omeprazole, DB was
performed by the patients. The study was conducted for
eight weeks, and also, patients were followed for six weeks
after completing the study. Researchers called the patients
either phone call-based or traditional face-to-face to follow
the clinical program, and all patients completed the study
(Figure 1).

3.2. Spirometry
Spirometry was conducted according to the criteria of

the American Thoracic Society and the European Respira-
tory Society for standardization (13). Spirometer (BIONET
SPM-300, South Korea) was used (14) to determine the
changes of FEV1, FVC, and PEF. Spirometry was performed
before, immediately, and after the follow up in the same
condition. We asked patients to avoid vigorous exercise
and eating a large meal within two hours of the start of the
test. The patients used loose and comfortable clothing that
did not restrict their breathing.

3.3. Diaphragmatic Excursion
Diaphragmatic excursion (DEX) was analyzed by

M mode ultrasonography (E500) in the right hemidi-
aphragm (15). The DEX was measured with a 2 to 5 MHz US
probe (M-Turbo, Fujiflm SonoSite Inc., Bothell, WA, USA)
placed over one of the lower intercostal spaces in the
right anterior axillary lines for the right hemidiaphragm.
The DEX was measured on the vertical axis of the tracing,
from the baseline to the point of maximum height of
inspiration.

3.4. Diaphragmatic Breathing

Diaphragmatic breathing (DB) was performed five
days a week and five sessions every day. Each session con-
sisted of 75 respirations. The patient lying in the supine po-
sition and placing a pillow under his or her knees, putting
one hand on his or her chest and placing the other on
the abdomen, and maintaining his or her contact with the
body. The patient throws a deep breath through his nose,
as much as the abdominal hand reaches the highest point
of the earth. Then, he/she takes out air through his/her
mouth and returns to the first (Figure 2).

3.5. Statistical Analysis

The study was initially designed to compare the effects
of DB and omeprazole on RI and DEX in patients with GERD.
However, early in the study, it was noted that most pa-
tients recruited had severe reflux and the study protocol
was amended with the new aim to compare RI and DEX
of post-DB with omeprazole in all patients. All authors
had access to the study data and reviewed and approved
the final manuscript. Mauchly’s Test of Sphericity showed
the sphericity of the data. Kolmogorov-Smirnov test was
used for the normal distribution of variables by IBM SPSS
Statistics23 (IBM, Armonk, NY), and data are expressed as
the mean ± standard deviation. Repeated measure [once
between-subject factor (Groups: DB and Control) and once
within-subject factor (Times: before, immediately and af-
ter 6 weeks follow-up)] was used to determine changes of
RI and DEX between the two groups. The P < 0.05 was con-
sidered statistically significant.

4. Results

4.1. Patient Characteristics

Forty patients who fulfilled the inclusion criteria were
randomly divided into two groups and completed the
study, including the DB group (10 women (50%); mean age,
44.80 ± 6.59), and the control (10 women (50%); mean
age, 38.00 ± 13.41) with 0.73 effect size. An initial 20 pa-
tients underwent DB immediately on enrolment (treat-
ment groups), whereas the subsequent 20 subjects were
considered the control group. There was no significant dif-
ference in terms of demographic characteristics between
the groups (Table 1).

4.2. Respiratory Indices

There was no significant difference in the respiratory
indices (RI) before the study between groups. The results
of between-subjects are summarized in Table 2. The results
of within-subjects showed that FEV1 is significantly differ-
ent (P = 0.001). There was no change in FEV1 in the control
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Figure 1. CONSORT flow diagram of the study

Table 1. Demographic Characteristics of the Subjects

Variables
Groups

P Valuea

Diaphragmatic Breathing Control

Age (years), Mean ± SD 44.80 ± 6.59 38.00 ± 13.41 0.06a

Weight (kg) 72.60 ± 13.04 69.20 ± 8.56 0.84a

Height (m) 1.71 ± 8.36 1.71 ± 0.45 0.33a

BMI (kg/m2) 24.73 ± 3.51 23.50 ± 2.33 0.20a

Sex (female), No. (%) 10 (50%) 10 (50%) 0.10b

aIndependent t-test
bChi-square test

Figure 2. How to do diaphragmatic breathing exercises

group. The DB significantly increased FEV1, and there was
a significant difference between before and follow up find-
ings in the DB group (P = 0.001).

The results of within-subjects showed that FVC is signif-
icantly different (P = 0.001). There was a significant differ-
ence in FVC before and after the intervention in the DB and
control groups (P = 0.002 and P = 0.04; respectively). The
FVC was significantly different after follow up only in the
DB group (P = 0.008). The tests of within-subjects showed
that PEF is significantly different (P = 0.001). There was a
significant difference in PEF before and after the interven-
tion in the DB and control groups (P = 0.001 and P = 0.02,
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Table 2. Comparison of Variables Between the Groups

Variables
Groups

P Valuea

Control Diaphragmatic Breathing

Forced expiratory volume in 1 second (L)

Before 2.38 ± 0.48 2.73 ± 0.78 0.09

After 2.53 ± 0.49 3.97 ± 0.67 0.001

Follow up 2.44 ± 0.51 4.17 ± 0.59 0.001

Forced vital capacity (L)

Before 2.58 ± 0.53 3.00 ± 0.87 0.07

After 2.85 ± 0.47 4.16 ± 0.88 0.001

Follow up 2.58 ± 0.56 3.75 ± 0.70 0.001

Peak expiratory flow (L/S)

Before 4.20 ± 0.44 4.43 ± 0.78 0.26

After 3.96 ± 0.58 5.86 ± 1.0 0.001

Follow up 3.84 ± 0.52 5.71 ± 0.74 0.001

Diaphragmatic excursion (cm)

Before 4.06 ± 0.39 3.72 ± 0.53 0.06

After 4.13 ± 0.55 5.92 ± 0.85 0.001

Follow up 4.25 ± 0.44 5.87 ± 0.86 0.001

aRepeated measures

respectively). The PEF after follow up was significantly dif-
ferent in DB (P = 0.001).

4.3. Diaphragmatic Excursion

The results of within-subjects showed that DEX is sig-
nificantly different (P = 0.001). The DEX did not change
in the control group but significantly increased in the DB
group (P = 0.001). The DEX was not different between be-
fore and follow up in the DB group (P = 0.83).

5. Discussion

Reflux may decrease RI in patients and play an impor-
tant role in the pathogenesis of respiratory diseases. Pre-
vious studies have reported that the incidence of GERD in
patients with asthma and chronic cough is higher with
various mechanisms being proposed, including micro-
aspiration and bronchoconstriction reflexes (16-18). Dur-
ing the reflux, the stomach contents have reached the hy-
popharynx, and they may also reach the trachea. The GERD
may also lead to bronchiectasis in adult populations. In
a study by Sweet et al., patients with bronchiectasis were
found to have severe reflux. The researchers also con-
cluded that the probability of the occurrence of reflux is
contributing to the pathogenesis of bronchiectasis (19).

The aim of this study was to compare the effects of di-
aphragmatic breathing and omeprazole on RI and DEX in
patients with severe GERD. As a result of this study, it was
found that DB, in combination with omeprazole, can pos-
itively improve RI better than omeprazole alone. Further-
more, the effects of DB remain more than omeprazole after
the end of the treatment.

In the present study, treatment with omeprazole has
been shown to improve the FVC and PEF. According to pre-
vious studies, PPIs have been shown to improve RI. In a
study by Harding et al., 30 patients with asthma after tak-
ing omeprazole for 1 month showed a 30% reduction in
respiratory symptoms. Those who took omeprazole for
2 months showed a 43% decrease and those who took 3
months of use omeprazole showed a 57% reduction in
asthma symptoms (20). Also, Giannikoulis et al. found
no improvement in cardiopulmonary exercise test after 12
weeks of the treatment with a double dose of omeprazole
(21). The different results may be due to the long usage and
refractory period of omeprazole (22). In the present study,
we used a single dose of omeprazole, just for eight weeks.

Furthermore, Sakurai et al. stated that the quality of
life of patients improved just after a four-week treatment
with omeprazole (23). Two studies have also examined
the effect of PPIs on the RI and reported improvement in
PEF after taking omeprazole. Previous studies have shown
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that proper dosage and sufficient time to use PPI medica-
tions can improve RI in patients with asthma and reflux.
Omeprazole did not increase the DEX of the patients of
the present study; thus, researchers guess that decrement
of airway tract resistance is the main mechanism of respi-
ratory improvement by taking omeprazole. On the other
hand, in a study by Sandur et al., the amount of exposure to
esophageal acid was reduced with the use of omeprazole.
Also, with increasing dosage, the rate of improvement in
the reflux was increased (24).

The other results showed that DB, along with omepra-
zole improve FEV1, FVC, PEF, and diaphragmatic excursion
in patients with reflux. The results of the study by Ford et al.
indicated that the decrease in respiratory muscle activity,
and in particular the diaphragm, mainly results in respira-
tory system impairment. Diaphragmatic dysfunction has
several causes, one of the most common reasons for this
is reflux. Various studies have suggested that laparoscopic
abdominal surgery leads to reflux, which is the cause of the
phrenic nerve pathway obstruction, leading to a reduction
in respiratory depth and pulmonary ventilation (25). Our
results are consistent with the results of Tahir et al. They
showed that DB led to improved basal ventilation (26). Ala-
parthi et al. also showed that DB improved tidal volume
and elimination of secretions (27). However, Manzano et al.
showed that DB improved FVC in the patients. One of the
reasons for improving FVC after DB is that patients with re-
flux can hardly breathe deeply. If they can breathe deeply
through DB, this can improve FVC and FEV1, which keeps
the lungs and closed alveoli open (28).

Furthermore, four weeks DB improve quality of life,
and PPI usage in patients with reflux and follow up treat-
ment group showed a decrease in PPI usage at 9 months
(29). At six weeks, follow up of the present study showed
significant effects of DB on RI as well. There are various
possible reasons for improving RI in DB. Our study showed
that DB increased the FEV1, FVC, PEF, and DEX, which is due
to the diaphragmatic muscle strengthen. In the control
group, only FVC and PEF improved after taking omepra-
zole. The physiological effects of DB are that breathing
through the entire vital capacity and keeping it for 3 to 5
seconds causes the lungs to be completely opened; thus,
alveoli with a small volume are kept open and the surfac-
tant is produced in them. The DB also reduces the activity
of the accessory muscles, which tends to bring the respira-
tory pattern closer to normal and reduces respiratory work
(29-31). We suggest that future studies examine the effects
of the potassium-competitive acid blockers (P-CAB) on re-
flux that may induce more important effects on RI than
omeprazole (32).

5.1. Conclusion

Diaphragmatic breathing can improve respiratory in-
dices and diaphragmatic excursion better than omepra-
zole in severe reflux patients. Also, the beneficial effects
of diaphragmatic breathing remain at least six weeks after
the end of the treatment.
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