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ABSTRACT

Background: Reference values for maximum inspiratory pressure are varied among different studies and this variability is
generalized by demographic differences and test performance measurement.

Objective: To acquire a comprehensive set of Reference values for respiratory pressures in a general adult population and to
evaluate possible associations with sex, age and body mass index (BMI).

Methods: The study design was cross-sectional and sample was drawn through simple random sampling technique. The
sample size was calculated using 584 based on parent article, divided on gender 292 participants each. Inclusion criteria was
age between 18-40, both genders, Healthy people and moderately active. Exclusion criteria were Signs of ischemia/infarction,
Stenosis or insufficiency of the cardiac valve, Systolic and diastolic failures. Data was collected from Sialkot, Pakistan. Basic
anthropometric values for age, height, weight and BMI were measured. Spirometry values for FVC, FEV1, FEV1/FVC, VC, and
PEF were measured. Descriptive measures were in the form of mean and standard deviation was calculated through SPSS
version 25. Pearson Correlation between variables was also found.

Results: Among male gender PEF have significant correlation (P< 0.00) with age while BMI have no significant correlation.
FVC, FEV1, FEV1/FVC, VC do not show any significant correlation with age, weight, height and BMI among male gender.
Among female gender PEF showed significant correlation (P< 0.00) with age only. FVC, FEV1, FEV1/FVC, VC do not show any
significant correlation with age, weight, height and BMI among female gender.

Clinical Significance: this research provided the knowledge about basic respiratory parameters and its correlation with
anthropometric measurements. It can help develop the basis for occurrence of respiratory disturbances in long term due to
deviation from normal parameters.

Conclusion: Among males age, gender, height weight and BMI doesn’t affect normative values for respiratory pressure. While

among females’ normative values of respiratory pressures are only affected by age.
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INTRODUCTION

Measurement of maximum respiratory pressure (MRP) is used
widely to assess measure of respiratory muscle strength.
Maximum respiratory pressure involved two pressures; maximal
inspiratory pressure (MIP) and maximal expiratory pressure (MEP)
Maximum inspiratory pressure is defined as measurement of
strength of inspiratory muscles mainly diaphragm. @ Maximal
expiratory pressure (MEP) is the most broadly involved in
measuring expiratory muscle strength in basically sick patients and
in severely ill patients. It helps assessment of respiratory diseases,
respiratory failure and ventilatory muscle strength.® Ventilation,
gas exchange and oxygenation of tissues are compromised by
impairment of ventilatory muscles. Pressure within the thorax
generated by inspiratory muscle reflects their strength® MIP is
more sensitive than MEP as MIP reflects certain respiratory
muscle weakness while MEP measurement is very important for
patient with neuromuscular disorder.» Reference values for
maximum inspiratory pressure are varied among different studies
and this variability is generalized by demographic differences and
test performance measurement.® Many characteristics of
individuals can influence the maximum inspiratory pressure values
which included test performance method, sex, age, height, weight,
BMI.® Large scale measurements are needed to evaluate the
equation and factors by which maximum inspiratory pressure is
influenced.  Spirometry and diaphragmatic ultrasound are being
used as one of non-invasive method for measuring MIP and
MEP-® Correlation was fond in values for maximal inspiratory and
maximal expiratory pressures with decline in age. ® Respiratory
muscle function can affect pulmonary function parameters. Elder
population has low peripheral muscle strength and low respiratory
muscle function which have adverse effect pulmonary function. @9
These people are more prone to suffer from many pulmonary
diseases. European Working Group on Sarcopenia in Older
People (EWGSOP) found Peak Expiratory Flow (PEF) as an
alternative to maximum respiratory pressures for measuring

respiratory muscle strength.*? Normal values for maximum
inspiratory pressure are in wide range and mild values give us an
idea about weakness of inspiratory muscles. European respiratory
society and American thoracic society stated MIP of 80cm H20 is
considered normal but these values can be higher in older man,
women or aged people. This value is not in consideration with age,
sex and height of individual. @? Different strength preparing
methodologies are accessible to work on cardiopulmonary
perseverance and athletic execution. The assessment of
respiratory muscle strength, then again, becomes basic during
routine clinical assessments since it builds up a pattern and
permits the person’s fitted preparation program. “® A new report
exhibited the strategy for estimating the most extreme respiratory
tensions by end expiratory impediment procedure in patients on
mechanical ventilation. Factors in pneumonic capacity tests ought
to be deciphered utilizing solid populace based reference
esteems.? Besides, the writing on MRP reference esteems is in
view of a western populace, bringing about changeability because
of an absence of determination models and a little example size.®®
IP is estimated from RV or from useful functional residual capacity
(FRC). Since there is a backwards connection between lung
volume and inspiratory muscle strength, estimations from RV yield
module esteems that are 30% higher than those gotten from
estimations from FRC®® Despite the fact that estimations from RV
yield higher qualities, a few doctors and analysts use estimations
from FRC in light of the fact that they more reproducible and all the
more effortlessly performed by patients.*” Notwithstanding, when
estimations from FRC are made, it is fundamental that FRC
volume be known, on the grounds that this volume will influence
the strain produced.®® The estimation of MIP can be made with a
simple or computerized pressure manometer. Digital gadgets are
liked over simple gadgets, considering that the most noteworthy
MIP esteem happens momentarily and may go unrecognized on a
simple presentation. Estimations are generally made with patients
in a sitting situation, with or without nose piece.!® Patients are
approached to breathe out to RV and afterward play out a maximal
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inspiratory exertion, supporting it for 1 to 2 seconds.®” MEP is
estimated with a tension manometer. Estimations are normally
made with patients in a sitting position and with a nose cut, albeit
the utilization of a nose cut isn't required. MEP can be estimated
from TLC or from FRC.®

Respiratory pressures are to measures for assessing health
of respiratory muscles. Normal values among population give us
basics for diagnosis and clinical correlations in case of various
diseases of respiratory system. Many diseases of pulmonary
system which commonly affect inspiratory and expiratory muscle
strength can be assessed through measuring respiratory
pressures. Age, gender, height, BMI, weight and
sociodemographic values can affect the normal values of
maximum inspiratory and expiratory pressure.

MATERIALS & METHOD

Study Design: Study design was cross-sectional epidemiologic

survey.

Study Settings: Data was collected from cardiology ward of Imran

Idress Teaching Hospital, Sialkot.

Duration of Study: The study was completed within 6 months

after approval of synopsis.

Sampling technique: Sampling technique was non-probability

convenience sampling.

Screening: We selected moderately active participants.

Sample Size: 584 total sample sizes were calculated by using

Epitol. Divided into two groups on base of gender.

Inclusion Criteria:

. Age between 18-40

. Both genders

° Healthy people

. Moderately active individuals. (38)

Exclusion Criteria:

Signs of ischemia/infarction.

Stenosis or insufficiency of the cardiac valves.

Systolic and diastolic failures as well as a cardiac shunt.

Pulmonary diseases.

Neuromuscular or musculoskeletal disorders.

Any history of cancer. (39)

Tools: Normal Pulmonary Function Test (PFTs):

A. Forced expiratory volume in 1 s (FEV1):

Maximum amount of air that a person can exhale during first
second following maximum inspiration.(40)

B.  Forced vital capacity (FVC):

The maximum amount of air that can be exhaled when blowing out
as fast as possible. (40)

C. FEVY/FVC ratio:

It is proportion of patient’s vital capacity that can be exhaled in first
second of forced exhalation to the full forced vital
capacity. (41)

D.  Vital capacity (VC):

Total amount of air that can be exhaled from lungs by maximum
exhalation.(42)

E.  Peak expiratory flow (PEF):
It is maximum speed of exhalation with steady flow.(42)
Data Collection Procedure: After approval from the university
ethical committee Riphah, participants were approached and
selected depending on inclusion criterion. Pulmonary function test
was performed for each participant. Normative values like
smoking, BMI and physical activity, and their relation with
respiratory values were calculated.

Data Analysis: Data was analyzed by using SPSS 25. All

qualitative data including gender was presented in the form of

frequency and quantitative data like age, BMI, was presented in
the form of mean + S.D. and Pearson correlation was applied
between different variables to check significant relation.

RESULTS
Among male gender FEV1, FVC and FEV1/FVC have significant
correlation (P< 0.05) with age and weight while no significant

correlation (P> 0.05) with height and BMI. VC and PEF do not
show any significant correlation with age, weight, height and BMI
among male gender. Mean weight for female gender is 36.40 with
standard deviation of 3.582. Mean height for male gender is
143.27 with standard deviation of 4.345. Mean height for female
gender is 142.99 and standard deviation of 3.957. Mean BMI for
male gender is 17.21 with standard deviation of 1.008. Mean BMI
for female gender is 17.19 with standard deviation of 0.973.
Among female gender PEF showed significant correlation (P<
0.05) with age only. While weight, height and BMI showed no
significant correlation (P> 0.05) with PEF, VC, EFV1/FVC ratio and
FVC do not show any significant correlation with age, weight,
height and BMI among female gender.
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Figure 2: Histogram Forced Expiratory Volume Female Gender

Table 1:

Correlations Male Gender Pearson Sig.
Correlation

Age Forced Expiratory Volume in 1 Sec (L) -.125 0.00
(years)
BMI Forced Expiratory Volume in 1 Sec (L) .054 1.606
(kg/m2)
Correlation Female Gender
Age Forced Expiratory Volume in 1 Sec (L) 123 0.00
(years)
BMI Forced Expiratory Volume in 1 Sec (L) .065 1.10
(kg/m2)

Among female gender PEF showed significant correlation
(P< 0.00) with age only. While weight, height and BMI showed no
significant correlation (P> 0.00) with PEF, VC, EFV1/FVC ratio and
FVC do not show any significant correlation with age, weight,
height and BMI among female gender.
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DISCUSSION

Pulmonary pressures are essential to the diagnosis of many lung
conditions and help to identify numerous non-pulmonary disease
processes. Understanding the basic interpretation of the
components of this valuable test is crucial for primary care
physicians to aid in the diagnosis of patients with respiratory
symptoms. The present study provides us a wide range of
reference values among young healthy males and females
between 18 to 40 years of age. Our reference values for PFTs do
not show significant relation with anthropometric values. Reference
values for maximum inspiratory pressure are varied among
different studies and this variability is generalized by demographic
differences and test performance measurement. ?Y Reference
values in our data showed a gradual decline with increase in age
which is in concordant with previous findings stated that values for
respiratory pressures begin to fall with age.’ men were found to
have more lung capacities than women. Young adults generate
more pressures than children and older adults.®® Among female
gender PEF showed significant correlation (P< 0.05) with age only.
Higher peak expiratory flow values are associated with younger
age and lung ageing affects the airflow which causes lower peak
expiratory flow values.®® Maximal respiratory pressures values
were found higher among male gender as compared to female
gender. Maximum inspiratory pressure values were found higher
among male gender in literature also.®” This study explored
weight, height and BMI showed no significant correlation (P> 0.05)
as described in a study that all respiratory parameters have
negative correlation with body mass index. Present study found
PEF, VC, EFV1/FVC ratio and FVC do not show any significant
correlation with age, weight, height and BMI among female gender.
According to previous findings weight affects the normal
respiratory pressures values as compared to other anthropometric
parameters.®® Among male gender FEV1, FVC and FEV1/FVC
have significant correlation (P< 0.05) with age and weight while no
significant correlation (P> 0.05) with height and BMI. VC and PEF
do not show any significant correlation with age, weight, height and
BMI among male gender. Among females peak expiratory flow rate
was significantly correlated with VC, FEV1, FVC and PEF while
among male it was only correlated significantly with BMI, males
have weak correlation as compared to females. @ Including
airflow measures such as PFTs in standard voice evaluation may
allow recognition of underlying respiratory disease contributing to
voice dysfunction. ®® Further research on different and large-scale
population needed to find more best set of values for respiratory
pressure values. Comparative cross-sectional study can be done
with different respiratory values and anthropometric variables.
Further research is recommended to establish indications and
diagnostic criteria for the use of respiratory pressures in clinic
patients. Due to pandemic conditions (COVID-19) participants
were not easily available. Data from healthy population, so values
obtained cannot be clinically correlated for patients with
cardiopulmonary disorders

CONCLUSION

Normative values provided a comparison for therapists to
determine the level of impairment should they assess maximal
inspiratory and expiratory pressures in their population. These
pressures are important outcome measures in individuals with
respiratory muscle weakness and fatigue. Among males age,
gender, height weight and BMI doesn’t affect normative values for
respiratory pressure. While among females’ normative values of
respiratory pressures are only affected by age.
Acknowledgement: All the authors have been informed of their
inclusion and have approved this.

Disclaimer: Approval to conduct research was acquired from
Riphah College of Rehabilitation Sciences, Riphah International
University Lahore, Pakistan. Study is part of Post professional MS
cardiopulmonary physical therapy degree thesis at Riphah College

of Rehabilitation Sciences, Riphah International University Lahore,
Pakistan

Conflict of Interest: All authors have disclosed no conflicts of
interest relevant to this paper.

Funding Disclosure: This research did not receive any specific
grant from any funding agencies in the public, commercial, or non-
profit sectors.

REFERENCES

1. Pessoa I, Sclauser M, Parreira VF, Fregonezi GA, Sheel AW, Chung
F, et al. Reference values for maximal inspiratory pressure: a
systematic review. Canadian respiratory journal. 2014;21(1):43-50.

2. Schoser B, Fong E, Geberhiwot T, Hughes D, Kissel JT, Madathil SC,
et al. Maximum inspiratory pressure as a clinically meaningful trial
endpoint for neuromuscular diseases: a comprehensive review of the
literature. Orphanet journal of rare diseases. 2017;12(1):1-12.

3. Gil Obando LM, Lépez Lépez A, Avila CL. Normal Values of the
Maximal Respiratory Pressures in Healthy People Older than 20
Years Old in the City of Manizales - Colombia. Colombia Médica.
2012;43:119-25.

4. Johnson EM, Roberts M, Mozaffar T, Young P, Quartel A, Berger KI.
Pulmonary function tests (maximum inspiratory pressure, maximum
expiratory pressure, vital capacity, forced vital capacity) predict
ventilator use in late-onset Pompe disease. Neuromuscular
Disorders. 2016;26(2):136-45.

5. Da Rosa GJ, Morcilo AM, de Assumpgdo MS, Schivinski CI.
Predictive equations for maximal respiratory pressures of children
aged 7-10. Brazilian journal of physical therapy. 2017;21(1):30-6.

6. dos Santos Bien U, Souza GF, Campos ES, De Carvalho EF,
Fernandes MG, Santoro |, et al. Maximum inspiratory pressure and
rapid shallow breathing index as predictors of successful ventilator
weaning. Journal of physical therapy science. 2015;27(12):3723-7.

7. Laveneziana P, Albuquerque A, Aliverti A, Babb T, Barreiro E, Dres
M, et al. ERS statement on respiratory muscle testing at rest and
during exercise. European Respiratory Journal. 2019;53(6).

8. Roldan A, Cordellat A, Monteagudo P, Garcia-Lucerga C, Blasco-
Lafarga NM, Gomez-Cabrera MC, et al. Beneficial effects of
inspiratory muscle training combined with multicomponent training in
elderly active women. Research quarterly for exercise and sport.
2019;90(4):547-54.

9. Cho HE, Lee JW, Kang SW, Choi WA, Oh H, Lee KC. Comparison of
pulmonary functions at onset of ventilatory insufficiency in patients
with amyotrophic lateral sclerosis, Duchenne muscular dystrophy,
and myotonic muscular dystrophy. Annals of rehabilitation medicine.
2016;40(1):74.

10. Rodrigues A, Da Silva ML, Berton DC, Cipriano Jr G, Pitta F,
O’Donnell DE, et al. Maximal inspiratory pressure: does the choice of
reference values actually matter? Chest. 2017;152(1):32-9.

11. Bahat G, Tufan A, Ozkaya H, Tufan F, Akpinar TS, Akin S, et al.
Relation between hand grip strength, respiratory muscle strength and
spirometric measures in male nursing home residents. The Aging
Male. 2014;17(3):136-40.

12. Caruso P, Albuquerque ALPd, Santana PV, Cardenas LZ, Ferreira
JG, Prina E, et al. Diagnostic methods to assess inspiratory and
expiratory muscle strength. Jornal Brasileiro de Pneumologia.
2015;41:110-23.

13.  Graham BL, Steenbruggen I, Miller MR, Barjaktarevic 1Z, Cooper BG,
Hall GL, et al. Standardization of spirometry 2019 update. An official
American thoracic society and European respiratory society technical
statement. American journal of respiratory and critical care medicine.
2019;200(8):e70-e88.

14. Spiesshoefer J, Henke C, Kabitz HJ, Brix T, Gérlich D, Herkenrath S,
et al. The nature of respiratory muscle weakness in patients with late-
onset Pompe disease. Neuromuscular Disorders. 2019;29(8):618-27.

15. Al-Mendalawi M. Maximal inspiratory and expiratory pressures in men
with chronic obstructive pulmonary disease: A cross-sectional study.
Indian Journal of Respiratory Care. 2019;8(1):68-.

16.  Pessoa IMBS, Coelho CM, Mendes LPdS, Montemezzo D, Pereira
DAG, Parreira VF. Comparison of three protocols for measuring the
maximal respiratory pressures. Fisioterapia em Movimento.
2015;28(1):31-9.

17. Pessoa IMBS, Pereira HLA, Aguiar LT, Tagliaferri TL, Silva LAMd,
Parreira VF. Test-retest reliability and concurrent validity of a digital
manovacuometer. Fisioterapia e Pesquisa. 2014;21:236-42.

18. Chiang J, Mehta K, Amin R. Respiratory diagnostic tools in
neuromuscular disease. Children. 2018;5(6):78.

19. Brooks M, McLaughlin E, Shields N. Expiratory muscle strength
training improves swallowing and respiratory outcomes in people with

200 PJMHS Vol. 17, No. 5, May, 2023



Z. llyas, M. Tariq, M. Batool et al

20.

21.

22,

23.

24.

dysphagia: a systematic review. International journal of speech-
language pathology. 2019;21(1):89-100.

Herrero MV, Faggionato M, Cigarra CM, Rigoni ML, de la Cruz MA,
Diaz Ballvé P. Comparison of two mouthpieces in the measurement
of MIP and MEP in adults. Rev am med respir. 2018:100-9.

Cahalin LP, Garcia C, Denis TS, Colas-Salgado S, Eisenhardt B,
Formiga MF, et al. Normative values for the test of incremental
respiratory endurance (TIRE). C108 ADVANCES IN LUNG
FUNCTION ASSESSMENT: American Thoracic Society; 2016. p.
AB363-A.

Dou H, Zhao Y, Chen Y, Zhao Q, Xiao B, Wang Y, et al. Brief adult
respiratory system health status scale-community version
(BARSHSS-CV): developing and evaluating the reliability and validity.
BMC Health Services Research. 2018;18(1):683.

Spiesshoefer J, Herkenrath S, Henke C, Langenbruch L, Schneppe
M, Randerath W, et al. Evaluation of respiratory muscle strength and
diaphragm ultrasound: normative values, theoretical considerations,
and practical recommendations. Respiration. 2020;99(5):369-81.
Kovacs G, Herve P, Barbera JA, Chaouat A, Chemla D, Condliffe R,
et al. An official European Respiratory Society statement: pulmonary
haemodynamics during exercise. European Respiratory Journal.
2017;50(5).

25.

26.

27.

28.

29.

30.

Verma R, Chiang J, Qian H, Amin R. Maximal static respiratory and
sniff pressures in healthy children. A systematic review and meta-
analysis. Annals of the American Thoracic Society. 2019;16(4):478-
87.

Stephan Y, Sutin AR, Terracciano A. How old do you feel? The role
of age discrimination and biological aging in subjective age. PloS
one. 2015;10(3):e0119293.

Cotes JE. Reference Values for Lung Function in White Children and
Adults. 2020. p. 463-98.

Safa J, Noshad H, Ansarin K, Nikzad A, Saleh P, Ranjbar A. Effect of
hemodialysis on pulmonary function tests and plasma endothelin
levels. Saudi Journal of Kidney Diseases and Transplantation.
2014;25(4):781.

Behera AA, Behera BK, Dash S, Mishra S. Effect of body mass index
on gender difference in lung functions in Indian population.
International Journal of Clinical and Experimental Physiology.
2014;1(3):229-31.

Tong JY, Sataloff RT. Respiratory function and voice: the role for
airflow measures. Journal of Voice. 2020.

PJMHS Vol 17, No. 5, May, 2023 201



