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Abstract

Background: Hypertension is a non-communicable disease with a high prevalence and increasing incidence annually. Slow
deep breathing exercises (SDBE) is a complementary therapy that can be used as an alternative to address the ineffectiveness of
antihypertensive treatment in controlling blood pressure and its complications, including decreased lung function.

Objectives: The present study aimed to determine the profile of lung function and analyze the effect of SDBE on pulmonary
function test values (FEV1, FVC, and FEV1/FVC) in the hypertensive population.

Methods: This was a quasi-experimental study with a one-group pretest-posttest approach. The study subjects were patients
with hypertension aged > 45 years in Banyumas Regency, Central Java Province, Indonesia. A total of 26 subjects were obtained
with eligibility criteria including not having hearing impairment, not smoking, not having respiratory system disorders, and
willingness to participate in the study by signing informed consent. Subjects were given a slow deep breathing Pranayama
intervention with a duration of 5 cycles (25 minutes) with a frequency of 3 times per week for 6 weeks. A pulmonary function
test with spirometry was used to determine the values of FEV1, FVC, and FEV1/FVC measured before and after the intervention.
Bivariate analysis was performed using a paired t-test on FEV1 and FVC variables and the Wilcoxon test for FEV1/FVC variables.

Results: The pulmonary function of hypertensive patients in this study was primarily normal (61.54%), followed by restrictive
lung disorder (23.08%), obstructive lung disorder (7.69%), and mixed restriction-obstruction (7.69%). There was a significant
mean difference in FEV1 (P = 0.016) and FVC (P = 0.009) before and after the SDBE intervention, with a positive difference.
However, there was no significant mean difference in the FEV1/FVC variables (P = 0.989).

Conclusions: The SDBE improves forced expiratory volume in 1 second (FEV1) and forced vital capacity (FVC) values in the
hypertensive population.
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1. Background global target for non-communicable diseases is to
reduce the prevalence of hypertension by 33% between
2010 and 2030 (2). Achieving these goals requires
improved primary prevention strategies and effective

management of hypertension. Successful control of

Hypertension is the primary cause of cardiovascular
disease and premature mortality (1). Data from the
World Health Organization (WHO) indicate that

globally, 1.28 billion individuals aged 30 to 79 are
affected by hypertension, with the majority (two-thirds)
residing in low- and middle-income countries.
Approximately 46% of adults with hypertension are
unaware of their condition. Furthermore, only 42% of
adults with hypertension are diagnosed and treated,
with 21% achieving controlled hypertension (2). The

hypertension necessitates comprehensive approaches
that incorporate both secondary and tertiary preventive
measures. Secondary prevention may involve traditional
drug therapies, alternative treatments, and lifestyle
modifications (3).

The majority of hypertensive patients fail to achieve
target blood pressure reductions with antihypertensive
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medications, often due to non-adherence to prescribed
regimens. Non-compliance can result from the extended
duration of treatment, leading to missed doses or
misconceptions about overcoming the condition (4, 5).
Hypertension increases the risk of cardiovascular
disease and affects lung function, with hypertensive
individuals exhibiting lower pulmonary function test
parameters and a prevalent pattern of obstruction (74%)
(6). Another study observed decreased pulmonary
function in hypertensive individuals not using beta-
blockers, with a predominant pattern of restriction
(34.4%) (7).

Complementary interventions, such as slow deep
breathing exercises (SDBE), can address the inefficacy of
antihypertensive treatment due to non-adherence. The
SDBE synchronizes the lungs, nerves, and cardiovascular
system (8); reduces blood pressure; and enhances lung
function, which is compromised by hypertension.
Research has demonstrated that SDBE improves lung
function by increasing vital capacity (VC) and
inspiratory muscle strength while reducing blood
pressure in hypertensive patients (9). Enhanced
inspiratory muscle strength  promotes lung
development, as evidenced by the forced vital capacity
(FVC) during pulmonary function tests. In healthy
subjects, SDBE improves forced expiratory volume in 1
second (FEV1) by decreasing airway resistance (10).

While existing research has demonstrated the
individual effects of SDBE on blood pressure control and
some aspects of lung function, there remains a
significant gap in understanding its comprehensive
impact on specific pulmonary function parameters in
hypertensive populations. Previous studies have
primarily focused on either blood pressure
management or general respiratory improvements.
However, studies that systematically examine the effects
of SDBE on specific parameters, such as FVC, FEV1, and
FEV1/FVC, in hypertensive patients are still lacking.

2. Objectives

The present study aimed to investigate the direct
effects of SDBE on specific pulmonary function
parameters in hypertensive patients. Understanding
these relationships may aid in developing effective non-
pharmacological interventions for patients with
hypertension, potentially improving pulmonary
function and overall management. This study provides
insights into the potential of SDBE as a complementary

therapy for managing hypertension and enhancing
pulmonary function.

3. Methods

3.1. Research Methods

This study used a quasi-experimental, one-group
pretest-posttest design.

3.2. Research Participants

The study subjects were patients with hypertension
aged > 45 years in Banyumas Regency, Central Java
province, Indonesia. Subjects were obtained from
elderly posyandu participants by total sampling. A total
of 33 subjects were recruited based on the following
criteria: (A) Not having hearing impairment, (B) not
smoking, (C) not having respiratory system disorders,
and (D) willingness to participate in the study by
signing informed consent. Seven subjects did not
complete the serial intervention, leaving 26 subjects for
the analysis.

3.3. Training Protocol

The research intervention was the slow deep
breathing Pranayama technique with a duration of 5
cycles (5 minutes per cycle) three times a week for 6
weeks.

3.4. Measurement of Study Variables

Anthropometric data (height and weight) and blood
pressure were measured before the intervention. Blood
pressure was measured manually using a
sphygmomanometer. The primary outcome measure in
this study was pulmonary function, which was
evaluated pre- and post-intervention. A spirometer was
used to determine FEV1I and FVC values. Prior to
undergoing the spirometry test, the subjects adhered to
several preparatory protocols. These included obtaining
adequate rest, refraining from bronchodilator use,
abstaining from smoking and alcohol consumption for
a minimum of 4 hours preceding the examination,
fasting for at least 2 hours prior, avoiding strenuous
physical activity for a minimum of 1 hour beforehand,
and ensuring bladder evacuation. Pulmonary function
examination was performed using slow vital capacity
(SVC) and FVC methods by breathing through the
mouth mediated by a mouthpiece. During the
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examination, the patients were positioned upright with
their clothing loosened to allow optimal and maximal
breathing.

3.5. Data Analysis

The baseline characteristics of the study sample were
described using means and standard deviations.
Variables on a categorical scale were described using
frequencies and percentages. All numeric variables were
subjected to normality tests for data distribution.
Pulmonary function was indicated by FEV1, FVC, and the
FEVI[FVC ratio. Bivariate analysis was performed to
assess the differences in each pulmonary function
parameter before and after the SDBE intervention.
Variables with normally distributed data were analyzed
using a paired t-test (FEV1 and FVC), while FEV1[FVC was
analyzed using the Wilcoxon signed-rank test,
considering the abnormal data distribution. The level of
significance was set at P < 0.05. All statistical analyses
were performed using IBM SPSS Statistics version 23.0 as
the statistical package.

3.6. Research Ethics

This study was reviewed and approved by the Health
Research Ethics Committee, Faculty of Medicine,
Jenderal Soedirman University (reference number:
118/KEPK/PE/VIII[2023).

4.Results

The subjects’ characteristics are shown in Table 1.

Table 1 shows that the mean systolic blood pressure
of the subjects was 157.88 + 17.72 mm Hg. The mean
diastolic blood pressure of the participants was 90 +
16.82 mm Hg. The subject characteristics in Table 2
include categorical variables of the study subjects, such
as sex, smoking status, Body Mass Index (BMI), and lung
function profile.

Table 2 shows that 73.08% of the subjects were female.
The study population was predominantly non-smokers
(84.62%), and the BMI was dominated by subjects with
grade I obesity (42.31%). The pulmonary function of the
study participants was primarily normal (61.54%). The
remaining hypertensive subjects exhibited impaired
lung function, categorized as restrictive (23.08%),
obstructive (7.69%), or mixed (7.69%). The following table
presents the results of the bivariate analysis of the effect
of SDBE intervention on lung function values, using the
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paired t-test for FEV1 and FVC, and the Wilcoxon test for
FEVI/FVC.

As shown in Table 3, there were significant
differences in FEV1 (P = 0.016) and FVC values (P = 0.009)
before and after the SDBE intervention. The Wilcoxon
test results for FEV1/FVC variables showed no significant
mean difference before and after the intervention (P =
0.989).

5. Discussion

This study provides important insights into how
SDBE impact lung function in hypertensive patients.
Most participants (61.54%) exhibited normal lung
function, while others displayed restrictive or
obstructive pulmonary conditions. Importantly, the
SDBE intervention led to significant improvements in
both FEV1 and FVC, indicating enhanced respiratory
performance. These improvements are particularly
significant as FEV1 and FVC are crucial indicators of lung
health. The FEV1 quantifies the volume of air forcefully
exhaled in one second, while FVC measures the total air
volume forcefully expelled after a full inhalation. The
substantial mean differences observed in these
parameters before and after SDBE suggest that this
exercise routine can positively influence lung function
in individuals with hypertension. Findings from this
study are similar to previous studies (11-14). A systematic
review showed that SDBE significantly improved lung
function in patients with pulmonary disorders such as
bronchial asthma, as indicated by an increase in FEV1
and FVC (12, 13). In patients with bronchial asthma, the
lungs experience tissue damage and decreased lung
complement, ultimately leading to decreased vital
capacity. However, hypertensive patients can also
experience complications of restrictive lung disorders
characterized by decreased lung development ability.
This is caused by baroreceptor dysfunction, which can
increase the dominance of sympathetic nerves and the
breathing rate. An increased breathing rate leads to
respiratory muscle weakness (15). Additionally, an
increased breathing rate decreases tidal volume and
consequently decreases lung vital capacity.

Previous studies have demonstrated that SDBE using
the Pranayama technique can enhance lung
development capacity. This improvement is attributed
to the release of prostaglandins and surfactants,
triggered by the maximum inflation and deflation of
the lungs during slow, deep breathing (10).
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Table 1. Characteristics of Study Subjects
Variables (n=26) Mean + SD Median (Min-Max) 95% CI
Age (y) 63.42+6.65 64 (45-82) 60.74 - 66.11
Height (m) 1.52+0.06 1.52(1.41-1.64) 1.50-1.55
Body weight (kg) 58.93+12.10 56.90 (42-89) 54.05-63.82
Systolic blood pressure (mmHg) 157.88 £17.72 160 (114 - 184) 150.73-165.04
Diastolic blood pressure (mmHg) 90 £16.82 89(68-130) 83.21-96.79
Table 2. Classification of Study Subject Characteristics
Variables and Categories No. (%)
Gender
Male 7(26.92)
Female 19(73.08)
Smoking status
Smokers 4(15.38)
Non-smokers 22(84.62)
BMI
Underweight 4(15.38)
Normoweight 6(23.08)
Overweight 0(0)
Obesity grade | 11(42.31)
Obesity grade II 5(19.23)
Pulmonary function
Normal 16 (61.54)
Restrictive 6(23.08)
Obstructive 2(7.69)
Mixed 2(7.69)

Abbreviation: BMI, Body Mass Index.

Consequently, this practice prevents the easy collapse of
the alveoli and lungs during slow, deep breathing,
leading to increased lung compliance and vital capacity
(16, 17). This indicates an improvement in lung
development ability, resulting in enhanced FVC values,
which measure lung development capacity. Pranayama,
a form of controlled yoga breathing, may significantly
boost lung function by strengthening the respiratory
muscles used in inhalation and exhalation (18, 19).
Studies have also shown that Pranayama or yoga
breathing exercises can positively affect cognitive
functions, autonomic processes, pulmonary
performance, and metabolic activities. The benefits of
SDBE are believed to stem from improved respiratory
endurance, muscle relaxation, lung expansion,
increased energy levels, and enhanced blood circulation
(20). Additionally, yoga breathing techniques can
improve the efficiency of the shoulder, chest, and

abdominal muscles involved in respiration (14). In
summary, SDBE, when practiced as part of yoga
breathing exercises, can alleviate symptoms and
enhance lung function in individuals with hypertension
(21).

In this study, the results of the Wilcoxon test for the
FEVI/FVC variable showed no significant mean
difference before and after the intervention. This ratio is
often used to diagnose obstructive lung diseases, such
as chronic obstructive pulmonary disease (COPD). The
lack of a significant difference in this ratio may indicate
that the SDBE intervention had no significant impact on
improving obstructive pulmonary disease in this
population. In contrast to the significant increase in
mean FEV1 and FVC variables, the FEVI/FVC variable
decreased in mean between pre- and post-intervention
from 0.81 to 0.80. This was because the increase in mean
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Table 3. Differences in Pulmonary Function Values Before and After Slow Deep Breathing Exercises Intervention
Variables Mean +SD Difference 95% CI P-Value
FEV1 0.06 -0.107 to-0.012 0.016%
Pretest 0.90+0.29
Posttest 0.96+0.31
FVC 0.07 -0.127t0-0.020 0.009?
Pretest 0.83+0.22
Posttest 0.90+0.23
FEV1/FVC 0.01 0.989 P
Pretest 0.81+0.12
Posttest 0.80+0.14

Abbreviations: FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity.
2 Paired t-test.

b wilcoxon test.

FVC was not proportional to the increase in mean FEV1.
That is, the increase in mean FVC was higher than the
increase in mean FEV1. This aligns with Shravya’s study
(22), which showed a significant increase in the mean
value of the FVC and FEV1 variables, with the significance
of the change in the mean FVC value greater than the
FEV1 value. However, there was no significant increase in
the FEV1/FVC% variable or decrease in the mean.

Contrary to the results of this study, there is a study
that states that SDBE affects changes in FEV1/FVC ratio
values in post-laparoscopic cholecystectomy patients,
showing that SDBE has higher effectiveness than breath
training with a trifle spirometer (incentive spirometry)
to prevent complications of decreased lung function on
days 1 and 2 after laparoscopic cholecystectomy, as seen
from the improvement in FEV1/FVC ratio values (23). The
SDBE has also been shown to improve lung function. The
more remarkable mean improvement in FVC values
compared with FEV1 values may be due to confounding
factors that affected both variables during the study and
allowed for better FVC values than FEV1 values. One
potential limitation is the absence of stratification of
participants based on their baseline pulmonary
function status (normal, obstructive, restrictive, or
mixed). By analyzing the overall population without
subgroup analysis, any potential differential effects of
SDBE on the FEV1/FVC ratio within these subgroups may
have been masked or averaged. Depending on the
participant’s underlying pulmonary function patterns,
SDBE may have varying effects on the FEV1/FVC ratio. For
example, individuals with restrictive disorders may have
experienced improvements in the FEVI/FVC ratio,
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whereas those with obstructive patterns may show a
decrease or no change. Analyzing these subgroups
separately could provide valuable insights into the
specific effects of SDBE on obstructive versus restrictive
patterns.

The main novelty of this article lies in its
comprehensive integration between hypertension
management and lung health, focusing on specific lung
function parameters using a structured SDBE protocol,
as well as an in-depth analysis of the underlying
physiological ~mechanisms specifically in the
hypertensive population. This is demonstrated by the
selection of the study subject population. Previous
studies have examined the effects of SDBE on blood
pressure in hypertensive patients, not on lung function
like this study. This study examines the effects of SDBE
on lung function, including all parameters that
determine lung function, as part of a study of the effect
of hypertension on lung function. Previous studies
examining the effects of SDBE on lung function were
conducted in healthy humans, while this study was
conducted in hypertensive patients because it wanted to
see the benefits of SDBE in controlling complications of
hypertension on lung function. This study was also
conducted in the elderly, where it was also intended to
see the effectiveness of SDBE interventions on the
elderly with hypertension, where aging has occurred in
the elderly population so that many suffer from
hypertension.

The findings of this study have important
implications for the management of patients with
hypertension. Hypertension is a significant
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contributing factor to cardiovascular disease, and the
presence of lung disease can further complicate its
treatment and management. The results of this study
suggest that incorporating SDBE into the treatment
regimen of hypertensive patients may be beneficial for
improving lung function and potentially reducing the
risk of cardiovascular disease. Future studies could
build upon the findings of this study by investigating
the long-term effects of SDBE on lung function in
patients with hypertension. In addition, exploring the
potential mechanisms by which SDBE improves lung
function in this population would be beneficial. For
example, SDBE improves lung function by increasing
lung elasticity, enhancing diaphragmatic function, and
reducing inflammation.

In conclusion, this study provides evidence that SDBE
can improve lung function in patients with
hypertension, particularly in terms of FEV1 and FVC.
These findings have important implications for
managing patients with hypertension and suggest that
SDBE may be a valuable adjunctive therapy for
improving lung function in this population.

5.1. Conclusions

The SDBE improve lung function in hypertensive
patients by explicitly raising the FVC and FEV1. However,
SDBE do not affect FEVIJFVC values in hypertensive
patients, because the average increase in FVC values is
more significant than the average increase in FEV1
values.

5.2. Applicable Remarks

The findings of this study have important
implications for the management of patients with
hypertension. Unlike other studies, this study focused
on the applicability and effects of SDBE on lung function
in patients with hypertension. It has been suggested
that SDBE can improve lung function in patients with
hypertension.

Acknowledgements

We thank the Directorate of Research, Jenderal
Soedirman University, for providing research grants
through the Basic Research Scheme.

Footnotes

Authors' Contribution: S. C.: Study concept and
design, analysis and interpretation of data, drafting of
the manuscript; study supervision; A. P.: Acquisition of
data and statistical analysis; I. R.: Critical revision of the
manuscript for important intellectual content, study
supervision and administrative, technical, and material
support

Conflict of Interests Statement: The authors declare
no conflict of interests.

Data Availability: The dataset presented in the study
is available on request from the corresponding author
during submission or after publication.

Ethical Approval: The study has received an ethical
approval from Medical Research Ethics Commission of
Jenderal Soedirman University (Ref. No:
118/KEPK/PE|VIII[2023).

Funding/Support: This study was supported by Basic
Research Grant No. 27.115/UN23.37/PM.01.03/11/2023 from
Directorate of Research, Jenderal Soedirman University,
Indonesia.

Informed Consent: Informed consent was obtained
from all participants.

References

1. Mills KT, Stefanescu A, He ]. The global epidemiology of
hypertension. Nat Rev Nephrol. 2020;16(4):223-37. [PubMed ID:
32024986]. [PubMed Central ID: PMC7998524].
https://doi.org[10.1038/s41581-019-0244-2.

2. World Health Organization. Hypertension. 2023. Available from:
https://www.who.int/news-room/fact-sheets/detail/hypertension.

3. Karunathilake SP, Ganegoda GU. Secondary Prevention of
Cardiovascular Diseases and Application of Technology for Early
Diagnosis. Biomed Res Int. 2018;2018:5767864. [PubMed ID: 29854766)].
[PubMed Central ID: PMC5964583].
https://doi.org[10.1155/2018/5767864.

4. Pan ], Wu L, Wang H, Lei T, Hu B, Xue X, et al. Determinants of
hypertension treatment adherence among a Chinese population
using the therapeutic adherence scale for hypertensive patients.
Medicine (Baltimore). 2019;98(27). e16116. [PubMed ID: 31277112].
[PubMed Central ID: PMC6635171].
https://doi.org/10.1097/MD.0000000000016116.

5. Alsofyani MA, Aloufi AO, Al-Qhtani NS, Bamansour SO, Almathkori RS.
Factors related to treatment adherence among hypertensive
patients: A cross-sectional study in primary healthcare centers in Taif
city. ] Family Community Med. 2022;29(3):181-8. [PubMed ID: 36389026].
[PubMed Central ID: PMC9664459].
https://doi.org[10.4103[jfcm.jfcm_153_22.

6. Shah S, Shaikh M, Gupta Y, Nahar P, Zingade U, Kowale A. Pulmonary
function tests in hypertension. IJPSR. 2014;5(7):338-43.

Asian ] Sports Med. 2025;16(1): €158088


https://brieflands.com/articles/asjsm-158088
http://www.ncbi.nlm.nih.gov/pubmed/32024986
https://www.ncbi.nlm.nih.gov/pmc/PMC7998524
https://doi.org/10.1038/s41581-019-0244-2
https://www.who.int/news-room/fact-sheets/detail/hypertension
http://www.ncbi.nlm.nih.gov/pubmed/29854766
https://www.ncbi.nlm.nih.gov/pmc/PMC5964583
https://doi.org/10.1155/2018/5767864
http://www.ncbi.nlm.nih.gov/pubmed/31277112
https://www.ncbi.nlm.nih.gov/pmc/PMC6635171
https://doi.org/10.1097/MD.0000000000016116
http://www.ncbi.nlm.nih.gov/pubmed/36389026
https://www.ncbi.nlm.nih.gov/pmc/PMC9664459
https://doi.org/10.4103/jfcm.jfcm_153_22

Candrawati S et al. Brieflands

7. Birhan MM, Abebe Y. Pulmonary Function Tests in Hypertensive 15. Vasquez EC, Meyrelles SS, Mauad H, Cabral AM. Neural reflex
Patients Attending Zewditu Memorial Hospital, Addis Ababa, regulation of arterial pressure in pathophysiological conditions:
Ethiopia. Int | Hypertens. 2018;2018:5492680. [PubMed ID: 30538860]. interplay among the baroreflex, the cardiopulmonary reflexes and
[PubMed Central ID: PMC6260409]. the chemoreflex. Braz | Med Biol Res. 1997;30(4):521-32. [PubMed ID:
https://doi.org/10.1155/2018/5492680. 9251774]. https:|/doi.org/10.1590/s0100-879x1997000400014.

8. Jerath R, Edry JW, Barnes VA, Jerath V. Physiology of long pranayamic 16. Yoshimi K, Ueki ], Seyama K, Takizawa M, Yamaguchi S, Kitahara E, et
breathing: neural respiratory elements may provide a mechanism al. Pulmonary rehabilitation program including respiratory
that explains how slow deep breathing shifts the autonomic nervous conditioning for chronic obstructive pulmonary disease (COPD):
system. Med Hypotheses. 2006;67(3):566-71. [PubMed ID: 16624497]. improved hyperinflation and expiratory flow during tidal breathing.
https://doi.org/10.1016/j.mehy.2006.02.042. Journal of thoracic disease. 2012;4(3):259.

9. Ublosakka-Jones C, Tongdee P, Pachirat O, Jones DA. Slow loaded 17. Choi MG, Lee HY, Song SY, Kim SS, Lee SH, Kim W, et al. The Effects of
breathing training improves blood pressure, lung capacity and arm Simultaneous  Pulmonary Rehabilitation during Thoracic
exercise endurance for older people with treated and stable isolated Radiotherapy in the Treatment of Malignant Diseases. Tuberc Respir
systolic hypertension. Exp Gerontol. 2018;108:48-53. [PubMed ID: Dis (Seoul). 2021;84(2):148-58. [PubMed ID: 33587837]. [PubMed Central
29604403]. https://doi.org[10.1016/j.exger.2018.03.023. ID: PMC8010415]. https:[/doi.org[10.4046/trd.2020.0135.

10. Shankarappa V, Prashanth P, Annamalai N, Malhotra V. The short 18. Halder K, Chatterjee A, Kain TC, Pal R, Tomer OS, Saha M.
term effect of pranayama on the lung parameters. Journal of clinical Improvement in ventilatory function through yogic practices. Al
and Diagnostic Research. 2012;6(1):27-30. Ameen ] Med Sci. 2012;5(2):197-202.

1. Kuppusamy M, Kamaldeen D, Pitani R, Amaldas ]. Immediate Effects 19. Chanavirut R, Khaidjapho K, Jaree P, Pongnaratorn P. Yoga exercise
of Bhramari Pranayama on Resting Cardiovascular Parameters in increases chest wall expansion and lung volumes in young healthy
Healthy Adolescents. J Clin Diagn Res. 2016;10(5):CC17-9. [PubMed ID: Thais. FASEB J. 2006;20(5). https://doi.org[10.1096/fasebj.20.5.A1257-b.
27437210]" [PubMed Central ID: PMC4948385]. 54 posadzki P, Parekh S. Yoga and physiotherapy: a speculative review
https:f|doi.org/10.7860/JCDR[2016/19202.7894. and conceptual synthesis. Chin | Integr Med. 2009;15(1):66-72.

12. Jayawardena R, Ranasinghe P, Ranawaka H, Gamage N, Dissanayake [PubMed ID:19271174]. https:|/doi.org/10.1007/s11655-009-0066-0.

D, Misra A. Exploring the Therapeutic Benefits of Pranayama (Yogic 21. Saoji AA, Raghavendra BR, Manjunath NK. Effects of yogic breath
Breathing): A Systematic Review. Int ] Yoga. 2020;13(2):99-110. [PubMed regulation: A narrative review of scientific evidence. ] Ayurveda Integr
ID: 32669763  [PubMed  Central ~ ID:  PMC7336946]- Med. 2019;10(1):50-8. [PubMed ID: 29395894]. [PubMed Central ID:
https:/[doi.org[10.4103fijoy.IJOY_37_19. PMC6470305]. https://doi.org/10.1016/j.jaim.2017.07.008.

13. Gupta A, Gupta R, Sood S, Arkham M. Pranayam for treatment of 22. G SK Bandi HK, M S, N MR. Effect of slow deep breathing (6
chronic obstruFtlve pulmon'ary dlsea'se': results frolrr% é'l retndomlzed, Breaths/Min) on pulmonary function in healthy volunteers.
controlled  trial. Integrative Medicine: A Clinician's  Journal. International Journal of Medical Research & Health Sciences. 2013;2(3).
2014;13(1):26. https://doi.org/10.5958/j.2319-5886.2.3.105.

14. LiuXC, Panl, HuQ, Dong WP, Yan JH, Dong L. Effects of yoga training 53 yymar s, Gangwar RP, Gupta R; Supriya. To Evaluate the Effect of Deep

in patients with chronic obstructive pulmonary disease: a systematic
review and meta-analysis. ] Thorac Dis. 2014;6(6):795-802. [PubMed ID:
24977005]. [PubMed Central ID: PMC4073384].
https://doi.org[10.3978/j.issn.2072-1439.2014.06.05.

Asian | Sports Med. 2025;16(1): €158088

Breathing Exercises and Incentive Spirometry on Peak Expiratory
Flow Rate and FEV1/FVC Ratio in Patients Undergoing Laparoscopic
Cholecystectomy. Int ] Toxicol Pharmacol Res. 2022;12(8):56-62.


https://brieflands.com/articles/asjsm-158088
http://www.ncbi.nlm.nih.gov/pubmed/30538860
https://www.ncbi.nlm.nih.gov/pmc/PMC6260409
https://doi.org/10.1155/2018/5492680
http://www.ncbi.nlm.nih.gov/pubmed/16624497
https://doi.org/10.1016/j.mehy.2006.02.042
http://www.ncbi.nlm.nih.gov/pubmed/29604403
https://doi.org/10.1016/j.exger.2018.03.023
http://www.ncbi.nlm.nih.gov/pubmed/27437210
https://www.ncbi.nlm.nih.gov/pmc/PMC4948385
https://doi.org/10.7860/JCDR/2016/19202.7894
http://www.ncbi.nlm.nih.gov/pubmed/32669763
https://www.ncbi.nlm.nih.gov/pmc/PMC7336946
https://doi.org/10.4103/ijoy.IJOY_37_19
http://www.ncbi.nlm.nih.gov/pubmed/24977005
https://www.ncbi.nlm.nih.gov/pmc/PMC4073384
https://doi.org/10.3978/j.issn.2072-1439.2014.06.05
http://www.ncbi.nlm.nih.gov/pubmed/9251774
https://doi.org/10.1590/s0100-879x1997000400014
http://www.ncbi.nlm.nih.gov/pubmed/33587837
https://www.ncbi.nlm.nih.gov/pmc/PMC8010415
https://doi.org/10.4046/trd.2020.0135
https://doi.org/10.1096/fasebj.20.5.A1257-b
http://www.ncbi.nlm.nih.gov/pubmed/19271174
https://doi.org/10.1007/s11655-009-0066-0
http://www.ncbi.nlm.nih.gov/pubmed/29395894
https://www.ncbi.nlm.nih.gov/pmc/PMC6470305
https://doi.org/10.1016/j.jaim.2017.07.008
https://doi.org/10.5958/j.2319-5886.2.3.105

