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Background: Maximum inspiratory pressure (MIP), maximum expiratory pressure (MEP) 
and maximum voluntary ventilation (MVV) measurements assist in determining the respira-
tory muscle strength and endurance. These determinants of respiratory muscles vary signifi-
cantly by age, gender, height, and ethnic origin. Normative values for maximum respiratory 
pressures (MRPs) and MVV would aid in evaluating respiratory muscle function in athletes, 
estimating performance, and assisting in rehabilitation. In addition, the reference values may 
aid in determining the efficacy of therapeutic interventions in young people with chronic 
respiratory diseases. The purpose of this study was to see how respiratory muscle strength 
indices correlated with anthropometric and physical activity characteristics in young Arabs.
Methodology: The study included 80 male volunteers and 85 female volunteers ranging in 
age from 18 to 30 years. MicroRPM was used to measure MIP and MEP, and pulmonary 
function test data, including MVV values, were recorded. All subjects completed the Global 
Physical Activity Questionnaire (GPAQ) and anthropometric measurements. Unpaired t-tests 
or Mann–Whitney U-tests were used to determine male-female differences. Using the 
Pearson correlation coefficient and Spearman Rho correlation coefficient tests, MIP and 
MEP values were correlated with body composition and physical activity. Using stepwise 
multiple linear regression analysis, the relationships between respiratory function (MVV, 
MIP, and MEP) and PFT values (FVC, FEV1, and FEV1/FVC), physical activity, and 
sedentary behavior were investigated.
Results: MIP, MEP, and MVV values were significantly lower in females than in males. 
MIP, MEP, and MVV values had a moderate correlation with forced vital capacity, forced 
expiratory volume in 1 second, and height, but not with weight, BMI, or GPAQ. Age, gender, 
and body mass index were found to be significant predictors of maximal respiratory 
pressures in a young Arab population.
Conclusion: Maximum respiratory pressures and maximal voluntary ventilation were sig-
nificantly lower in young Arabs than in other ethnic groups; these values were influenced by 
gender and height but not by levels of physical activity.
Keywords: maximal respiratory pressures, maximum voluntary ventilation, 
anthropometrics, physical activity, young Arabs

Introduction
Maximal Respiratory Pressures (MRPs) namely Maximal Inspiratory Pressure (MIP) 
and Maximal Expiratory Pressures (MEP) are important components of pulmonary 
function test. These are mouth pressures produced by static effort and are the indicators 
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of respiratory muscle strength.1,2 Clinically, the respiratory 
pressures are denoted as Maximal Inspiratory Pressure (PI 
max) and Maximal Expiratory Pressure (PE max), where PI 
max is a measure of inspiratory muscle strength and PE max 
denotes abdominal and intercostal muscle strength.3 

Respiratory muscle strength reflects the function of respira-
tory pump which play a crucial role in ventilation and gas- 
exchange process.4,5 In addition to the afore mentioned com-
ponents, Maximal Voluntary Ventilation (MVV) indicates 
the respiratory muscle endurance and signifies the lung func-
tion in healthy young adults and chronic respiratory diseases 
population.6 It is also observed that reduced ventilatory mus-
cle strength influences cardiopulmonary endurance and ath-
letic performance of healthy young adult population.7,8

MRPs are affected by factors such as age, gender, 
BMI, and ethnicity; one study found differences in respira-
tory muscle strength based on age and gender.9 

Furthermore, ethnic variations have shown to influence 
the pulmonary function variables.10 According to one 
study, Libyan children had forced vital capacity and forced 
expiratory volume in one second that were 20% lower than 
the values predicted for Jordanian children11,12 Evidence 
suggests that not taking ethnic differences into account 
when performing lung function tests can lead to diagnostic 
errors.13

Various strength training strategies are available to 
improve cardiopulmonary endurance and athletic perfor-
mance. The evaluation of respiratory muscle strength, on 
the other hand, becomes critical during routine clinical 
examinations because it establishes a baseline and allows 
the training program to be tailored accordingly.14 MIP and 
MEP can be reliably measured using the Respiratory 
Pressure Meter (RPM) device. Micro RPM is a non-inva-
sive tool that provides clinicians and researchers with 
information on the efficiency of respiratory muscle 
strength and has a wide range of clinical applications.15 

A recent study demonstrated the method of measuring the 
maximum respiratory pressures by end expiratory occlu-
sion technique in patients on mechanical ventilation.16 

Variables in pulmonary function tests should be interpreted 
using reliable population-based reference values. 
Furthermore, the literature on MRP reference values is 
based on a western population, resulting in variability 
due to a lack of selection criteria and a small sample 
size.1–3 A similar study on the Indian population, however, 
found lower MIP and MEP values than those found in 
western studies.17

Because MRPs are influenced by a variety of demo-
graphic factors, ethnic-specific reference values for 
respiratory muscle strength are required, which are cur-
rently unavailable for the Arab population. Additionally, 
there is a paucity of research on the relationship between 
anthropometric measurements and respiratory muscle 
strength. Thus, the objective of this research is to establish 
normative reference ranges for respiratory muscle strength 
in a young and healthy Middle Eastern Asian population.

Methodology
The cross-sectional study was conducted on healthy young 
adults of both genders. The cross-sectional study was 
conducted on healthy young adults of both genders. The 
University of Sharjah’s Research Ethics Committee (REC- 
19-06-11-01) gave their approval. A verbal advertisement 
was used to recruit participants, and 167 of them were 
chosen using convenient sampling. At a 5% level of sig-
nificance and 90% power, sample size was calculated 
using an expected correlation coefficient between FVC 
and BMI of −0.4 and a partial correlation coefficient 
between FVC and BMI controlling for age and gender of 
−0.6. A 20% non-response rate was also taken into 
account. Sample size computation resulted in the sample 
size of 124. The study did, however, include 165 partici-
pants. The participants were informed about the study’s 
purpose, and it was carried out in accordance with the 
Helsinki Declaration. Each test procedure was explained 
in the language that the participants understood best. The 
study included asymptomatic adult population of 18–30 
years of age group and with no history of chronic cardio- 
respiratory conditions. Smokers, participants with skeletal 
deformities of the chest wall, neuromuscular conditions 
and those who will not be able to follow the test proce-
dures were excluded from the study.

Each participant underwent an evaluation program con-
sisting of Pulmonary Function Tests, before the com-
mencement of the study. Baseline parameters such as 
height, weight, Body Mass Index (BMI) and physical 
activity were recorded.

Procedure
Participants were enrolled in the study based on inclusion 
criteria, and prior to the study, each participant signed a 
written consent form. The height was measured with a 
metric stadiometer, which consists of a centimeter-cali-
brated ruler and a wall-mounted sliding headpiece. The 
measurements were taken in centimeters. The body weight 
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was measured in Kilograms using a digital weighing scale. 
Body mass index (BMI) was calculated using the formula: 
body weight in kilograms divided by height in square 
meters. Global Physical Activity Questionnaire (GPAQ) 
full version evaluates PA under the following domains of 
“Activity at work”, “Activities performed on travel to and 
fro” and “Recreational activities”. Short-term (10 days) 
test–retest reliability of GPAQ was observed to be 0.93 
to 0.96 whereas; long-term (three months) ranged from 
0.53 to 0.83 and has low-to-moderate validity.18

The Pulmonary Function Test was performed using 
Spiro lab portable device (MIR-Spiro Lab Spirometer, 
Medical International Research, Italy, 2020). The device 
consisted of a mouthpiece, turbine and digital monitor that 
displays the test results. FVC, FEV1, FVC/FEV1, and 
MVV were measured according to the standards outlined 
in the American Thoracic Society guideline. The partici-
pants were asked to perform a series of forced inhalation 
and exhalation as fast as they could for 12–15 seconds for 
MVV, and the maximum volume achieved over 15 seconds 
was measured in percentage.19,20

MIP and MEP were measured using a MicroRPM, 
device (CareFusion UK 232 Ltd, Basingstoke, UK) a 
portable device which consists of a mouth-pressure man-
ometer with a rubber flanged mouthpiece and a small 
digital monitor that displays the test results in cm H2O. 
The Participants remained seated with trunk erect, hip and 
knee flexed to 90 degrees and foot placed on the ground. A 
nose clip was used in all the maneuvers; in order to ensure 
no air leak around the mouthpiece. Before the measure-
ment of the MIP and MEP, each participant performed five 
maximum inspiratory and maximum expiratory maneuvers 
to familiarize with the procedure. For measurement of 
MIP, the participants were asked to make a maximal 
inspiratory effort starting from the Residual Volume (RV) 
and the values were recorded. For MEP, a maximal expira-
tory effort starting from Total Lung Capacity was per-
formed. Three trials were conducted each maintained for 
one second and the highest value was recorded. A rest 
pause of one minute was followed between each trial 
maneuver, and five minutes between MIP and MEP 
maneuver.15

Statistical Analysis
The data recorded from all the participants was analyzed 
using IBM SPSS Statistics for Windows, version 24 (IBM 
Corp., Armonk, NY, USA). Descriptive statistics was used 
to present the demographic data, mean values of MIP and 

MEP for 18–30 years of age. The Shapiro–Wilk test was 
used to ensure that continuous variable distributions were 
normal. Unpaired t-tests or Mann–Whitney U-tests were 
used to assess differences between male and female parti-
cipants. Pearson correlation coefficient of Spearman Rho 
correlation coefficient test were used to study the correla-
tion of MIP and MEP values with body composition and 
physical activity. Stepwise multiple linear regression ana-
lysis was used to assess the associations of respiratory 
function (MVV, MIP, and MEP) with PFT values (FVC, 
FEV1, FEV1/FVC), physical activity, and sedentary beha-
vior (percent sedentary time), adjusted for gender, age, 
height, weight and BMI. The level of significance for 
multiple regression analysis and correlation was set at 
P<0.05.

Results
A total of 165 participants data (80 males, 85 females) was 
recorded and analyzed. The mean age of the participants 
was 23.90 ± 3.14 years. The details of anthropometric 
measures, pulmonary function tests and physical activity 
components of the male and female participants are men-
tioned, respectively, in Table 1.

Correlation of MIP, MEP and MVV with 
Demographics, Anthropometric, 
Measures, Pulmonary Function Test and 
Physical Activity Components
The association of maximal respiratory pressures and 
MVV with demographics, anthropometrics, pulmonary 
function test and physical activity levels are mentioned 
in Table 2. In demographics, MIP and MVV showed 
negative little to no relationship with age respectively. 
Similarly, BMI showed negative little to no association 
with MIP, MEP and MVV, respectively. MVV showed a 
fair relationship with MIP and MEP. The physical activity 
components showed little to no relationship with maximal 
respiratory pressures and MVV.

Association of MIP, MEP and PFT Values 
(FVC, FEV1 and MVV) with Age, Gender 
and BMI Using Regression Analysis
The description of multiple linear regression model of 
MIP, MEP and PFT values (FVC, FEV1 and MVV) are 
shown in Table 3. As age, gender and BMI showed a best 
predictive power to MRPs and PFT values, it was 
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Table 1 Demographics, Anthropometric, Pulmonary Function Test, Maximal Respiratory Pressures and Physical Activity Components 
of GPAQ

Males Females Total p value (<0.05)

Demographics and Anthropometric Measures
Total Number 80 85 165 —–

Age (Years) 23.90 ± 3.14 165 —–
Weight (Kgs) 77.13 ± 6.7 61.75 ± 8.5 165 0.08

BMI Kg/m2 25.62 ± 3.0 24.39 ± 3.1 165 0.61

Pulmonary Function Test
FVC (L) 4.38 ± 0.9 3.36 ± 0.7 165 0.04
FVC (%) 92.47 ± 14.9 83.09 ± 13.9 165 0.31

FEV1 (L) 3.89 ± 0.96 2.96 ± 0.8 165 0.14

FEV1 (%) 88.76 ± 8.7 84.05 ± 14.0 165 <0.01
FEV1/FVC (% Pred) 96.45 ± 13.3 95.56 ± 12.2 165 0.12

MVV (%) 111.58 ± 25.4 91.8 ± 13.8 165 <0.01

MIP 83.67 ± 19.2 73.16 ± 14.6 165 <0.01
MEP 99.95 ± 19.9 82.77 ± 19.1 165 0.42

GPAQ Components
P 16 (a-b) 280 (140, 490) 420 (240, 600) 165 0.011

Work 0 (0, 1800) 0 (0, 2220) 165 0.726

Transport 80 (0, 480) 180 (0, 840) 165 0.400
Leisure 360 (0, 1860) 960 (0, 2670) 165 0.061

MMW 1660 (360, 4440) 2280 (700, 6270) 165 0.019

TPA 120 (30, 240) 140 (60, 265) 165 0.144

Table 2 Correlation Coefficient (r) of MIP, MEP and MVV with Demographics, Anthropometric Measures, Pulmonary Function Test 
Measures and Global Physical Activity Questionnaire (GPAQ) Components

Parameters MIP (cm H2O) MEP (cm H2O) MVV (%)

Demographics and Anthropometric Measures r-value p-value r-value p-value r-value p-value

Age (Years) −0.003 0.97 0.02 0.72 −0.15 0.04

Weight (Kgs) 0.192 0.01 0.30 <0.01 0.24 <0.01

Height (Meters) 0.42 0.01 0.48 <0.01 0.41 <0.01

BMI (Kg/m2) −0.06 0.39 −0.00 0.96 −0.02 0.71

Pulmonary Function Test
FVC (L) 0.67 <0.01 0.61 <0.01 0.43 <0.01

FVC (%) 0.47 <0.01 0.44 <0.01 0.41 <0.01

FEV1 (L) 0.65 <0.01 0.61 <0.01 0.41 <0.01
FEV1 (%) 0.33 <0.01 0.28 <0.01 0.34 <0.01

FEV1/FVC (% Pred) 0.22 <0.01 0.13 0.08 0.27 <0.01

MVV (%) 0.27 <0.01 0.27 <0.01 —— ——

GPAQ Components
P16(a-b) 0.06 0.39 0.08 0.25 0.05 0.51
MMW 0.01 0.89 −0.03 0.63 0.03 0.65

TPA 0.04 0.56 −0.01 0.85 0.05 0.51
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considered as the independent variable in regression ana-
lysis. Scatter plot of MIP, MEP and PFT values with age, 
gender and BMI are shown in Figures 1–5, respectively.

Prediction equations of FVC, FEV1, MVV, MIP and 
MEP are mentioned below:

1. FVC = 4.09 −0.012 Age + 1.56 Gender −0.09 BMI
2. FEV1 = 3.77 −0.013 Age + 1.45 Gender −0.09 BMI
3. MVV = 125.11 −1.56 Age + 22.45 Gender −0.79 

BMI
4. MIP = 91.29 −0.04 Age + 11.50 Gender −1.17 BMI

5. MEP = 84.86 −0.02 Age + 18.85 Gender −0.87 BMI 
(Where, female= 1 and male= 2)

Discussion
The goal of this research was to determine the normative 
maximum respiratory pressures of a healthy young Middle 
Eastern Asian population. In our study, we used the age group 
of 18–30 years to predict MIP, MEP, MVV, and PFT values. 
The reported mean values of MIP in male is 83.67± 19.2 and 
MEP is 99.95 ± 19.9 whereas in female the MIP is 73.16 ± 
14.6 and MEP is 82.77 ± 19. The MIP and MEP values                  

Table 3 Association of MIP, MEP and PFT Values (FVC, FEV1 and MVV) with Age, Gender and BMI Using Regression Analysis

Dependent Variable Independent Variable β with 95% CI P-value R2 Adj.R2

FVC Age −0.012 (−0.54, 0.03) 0.567 0.480 0.470
Gender 1.56 (1.30, 1.82) <0.001

BMI −0.09 (−0.14, −0.05) <0.001

FEV1 Age −0.013 (−0.06, 0.03) 0.546 0.437 0.427
Gender 1.45 (1.19, 1.71) <0.001
BMI −0.09 (−0.13, −0.05) <0.001

MVV Age −1.56 (−2.55, −0.56) 0.002 0.261 0.247
Gender 22.45 (16.26, 28.65) <0.001

BMI −0.79 (−1.79, 0.21) 0.119

MIP Age −0.04 (−0.93, 0.84) 0.924 0.116 0.099
Gender 11.50 (6.01, 16.99) <0.001

BMI −1.17 (−2.06, −0.29) 0.01

MEP Age −0.02 (−1.04, 1.01) 0.98 0.179 0.164

Gender 18.85 (12.48, 25.21) <0.001

BMI −0.87 (−1.89, 0.16) 0.09

Figure 1 Scatter diagram of FVC with age, gender and BMI (R2- coefficient of 
determination).

Figure 2 Scatter diagram of FEV1 with age, gender and BMI (R2- coefficient of 
determination).
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obtained were similar to those found in a study by Gil Obando 
et al (MIP: 75cmH2O, MEP: 96.4 cmH2O).21 This could be 
attributed to the higher MVV values exhibited by the partici-
pants (Males: 111.58% ± 25.4, Females: 91.8% ± 13.8) as 
MVV is considered as an indirect measure of respiratory 
muscle strength. However, the MRP values obtained in our 
study differ from those reported in other studies by Black et al 
and Rodriguez, who reported higher average MIP and MEP 
values of 94.5 cm H2O and 175 cm H2O, respectively.22,23 

Poor motivation, device calibration, geographical, ethnical 
differences, and the number of test trials are all possible causes 
of variation across populations. The number of trials used to 
measure MIP and MEP may have an impact on the test results, 

as observed by Black, Hyatt,22 and Leech,24 who found that 
Ringqvist’s results were lower because the latter used the best 
of many trials to measure these parameters.25 Furthermore, 
according to a study by Nambiar et al and Vyas et al, MRPs in 
COPD patients are much lower than in healthy people, which 
has a negative impact on physical functioning.26

Our findings revealed a significant gender effect, 
which is consistent with previous findings in the litera-
ture, in which males had higher MIP and MEP values 
than females.17,27 Men had MRP values that were 
10–15% higher than female participants in our study. 
MIP and MEP values of 115.3 and 125.23 cm H2O in 
males and 86.2 and 88.6 cm H2O in females were found 
in studies across different populations by Smyth, 
Chapman, and Neder et al27,28 Anatomical, structural, 
and hormonal factors could all be contributing to the 
observed differences.

MIP, MEP, and MVV all had a negative relationship 
with age (r = −0.00, 0.02, and −0.15) when they were 
correlated with demographics. This is in line with a study 
by Costa, who found a negative correlation between MIP 
and MEP and age in both men and women. The data 
revealed contradicts the findings of several studies. 
According to the previous studies,15,17 respiratory muscle 
strength declines by 8–10% per decade, with a peak in the 
second and third decades. The participants’ narrow age 
range of 18–30 years could be one reason for the negative 
correlation with age. This is in line with a study by Misri 
et al, in which the MRP values of participants aged 18 to 
25 years showed no statistically significant relationship 

Figure 3 Scatter diagram of MVV with age, gender and BMI (R2- coefficient of 
determination).

Figure 4 Scatter diagram of MIP with age, gender and BMI (R2- coefficient of 
determination).

Figure 5 Scatter diagram of MEP with age, gender and BMI (R2- coefficient of 
determination).
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with age.29 Furthermore, the lack of a link between MRPs 
and age may be due to the fact that age-related pulmonary 
function declines in the middle of the third decade.30

MIP, MEP, and MVV had no relationship with weight 
or BMI, which is consistent with a study by Vyas et al, 
who found no change in MRPs as a function of weight and 
BMI.27 Various studies, on the other hand, projected 
weight and BMI as strong predictors,24,31 stating that the 
diaphragm muscle varies almost threefold in underweight 
people to increased muscle mass in normal healthy built 
people.31 Physical activity components measured with the 
GPAQ had no correlation with MRPs or MVV in our 
study. There are a few studies that support our findings 
that MIP, MEP, and MVV have no relationship with mod-
erate to severe physical activity,26,32 whereas other studies 
found a positive correlation.33

MIP, MEP, and PFT values (FVC, FEV1) showed a 
moderately significant relationship, which is consistent 
with previous research that found a strong correlation 
between MRPs and FVC and FEV1.25,33 MIP, MEP, and 
FEV1, FVC in COPD patients showed a highly significant 
correlation with a positive linear trend.26 MIP and MEP 
had a moderate relationship (r= 0.27, p=0.01) with MVV, 
which is consistent with a study by Pradeep Kumar et al, 
who found the highest correlation between MVV and 
MRPs.26 Because these two factors are linked, respiratory 
muscle endurance measured by MVV may have a direct 
impact on respiratory muscle strength measured by MIP 
and MEP. MVV would serve as a baseline parameter of 
respiratory muscle strength, helping to assess and rehabi-
litate the respiratory muscle in the young adult population 
by identifying the normative values and influencing factors 
of MRPs.

To obtain a prediction equation for MIP, MEP, and PFT 
values, regression analysis was used (FVC, FEV1 and 
MVV). Age, gender, and BMI were used as independent 
variables in the equations. Gender and maximal respiratory 
pressures were found to have a significant relationship in 
our study. There was no evidence of a link between age, 
BMI, and maximum respiratory pressures. Gender and 
BMI had a significant impact on FVC, FEV1, and MVV. 
As a result, age, gender, and BMI are all important pre-
dictors of maximum respiratory pressures.

Conclusion
Maximum respiratory pressures and maximal voluntary 
ventilation were significantly lower in young Arabs than 
in other ethnic groups; these values were influenced by 

gender and height, but not by physical activity levels. The 
normative values of maximal respiratory pressures (MIP, 
MEP) and MVV found in our study could be useful in 
identifying respiratory muscle dysfunction in young 
patients with chronic respiratory diseases.
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